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Abstract

Objectives—Targeted biopsy, using magnetic resonance (MR) – ultrasound (US) fusion, may 

allow tracking of specific cancer sites in the prostate. We aimed to evaluate initial use of the 

technique to follow tumor sites in men on active surveillance of prostate cancer.

Methods and Materials—Fifty-three men with prostate cancer (all T1c) underwent re-biopsy 

of 74 positive biopsy sites, which were tracked and targeted using the Artemis MR-US fusion 

device (Eigen, Grass Valley, CA, USA) from March 2010 through January 2013. The initial 

biopsy included 12 cores from a standard template (mapped by software) and directed biopsies 

from regions of interest seen on MRI. In the repeat biopsy, samples were taken from sites 

containing cancer at the initial biopsy. Outcomes of interest at second MR-US biopsy included (a) 

presence of any cancer and (b) presence of clinically significant cancer.

Results—All cancers on initial biopsy were either Gleason score 3+3=6 (N=63) or 3+4=7 

(N=11). At initial biopsy, 23 cancers were within an MRI target, and 51 were found on systematic 

biopsy. Cancer detection rate on repeat biopsy (29/74, 39%) was independent of Gleason score on 

initial biopsy (p=NS) but directly related to initial cancer core length (CCL) (p<0.02). Repeat 
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sampling of cancerous sites within MRI targets was more likely to show cancer than re-sampling 

of tumorous systematic sites (61% vs. 29%, p=0.005). When initial CCL was ≥4 mm within an 

MRI target, over 80% (5/6) of follow-up tracking biopsies were positive. An increase of Gleason 

score was uncommon (9/74, 12%).

Conclusions—Monitoring of specific prostate cancer-containing sites may be achieved in some 

men using an electronic tracking system. The chances of finding tumor on repeat specific-site 

sampling was directly related to the length of tumor in the initial biopsy core and presence of 

tumor within an MRI target; upgrading of Gleason score was uncommon. Further research is 

required to evaluate the potential utility of site-specific biopsy tracking for prostate cancer patients 

on active surveillance.
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INTRODUCTION

Follow-up biopsy is an important part of active surveillance for prostate cancer.[1–5] Active 

surveillance biopsies are typically performed using a systematic, 12-core approach guided 

by trans-rectal ultrasound (TRUS) imaging, with or without increased sampling of prior 

positive sites. However, TRUS-guided biopsy is not usually tumor-directed. Aside from the 

occasional hypo-echoic focus, cancerous areas are not visualized and re-sampling can be 

imprecise. Wide variations in tumor volume and Gleason score on successive biopsies have 

been reported.[6,7] The extent to which this variation stems from tumor growth and 

progression versus sampling happenstance is unknown. Accurate re-sampling of specific 

tumor-bearing sites would be highly desirable.

In a previous validation study, a biopsy-site tracking device (Artemis, Eigen, Grass Valley, 

CA) was shown to allow repeat biopsy of recorded sites with an error of only 1.2 +/− 

1.1mm.[8] The result was independent of prostate volume or biopsy site. We herein report 

our initial experience with the device to perform follow-up biopsy of prior positive sites in 

men on active surveillance for prostate cancer.

MATERIALS AND METHODS

Subjects in this study included 53 men on active surveillance for prostate cancer at our 

institution who underwent an initial Artemis MR-US fusion guided biopsy (biopsy 1) 

followed by a repeat tracking biopsy of cancerous sites (biopsy 2) from March 2010 through 

January 2013. The UCLA active surveillance program is an IRB-approved registry with 

entry criteria restricted to men with low- or intermediate-risk prostate cancer based on 

D’Amico criteria. [9] The 53 men were culled from a total of 280 men enrolled in the active 

surveillance protocol at end of study period, of whom 208 underwent fusion biopsy. 

Excluded were men whose initial Artemis biopsy was negative (N=66) and men whose 

follow-up Artemis biopsy occurred after the study ended (N=89), leaving 53 men who had 

both Artemis biopsies during the study period. The protocol was approved in advance by the 

UCLA Institutional Review Board.
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The initial Artemis biopsy session (biopsy 1) was a confirmatory MR-US fusion biopsy 

performed 6 months after a conventional TRUS-guided diagnostic biopsy. As described 

previously, we use multiparametric MRI (with T2 weighted imaging, diffusion weighted 

imaging, and dynamic contrast enhancement). A transabdominal coil is used and imaging is 

performed on a Siemens TrioTim Somatom 3T (Siemens Medical Solutions, Malvern, PA) 

magnet with high-performance gradients using a multi-channel external phased-array coil. 

[8] Biopsy 1 included sampling of 12 systematic sites and targeted biopsy of any regions of 

interest seen on MRI. MRI regions of interest were graded from 1 (least concerning) to 5 

(most concerning) by one of three radiologists using a scoring system that has been 

described previously. [8] All positive biopsy sites were tracked and mapped to enable 

specific re-sampling, as described elsewhere. [8] The second Artemis biopsy session (biopsy 

2) was performed a median of 11 months later (IQR 7–12 months) and included re-sampling 

of any sites containing cancer at the first session without systematic sampling. We did not 

repeat systematic re-sampling because very comprehensive sampling had been achieved 

only 7–12 months earlier, and the second fusion biopsy was at least the 3rd biopsy overall 

for all men. Sampling at biopsy 2 was standardized to include 3–4 cores from each prior 

positive site, aiming at the mid-point of each positive core and at 4-quadrant adjacent areas 

within 2–3mm of center point (Figure 1). Details of the MRI protocol and fusion biopsy 

method are available elsewhere. [8]

A single pathologist (J.H.) analyzed all biopsy material. Gleason scoring was based on the 

2005 ISUP modifications. [10] In cases of discontinuous cancer foci in a single needle core, 

each focus was measured individually and the sum was considered to be the CCL for that 

core. [11] In cases where two cores from a single target had tumor present, we used the 

maximum CCL from either core. Specific details of the MRI protocol and fusion biopsy 

method are available elsewhere. [8]

Data Analysis

The primary outcome was the presence of any cancer on biopsy 2 (yes/no). A secondary 

outcome was detection of clinically significant cancer (defined by Gleason >6 and/or cancer 

core length (CCL) ≥4mm) on biopsy 2. [12] Bivariate statistics were used to compare cancer 

characteristics of each positive target on biopsy 1 (n=74) to the corresponding sampled sites 

on biopsy 2. A multivariate logistic regression model was made to test for associations 

between patient/tumor characteristics and the biopsy outcomes. Covariates of interest 

included age, PSA, Gleason score at biopsy 1, prostate volume, maximum cancer length 

(mm), type of positive site (i.e., MRI region of interest vs. systematic biopsy site), and grade 

(on five point scale) of MRI region of interest. The covariates that were included in the 

initial model were maximum cancer length, type of positive site, and grade of MRI region of 

interest.

To evaluate spatial accuracy of the biopsies, Artemis biopsy locations were visually 

reviewed after study conclusion to determine if the actual biopsy site on biopsy 2 matched 

the planned biopsy site within a reasonable margin of error. A “near miss” was a biopsy that 

sampled the appropriate sextant (e.g., left lateral apex) but missed the intended target.
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All analyses were performed in an intent-to-treat fashion by including all results, regardless 

of targeting accuracy. Statistical analyses included non-parametric Spearman correlation, 

Fisher exact tests and multivariate logistic regression to evaluate for associations between 

clinical and tumor factors.

RESULTS

Baseline demographic, clinical, and pathologic variables for the 53 subjects are displayed in 

Table 1. Of the 74 cancerous sites from biopsy 1, 63 (85%) demonstrated Gleason score 

3+3=6 and 11 (15%) were Gleason 3+4=7. On average, CCL for individual targets was 

2.2mm (SD 1.4mm). Twenty-three positive biopsy sites (31%) came from MRI regions of 

interest and 51 (69%) came from systematic sampling.

Table 2 compares the Gleason score on biopsy 1 to the score at biopsy 2. At biopsy 2, a 

mean of 3.6 (SD=1.4) cores were taken from the each of the 74 positive sites. Cancer was 

present in 29 sites (39%) from biopsy 2, of which 14 (49%) contained clinically significant 

cancer. Among biopsy 1 sites with Gleason score 3+3=6, the majority of biopsy 2 samples 

either did not have cancer (n=39, 62%) or still had Gleason score 3+3=6 (n=16, 25%). The 

remaining 8 sites (14%) had an upgraded Gleason score on biopsy 2. Most positive sites 

with Gleason score 3+3=6 at biopsy 1 and with cancer present in both biopsy sessions were 

not upgraded (16/24, 67%). Rebiopsy of Gleason 3+4=7 sites from biopsy 1 (N=11) showed 

cancer in 5 sites (44%). The majority of these were downgraded to Gleason 6 (3/5, 60%). 

Cancer detection rate on repeat biopsy was independent of first biopsy Gleason score 

(p=NS).

Based on a previously published definition (i.e., Gleason score 3+3=6 and CCL ≤ 4mm) 

[11] we found that 30/53 (57%) men had clinically insignificant cancer at biopsy 1. Of re-

sampled sites containing cancer on biopsy 2 (n=29), CCL increased by half or more in 52%; 

decreased by half or more in 34%; and was unchanged in 14%. Of the 30 men with 

insignificant prostate tumors, just 3 (10%) had tumors that were upgraded to significant 

cancer on biopsy 2. Of the remaining 23 men with clinically significant tumors on biopsy 1, 

10 (43%) had a significant tumor again on biopsy 2.

The cancer yield on repeat biopsy varied directly with initial CCL and inversely with 

prostate volume. Figure 2A demonstrates the effect of maximum CCL on biopsy 2. When 

the CCL was <1mm on biopsy 1, only 1 of 7 sites (14%) had cancer on biopsy 2. When that 

length was ≥4mm, 10 of 14 sites (71%) contained cancer on biopsy 2. Of sites with a CCL 

≥2mm on biopsy 1, 19 of 36 (53%) sites were found on biopsy 2 to contain cancer; only 10 

of 38 (26%) sites containing a CCL <2mm were found to contain cancer on repeat biopsy 

(p<0.02). For positive sites from prostates less than 40cc in volume (n=27), re-sampling 

showed cancer in 59% of sites; however, for sites in prostates over 40cc (n=47), re-sampling 

showed cancer in 28% of sites (p=0.01).

Cancer yield was also related to the location of the initial positive core (i.e., within an MRI 

region of interest vs. systematic site). Specifically, 14 of 23 (61%) re-biopsies of MRI 

targeted cores showed cancer. In comparison, 15 of 51 (29%) re-biopsies of systematic sites 
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showed cancer (p=0.005). Figure 2B displays the relationship of MRI grade to cancer yield 

at biopsy 2; tumors were more likely to be clinically significant with increased grading on 

MRI. MRI targets containing cancer were found on repeat biopsy to contain longer CCLs 

than systematic sites (2.8 mm vs. 2.0 mm, p< 0.005). When cancerous sites were within an 

MRI target and the initial CCL >4mm, 5 of 6 (83%) showed cancer upon repeat biopsy. Of 

all the variables examined in a multivariate logistic regression analysis, the most important 

in predicting cancer on 2nd biopsy was MRI grade of target (odds ratio 1.48, 95% 

confidence interval 1.09 – 2.01). When no MRI target was present, CCL was the most 

important predictor (odds ratio 1.40, 95% confidence interval 1.02 – 1.92).

In the spatial accuracy analysis, actual biopsy location was judged to have been outside the 

region of interest (but always within the sextant) in 15 of 74 sites. Such targeting 

inaccuracies, even though most were ‘near misses,’ were strongly associated with biopsy 

outcome. In cases where the actual biopsy location matched the planned location, cancer 

was found in 28 of 59 (47%) sites. In contrast, cancer was found in only 1 of 15 (7%) sites 

where the biopsy missed the planned site.

COMMENT

Prostate biopsy is the cardinal element of active surveillance for men with apparent low-risk 

tumors. Varying regimens of biopsy follow-up have been employed, [1–5] often beginning 

with a confirmatory biopsy within the first year of the diagnostic biopsy. The confirmatory 

and subsequent follow-up biopsies are aimed at verifying the low-risk nature of the 

condition and are integral parts of existing protocols. However, the biopsy method described 

in most active surveillance reports is an ultrasound-guided, random, systematic sampling of 

the prostate. Subsequent re-sampling of specific cancers in the same patient has not been 

studied, perhaps because technology to allow it has not been available until recently.

Using an MR-US fusion device (Artemis, Eigen, Grass Valley, CA), we reported in 2011 the 

ability to accurately re-sample a prior biopsy site under ideal circumstances.[8] Men in that 

study were re-biopsied in a single session without a position change; image-capture software 

was used to determine the original and repeat biopsy locations in three dimensions. Under 

the conditions of that study, the center of the repeat biopsy could be placed within two mm 

of the original biopsy center. Accuracy was independent of prostate volume or biopsy site. 

These data provided validation of preliminary work using phantoms[13] and impelled the 

present clinical investigation.

In the present study, the possibility of using a fusion device to re-sample specific tumor-

bearing sites under typical clinical conditions is given an initial exploration. Overall, tumor 

was found in 39% of 74 cancerous sites subjected to follow-up biopsy, a figure somewhat 

lower than the overall cancer yield in other active surveillance studies which utilize 

conventional systematic biopsy and a per-patient analysis.[14] However, in the present 

study, only the prior positive sites were re-sampled and the data were analyzed on a per-site 

basis. Importantly, in subset analysis, cancerous sites located within a target seen on MRI 

had a 61% rate of tumor detection on repeat biopsy. Furthermore, our finding—that every 

repeat biopsy core from the most suspicious MRI targets showed clinically significant 
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cancer—confirms the importance of sampling targets identified by MRI (as shown 

previously in men undergoing targeted biopsy to diagnose cancers missed on conventional 

biopsy). [15–17]

In addition, we showed that at second biopsy, the histology revealed an upgrade to primary 

Gleason pattern ≥4 only 3 times. The rare instance of increased primary Gleason score on 

follow-up targeted biopsy implies that, within the confines of our 11-month median follow-

up, sampled tumors rarely undergo grade progression. Thus, Gleason upgrades, reported by 

others on subsequent conventional TRUS guided biopsy [1] may result from sampling 

tumors that were not sampled initially. Recent epidemiological studies have suggested that 

Gleason grade progression is uncommon. [18] Further research (e.g., genotype analyses) 

could be used to conclusively determine if tumors found on initial and repeat biopsies were 

identical.

We also found that successful garnering of site-specific tumor was directly related to volume 

of tumor found at first biopsy. Tumor volume was quantified in terms of maximum length of 

tumor (CCL) in any core. The chance of finding tumor on repeat biopsy was directly related 

to maximal CCL at initial biopsy, ranging from 14% when the initial tumor was <1mm in 

length, up to 71% when the initial tumor length was ≥4mm. The vast majority of Gleason 

upgrades or significant volume increases occurred in either a high-grade MRI target or a 

high-volume initial tumor site. This observation, if confirmed, could lead to a change in 

follow-up biopsy regimens, decreasing the necessity for repeat sampling of small foci 

outside of MRI targets.

In a post-hoc analysis, we found that targeting accuracy was another important factor in 

finding tumor on follow-up biopsy. In the present study, each Artemis recording was 

manually reviewed after the study conclusion to determine if the follow-up biopsies were 

truly obtained from the targeted site. The actual biopsy location was judged to have missed 

the planned location in 15 of 74 sites. Even though these repeat biopsies were only “near 

misses,” they were less likely to identify the presence of tumor. Overall, in cases where the 

actual biopsy location matched the planned location, cancer was found in 28 of 59 (47%) 

sites. In contrast, only 1 of 15 (7%) sites where the actual biopsy missed the planned site 

showed cancer. In light of this finding, we are developing software to evaluate targeting 

accuracy during each biopsy procedure, allowing corrections to be made in real-time.

Additional limitations of the present study include lack of a demonstrated correlation with 

either trans-perineal template biopsies or radical prostatectomy specimens to know the 

actual size and Gleason score of the sampled tumors. Furthermore, our definition of cancer 

core length for biopsy cores with discontinuous cancer foci is somewhat controversial. Some 

studies have suggested that the total length between foci (including the bridge of benign 

tissue) correlates better with disease burden at prostatectomy. [19] Ultimately, how our 

definition impacts outcomes related to active surveillance remains unanswered, and 

correlating prostatectomy specimens with biopsy results will help clarify how best to assign 

cancer core length in such cases. Also, because our biopsy protocol did not include repeat 

systematic sampling each time, we are unable to compare the yield of site-specific re-

sampling to repeat systematic biopsy. Along those lines, we did not have a control group to 
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allow a comparison of outcomes to this cohort of men in active surveillance. Future studies 

evaluating long-term outcomes (e.g., survival) will have to incorporate a comparison group 

to better understand the potential for this system to accurately track prostate tumors over 

time. Further follow-up will be required before the long-term data is available to contrast the 

outcomes of men who have tumor on re-sampling biopsy to those who do not. However, if 

the concept of an index tumor prevails for men in active surveillance, biopsy-site tracking 

could become an important benefit of the new technology. Important areas for future 

research also include the impact on other functional outcomes and costs associated with this 

approach. For instance, although cost-effectiveness of targeted biopsies using MR-US fusion 

has been confirmed in general, [20] it remains unclear whether this approach is cost-

effective for men undergoing active surveillance.

CONCLUSIONS

Electronically tracked biopsy has the potential to allow repeat sampling of specific tumor 

foci in some men on active surveillance. In this preliminary study, cancer detection rate 

upon repeat biopsy was directly related to (1) tumor volume (maximal cancer core length in 

mm) and (2) presence of tumor within an MRI region of interest at initial biopsy. Further 

research is required to improve the accuracy of this biopsy system and more clearly 

understand long-term outcomes associated with this surveillance approach.
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Figure 1. Example of re-sampling of prior positive sites using the Artemis device
(A) The 3D model of the prostate from the 2nd biopsy (brown) was superimposed on the 

model from the 1st biopsy (blue), showing a close match in size and shape. The 

superimposed model was created in real-time at biopsy 2 by the Artemis device. An MRI 

target (red) was displayed in the model. (B) The location of prior positive sites (1 & 2) was 

mapped by the device. Site 1 was a systematic site; Site 2 was from the MRI-targeted core. 

(C) Four cores (black cylinders) were taken from each site.
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Figure 2. Graphical representation of the factors associated with cancer yield on re-sampling 
biopsy
Panel A: Probability of cancer detection on re-sampling biopsy according to cancer core 

length on initial biopsy. White bars represent all cancers and black bars represent clinically 

signifiicant cancers.[10] Cancer detection varies from 14% for CCL <1mm to 71% for CCL 

≥4mm. Panel B: Results of repeat biopsy comparing the detection of all cancers (white bars) 

and clinically significant cancers (black bars) stratified by image grade of the target. For 
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example, the cancer containing sites include 7 from image grade 4 targets, of which 57% 

contained cancer and 57% contained significant cancer upon re-biopsy.
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Table 1

Demographics and clinical characteristics of 53 patients in active surveillance receiving resampling biopsy 

using the Artemis biopsy-tracking device.

Covariate Patient cohort
(n=53)

Age1 (years) (median (IQR)) 64 (59 – 69)

Race/ethnicity (n (%))

  White 44 (83%)

  Asian 3 (6%)

  Hispanic 6 (11%)

Time between diagnostic and 1st targeted biopsy (months) (median (IQR)) 6 (0 – 8)

Time between diagnostic and 2nd targeted biopsy (months) (median (IQR)) 17 (8 – 21)

Prostate volume1 (cc) (median, IQR) 48 (36 – 60)

Prior prostate treatment1 (n (%))

  No prior treatment 37 (69%)

  Transurethral resection of prostate 3 (6%)

  5α-reductase inhibitor 13 (25%)

PSA1 (ng/mL) (median, IQR) 4.3 (2.2 – 6.4)

PSA density1 (ng/mL/cc) (median, IQR) 0.08 (0.05 – 0.12)

1
At time of biopsy 1
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Table 2

Cross-tabulation of Gleason scores from biopsy 1 and biopsy 2 analyzed by site (n=74).

Gleason Score from
Biopsy 2 (n (%))

Gleason Score from Biopsy 1

3+3=6 (n=63) 3+4=7 (n=11)

No cancer 39 (62%) 6 (55%)

3+3=6 16 (25%) 3 (27%)

3+4=7 6 (10%) 1 (9%)

4+3=7 1 (2%) 0 (0%)

4+4=8 1 (2%) 1 (9%)
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