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Abstract

Purpose—Identification of “clinically significant” disease is crucial for optimal treatment of
prostate cancer. Selective detection of prostate cancer with increased microvessel density is
possible with contrast-enhanced ultrasound (CEUS). Preliminary studies suggest that pretreatment
with a 5a.-reductase inhibitor may improve the efficiency of CEUS targeted biopsy. This study was
designed to quantify prostate cancer detection with CEUS =+ short-term pretreatment with
dutasteride.

Methods—In this randomized double blinded placebo controlled trial of oral dutasteride
pretreatment, CEUS findings were graded and used to direct targeted biopsy (up to 6 cores/
prostate). A blinded twelve core systematic biopsy was performed subsequently on every subject,
based on standard medial and lateral sampling of each sextant.

Results—Of 311 subjects who underwent randomization, 272 completed participation. Positive
biopsies were obtained in 276/3264 (8.5%) of systematic cores and 203/1237 (16.4%) of targeted
cores (odds ratio = 2.1; 95% CI: 1.7-2.6, p<0.001). ROC analysis for detection of all prostate
cancers demonstrated an increase in diagnostic accuracy from precontrast imaging to CEUS (A, of
0.60 vs. 0.64, p=0.005). For detection of high grade cancer (Gleason score = 7) ROC analysis
demonstrated improved accuracy for precontrast imaging (A;=0.74) and CEUS (A;=0.80),
p=0.0005. For detection of high grade cancer with greater than 50% biopsy core involvement,
excellent accuracy was demonstrated with precontrast and CEUS, A, =0.83 & 0.90 respectively
(p=0.001). Pretreatment with dutasteride had no significant impact on detection of prostate cancer
(p=0.97).
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Conclusions—CEUS targeted biopsy provides a significant benefit for the detection of high
grade / high volume prostate cancer. (clinicaltrials.gov Identifier: NCT00398281)

Introduction

Methods

Transrectal ultrasound (TRUS) guided sextant biopsy is a systematic, spatially distributed set
of six parasagittal biopsy cores for detection of prostate cancer.[1] Although sextant biopsy
was the standard of care for over a decade, the systematic sextant may miss 36% of cancers
in glands under 30cm3, and 64% of cancers in larger glands.[2] An optimal systematic
biopsy approach may require 12-14 cores for larger glands,[3] or even a “saturation biopsy”.
[4] However, this approach to increase cancer detection with more numerous systematic
cores must be weighed against the potential for increased detection of clinically insignificant
disease.[5]

Targeted biopsy strategies are designed to optimize detection of clinically significant
prostate cancer with fewer biopsy cores. Microbubble contrast agents enhance Doppler
signal from regions with increased microvessel density and can improve the detection of
prostate cancer.[6,7] Hypervascular prostate cancers may be detected with fewer biopsy
cores using microbubble contrast-enhanced ultrasound (CEUS) targeted biopsy approach.
[8,9] Unfortunately, CEUS is limited by enhancement of benign tissue.[10] Preliminary
studies suggest suppression of Doppler flow in benign prostate tissue after therapy with the
5a-reductase inhibitor dutasteride,[11] along with improved detection of prostate cancer by
CEUS.[12] The current study was designed to quantify detection of prostate cancer with
CEUS techniques combined with short-term pretreatment with dutasteride.

Patient Population

IRB approval was obtained for this HIPAA compliant, randomized double blinded trial of
CEUS with dutasteride pretreatment for detection of prostate cancer. Participants provided
written informed consent between November 2006 and June 2011.

Consecutive patients were prospectively enrolled from our urology practice. Inclusion
criteria included age>18, and a scheduled prostate biopsy based upon an abnormal digital
rectal examination, an elevated prostate specific antigen (PSA>2.6ng/ml), or a PSA velocity
>0.75ng/ml/year. Exclusion criteria included a prostate biopsy within 30 days, participation
in a clinical trial involving an investigational agent within 30 days, previous use of a 5-a
reductase inhibitor, prior treatment for prostate cancer, or severe concurrent illness.

Patient Preparation

Each subject was randomized to pretreatment with placebo or 0.5mg of oral dutasteride
(GlaxoSmithKline; Research Triangle Park, NC) once daily for 2 weeks prior to biopsy. A
serum PSA was obtained prior to pretreatment; all PSA samples were processed by the same
reference laboratory (Quest Diagnostics). The subject, examining physicians and study
coordinators were blinded to the randomization. Patients were asked to refrain from sexual
activity for 24 hours prior to biopsy, as this may alter prostate vascularity.[13] Antibiotic
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prophylaxis was administered with oral ciprofloxacin 500mg one hour prior to biopsy, and
continued twice daily for three days.

Contrast Agent & Ultrasound Technique

The contrast agent, perflutren lipid microsphere (Definity™, Lantheus Medical Imaging; N.
Billerica, MA), is a sterile, non-pyrogenic suspension of liposome-encapsulated
perfluoropropane microbubbles. The standard-size vial was agitated prior to infusion, diluted
into 50ml of saline and infused via a 20 gauge intravenous line at 4ml/min.

TRUS was performed with an Aplio ultrasound unit (Toshiba America Medical Systems,
Tustin, CA) using a PVT-661VT endocavitary probe. Subjects were imaged in lithotomy
position to minimize perturbation of vascularity measurements.[14] Prior to contrast
administration, grayscale ultrasound was performed to measure gland size, and to evaluate
for focal echotexture and contour abnormalities. Pre-contrast color and power Doppler
imaging were performed to evaluate blood flow. During contrast infusion, continuous
harmonic grayscale imaging was performed, followed by color and power Doppler imaging,
intermittent grayscale harmonic imaging (with a 2 second interscan delay) and finally flash
replenishment imaging coupled with maximum intensity projection imaging (MicroFlow
Imaging™ [MFI]). Flash replenishment imaging was first described as a grayscale harmonic
technique for perfusion estimation.[15-17] More recently, contrast-enhanced flash
replenishment has been combined with maximum intensity projection over 2—4 seconds of
low power image frames to demonstrate vascular patterns associated with neovascularity[18]
and prostate cancer.[19] For each of the three pre-contrast imaging modes and five post-
contrast imaging modes the prostate was imaged in a transverse sweep from base to apex.
Findings were rated with a previously described five point subjective rating score (from 1-5;
benign to malignant) for each sextant of the prostate.[20,21] These ratings were used to
select sites for targeted biopsy and to compare the discrimination of prostate cancer among
the various imaging modes (see statistical analysis).

Biopsy Protocol

After the diagnostic examination was complete, local anesthetic was administered by
transrectal injection of 2% lidocaine adjacent to the base of the prostate. In order to
minimize the chance that CEUS findings might prejudice the selection of locations for
systematic core biopsies, two independent, experienced physicians performed the targeted
and systematic biopsy procedures. The first physician (EJH) performed the diagnostic CEUS
study, administered anesthetic and obtained targeted biopsy cores during contrast infusion
which lasted approximately 12 minutes. Although the protocol allowed a maximum of 6
targeted cores, fewer (or no) targeted cores were taken from patients with few (or no) CEUS
abnormalities. The second physician (EJT), blinded to the results of the CEUS study,
performed a standard 12 core systematic biopsy consisting of a laterally and a medially
directed core within each sextant. Biopsy specimens were processed using standard
laboratory techniques and read in a blinded fashion by one urologic pathologist (PAM).
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Statistical Analysis

Results

Statistical computations were performed with Stata 11.1 (StataCorp; College Station, Tx).
Continuous demographic and laboratory variables were compared with a t-test. Subjective
ultrasound rating scores were compared with a Wilcoxon rank-sum test, as these scores are
not continuous variables and not normally distributed. Comparison of positive biopsy rates
in various subgroups was performed with a Pearson Chi-square statistic. Since targeted and
systematic biopsy procedures were paired for each subject, the proportions of cancers
diagnosed by these techniques were compared with a McNemar’s Chi-square for correlated
proportions.

In order to model the detection of prostate cancer with a by-core analysis and to account for
the clustering of scores within subjects, a logistic regression model was applied with each
subject defined as a cluster. A clustered logistic model was also used to estimate and
compare the Az - area under the receiver operating characteristic (ROC) curve for the
detection of prostate cancer by each individual ultrasound imaging mode, as well as for
combinations of grayscale and CEUS.[22] In order to determine whether CEUS might have
better discriminating ability for higher grade and larger cancers, additional logistic models
were created for the detection of tumors with a Gleason score =7 and for detection of tumors
with a Gleason score =7 and >50% core involvement. The Az for each logistic model was
computed based upon the trapezoidal rule; statistical comparisons were performed with a
non-parametric technique.[23]

Among 311 eligible subjects, 272 completed participation (Figure 1). The study population
included 210 Caucasians, 54 African Americans, 6 Hispanic men and 2 Asians. Mean age
was 62 years (range: 36—83), and mean serum PSA was 6.5+7ng/dl. Three patients suffered
adverse events during pretreatment and were excluded. Three patients suffered adverse
events requiring inpatient admission after the biopsy, but completed the protocol.

The appearance of prostate cancer on CEUS is demonstrated in Figure 2. A positive biopsy
for prostate cancer was obtained in 118/272 study subjects (43%). Mean age among subjects
with and without prostate cancer was not significantly different (61.1 vs. 59.6 years;
p=0.30). Mean PSA among patients with and without prostate cancer was not significantly
different (7.1 vs. 6.4ng/dl;p=0.48).

Dutasteride vs Placebo

Among the 272 study subjects, 134 were randomized to pretreatment with dutasteride and
138 to placebo. There was no significant difference in age (59.5 vs. 61 years, p=0.3) or
serum PSA (7.0 vs. 6.4ng/dl, p=0.6) among subjects randomized to dutasteride or placebo.
The subjective rating scores for all ultrasound modes were slightly higher among subjects
randomized to placebo (Table 1).

There was no significant difference in the proportion of subjects diagnosed with prostate
cancer among study participants randomized to placebo (60/138) versus dutasteride
(58/134), p=0.97. There was no significant difference in the proportion of positive targeted
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cores among subjects randomized to placebo (114/659=17.3%) versus dutasteride
(88/574=15.3%), p=0.35. There was also no difference in the proportion of positive sextant
cores among patients randomized to placebo (150/1656=9.1%) versus dutasteride
(126/1608=7.8%), p=0.21. Given these results, the two groups were combined for all
subsequent analyses.

Cancer Detection with targeted and systematic biopsy

Prostate cancer was found in 479/4501 cores. Positive biopsies were obtained in 276/3264
(8.5%) of systematic cores and 203/1237 (16.4%) of targeted cores. Based on logistic
regression, the odds ratio for a positive core with a targeted versus a systematic biopsy was
2.1 (95% Cl:1.7-2.6, p<0.001).

Prostate cancer was detected by targeted biopsy alone in 13 subjects and by systematic
biopsy alone in 47 subjects. On a per-patient basis, cancer was more frequently detected by
systematic biopsy (n=105) relative to targeted biopsy (n=71; McNemar Chi-square=19.3,
p<0.001).

The volume and grade of cancers detected by CEUS targeted biopsy were different from
those detected by systematic biopsy alone. Among the 105 subjects detected by systematic
biopsy, those with a positive targeted biopsy (n=58) demonstrated a mean of 3.5 positive
systematic cores, while subjects undetected by targeted biopsy (n=47) demonstrated a mean
of 1.5 positive systematic cores (p<0.001). The mean percentage of systematic core
involvement was 32% among subjects with a positive targeted core, compared with 15%
among patients who were undetected by a targeted biopsy (p<0.001). Higher grade cancers
(Gleason score =7) were more common among patients with a positive targeted biopsy (55%
versus 17%; p<0.001).

ROC Analysis by Sextant (Table 2)

Cancer was demonstrated in 204/1632 sextants by systematic biopsy. The multivariate test
for equality demonstrated a significant difference in A, among the eight individual
ultrasound modes (p=0.03). However, when pre-contrast color and power Doppler imaging
were dropped from the analysis, there was no significant difference in A, among the
remaining individual modes (p=0.40), suggesting that the CEUS modes were superior to
pre-contrast Doppler imaging. When pre-contrast grayscale imaging was combined with
contrast enhanced harmonic imaging into a single predictive model, the A, of 0.64 was
increased relative to conventional grayscale imaging alone or harmonic imaging alone
(p=0.005).

High grade cancer (Gleason score =7) was demonstrated in 70/1632 sextants. When the
analysis was repeated with only high grade sextants rated as positive, the test for equality of
A, again demonstrated a significant difference among imaging modes (p=0.04). When pre-
contrast color and power Doppler imaging were dropped from the analysis, there was no
significant difference among the remaining modes (p=0.51), again suggesting that the CEUS
modes were superior to pre-contrast Doppler. When pre-contrast grayscale imaging was
combined with contrast enhanced continuous harmonic or MFI into a single predictive
model, A, increased to 0.79-0.80 and was higher than for either conventional grayscale or
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harmonic imaging alone (p<0.05). No further increase in A, was obtained from a model that
combined all the ultrasound modes (A,=0.81,p=0.6).

High grade, high volume cancer, defined as Gleason 7 or higher with greater than 50% core
involvement on systematic biopsy, was demonstrated in 46/1632 sextants. When ROC
analysis was repeated with only these cores rated as positive, the test for equality did not
demonstrate a significant difference among the individual ultrasound modes (p=0.07).
However, when pre-contrast grayscale imaging was combined with any one CEUS
technique, A; increased into the range 0.87-0.90 and was significantly higher than those
obtained with conventional grayscale imaging alone (p<0.02). A non-significant increase in
A, was obtained from a model that combined all the ultrasound modes (A,=0.91,p=0.21).
The combination of grayscale imaging with MicroFlow imaging yielded the highest A,
(0.91), but was not significantly better than the combination of grayscale and continuous
harmonic imaging (p=0.10).

Discussion

Prior studies suggest that CEUS improves prostate cancer detection.[24,25] Our study
confirms increased frequency of positive cores among CEUS targeted biopsy relative to
systematic biopsy (16.4 versus 8.5%), similar to previous reports.[26] Nonetheless, the
combination of grayscale with CEUS imaging provides an ROC area of only 0.64,
suggesting that this technique misclassifies many patients. The paired analysis of CEUS
targeted versus systematic biopsy confirms that CEUS misses many cancers.

More important than overall detection of prostate cancer is the detection of clinically
aggressive prostate cancer. Biochemical screening results in the detection of many
insignificant cancers such that “the risk of being diagnosed with prostate cancer is
increasingly greater than the risk of dying of it”.[27] The ERSPC, (European Randomized
Study of Prostate Cancer screening) found that 1410 men must be screened and 48 cancers
treated to prevent prostate cancer death.[28] The authors conclude that “Overdiagnosis and
overtreatment are probably the most important adverse effects of prostate-cancer screening.”
Our results suggest that while CEUS is not an efficient test for overall detection of prostate
cancer, it is a good test for detection of high grade cancer (with an ROC Az of 0.80), and an
excellent test for discrimination of high grade/high volume cancers (Az=0.90).

The excellent discriminating power of CEUS for high grade/high volume prostate cancer
implies that a high proportion of the cancers detected by CEUS targeted biopsy will be
aggressive cancers. It stands to reason that the cost-benefit ratio for prostate cancer
screening will improve if PSA screening is followed by a limited targeted biopsy based upon
CEUS. A second potential clinical application for CEUS is for the decision between
definitive therapy and expectant management of patients on active surveillance. Men on
active surveillance for prostate cancer undergo periodic repeat biopsy and are referred for
definitive therapy when there is a biopsy finding of high grade (Gleason score =7) or high
volume (core involvement =50%) disease. Our results suggest that CEUS can detect the
presence of high grade/high volume disease with fewer targeted biopsy cores.
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The uneven allocation of targeted biopsy cores among subjects is a potential source of bias,
since cancer is more likely to be detected among patients subjected to an increased number
of biopsy cores. In order to minimize the impact of this biased sampling scheme, ROC
analysis was based upon the systematic biopsy protocol, which included an equal number of
cores (n=2) from each sextant of every subject. The lack of surgical pathology represents
another limitation since prostate cancer may not be detected on needle biopsy. A future
study might evaluate CEUS targeted biopsy among patients scheduled for radical
prostatectomy. In the present study, however, we evaluated CEUS in a screening population
where a minority of men undergo prostatectomy. Although overall sensitivity for detection
of prostate cancer cannot be reported since the true number of patients with prostate cancer
is not known, the systematic biopsy provides the best possible reference standard in a
screening population, allows an unbiased comparison of the relative accuracy of pre-contrast
and CEUS findings, and is the clinical standard for prostate cancer treatment decisions.

Conclusion

Recent recommendations by the US Preventive Services Task Force suggest that PSA
screening of asymptomatic men may not be beneficial.[29] Prostate cancer screening
remains controversial in large part because the risks of prostate biopsy and subsequent
therapy may outweigh the benefits of treatment among the many men diagnosed with
localized, low grade cancer.[30] The present study demonstrates that a targeted biopsy based
upon CEUS selectively detects high grade/high volume cancers, and may be a more
appropriate approach to screening for clinically important prostate cancer. Although CEUS
does add cost to the biopsy procedure, this additional cost is minimal in comparison to the
cost of treating clinically insignificant prostate cancer.
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372 Patients assessed for eIigibiI'rty—I

61 Patients excluded
19 did not meet inclusion criteria

32 refused to participate
10 financial issues

311 Subjects
randomized

155 Assigned to Pre-treatment 156 Assigned to Pre-treatment
with oral dutasteride with placebo
3 excluded for adverse events 18 decided not to participate
18 decided not to participate

134 Subjects included in 138 Subjects included in
final analysis final analysis

Figure 1.
CONSORT flow diagram of study enrollment. Of 372 patients who were assessed for the

study, 311 signed informed consent and were randomized to dutasteride versus placebo.
Ultimately, 272 patients completed the protocol and received a CEUS with prostate biopsy.
No patient was lost to follow-up.
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Figure 2.
Transrectal ultrasound near the base of the prostate in a 62 year old male. Targeted and

systematic biopsy cores at the right base demonstrated greater than 50% core involvement
with Gleason 8 and 9 prostate cancer. The pre-contrast grayscale and color Doppler image
(A) is unremarkable, but the post-contrast harmonic grayscale image (B) as well as the post-
contrast color (C) and power (D) Doppler images demonstrate hypervascularity associated
with the area of positive targeted cores (arrows).
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Subjective rating scores of patients, stratified by dutasteride vs. placebo

Table 1

Imaging Mode Dutasteride | Placebo | p-value (rank-sum test)
Baseline Grayscale 1.32 1.38 0.06

Baseline Color Doppler 1.27 1.39 0.0001
Baseline Power Doppler 1.48 1.59 0.0095

CE Harmonic Imaging 1.53 1.63 0.0048

CE Color Doppler 1.53 1.68 0.0016

CE Power Doppler 1.64 1.83 0.0000

CE Intermittent Imaging 1.58 1.68 0.0071

CE MicroFlow Imaging 1.76 1.91 0.0100

CE=Contrast Enhanced
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