A multi-centre analysis of detection of clinically significant prostate cancer following transperineal image-fusion targeted and non-targeted systematic prostate biopsy in men at risk 
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Abstract
Background
MRI image guided prostate biopsy is increasingly used to procure tissue from men with suspected prostate cancer.  

Objective
To report a multi-centre series of image-fusion transperineal prostate biopsies and compare the diagnostic yield of clinically-significant prostate cancer (csPCa) between targeted and non-targeted biopsies.

Design, Setting, and Participants
Six-hundred and forty-one consecutive patients with an elevated prostate specific antigen (PSA) presenting for first biopsy or following a previous negative transrectal biopsy under the care of 13 urologists in 11 centres in the UK (April 2014-June 2017).

Intervention
Multi-parametric MRI was carried out in 61 prostate MRI approved centres with transperineal targeted alone (n=283) or targeted plus non-targeted (n=358) transperineal rigid image-fusion targeted biopsy (MIM-Symphony-DXTM)

Outcome Measurements and Statistical Analysis
Clinically significant prostate cancer (csPCa) and insignificant cancer detection rates in targeted and non-targeted biopsies using a number of thresholds to define clinical significance. The primary definition was Gleason >/=4+3 or any grade >/=6mm.

Results and Limitation
Mean age, median PSA and median prostate volume were 63.8 +/- 8.4 years, of 6.3 +/- 5.8ng/ml and 42.0 +/- 24.7cc respectively. Overall, 277/641 (43.2%) were diagnosed with csPCa (UC-Ahmed definition 1: Gleason >/=4+3 or any grade >/=6mm).  The csPCa detection rate from the targeted biopsies alone occurred in 263/641 (41.0%).  Of those 358 men who underwent non-targeted biopsies, 3/358 (0.8%) had csPCa exclusively in the non-targeted cores alone where the targeted cores demonstrated no evidence of cancer.  Overall, 33/358 (9.2%) had csPCa in non-targeted biopsies regardless of the targeted biopsy findings. Clinically insignificant disease in the non-targeted biopsies occurred in 93/358 (26.0%).  Our findings were consistent across all other thresholds of clinical significance. Limitation included lack of non-targeted biopsies in all men.

Conclusions 
[bookmark: OLE_LINK1]In this large multi-centre series, non-targeted prostate biopsy cores have a low yield of clinically significant prostate cancer and a high yield of clinically insignificant cancer. An image-fusion targeted-biopsy only approach maintains high detection for csPCa and low detection of clinically insignificant cancers.



Patient Summary
In this report, we found that following a prostate multi-parametric MRI and targeted transperineal biopsies of the suspicious areas, the clinical value of performing additional extensive unguided biopsies of non-suspicious areas is limited and can often find insignificant cancers that do not need treatment. 

Take home message
When performing MRI image fusion transperineal prostate biopsies there is limited benefit in adding non-targeted prostate biopsy cores due to a low yield of clinically significant prostate cancer and a higher yield of clinically insignificant cancer.




Introduction

Men who have had a transrectal ultrasound guided (TRUS) biopsy for prostate cancer can sometimes be miss-classified and under-diagnosed due to the systematic sampling of predefined regions of the gland that is ‘blind’ to the specific location of cancer, if present. 1 2  The limitations of TRUS-biopsy and the benefits of pre-biopsy MRI have been shown in the PROMIS study1.

As a result, pre-biopsy MRI is now the emerging standard of care throughout major institutions across the U.K, with a national strategy to deliver this change in all centres. 3  The combination of pre-biopsy MRI and targeted biopsies has resulted in the use of image-guided prostate biopsy as a method of sampling in men with suspected PCa.4 

As a validation study, PROMIS had no targeted biopsies due to double-blinding of the MRI.5 The recent PRECISION randomized controlled study has demonstrated that targeted biopsies alone in those men who have a lesion detects more Gleason >/=3+4 cancers and fewer Gleason 3+3 cancers.2 PRECISION did not incorporate non-targeted biopsies in the MRI arm. 6

The additional clinical yield of performing non-targeted biopsies as an adjunct to targeted cores using an MRI-USS fusion remains under debate. Here we report the clinical findings and outcomes of 641 men who underwent MRI to ultrasound fusion guided biopsy in order to determine the detection rate of image-fusion targeted biopsies across multiple centres and users as well as the utility of taking additional non-targeted cores of prostate tissue.

Methods and Materials

Study design and participants
A retrospective analysis of 641 consecutive patients who underwent a transperineal image-fusion targeted biopsy using one rigid image-fusion system (MIM-Symphony-DXTM, MIM Software Inc., Cleveland, Ohio, USA with a standalone platform connected to either a BK3000 ultrasound or BK8848 using biplanar transrectal probe hired from Nuada Mobile Services, London, UK) by 13 urologists across 11 centres in the UK public and private sector between 1st/April/2014 and 30th/June/2017. This study was exempt from requirement for research ethics committee review. All men had multi-parametric MRI (mpMRI) scans locally in a total of 61 MRI centers due an elevated age-adjusted PSA or abnormal digital rectal examination. A range of 1.5T and 3.0T scanners were used according to local practice, but all mpMRIs were carried out to minimal standards laid down by British Society of Uroradiology and the European Society of Uroradiology. That is, coronal or sagittal T2W pelvis, transverse T2W, multiple b-value ADC, long b-value (1500 or 2000 in 1.5T or 3T, respectively) and gadolinium-enhanced dynamic contrast T1W axial scans. All scans were reported using the Likert scale as has been endorsed by UK consensus at the time and recently.7 8 Patients with lesions scoring 3, 4 or 5 underwent targeted and systematic biopsies (n=358); some physicians undertook targeted biopsies only according to local practice (n=284). 

mpMRI scans were transferred to the image-fusion software. Contouring was either carried out centrally by an experienced uro-radiologist (CA) with over 20 years of experience in prostate MRI or by the physician undertaking the biopsies where they were experienced in contouring based on interpreting an MRI report issued by an expert uro-radiologist. 

The transperineal biopsy was performed using core needles inserted via a brachytherapy grid fixed on a stepper. The protocol for the number of cores per target was 4-6 although clinician discretion permitted more if appropriate. Targeted biopsies were always carried out first with a maximum of 4 lesions targeted. Non-targeted biopsies involved sampling non-suspicious areas on MRI although a full transperineal mapping template was not carried out. General anaesthetic, sedation or pure local anaesthetic was carried out according to local practice and patient preference. The type of anaesthetic used was not available at time of data collection.

Primary outcome
The primary outcome of interest was the detection of clinically significant prostate cancer in the targeted compared to the non-targeted biopsies. For the purposes of this study, clinically significant prostate cancer (csPCa) has been defined using the UCL-Ahmed definition 1 of Gleason >/=4+3 or any grade >/=6mm.9  Secondary outcome measures included the rate of detection of clinically insignificant disease in targeted and non-targeted cores using definitions of significance such as UCL-Ahmed definition 2 of Gleason >/=3+4 or any grade >/=4mm as well as any amount of Gleason >/=3+4.

Statistical analysis
Descriptive statistics were performed to summarize clinical, radiographic, and biopsy characteristics.  All data were entered into an Excel (Microsoft Excel Version 15.38) and an SPSS database (SPSS Statistics Version 24) for statistical analysis, in accordance with recommendations from the Standards of Reporting for MRI-targeted biopsy Studies (START) Guidelines.10 Differences in demographic variables between the groups were examined by independent Student t-tests. All statistical tests were 2-tailed and p values of </=0.05 were considered statistically significant.

Results
Mean (SD) age, median (IQR) PSA and median (IQR) prostate volume were 63.8 (8.4) years, of 6.3ng/ml (5.0) and 42.0cc (26.0), respectively (Table 1). Overall, 277 (43.2%) were diagnosed with csPCa (definition 1) (Table 2 [a] and table 3). csPCa was detected in the targeted biopsies alone in 263/641 (41.0%).  There were no statistically significant differences in the age and prostate volume between those men who underwent targeted and systematic biopsy versus those men who underwent targeted biopsies alone (p=0.7 and p=0.15 (t-test)). There was a statistically significant difference in PSA levels (mean PSA = 7.27 vs. 8.57) (p=0.002).

Primary outcome:
Of those 358 patients who underwent additional non-targeted systematic biopsies, the median number of cores was 16 (+/- SD 11.8).  Overall, 33/358 (9.2%) patients had definition 1 csPCa in non-targeted biopsies regardless of the findings in the targeted cores. In 3/358 (0.8%) there was csPCa exclusively in the non-targeted cores with the targeted cores demonstrating no evidence of cancer with (Table 2a, table 4 and figure 1a). For UCL-Ahmed definition 2 of or any amount of Gleason >/=3+4 these figures were 4/358 (1.1%) for both groups (Table 2 [b], table 2 [c], figure 1[b], and figure 1[c]).


Secondary outcomes
First, 144/641 (22.5%) had just insignificant cancer by definition 1. There were 93/358 (26%) cases in which insignificant cancer by definition 1 was detected in the non-targeted cores with insignificant cancer or no disease in the targeted cores. Insignificant cancer by definition 1 occurred exclusively in non-targeted prostate cores in 9/358 (2.5%), where there was no evidence of disease in the targeted cores. 

Second, table 2[b], and 2[c], summarize the outcomes described above for other definitions and thresholds of clinical significance including UCL/Ahmed definition 2 and any Gleason >/= 3+4 cancer.  When lowering the threshold for the definition of csPCa (UCL/Ahmed definition 2) the overall and target biopsy alone detection rates increased to 363/641 (56.6%) and 353/641 (55.1%), respectively.  When using any Gleason 3+4=7 the overall and target biopsy alone detection rates were 319/641 (49.8%) and 310/641 (41.4%), respectively.

Third, when cancer was detected on each patient, the median maximum cancer core length involvement was 7.0mm (+/- SD 4.7) in targeted versus 2.2mm (+/-SD 4.3) in those detected in non-targeted cores. 

Fourth, 140/171 (84.2%) LIKERT score 5 lesions had definition 1 csPCa (Table 5 and Figure 2).  For LIKERT 4 and 3, these figures were 173/367 (47.1%) and 98/453 (21.6%), respectively.

Fifth, in our cohort there was one instance (1/641 [0.16%]) of post-biopsy sepsis requiring hospitalization.

Discussion

To our knowledge this study is the largest to date of image-fusion transperineal targeted biopsies across multiple users and centres. Our real practice data shows that non-targeted systematic transperineal biopsies detect only 0.8-1.1% additional csPCa (of any definition) exclusively when carried out in combination with image-fusion targeted biopsies. Overall, csPCa (of any definition) was detected in non-targeted biopsies in 9.2-21.1%.  Further, csPCa (of any definition) was detected in targeted biopsies in 41.0-55.1% of cases. 

The combination of pre-biopsy MRI and targeted biopsies is becoming more widespread. 4 There is continued discussion regarding the diagnostic value of non-targeted sampling. A recent systematic review of MRI-USS fusion has shown that a greater number of csPCa is detected by image-fusion targeting when compared to standard (non-targeted) prostate biopsy (median: 33.3% vs. 23.6%; range: 13.2-50.0% vs. 4.8-52.0%) with the deployment of fewer cores (median 9.2 vs. 37.1), respectively.11 The additional diagnostic yield in performing non-targeted biopsies has been variable.  Filson et al12 had a cancer detection rate for targeted transrectal MRI-USS fusion biopsy alone of 27.8% (229/825).  The addition of 12-core systematic biopsies in this prospective study increased the csPCa yield by 7.3% (60/825).12  Mortezavi et al13 demonstrated an overall cancer detection rate with targeted transperineal biopsy alone of 44.3% (129/291).  When adding a 20 Barzell zone systematic biopsy to this cohort they diagnosed an additional 58 cases (19.9%).13  The limitation of this study included the retrospective, single-center design with a lower number of patients. 13  Our study suggests that targeting the MRI lesion alone has a high rate of detecting csPCa by any definition of significance and reduces the detection of insignificant cancer that is accompanied with random non-targeted cores.   This strategy has been echoed with calls to employ MRI guidance for targeting and add limited systematic sampling.14 Hansen et al.15 more recently reported on a cohort 807 patients who underwent transperineal prostate biopsy.  Only 571 men had identifiable targets where either cognitive or MRI-USS fusion transperineal prostate biopsy was performed.15  The remaining 236 patients underwent a 18-24 core systematic unguided biopsy with 4.7% (11/236) of men discovered to have >/=4+3 PCa.15

The avoidance of non-targeted biopsies and replacement with a targeted transperineal approach will also result in improved efficiency and optimization of the diagnostic pathway. Targeted biopsies with limited sampling means fewer cores, minimal toxicity and low retention rates of 1% or less done under local anaesthetic or conscious sedation.3 Furthermore, the performance of a high number of additional systematic non-targeted biopsies has been shown to have significant and sustained detrimental impact on genitourinary functional outcomes including deterioration in urinary flow and sexual function. 16 17 18 The performance of non-targeted biopsies can be carried out in equivocal cases where imaging may be contraindicated or unclear, or where diagnostic doubt remains for some other reason. Limiting the number of cores taken will also result in cost-savings.  It would liberate time for more cases, reduce the number of consumables used and decrease the burden of technical time and work-load on pathology departments.19 20 

Our study used one image-fusion system and therefore allowed for a degree of standardization across multiple centers especially as an expert application specialist accompanied the equipment and helped the urologist in equipment set up and fusion software configuration. There are other fusion systems that use rigid or non-rigid fusion and other manners in which targeted biopsies can be carried out. Further, other methods of biopsy guidance are available to perform a targeting with visual estimation targeting and direct MRI-guided biopsy in-bore21 22.

Cognitive fusion is simple, quick and requires no additional hardware and software outside the MRI and trans-rectal ultrasound probe.  The ultrasound operator aims the biopsy needle at the prostate area where the reviewed prior MRI demonstrated a lesion.  This method does have potential for human error in those who are not fully trained. Direct MRI-guided biopsy is performed “in-bore” within an MRI scanner.  A prior MRI demonstrating the lesion is fused with current images to confirm biopsy needle localization.  After each biopsy sample the patient will be rescanned again confirm the target hit.  The disadvantages of this method are the time and financial implications of multiple MRI sessions to procure prostate tissue for diagnostic purposes.23  Software co-registration of stored MR-images with real-time ultrasound, using a fusion device enables digital overlay.  This allows suspicious prostate lesion(s) previously delineated to be used as a targeting system for the urologist.21 The digital overlay can either be rigid where there is direct overlay of the MRI images/contours over the ultrasound images or elastic/non-rigid fusion which accommodates the differences in the shape of the prostate gland between these imaging modalities. 24 25

The vast majority of software fusion biopsies and standard biopsies use the transrectal route11.  The transperineal approach has the significant benefit of reducing the risk of post-biopsy sepsis and mitigating against the global antibiotic resistance that the microbiological community are warning us of.26

Our study limitations include the heterogeneity of the non-targeted transperineal systematic sampling used due to the heterogeneous nature of our cohort but is likely to be more representative of real-world practice.  It included patients who underwent de-novo prostate biopsies and those who previously underwent biopsies but had no cancer.  However, no patients in our study underwent a biopsy with previously treated prostate cancer or who were under active surveillance so our results cannot be generalizable to these cohorts. 

Conclusions:
In this large multi-centre series, there is limited benefit in adding non-targeted prostate biopsy cores due to a low yield of clinically significant prostate cancer and a higher yield of clinically insignificant cancer. An image-fusion targeted-biopsy only approach maintains high detection for csPCa and low detection of clinically insignificant cancers.
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Table 1. Characteristics of patients undergoing transperineal prostate biopsies
	
	Mean
	+/-SD
	median
	IQR
	Range

	Age (years)
	63.8
	8.4
	63.0
	12.3
	39.9 -86.0

	PSA (ng/ml)
	7.8
	5.8
	6.3
	5.0
	0.3-41

	MRI prostate volume (cc)
	47.4
	24.7
	42.0
	26.0
	12-174

	No. of lesions/patient (n)
	1.7
	0.8
	2.0
	1
	1-4

	Number of non-targeted biopsies/patient*
	16.5
	10.7
	16.0
	11.8
	2-82



* non-targeted biopsies per patient only calculated from cohort of 358 men who underwent these types of biopsies. 


Table 2(a). The detection rates of cancer in patients undergoing transperineal targeted and non-targeted biopsies using definition 1 as clinically significant prostate cancer.  

	[bookmark: _Hlk513655508]
	*Significant cancer %/(n)
	Insignificant Cancer %/(n)
	No disease

	Overall
	43.2% (277/641)
	22.5% (144/641)
	34.6% (222/641)

	Overall in targeted biopsies
	41.2% (263/641)
	22.2% (142/641)
	36.5% (234/641)

	Overall in non-targeted biopsies regardless of targeted biopsies finding
	9.5% (34/358)
	26% (93/358)
	64.8% (232/358)

	Exclusively present in non-targeted biopsy when targeted biopsies had no cancer
	0.8% (3/358)
	2.5% (9/358)
	N/A


* Significant cancer = UCL/Ahmed definition 1 (Gleason >/=4+3 or any grade >/=6mm).


Table 2(b). The detection rate of cancer on transperineal targeted and non-targeted biopsies using definition 2 as clinically significant prostate cancer.  
	
	*Significant cancer %/(n)
	Insignificant Cancer %/(n)
	No disease

	Overall
	56.6% (363/641)
	8.7% (56/641)
	34.6% (222/641)

	Overall in targeted biopsies
	55.1% (353/641)
	8.4% (54/641)
	36.5% (234/641)

	Overall in non-targeted biopsies regardless of targeted biopsies finding
	21.5%(77/358)
	13.7% (49/358)
	64.8% (232/358)

	Exclusively present in non-targeted biopsy when targeted biopsies had no cancer
	1.1% (4/358)

	2.2% (8/358)

	N/A



* Significant cancer = UCL/Ahmed definition 2 (Gleason >/=3+4 or any grade >/=4mm). 


Table 2(c). The detection rate of cancer on transperineal targeted and non-targeted biopsies using any Gleason 3+4=7 as clinically significant prostate cancer.  
	
	*Significant cancer %/(n)
	Insignificant Cancer %/(n)
	No disease

	Overall
	49.8% (319/641)

	8.7% (56/641)
	34.6% (222/641)

	Overall in targeted biopsies
	48.4% (310/641)
	15.1% (97/641)
	36.5% (234/641)

	Overall in non-targeted biopsies regardless of targeted biopsies finding
	17.9% (64/358)
	17.3% (62/358)
	64.8% (232/358)

	Exclusively present in non-targeted biopsy when targeted biopsies had no cancer
	1.1% (4/358)
	2.2% (8/358)
	N/A


* Significant cancer = >/=3+4









Table 3.  Overall Gleason scores of patients undergoing target prostate biopsies who harbored significant cancer.

	Gleason classification
	Target biopsy %/(n)
	Maximum Cancer core length involvement (mm)

	3+3=6
	   23.9% (97/406)
	Median (IQR)
	3 (4.0)

	
	
	Mean (SD)
	4.0 (+/-3.5)

		
	
	Range
	0.5-17

	3+4=7
	   45.1% (183/406)
	Median (IQR)
	7 (5.9)

	
	
	Mean (SD)
	7.6 (+/-4.0)

	
	
	Range
	1-20

	4+3=7
	   19.0% (77/406)
	Median (IQR)
	10 (5.0)

	
	
	Mean (SD)
	9.55 (+/- 4.2)

	
	
	Range
	0.6-20

	8-10
	   12.3% (50/406)
	Median (IQR)
	12 (7.8)

	
	
	Mean (SD)
	11.0 (+/- 5.2)

	
	
	Range
	1-22




Table 4. Disease characteristics of 3 patients with clinically significant disease (UCL/Ahmed definition 1 (Gleason >/=4+3 or any grade >/=6mm)) identified exclusively in non-targeted biopsies (n=358) where targeted biopsy had no evidence of cancer. 

	Mean
	

	Gleason score
	n
	MCCL (mm)

	3+4
	2
	 8, 10

	4+3
	1
	4

	8-10
	0
	N/A


MCCL – maximum cancer core length in mm.










Table 5. MRI lesion based detection rate of targeted biopsies. Clinically significant disease UCL/Ahmed definition 1 (Gleason >/=4+3 or any grade >/=6mm).  

	Likert
	*Significant cancer %/(n)
	Gleason 
	%/(n)
	Insignificant Cancer %/(n)

	5
	84.2% (140/171)

	3+3
	9.4% (16/171)
	5.3% (9/171)


	
	
	3+4
	38.0% (65/171)
	

	
	
	4+3
	22.8% (39/171)
	

	
	
	8-10
	18.7% (32/171)
	

	
	
	No cancer
	11.1% (19/171)
	

	4
	47.1% 173/367

	3+3
	16.3% (60/367)
	13.1% 48/367


	
	
	3+4
	29.4% (108/367)
	

	
	
	4+3
	10.6% (39/367)
	

	
	
	8-10
	3.8% (14/367)
	

	
	
	No cancer
	39.8% (146/367)
	

	3
	21.6% 98/453
 

	3+3
	19.2% (87/453)
	16.6% 75/453


	
	
	3+4
	13.7% (62/453)
	

	
	
	4+3
	4.0% (18/453)
	

	
	
	8-10
	1.3% (6/453)
	

	
	
	No cancer
	61.8% (280/453)
	



*Significant cancer = Ahmed/UCL definition 1 (Gleason >/=4+3 or any grade >/=6mm)



Figure 1a. Clinically significant and insignificant cancer detection rates between targeted and combination (targeted and non-targeted) biopsies (n=641 in each group). Clinically significant disease UCL/Ahmed definition 1 (Gleason >/=4+3 or any grade >/=6mm).  








Figure 1(b). Clinically significant and insignificant cancer detection rates between targeted and combination (targeted and non-targeted) biopsies (n=641 in each group).  Clinically significant disease = UCL/Ahmed definition 2 (Gleason >/=3+4 or any grade >/=4mm).










Figure 1 (c): Clinically significant and insignificant cancer detection rates between targeted and combination (targeted and non-targeted) biopsies (n=641 in each group). Clinically significant disease >/= Gleason 3+4=7.  








Figure 2 Clinically significant, insignificant and no cancer detection rates between MRI lesions (Likert scores 3-5). Clinically significant disease UCL/Ahmed definition 1 (Gleason >/=4+3 or any grade >/=6mm).
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Cancer Detection Rates stratfied by targeted only or combination approach

Clinically insignificant Cancer	
Targeted only	Combination (Targeted + Non Targeted)	0.222	0.225	Clinically significant Cancer	
Targeted only	Combination (Targeted + Non Targeted)	0.412	0.432	



Cancer Detection Rates stratfied by targeted only or combination approach

Clinically insignificant Cancer	
Targeted only	Combination (Targeted + Non Targeted)	0.084	0.087	Clinically significant Cancer	
Targeted only	Combination (Targeted + Non Targeted)	0.551	0.566	



Cancer Detection Rates stratfied by targeted only or combination approach

Clinically insignificant Cancer	
Targeted only	Combination (Targeted + Non Targeted)	0.087	0.151	Clinically significant Cancer	
Targeted only	Combination (Targeted + Non Targeted)	0.484	0.498	



MRI Lesion Based Detection Rates

No cancer	
3.0	4.0	5.0	0.618	0.302	0.123	Clinically insignificant Cancer	
3.0	4.0	5.0	0.166	0.227	0.053	Clinically significant Cancer	
3.0	4.0	5.0	0.216	0.471	0.842	LIKERT Score





