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Summary

Multiparametric magnetic resonance imaging (MRI)/ultrasound fusion targeted prostate biopsy 

has been shown to outperform systematic biopsy in the detection of clinically significant prostate 

cancer. Aside from tumor grade, tumor biomarkers such as phosphatase and tensin homolog 

(PTEN) and ETS-related gene (ERG) have prognostic significance in prostate cancer and may 

help direct management of patients with low-grade tumors. Our objective was to compare the 

detection of PTEN and ERG expression in MRI-targeted versus systematic prostate biopsies. We 

compared immunohistochemical expression for PTEN and ERG on prostate biopsy cores from 

patients with Grade Group (GG) 1 or GG2 prostate cancer who had undergone systematic biopsy 

with concurrent targeted biopsy. Fifty-three cases had both systematic and MRI-targeted prostate 

tissue available for staining for PTEN; and 52 cases, for ERG. ERG positivity was seen in 37/52 

(71.2%) cases, and PTEN loss was seen in 15/53 (28.3%) cases. The detection of ERG expression 

was not significantly different between MRI-targeted and systematic biopsy (P = .4). Targeted 

biopsy was superior to systematic biopsy in the detection of PTEN loss (P = .02). MRI-targeted 

cores detected 14/15 (93.3%) cases of PTEN loss compared to 7/15 (46.7%) cases detected by 

systematic cores. Most cases with PTEN loss showed heterogeneous expression in both systematic 

and targeted cores. In 14/15 (93.3%) cases with PTEN loss, GG was the same between targeted 

and systematic biopsy. Targeted biopsy is superior to systematic biopsy in the detection of PTEN 

loss in GG1 and GG2 tumors. Inclusion of targeted cores may be helpful for evaluation of certain 

prognostic biomarkers.
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1. Introduction

In the United States, prostate cancer remains the most common malignancy in men, with the 

exception of skin cancer [1]. Multiparametric magnetic resonance imaging (MRI)/ultrasound 

(US) fusion targeted prostate biopsy has been shown in previous studies to outperform 

systematic biopsy in the detection of clinically significant prostate cancer [2–5]. Targeted 

biopsy has been shown to detect higher-grade tumors as well as poor prognostic features, 

such as perineural invasion and possibly extraprostatic extension [4,6–8]. In addition, the 

implementation of this new technique may affect how urologists manage patients with 

prostate cancer, with potentially an increased utilization of active surveillance [9,10]. Factors 

that influence selection of active surveillance include cancer grade, imaging findings, serum 

prostate specific antigen (PSA) level, and patient preference as part of a shared decision-

making model with their physicians.

With the increased utilization of active surveillance and MRI/US fusion targeted biopsy, 

additional prognostic biomarkers can be useful in helping to determine which patients 

require definitive therapy. Phosphatase and tensin homolog (PTEN) and ETS-related gene 

(ERG) expression in prostate cancer has been shown to have prognostic significance and 

may help direct the management of patients with low- and intermediate-risk tumors [11]. 

In cases with tumor of the same grade involving multiple cores, tumor heterogeneity might 

influence the results of any biomarker study.

Although studies have shown that MRI-targeted prostate biopsy better detects higher-grade 

tumors, whether this technique better samples cancer tissue in terms of detecting prognostic 

biomarkers is undetermined. To date, there have been limited investigations of prognostic 

biomarkers in prostate cancer detected by MRI-targeted biopsy compared to systematic 

biopsy. Our objective was to compare the detection of PTEN and ERG expression in 

MRI-targeted versus systematic prostate core biopsies to determine if the targeted approach 

better detects expression of these prognostic biomarkers.

2. Materials and methods

A retrospective review was performed of our prospectively maintained, institutional review 

board-approved, prostate cancer database, searching for patients who underwent MRI/US 

fusion targeted prostate biopsy and concurrent systematic extended-sextant biopsy from 

2014 to 2018. Post–image processing of multiparametric MRI and targeted biopsy of 3D 

segmented suspicious lesions was performed using the DynaCad and UroNav systems, 

respectively (Phillips/InVivo, Gainsville, FL). prostate imaging reporting and data system 

(PIRADS) v2 scoring was assigned by a multidisciplinary consensus conference with 

fellowship-trained radiologists and urologic oncologists specializing in prostate MRI. Two 

fellowship-trained urologic oncologists performed all targeted biopsies. For each patient, 
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a minimum of 8 cores was sampled via the standard systematic approach using the 

conventional extended-sextant template. Each MRI-targeted lesion was sampled by at least 

2 needle cores, and all prostate biopsy cores were evaluated for Gleason score and percent 

tumor involvement, per each MRI-targeted lesion, by the “aggregate of cores methods” as 

previously described [12].

All histologic evaluation was performed by 2 fellowship-trained genitourinary pathologists 

(J. B. G. and M. R. P.). Prostate cancer grading was assessed in accordance with the current 

standard criteria [13,14]. Statistical analyses were done utilizing JMP 13.1.0. Categorical 

and continuous variables were compared for statistical significance using χ2 test and Student 

t tests, respectively. The detection rate of ERG positivity and PTEN loss between systematic 

and MRI-targeted cores was compared using the McNemar test.

Patients were selected that had Grade Group (GG) 2 as the highest grade of prostate 

cancer detected among all cores sampled during the biopsy session, including both MRI-

targeted and systematic cores. The presence of either GG1 or GG2 tumor on either targeted 

or systematic cores was acceptable for inclusion. No cases with GG3–5 or cases with 

intraductal carcinoma detected in any cores were included. For inclusion in this data 

analysis, it was required that prostate cancer was detected on both MRI-targeted cores as 

well as systematic cores within the case, although the same GG was not required to be 

present on both biopsy approaches.

Immunohistochemistry (IHC) for PTEN and ERG was performed on all cores with tumor 

available in each case. Criteria for PTEN loss were defined as per previously published 

studies [15] (Figure). ERG positivity was determined by nuclear staining on IHC. For each 

patient, prostate cancer IHC expression was compared between systematic and MRI-targeted 

cores.

3. Results

A total of 53 cases with GG1 or GG2 tumors were identified where patients had undergone 

systematic biopsy with concurrent MRI/US fusion targeted biopsy (Table 1). A total of 66 

cancer-positive cores from the systematic approach and a total of 58 cancer-positive cores 

from the MRI-targeted approach were evaluated with IHC. The average number of total 

cores sampled was significantly higher for the systematic approach (11.8 ± 0.9) compared 

to the targeted approach (4.2 ± 2.0), P < .0001. An average of 2.2 ± 1.3 systematic biopsy 

cores and 2.0 ± 0.9 MRI-targeted biopsy cores per case contained cancer (P = .93). The 

average age was 66 years (range 44–81), and the average PSA was 6.2 ng/mL (range 1.5–

17.2). Races present in our cohort included 41 whites, 10 African Americans, and 2 others. 

GG1 prostate cancer was the highest GG overall in 28/53 (52.8%) cases, and GG2 prostate 

cancer was the highest GG overall in 25/53 (47.2%) cases. In our cohort, 30/53 (56.6%) 

patients went on to choose active surveillance, 8/53 (15.1%) patients were treated with 

radical prostatectomy, 9/53 (17.0%), patients were treated with radiation therapy, and 6/53 

(11.3%) patients were lost to follow-up.
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PTEN staining and interpretation were performed on all 53 cases. Staining and interpretation 

for ERG status were performed on 52 cases; 1 case had tissue depleted after staining with 

PTEN, and therefore, ERG staining was unable to be performed on both the MRI-targeted 

and systematic cores.

ERG positivity was seen in 37/52 (71.2%) cases when assessing all biopsy cores available 

(Table 2). MRI-targeted biopsy detected 29/37 (78.4%) cases of ERG positivity compared to 

32/37 (86.5%) cases detected by systematic biopsy. The detection of ERG expression was 

not significantly different between targeted and systematic biopsy (P = .4).

PTEN loss was seen in a total of 15/53 (28.3%) cases. Patients with PTEN loss consisted of 

11 whites, 2 African Americans, and 2 others. MRI-targeted biopsy detected 14/15 (93.3%) 

cases of PTEN loss compared to 7/15 (46.7%) cases detected by systematic biopsy cores. 

MRI-targeted biopsy was superior to systematic biopsy in the detection of PTEN loss (P = 

.02) (Table 3). Of the 15 cases that had PTEN loss, 14/15 cases had tumor detected in the 

same regions on targeted and systematic approaches. Only 1 case had tumor detected in a 

location that was different between the standard and targeted biopsy. In this particular case, 

the targeted biopsy was positive in the left mid to left lateral base, whereas the standard 

biopsy was positive in the right apex and right mid gland. Of the 15 cases with PTEN loss, 

12/15 (80%) also had gain of ERG expression. Heterogeneous expression was seen in most 

cases with PTEN loss. PTEN loss was found to be heterogeneous on systematic biopsy in 

5/7 (71.4%) cases and on MRI-targeted biopsy in 11/14 (78.6%) cases.

In the 14/15 (93.3%) cases with PTEN loss, GG was the same between the MRI-targeted 

and systematic biopsy. In 1 case with PTEN loss, the GG was higher in the MRI-targeted 

cores (GG2) versus the systematic cores (GG1) sampled during the same biopsy session. 

PTEN loss was seen more often in GG2 tumors in both the systematic and MRI-targeted 

approach. For the systematic approach, PTEN loss was seen in GG1 tumors in 3/32 (9.4%) 

cases and in GG2 tumors in 4/21 (19.0%) cases (P = .31). For the MRI-targeted approach, 

PTEN loss was seen in GG1 tumors in 5/34 (14.7%) cases and in GG2 tumors in 9/19 

(47.4%) cases (P = .01) (Table 4). There was no significant difference in race, age, PSA, 

grade group, or PIRADS score when comparing those patients with and without PTEN 

loss (Table 5). In the group where PTEN was retained, more patients (65.8%) went on to 

choose active surveillance versus those with PTEN loss (33.3%). However, this finding was 

not statistically significant (P = .053) and, importantly, was retrospective in nature, and 

biomarker information was not used to direct patient management.

Gain of ERG expression was seen more often in GG1 tumors than GG2 tumors in both the 

MRI-targeted and systematic approaches. For the systematic approach, ERG expression was 

seen in GG1 tumors in 22/31(71.0%) cases and in GG2 tumors in 10/21 (47.6%) cases (P 
= .7). For the MRI-targeted approach, ERG expression was seen in GG1 tumors in 19/33 

(57.6%) cases and in GG2 tumors in 10/19 (52.6%) cases (P = .09). There was no significant 

difference in the detection of ERG expression in GG1 versus GG2 tumors.
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4. Discussion

Prostate cancer is the most common noncutaneous cancer in the United States and the 

second leading cause of cancer-related deaths in American men. Improvements in MRI 

now allow for the more precise detection of prostate cancer by imaging [3,5,16,17]. Most 

notably, the combination of multiparametric MRI and superimposed real-time transrectal 

US allows for the improved targeting of suspicious lesions [2–4]. Multiple studies have 

shown the improved sensitivity and specificity of MRI/US fusion-targeted biopsies over 

the systematic biopsy approach in the detection of clinically significant prostate cancer, 

while requiring fewer cores [2–5]. In addition to the accurate detection of higher GGs, 

other clinically significant tumor characteristics such as extraprostatic extension, seminal 

vesicle invasion, and perineural invasion have also been demonstrated to be more frequently 

detected on MRI/US fusion biopsy [6–8]. However, despite the diagnostic improvements 

brought about by MRI targeted biopsy, the question of whether systematic biopsy can be 

eliminated entirely is still widely debated because of the potential risk of missing clinically 

significant disease by random sampling [18–20].

In 2014, the University of Alabama at Birmingham implemented the utilization of MRI/US 

fusion targeted prostate biopsies, with subsequent studies demonstrating optimization of 

detection of clinically significant prostate cancers [4,9]. In 2018, our group additionally 

assessed the management choices in patients who undergo MRI-targeted prostate biopsy 

compared to patients who undergo systematic biopsy [9]. It was found that patients who 

undergo MRI-targeted biopsy are 3.93 times more likely to choose active surveillance 

over early definitive treatment compared to men diagnosed on systematic biopsy alone ;, 

a preference which remained statistically significant after adjusting for age, PSAD, prior 

biopsy history, provider, tumor grade, and race [9]. As MRI-targeted biopsy becomes 

increasingly embraced by practitioners globally, it is important to see how prognostic 

biomarkers perform within this new biopsy technique.

PTEN and ERG mutations are two of the most common mutations found in prostate 

cancer, occurring in approximately 60% and 40% of prostate cancers, respectively [11]. 

As the most commonly deleted tumor suppressor gene in prostate cancer, PTEN loss is 

one of the most promising prognostic and predictive tissue-based biomarkers in prostate 

cancer [15,21]. A study by Lotan et al found that PTEN loss in biopsy specimens with 

Gleason score 3 + 3 = 6 prostate cancer is associated with an increased risk of Gleason 

score upgrading in the final radical prostatectomy specimen. This finding suggests that 

PTEN mutations may predict which tumors are undergraded on biopsy, thus helping guide 

clinical decision making [22]. ERG and PTEN mutations tend to occur together, with mouse 

studies implicating a symbiotic relationship in tumor oncogenesis [23,24]. These findings 

have led to the hypothesis that there may be a synergistic effect of ERG expression and 

PTEN loss on prostate cancer progression; several retrospective studies examining PTEN 

and ERG in human prostate cancer have established that PTEN mutations tend to occur 

following a preceding ERG mutation, with PTEN deletion occurring more commonly in 

ERG-rearranged prostate tumors [ 23,24]. Similar to this concept, in our study, we found 

that 80% of cases with PTEN loss also showed ERG expression on IHC.
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We found a gain of ERG expression in 71.2% of cases in our cohort. This is somewhat 

higher than the results of previous studies, which report that the ERG gene is rearranged in 

approximately half of all prostate tumors [21]. This finding is likely the result of multiple 

factors and may reflect our particular patient demographic. Interestingly, we found no 

difference in ERG expression between the 2 cohorts, perhaps reflecting its high frequency 

in our population. ERG expression was seen more frequently in GG1 tumors; however, this 

was not statistically significant. As gain of ERG expression was found to be a much more 

prevalent finding, using MRI-targeted tissue for ERG expression may not hold an advantage 

over tissue acquired by a systematic approach.

As the PTEN gene is almost always lost by deletion in prostate cancer, fluorescence in situ 

hybridization (FISH) has traditionally been considered the criterion standard assay to detect 

in situ PTEN loss in tumor tissue [15]. However, the detection of PTEN loss also lends 

itself well to immunohistochemical assays. A multi-institutional cohort study conducted 

by Lotan et al investigated the sensitivity and specificity of PTEN immunohistochemistry 

relative to FISH for detection of PTEN gene deletion in prostate cancer and found that 

IHC staining had a 97% concordance with homozygous PTEN deletions detected by FISH, 

showing that automated PTEN immunohistochemistry assay is a sensitive method for the 

detection of homozygous PTEN gene deletions [15]. In our study, of the 7 systematic cores 

in which there was PTEN loss, 2 showed homozygous loss (28.6%), with the remaining 5 

showing heterozygous loss (71.4%). Of the 14 MRI-targeted cores in which there was PTEN 

loss, 3 showed homozygous loss (21.4%), with the remaining 11 showing heterozygous 

loss (78.6%). This finding highlights the issue of tumor heterogeneity and its potential 

influence on the results of biomarker studies. A study conducted by Lotan et al in 2016 

demonstrated that PTEN loss is commonly subclonal and heterogeneous in primary prostate 

tumors [15,21]. In general, previous PTEN FISH studies have shown that hemizygous 

deletions are more prevalent than homozygous deletions, a finding illustrated in our cohort, 

in which most PTEN loss cases were hemizygous [22]. Additional studies by Lotan et al 

have shown that protein loss is most strongly associated with shorter recurrence-free survival 

if the loss is homogeneous in all tumor cores sampled and that heterogeneous PTEN loss is a 

weaker prognostic indicator when compared to homogeneous loss [15,21].

In our study of patients with GG1 and GG2 tumors, we saw PTEN loss in 15/53 (28.3%) 

cases, which is higher than some other studies but may also reflect the presence of 

intermediate-risk tumors. Lotan et al showed that PTEN loss by immunohistochemistry 

is expected to be present in ~11% of Gleason score 6 biopsies overall, making it a rare 

finding in lower GGs [22]. In addition, they demonstrated that finding PTEN loss in a GG1 

tumor may reflect unsampled higher-grade tumor elsewhere [22]. In our study, we also 

found an association between PTEN loss and higher grade. For the MRI-targeted approach, 

PTEN loss was seen in GG1 tumors in 14.7% of cases and in GG2 tumors in 47.4% of 

cases (P = .01). This association was only statistically significant in the MRI-targeted group. 

In addition, of the 15 cases in which PTEN protein was lost, there was a single case in 

which the GG differed between the systematic and targeted approaches. In this single case, 

PTEN loss was found in the target core, which showed GG2 tumor, whereas the systematic 

core showed GG1 tumor. Interestingly, PTEN loss was recorded as hemizygous in this 

case. These results can perhaps be explained by the combination of several factors at play. 

Baumgartner et al. Page 6

Hum Pathol. Author manuscript; available in PMC 2022 April 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Clinically significant prostate cancer is more likely detected by MRI/US targeted biopsy, 

and PTEN loss is often associated with clinically significant tumor. In addition, in the 

targeted approach, more cores are sampled per lesion than the systematic approach, which 

relies on random sampling. Thereby, our finding of PTEN loss occurring more frequently 

in targeted cores suggests the ability to identify and target the more significant prostate 

cancer and sample it more thoroughly to account for the heterogeneity of PTEN expression. 

Indeed, of the 15 cases that had PTEN loss, 14/15 cases had tumor detected in the same 

regions on targeted and systematic approaches. Therefore, the difference in PTEN detection 

between the targeted biopsy and systematic biopsy in most cases was likely explained by 

tumor heterogeneity and the advantage of better sampling by a targeted approach. Only 1 

case had tumor detected in a location that was different between the standard and targeted 

biopsy, in which the targeted biopsy was positive in the left mid to left lateral base whereas 

the standard biopsy was positive in the right apex and right mid gland. In this case, the 

difference in detection of PTEN may reflect multifocal prostate cancer. As MRI-targeted 

biopsy tissue successfully detected PTEN loss in 93.3% of cases, one could consider 

adapting a triage method for biomarker testing. One could start with testing of MRI-targeted 

tissue and then proceed to systematic cores as needed.

Notable limitations of this study are the relatively small sample size and retrospective 

nature. In the group where PTEN was retained, more patients (65.8%) went on to choose 

active surveillance versus those with PTEN loss (33.3%). However, this finding was not 

statistically significant (P = .053). This is expected because the study was retrospective 

in nature and clinicians did not have biomarker information to direct patient management. 

Future studies will need to further investigate if hemizygous PTEN deletions detected via 

IHC on biopsy accurately predict upgrading to allow for recommendations in terms of 

active surveillance. Other confounding factors include racial and ethnic backgrounds of the 

patient populations studied. Similar to other centers, at our institution, a lower number of 

African American men have undergone an MRI-targeted biopsy sessions compared to white 

men. Larger numbers would be required to evaluate the impact of prognostic biomarker 

expression in a race-stratified manner. Another potential factor may be access to health care 

by means of the referral patterns to our tertiary care center and distances associated with the 

regional area that our institution serves.

5. Conclusions

MRI/US fusion targeted biopsy is superior to systematic biopsy sampling in the detection of 

PTEN loss by IHC in GG1 and GG2 prostate cancer. Detection of ERG expression by IHC 

was equivalent between the MRI-targeted and systematic approach. These findings suggest 

that inclusion of tissue from MRI-targeted cores may be helpful for the assessment of some 

prognostic biomarkers.
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Figure. 
Immunohistochemical stain for PTEN at high-power magnification showing (A) weak but 

positive PTEN staining in tumor cells, (B) strong positive PTEN staining in tumor cells, (C) 

heterogeneous loss of PTEN staining in tumor cells, and (D) homogeneous loss of PTEN 

staining in tumor cells.
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Table 1

Clinical demographics of patient population that underwent MRI-targeted and systematic prostate needle core 

biopsy

Variable n (%)

No. of cases 53

Age (y), mean (range) 66 (44–81)

Race

 African American 10 (18.9%)

 White 41 (77.3%)

 Other 2 (3.8%)

Family history

 Yes 14 (26.4%)

 No 38 (71.7%)

 Unknown 1 (1.9%)

GG

 1 28 (52.8%)

 2 25 (47.2%)

PSA, mean ± SD 6.2 ± 3.4

PIRADS

 3 10 (18.9%)

 4 27 (50.9%)

 5 16 (30.2%)

No. of cores obtained during biopsy, mean ± SD

 Systematic 11.8 ± 0.9

 Targeted 4.2 ± 2.0

No. of cancer-positive cores, mean ± SD

 Systematic 2.2 ± 1.3

 Targeted 2.0 ± 0.9

Management

 Active surveillance 30 (56.6%)

 Radiation therapy 9 (17.0%)

 Radical prostatectomy 8 (15.1%)

 Unknown 6 (11.3%)
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Table 2

ERG status detected on systematic and MRI-targeted prostate needle core biopsies

MRI-targeted biopsy Systematic biopsy

ERG negative ERG positive Total

ERG negative 15 8 23

ERG positive 5 24 29

Total 20 32

NOTE. Total cases n = 52. P = .4.
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Table 3

PTEN status detected on systematic and MRI-targeted prostate needle core biopsies

MRI-targeted biopsy Systematic biopsy

PTEN Loss PTEN Retained Total

PTEN loss 6 8 14

PTEN retained 1 38 39

Total 7 46

Total cases n = 53. P = .02.
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Table 4

PTEN and ERG status on systematic and MRI-targeted biopsy by GG

GG Total ERG cases Total PTEN cases PTEN loss ERG gain

Systematic biopsy

 1 31 32 3 22

 2 21 21 4 10

MRI-targeted biopsy

 1 33 34 5 19

 2 19 19 9 10
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