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Abstract

Purpose—Patients with an enlarged prostate and suspicion of prostate cancer pose a diagnostic 

dilemma. The prostate cancer detection rate of systematic 12-core transrectal ultrasound guided 

biopsy is between 30% and 40%. For prostates greater than 40 cc this decreases to 30% or less. 

Magnetic resonance-ultrasound fusion biopsy has shown superior prostate cancer detection rates. 

We defined the detection rate of magnetic resonance-ultrasound fusion biopsy in men with an 

enlarged prostate gland.

Materials and Methods—We retrospectively analyzed the records of patients who underwent 

multiparametric prostate magnetic resonance imaging followed by magnetic resonance-ultrasound 

fusion biopsy at our institution. Whole prostate volumes were calculated using magnetic resonance 

imaging reconstructions. Detection rates were analyzed with respect to age, prostate specific 

antigen and whole prostate volumes. Multivariable logistic regression was used to assess these 

parameters as independent predictors of prostate cancer detection.

Results—We analyzed 649 patients with a mean ± SD age of 61.8 ± 7.9 years and a median 

prostate specific antigen of 6.65 ng/ml (IQR 4.35–11.0). Mean whole prostate volume was 58.7 

± 34.3 cc. The overall detection rate of the magnetic resonance-ultrasound fusion platform was 

55%. For prostates less than 40 cc the detection rate was 71.1% compared to 57.5%, 46.9%, 

46.9% 33.3%, 36.4% and 30.4% for glands 40 to 54.9, 55 to 69.9, 70 to 84.9, 85 to 99.9, 100 to 

114.9 and 115 cc or greater, respectively (p <0.0001). Multivariable logistic regression showed a 

significant inverse association of magnetic resonance imaging volume with prostate cancer 

detection, controlling for age and prostate specific antigen.
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Conclusions—Transrectal ultrasound guided and fusion biopsy cancer detection rates decreased 

with increasing prostate volume. However, magnetic resonance-ultrasound fusion biopsy had a 

higher prostate cancer detection rate compared to that of transrectal ultrasound guided biopsy in 

the literature. Magnetic resonance-ultrasound fusion biopsy represents a promising solution for 

patients with suspicion of prostate cancer and an enlarged prostate.
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According to the American Cancer Society, an estimated 240,000 men were diagnosed with 

PCa in 2013, resulting in a lifetime risk of 1 of 6 men.1 Most PCa is currently diagnosed by 

systematic 12-core TRUS guided biopsy.

The systematic TRUS guided approach has evolved since Hodge et al described it in 1989.2 

Ten to 14-core extended systematic biopsy is currently considered the standard of care.3 

However, it misses many small, nonpalpable and isoechoic (ultrasound invisible) lesions. 

This is especially relevant given the limitations of PSA screening. Furthermore, the 

sensitivity and specificity of systematic TRUS guided biopsy decrease as the prostate 

enlarges, especially for prostates greater than 40 cc.4,5 Several groups reported that the PCa 

detection rate is less than 30% for prostates greater than 40 cc while it is greater for smaller 

glands.4,6,7 It is believed that this is related to sampling error since core biopsies are 

obtained randomly in the prostate gland and lesions are often small, heterogeneous and not 

uniformly distributed. Also, as prostate volume increases, there is more gland tissue to be 

responsible for higher PSA and potentially harbor more PCa. However, since the prostate 

biopsy needle samples a fixed amount of tissue, larger prostates may possibly predispose to 

a smaller percent of sampling when a standardized number of cores is taken. Thus, in men 

with BPH PCa may go undiagnosed. These patients commonly undergo multiple biopsy 

attempts, extended or even saturation biopsies with the resultant increased risk of procedure 

related complications.8

MP-MRI is increasingly recognized as a method of detecting PCa, especially in men with an 

enlarged gland.9–12 Although direct in-gantry MR guided biopsy is possible, it is time-

consuming, requires special equipment and is cumbersome for the patient. The patient 

occupies the gantry during the entire procedure, making it costly and impractical. By fusing 

MRI to a TRUS image it is possible for the urologist to perform MRI guided TRUS biopsies 

in the office setting. While MR-US fusion biopsies have an increased PCa detection rate 

compared to TRUS guided biopsies,13 the value of this method in patients with an enlarged 

prostate gland has not been specifically investigated. We determined the detection rate of 

MR-US fusion guided biopsies in patients with an enlarged prostate.

METHODS AND MATERIALS

Study Design

We retrospectively reviewed the records of patients in whom prostate volume was calculated 

by MRI in-house validated software at imaging. Patients underwent MR-US fusion biopsy at 
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the National Cancer Institute (NCI) from January 2009 to December 2012. All patients were 

enrolled in an institutional review board approved protocol providing after written informed 

consent. Since the NCI is a referral center, all patients initially underwent screening by 

standardized MP-MRI, followed by MR-US fusion biopsy for one of certain reasons, 

including persistent clinical suspicion of prostate cancer despite prior negative biopsies or 

confirmation of PCa extent when the diagnosis of low grade, low volume disease was not 

concordant with high PSA or PSA dynamics.

We used fusion platforms that are several research iterations of the current Invivo UroNav™ 

system. Patients then underwent standard of care 12-core TRUS guided sextant biopsy, 

including 2 cores (lateral and medial) from each sextant region. No anterior or transitional 

directed cores were obtained. At the same setting MR-US fusion biopsy was done, which 

included 2 cores (axial and sagittal) from each suspicious lesion identified on MRI.13

Repeat MR-US fusion biopsies performed at our institution were excluded from analysis 

since the fusion platform has the capability to store and resample old biopsy sites. Since 

prior definitive prostate treatments might alter its volume, patients who underwent radical 

prostatectomy, radiation therapy, brachytherapy, cryotherapy, high intensity focused US or 

MR guided focal laser ablation were also excluded.

MRI Acquisition, Interpretation and Prostate Volume Measurement

All images were acquired using a 3.0 Tesla Achieva MRI scanner with a 6 or 16-channel 

SENSE body coil (Philips Healthcare, Cleveland, Ohio) and a BPX-30 endorectal coil 

(Medrad®).14 Routine precontrast axial T1-weighted imaging, triplanar (axial, coronal and 

sagittal) T2 with diffusion guided weighted imaging and apparent diffusion coefficient 

mapping, multivoxel 3-dimensional localized spectroscopy and axial 3-dimensional fast field 

echo dynamic contrast enhanced MRI sequences were obtained. As previously described,15 

all MP-MRIs underwent centralized radiological evaluation by 2 blinded experienced 

genitourinary radiologists (BT and PLC) with 6 and 13 years of experience with prostate 

MRI, respectively. In-house validated software was used to calculate WP volumes based on 

the high resolution T2-weighted MR images. WP volumes were obtained by planimetric 

calculations by manually contouring each slice.

Patients with at least 1 suspicious lesion of any grade subsequently underwent MR-US 

fusion biopsy.13 Patients without MR visible lesions were not eligible to participate in our 

protocol and were referred to their local urologist for standard of care and followup. All 

pathological specimens were reviewed by a single genitourinary pathologist (MJM) with 25 

years of experience.

Statistical Analysis

Data were analyzed with STATA®, version 11 and R, version 2.15.2 (R Foundation for 

Statistical Computing, Vienna, Austria). Descriptive statistics were used to depict patient 

characteristics. Univariate logistic regression was done to assess the association between the 

change in WP volumes in relation to age, PCa detection rates and Gleason score. Categorical 

variables were analyzed using the Fisher exact test or the chi-square approximation for 

larger numbers. We performed multivariate logistic regression controlling for age, PSA and 
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WP volumes to assess for independent predictors of PCa. All tests were 2-tailed with 

significance considered at 0.05.

RESULTS

We identified 796 MR-US fusion biopsy cases between January 2009 and December 2012, 

of which 147 biopsy sessions were excluded from study because they were repeat MR-US 

fusion biopsy sessions or patients had undergone definitive prostate treatment that might 

have altered prostate volume. Thus, 649 patients were available for inclusion and analysis. In 

the entire cohort median age was 62 years and median PSA was 6.65 ng/ml. Mean WP 

volume was 58.7 cc (median 49).

Overall 428 patients (65.9%) had no prior biopsy or negative results on previous biopsies. Of 

the 649 men 528 (81.4%) underwent 1 or more prior TRUS guided biopsies elsewhere, of 

whom 149 (45.6%) had a gland of less than 40 cc and 379 (84.6%) had a gland of 40 cc or 

greater (p <0.0002). Significantly more patients with a gland of 40 cc or greater had prior 

negative TRUS guided biopsies (239 of 379 or 63.1% vs 68 of 149 or 45.6%, p <0.0002). Of 

the 307 patients (58%) without a PCa diagnosis MR-US fusion guided biopsy detected PCa 

in 128 (42%). There were no abnormal findings on digital rectal examination in 544 of the 

649 men (83.8%). Abnormal digital rectal examination findings were not used to direct 

biopsy.

Prostate Volumes in Relation to MR-US Fusion Biopsy Cancer Detection

MR-US fusion biopsy results were positive in 357 of 649 patients, resulting in a 55% cancer 

detection rate for the entire cohort. Age and prostate volume were significantly associated 

with the PCa detection rate (table 1). Furthermore, when stratifying the detection rate in 

relation to different WP volume brackets in 15 cc increments, it was highest for prostates 

with a volume of less than 40 cc at 71.1% compared to 57.5%, 46.9%, 46.9%, 33.3%, 36.4% 

and 30.4% for prostates 40 to 54.9, 55 to 69.9, 70 to 84.9, 85 to 99.9, 100 to 114.9 and 115 

cc or greater, respectively (p <0.0001). The detection rate in patients with no prior cancer 

diagnosis was 67.5%, 49.1%, 39.7%, 34.4%, 25.0%, 26.7% and 28.9%, and in those with 

prior negative biopsies it was 69.1%, 39.2%, 42.4%, 31.0%, 23.3%, 23.1% and 26.5%, 

respectively (each p <0.0001, fig. 1). Similar results were seen per core on detection rate 

analysis.

The median number of prior biopsies was 2 and 96% of patients underwent 1 to 4 prior 

biopsies. The MR-US fusion biopsy detection rate was 46.6%, 42.7%, 30.9% and 48.1% for 

1, 2, 3 and 4 or more prior negative 12-core TRUS biopsies, respectively.

When looking at the different volume categories, the percent of patients diagnosed with high 

risk (Gleason 8 or greater) PCa remained similar regardless of prostate size (fig. 2). 

Multivariate logistic regression revealed a significant association of MRI volume with PCa 

detection, controlling for age and PSA (table 2). Univariate analysis showed that age and 

PSA were significant predictors of PCa detection. Thus, MR-US fusion technology detected 

high Gleason score tumors in enlarged prostates.
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DISCUSSION

Since it is situated deep in the pelvis, the anatomical location of the prostate has been a 

hindrance to uniform, accurate tissue sampling for diagnosis. There are well recognized 

limitations of TRUS guided biopsy, including under sampling and missing small, isoechoic 

lesions. Multiple past attempts to improve the TRUS detection rate included applying a 

systematic sampling approach,2 laterally directed cores to sample the anterior horns of the 

peripheral zone,17,18 sampling the anterior region of the prostate,19 increasing the number of 

cores up to 20 and performing transperineal saturation biopsy.20,21 Nevertheless, the PCa 

detection rate of TRUS guided biopsy is between 30% and 40%.22,23

Specifically in men with clinical suspicion of PCa and an enlarged prostate the yield of 

TRUS guided biopsy is even lower. This patient subgroup poses a diagnostic challenge since 

high PSA often prompts urology referral with subsequent biopsies. Additional biopsy 

specimens or rearrangement of systematic sampling has not solved this dilemma because the 

amount of tissue sampled is still small compared to the overall prostate. Rather, the answer 

lies in performing biopsy directed at a lesion identified by imaging. MP-MRI is a useful tool 

that can aid in identifying, localizing and guiding targeted biopsies of suspicious lesions.
14,24,25

Our cohort included a high percent of patients who were previously evaluated by local 

urologists with extended systematic TRUS guided biopsies. Reported TRUS guided biopsies 

identified cancer in approximately 41.9% of these patients. Despite this finding MR-US 

fusion biopsies detected cancer in 55.0% of the cohort. Of the men with prior negative 

biopsies 42% were found to harbor PCa by fusion technology. Notably, a greater percent of 

men with a larger prostate (40 cc or greater) had undergone 1 or more previous biopsies with 

negative results compared to men with a smaller gland (table 1).

When stratified by increasing WP volume, the PCa detection rate decreased. It was highest 

for glands greater than 40 cc (71.1%) and lowest for glands 115 cc or greater (30.4%). This 

pattern was also observed for TRUS guided biopsy since the detection rate was confounded 

by WP size. Even with a high mean WP ± SD volume of 58.7 ± 34.3 cc the overall PCa 

detection rate in our series was substantially greater than that of TRUS guided biopsy and 

comparable to rates in studies using similar fusion technology.13,26,27

The literature is replete with analyses of prostate gland volume and biopsy detection rates 

(fig. 3). The detection rate of TRUS guided biopsy for prostate glands greater than 40 cc is 

considerably lower than for glands smaller than 40 cc. A detection rate ranging from 40% in 

glands less than 34 cc to 24% in glands greater than 64 cc was reported by Ung et al in a 

cohort of 750 consecutive patients with a median WP volume of 45 cc.4 Yoon et al similarly 

noted a yield ranging from 30% in glands less than 40 cc to 26.9% for a WP volume of 40 cc 

or greater in a cohort of 474 patients.7 Even when performing 20-core TRUS guided biopsy, 

Werahera et al noted a 25.8% PCa detection rate in men with a prostate of greater than 50 cc.
6 Our series demonstrated a much higher PCa detection rate of 47.8% for glands 40 cc or 

greater compared to these historical controls. Importantly, the detection rate of high risk PCa 

Diaz et al. Page 5

J Urol. Author manuscript; available in PMC 2018 December 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



using MR-US fusion did not decrease as a function of prostate volume. In other words, MR-

US fusion biopsy is less likely to miss high risk PCa (fig. 2).

These findings emphasize the value of fusion technology to detect and risk stratify cancer on 

high resolution imaging and accurately target visualized lesions for biopsy. Groups reported 

that the overall detection rate for MR-US fusion biopsy technology was between 50% and 

60%.13,26,27 Others reported a 34% rate in patients with prior negative prostate biopsies.28 

We believe that MR-US fusion biopsy is of value for all prostate volumes but especially 

relevant for enlarged prostates (40 cc or greater) since TRUS guided biopsy in this scenario 

has an even lower detection rate.

As MR-US fusion technology matures, multiple efforts will be directed toward improving 

and incorporating it into current treatment guidelines.

Our study has several limitations, including its retrospective nature, heterogeneous 

population since some patients underwent prior prostate biopsy, and representation of data 

from a single referral institution. These single institution findings should be further validated 

in large, prospective, multi-institutional studies. Also, aspects of fusion technology are that 

are affected by prostate volume and might lead to lower yields. For example, enlarged 

prostate glands may be more prone to operator dependent deformation during the biopsy 

procedure, resulting in inaccurate fusion. An endorectal coil used during MP-MRI could 

also lead to prostate deformation, resulting in inaccurate volume measurements and 

ultimately fusion. As a precaution, adjustments were routinely made to endorectal coil filling 

at the beginning of the scan to minimize gland deformation. In addition, fusion technology 

accuracy per spatial resolution is reported to be approximately 4 to 5 mm, potentially 

missing lesions 3 mm or less in diameter. However, these small lesions most likely do not 

represent clinically significant prostate cancer.29,30 Lastly, MP-MRI and MR-US fusion 

technology requires a high initial investment and technical support. As the technology 

becomes more readily available, costs may decrease.

CONCLUSIONS

MR-US fusion biopsy represents a promising solution for patients with clinical suspicion of 

PCa complicated by an enlarged prostate secondary to BPH changes. MR-US fusion guided 

biopsy shows superior PCa detection compared to extended sextant TRUS guided biopsy. In 

men with clinical suspicion of PCa and an enlarged prostate due to BPH MR-US fusion 

biopsy should be considered a first line diagnostic approach.

Abbreviations and Acronyms

BPH benign prostatic hyperplasia

MP multiparametric

MR magnetic resonance

MRI MR imaging
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PCa prostate cancer

TRUS transrectal US

US ultrasound

WP whole prostate
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Figure 1. 
Prostate cancer detection rates overall (blue bars), and for no prior cancer diagnosis (red 

bars) and prior negative biopsy (green bars) by volume in 15 cc increments.
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Figure 2. 
Proportion of Gleason score 6 (green bars), 7 (blue bars) and 8 or greater (red bars) in 

patients with cancer by prostate volume. Percent of high risk Gleason 8 or greater PCa 

tended to remain stable as prostate volume increased.
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Figure 3. 
Previous and current PCa detection rates by prostate volume on TRUS guided (blue bars) 

and MR-US fusion (green bars) biopsy.
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Table 2

Univariate and multivariate logistic regression of cancer detection predictors

Univariate Multivariate

OR (95% CI) p Value OR (95% CI) p Value

PSA/ng/ml 1.024 (1.007–1.041) 0.005 1.056 (1.031–1.082) <0.0001

Age/yr 1.023 (1.002–1.044) 0.03  1.043 (1.019–1.067)   0.0004

MRI vol/15 cc 0.776 (0.714–0.843) <0.0001 0.661 (0.595–0.734) <0.0001
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