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Targeted Prostate Biopsy in the Era of Active Surveillance

Fuad F. Elkhoury, MD"1, Demetrios N. Simopoulos, MD"1, and Leonard S. Marks?

1UCLA Department of Urology, David Geffen School of Medicine, Wasserman Bldg, Suite 331,
UCLA Medical Plaza, Los Angeles, CA 90095, Phone: 310-794-8659, Fax: 310-794-8653

Abstract

Targeted prostate biopsy using magnetic resonance imaging (MRI) guidance is improving
accuracy of prostate cancer (CaP) diagnosis. This new biopsy technology is especially important
for men undergoing active surveillance, improving patient selection for enrollment and enabling
precise longitudinal monitoring. MRI/US fusion biopsy allows for three functions not previously
possible with US-guided biopsy: targeting of suspicious regions, template-mapping for systematic
sampling, and tracking of cancer foci over time. This article reviews the evolving role of the new
biopsy methods in active surveillance, including the UCLA Active Surveillance pathway, which
has incorporated MRI/US fusion biopsy from program inception, as a possible model.
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Introduction

Active surveillance (A.S.) is a management strategy for men with low risk prostate cancer
(CaP). The aim of this strategy, which was introduced in the mid-1990s (Hopkins, Toronto),
is to reduce over-treatment of indolent cancers while, at the same time, allow for the
recognition of potentially serious cancers in time for curative interventionl2. Use of A.S. is
the most rapidly-growing approach to new cases of CaP today. Up to 40% of eligible men
now select this management strategy, compared to very few a decade ago3. Thus, regarding
newly-diagnosed CaP, the present time period may fairly be called an era of Active
Surveillance.

A.S. relies primarily on biopsy information to determine whether or not the patient is
appropriate for A.S. entry and to subsequently determine whether or not disease progression
is found at follow-up. The original and most referenced biopsy standards for A.S. are the
“Epstein criteria” developed in 1994: (1) absence of any Gleason pattern 4 or 5; (2) no more
than 2 cores involved; and (3) no more than 50% tumor involvement in any corel. These 3
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findings on needle biopsy, when combined with limits on PSA and PSA density, predicted
‘insignificant’ prostate cancer in the prostatectomy specimens of 157 men (all T1c) with
overall accuracy of 73%. More than 20 years later, variations of the Epstein criteria are still
widely used standards for entry into A.S.

However, the prostate biopsy of today is capable of characterizing true prostate pathology
better than the prostate biopsy of the early 1990's. During that earlier time period (and to a
large extent today), most active surveillance programs employed transrectal ultrasound
(TRUS)-guided biopsy, as first described in the mid-1980s. Often, however, TRUS fails to
visualize tumors, and the biopsy is essentially a blind sampling of the organ. Newer biopsy
methods, particularly targeted biopsies using MRI-guidance, have led to improved detection
and risk stratification of prostate cancer. Targeted biopsy techniques involving MRI/US
fusion devices also allow for precise tracking of cancerous sites to detect possible
progression. The American Urological Association has taken a position in favor of MRI-
guided biopsy in the repeat-biopsy scenario®. In this review, we highlight the advances in
MRI-guided prostate biopsy as applied to men undergoing A.S. for prostate cancer.

Active Surveillance (A.S.): Origins with US-guided Biopsy

Researchers at Johns Hopkins University and the University of Toronto were two of the
earliest proponents of A.S.12 Programs started at these institutions in the mid-1990s are now
among the largest in the world. From that time until very recently, both groups have relied
primarily on US-guided biopsy for patient selection. Twenty-year follow-up from the
Toronto cohort of nearly 1000 men revealed a 1.5% prostate cancer-specific mortality and
1.3% metastasis rate, with almost a 10-fold greater risk of mortality from other causes
during the time interval®. Similarly, the Hopkins group of almost 1300 men with up to 18
years follow-up encountered a 0.4% metastasis rate and 0.15% cancer-specific mortality
rate. Thus, whether entry criteria were strict, as in the Hopkins program, or more liberal, as
in the Toronto program, disease progression to incurability is not common in men
participating in large A.S. programs employing conventional biopsy methods. Similar
outcomes were recently reported in the PIVOT trial after 20 years of follow-up, in which
US-guided biopsy was also used’.

However, using conventional US-guided biopsy, the initial findings are often later found to
under-estimate the actual pathology, resulting in a delay of appropriate treatment. A SEER
database analysis of over 10,000 patients revealed that 44% of ‘low-risk’ patients actually
have at least intermediate-risk CaP at prostatectomy8. In another study using US-guided
biopsy, 27% of men qualifying for A.S. (strict criteria) who underwent an immediate
confirmatory biopsy were found to harbor more aggressive disease than found on initial
biopsy®. Among 626 men in France who underwent prostatectomy despite fulfilling strict
criteria for A.S. on US-guided biopsy, final pathology revealed “unfavourable disease”
(stage >T2 and/or Gleason score > 6) in 50%10. In a recent report, where men found to have
low-intermediate risk lesions based on conventional biopsy elected immediate
prostatectomy, unfavorable pathology was found in 25% of men; a few had positive lymph
nodes or seminal vesical involvement!!. Thus, conventional biopsy often fails to reveal
pathologic findings which may disqualify a man from A.S.
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The recent ProtecT trial from England provides additional evidence of the benefits of A.S.
but also of the limitations of conventional biopsy22. In this landmark trial, 1500 men were
randomized to active monitoring, radical prostatectomy, or radiotherapy. Active monitoring
in this study involved checking serum PSA levels every 3 months for the first year and every
6-12 months thereafter, with no role for repeat prostate biopsy. 75% of the study participants
had T1c, Gleason 6 disease based on standard TRUS biopsy. 10-year cancer specific
mortality (10%) and all-cause mortality (1%) were similar across all three arms, but
incidence of metastasis (6% vs 2-3%) and clinical progression (23% vs 9%) were higher in
the active monitoring cohort compared to the definitive treatment arms. This study did not
include traditional active surveillance, with prostate biopsies at regular intervals for
histopathologic assessment for disease progression. The addition of regular repeat prostate
biopsies to active monitoring arm in this study may have mitigated the observed risk of
metastasis and progression. Taken altogether, the above studies provide convincing evidence
that A.S. is generally an excellent management strategy, but when based on conventional
biopsy, the actual risk of ‘low-risk’ disease is often under-estimated.

Prostate MRl and MRI-guided Biopsy

Prostate MRI, which has become increasingly refined over the past decade, allows
visualization of tumors and biopsy guidance not previously available. Attesting to the value
of MRI-guided biopsy, two prospective studies of more than 1000 men each have been
published in the past few years314. Using two different MRI/US fusion devices, both
groups compared within patients the yield of systematic biopsies vs biopsies targeting MRI-
visible lesions. The authors reached similar conclusions: targeting allows detection of more
clinically significant cancers than systematic sampling alone. In both studies, targeted
biopsy yield was directly related to MRI grade of the region of interest. The similarities and
differences of these two large studies were clarified by Filson, et al14,

More than 80% of important prostate cancers may be visualized using MRI, whereas most
PSA-detected cancers are not visible on US1>16, In 2016, the American Urological
Association issued a joint “White Paper” with the Society of Abdominal Radiology
endorsing MRI-guided biopsy in the repeat biopsy setting®. Unlike any other imaging
modality currently available, MRI is able to reveal prostate cancers not otherwise visible,
providing greatly improved biopsy guidance.

MRI in Active Surveillance

Over the past two decades, MRI to study the prostate and A.S. to manage prostate cancer
have evolved in parallel. MRI has been shown to supplement clinical data, helping to
correctly identify men most suitable for A.S.17 MRI-visibility of tumors is associated with
biopsy pathology that may render a patient unsuitable for active surveillance, and a negative
MRI correlates with reduced risk of adverse biopsy pathology8. In a meta-analysis, Schoots
and colleagues found that the presence of a prostatic lesion on MRI increased the likelihood
of Gleason score upgrading in radical prostatectomy specimens from 27% to 43%%9,
Physicians monitoring A.S. patients assume responsibility for early detection of a potentially
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lethal cancer; thus, the best possible characterization of whole-organ pathology---initially
and during follow-up--- is highly desirable.

Targeted Biopsy Before A.S. Enrollment

Up until very recently, biopsy of men entering A.S. has been performed using ultrasound-
guidance. However, patient selection for A.S. using US guidance alone is often incorrect.
Approximately 30% of men entering A.S. programs based on conventional prostate biopsy
later undergo active treatment?20, Explanations for the switch are numerous, but discovery
of more severe cancer than originally diagnosed is medically the most important®11,
Anxiety, caused at least partly by uncertainty of biopsy accuracy, is another force that may
drive men to active treatment2, When men, who apparently qualify for A.S. based on
conventional biopsy, later undergo targeted biopsy, the rate of exclusion from A.S. is
considerable: 36% in the UCLA experience?2. When men conventionally biopsied are found
to meet Epstein criteria but still select surgery, the upgrade rate at whole-organ pathology,
excluding men from A.S., is reported to be as high as 4091123, Targeting of MRI-visible
lesions helps to reduce sampling error and improve concordance with whole-organ
pathology1®. At the same time, that targeting often results in more positive cores and longer
cancer core lengths than would be found by conventional biopsy. As the use of MRI-guided
biopsies grows, A.S. enrollment criteria are expected to change, thus avoiding inappropriate
exclusion of men from A.S. based on criteria established decades ago.

Targeted Biopsy to Confirm Low Risk

When low-risk CaP is first diagnosed (“initial diagnostic biopsy”), the next biopsy following
is called the confirmatory biopsy, usually performed within 6-12 months of the first. When
low-risk is re-affirmed, A.S. can proceed with more assuredness than without such
confirmation.

In the Table, results are summarized from 8 published studies (N>100 each), where MRI-
guided biopsies were used in A.S. after the initial diagnostic biopsy and are considered
‘confirmatory’24-31, All originate in the past few years, and all are from academic medical
centers in the U.S. or Europe. More than 1900 men are included. Men with low, very low,
and intermediate-risk CaP, as defined by each author, were included; initial biopsy method
was US-guided, except for studies by Frye24 and Chang3!, who used MRI/US fusion for
initial and subsequent biopsy. Average interval between biopsies was 1-2 years. Seven of the
eight authors employed an MRI/US fusion device, and one used direct in-bore biopsy28. The
majority of patients (N=1323) had an MRI-visible lesion (i.e., PI-RADS =3); median PSA
levels ranged from 4.9 to 7.8 ng/ml and PSA density from 0.08 to 0.18 ng/ml/cc.

A synthesis of the table is difficult, because of the different methods used. However, clearly
both targeted and systematic biopsies were needed to detect upgrades, highlighting the
contribution of targeting to overall accuracy. Aside from the very low risk studies (Ma &
Ouzzane), the rate of upgrading found with MRI-guided biopsy was 26%-42% which is
substantially higher than the 2.5%-28% range reported when US-guided biopsy is used32. In
men entering with defined intermediate-risk lesions, upgrading to GS>4+3 was found in
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19/84 (23%) in the Chang study and 12/38 (32%) in the Frye study. The appreciable upgrade
rates using MRI-guided biopsy most likely indicate improved sensitivity of the new method.

Tracking Biopsy in Active Surveillance

An advantage of MR/US fusion devices is the ability to track the location of biopsy cores,
whether within or apart from MRI-visible lesions, for precise identification of biopsy core
location. Tracking enables subsequent re-biopsy of the site of a prior positive biopsy,
accurate to within a few mm33. Longitudinal assessment of specific cancerous sites in the
prostate appears to increase detection of important cancers in men on active surveillance.

Chang et al studied the value of tracking biopsies in 352 men who underwent MRI/US
fusion biopsy and were found to have low or intermediate risk CaP; the men entered A.S.
and had another fusion biopsy approximately one year later3. All cancerous sites were re-
biopsied by returning to the original positive sites during the second session; systematic non-
tracking biopsy was then also performed. Of the 91 men who exhibited GS upgrading, 48
(53%) were detected only by tracking. As indicated in the Table, 23% of men with
intermediate risk lesions were found to have >4+3 disease in follow-up session using
tracking technology. These men were thus disqualified from active surveillance because of
the finding of high-risk disease (Figure 1). Tracking of cancer foci enhances follow-up in
active surveillance and allows increased detection of men for whom A.S. is no longer
appropriate.

The precision of tracking, as used in the above study, was confirmed by Palapattu and
colleagues using sophisticated molecular analysis3*. Of 26 men undergoing tracking biopsy
one year after identification of a low-grade lesion, the same clone of cells was re-identified
at the 2" hiopsy in 96% of men. Thus, tracking allows subsequent re-sampling of a specific
cancer focus, which is another advantage of MRI/US fusion systems for men participating in
A.S.

Tracking of cancerous sites requires an image-fusion device. So-called ‘cognitive’ image
fusion, i.e., visual estimation on US of where an MRI-visible lesion is located, may be
adequate for targeted biopsy of larger lesions, but provides no means for tracking biopsy3°.

Can MRI replace biopsy?

If an MRI without lesions could exclude cancer, many men in A.S. could be spared biopsy.
If tissue sampling restricted to MRI-visible lesions would suffice to accurately characterize
whole-organ pathology, the number of samples could be reduced. And if a clearly positive
MRI were always histologically positive for cancer, biopsy would be unnecessary to begin
active treatment. None of these scenarios is completely tenable at this time. Several studies
prove the existence of clinically-significant cancers that are not visible on MRI or that are
located in parts of the prostate away from MRI-visible lesions36-38, Even a Grade 5 lesion
on MRI may harbor no clinically significant cancer. Thus, at least initially for men entering
A.S., both systematic and targeted biopsies should be obtained, and when otherwise
indicated clinically---palpable abnormality, increased PSA density, racial or family history---
a negative MRI should not preclude systematic biopsy3°. However, in men undergoing A.S.
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with low-risk lesions diagnosed initially via MRI-guided biopsies, the risk of later upgrading
appears very low if repeat MRI remains negative??. Further, with tracking biopsy as
described above, repeat MRI is unnecessary in the near term. Prostate MRI is in an
evolutionary state and should at this time be generally regarded as providing supplemental,
rather than definitive information.

A.S. for Intermediate-Risk Prostate Cancer

Inclusion of men with intermediate-risk CaP in A.S. is consistent with recent clinical
guidelines of the American Urological Association, Society of Urologic Oncology,
American Society for Clinical Oncology, and National Comprehensive Cancer Network.
Accordingly, patients with low-volume Gleason 3+4 disease may be considered for active
surveillance 4142, In support of these guidelines, Cooperberg et al reported in 2011 the
inclusion of men with GS3+4, followed in A.S. for up to 4 years with no more upgrading
than men with GS3+343,

Appearing to contradict the above is a recent study by Patel and colleagues in which 608
men diagnosed with low-volume intermediate-risk CaP underwent immediate radical
prostatectomy. Final pathology revealed adverse findings in 25% of these men?!, leading the
authors to conclude that A.S. entails increased risk for men with GS3+4 CaP. Musunuru and
colleagues at the University of Toronto similarly expressed concern about including men
with intermediate risk (PSA 10-20 ng/ml and/or GS 3+4) disease in active surveillance,
citing 10-year metastasis free survival and cancer-specific survival of 91% and 97%,
respectively, in the intermediate risk cohort compared to 96% and 98%, respectively, in the
low risk cohort#4. 15-year metastasis free survival and cancer-specific survival in the
intermediate risk group dropped to 82% and 89%, respectively, compared to the low risk
group with 95% and 97%, respectively.

The implication is that men with a component of GS4 CaP should undergo active treatment.
However, in the referenced studies, biopsy was only US-guided, which may fail to detect
actual pathology in approximately one-third of cases?2. In the Patel study, confirmatory
biopsy, which is a key element necessary to help exclude high-risk individuals and used in
all A.S. programs (see above), was not performed!l. Moreover, of Patel's 150 men with
“adverse pathology”, nearly all were intra-capsular Gleason score advances; disease outside
the prostate (incurability) was found in only 3.6% of cases. Of further interest, the 25%
upgrading rate is similar to the upgrading rate seen with MRI-guided confirmatory biopsy,
suggesting that the fraction of men who upgraded might have been detected by the new
biopsy method and withdrawn from A.S. in time for cure®®.

Taken together, these data stand as justification for further study of confirmatory MRI-
guided biopsy to identify potentially aggressive CaP. While men with GS3+4 lesions may be
at higher risk for CaP progression than men with GS3+3 lesions, most remain stable and
may remain in A.S., albeit with increased vigilance. Age at diagnosis and anticipated years
of follow-up are also important considerations when undertaking A.S. for men with GS 3+4
lesions. Further stratification of GS3+4 risk using molecular markers and quantification of
the GS4 component will likely help define eligibility for A.S. in the near future6:47.
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An A.S. Program Based on MRI-Guided Biopsy

A structured A.S. program was started at UCLA in 2009 and now includes nearly 650 men.
The UCLA program differs from most others in that from the start, all men enrolled in this
IRB-approved registry underwent MRI-guided biopsy for confirmation and follow-up; many
were also diagnosed initially with MRI/US fusion, allowing tracking and re-biopsy of
tumorous sites from first detection of cancer. An image-fusion device (Artemis™; Eigen,
Grass Valley, California) was used to obtain systematic samples following a 12-site template
and, when an MRI-visible lesion was present, targeted samples were obtained from the
lesion. When biopsy was confirmatory or in follow-up, all known cancerous sites were re-
sampled by tracking biopsy, and all MRI-visible regions of interest were re-sampled. Men
were accepted into the registry with low- and low-intermediate risk cancers, including some
men with GS3+4 lesions. Some results from the UCLA A.S. registry have been
published31:34.36.48

The protocol currently in place for A.S. at UCLA is shown in Figure 2. This protocol
incorporates MRI guidance at confirmatory biopsy, at follow-up, and at initial diagnostic
biopsy, if available. For men initially diagnosed with 3+3 disease, an MRI-guided
confirmatory biopsy is performed at 6-12 months. For men initially diagnosed with 3+4
disease, confirmatory biopsy is performed within 6 months. Tracking of cancerous sites is
routinely performed if prior fusion biopsy was obtained. Results from the confirmatory
biopsy dictate follow-up, as shown in the Figure. Men with 3+4 disease, a suspicious
prostate MRI lesion (PI-RADS 4-5), or worrisome PSA density (=0.15 ng/mL/cc) are
followed with increased vigilance. For men who remain at the lowest risk, follow-up biopsy
is ultimately performed every 2 years, and even this frequency is under review.

Whither the Epstein Criteria?

Men who are appropriate for A.S. may, because of the accuracy of targeting, have biopsy
findings that exceed the Epstein criteria, i.e., cancer core lengths may be longer than 50%
and numbers of positive cores may be greater than two, depending on how many “shots on
target” are taken. Along with PSA density and in some cases patient age, indicators for
increased vigilance are MRI grade and tumor volume. However, even with the PI-RADS
scoring system, MRI grading is not completely objective, and MRI measures of tumor
volume are often inaccurate1649, Thus, while waiting for molecular characteristics of risk to
become routinely available, Gleason score >3+4 remains the most important determinant of
A.S. exclusion. Of Epstein's original tissue characteristics of “clinical significance,” only the
Gleason Score has survived the advent of MRI-guided biopsy. A replacement for the Epstein
criteria, based on MRI-guided biopsy, has not yet been suggested.

MRI-Guided Biopsy: In-Bore or In-Clinic?

MRI-guided biopsy was first performed by radiologists, working within the bore of an MRI
tube, i.e., in-bore®0. The in-bore approach has the theoretical advantage of direct targeting of
suspicious lesions. However, in-bore biopsy is time-consuming, resource- and labor-
intensive, and expensive. In-bore biopsy does not include template mapping, and site-
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specific tracking of cancerous lesions is not possible. Because of the economic advantages
and the added utilities (tracking, mapping) of performing the procedure with a fusion device,
MRI-guided biopsy has become primarily a urological intervention. When a fusion device is
not available or when trans-rectal access is not possible, in-bore biopsy is an alternative.

Conclusion

MRI-guided prostate biopsy provides accuracy of whole-organ characterization better than
biopsy guidance only by ultrasound. For men undergoing active surveillance, three functions
of the new biopsy method, not possible with conventional ultrasound guidance, make the
new method valuable: (1) targeting of suspicious regions of interest, (2) template mapping of
the organ, and (3) subsequent tracking of known tumor sites, within or apart from regions of
interest, at confirmatory and follow-up biopsy. Use of the new biopsy methods leads to
enhanced detection of men not suitable for entry or continuation of active surveillance. In
men who enter active surveillance with an intermediate-risk component, i.e., Gleason 3+4=7
pathology, increased vigilance is required, and management in the future may be aided with
molecular biomarkers and quantification of Gleason 4 elements.
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First Biopsy

Figure 1.
Value of Targeted and Tracking Biopsy in Active Surveillance (Example Case). A 69 year-

old male with a rising PSA underwent a mpMRI. A suspicious region of interest (PI-RADS
4, arrows) was found in T2-weighted (A), diffusion-weighted (B), and dynamic contrast-
enhanced images (C). At first biopsy (D) systematic (green) and targeted (yellow) cores
were obtained using an MR/US fusion device (Artemis; Eigen, Grass Valley, California).
Biopsy locations were stored in the device. Low-risk prostate cancer (Gleason Score 3+3)
was detected in the region of interest. At one year follow-up (E), systematic and targeted
biopsy cores were taken, using tracking technology to re-biopsy known cancer site3L. The
second biopsy revealed re-classification to Gleason score 4+3 cancer (red), disqualifying this
patient from further active surveillance. Radical prostatectomy was performed (F), revealing
Gleason 4+3 cancer (encircled) consistent in grade and location with that detected on
targeted tracking biopsy. More than half of all GS upgrades in the UCLA A.S. program were
detected only by tracking biopsy3L.
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Figure 2.
Inclusion of MR-guided biopsy in UCLA pathway for management of men undergoing

active surveillance (A.S.) of prostate cancer. Initial diagnostic biopsy is performed via
ultrasound (outside referrals) or MRI/US fusion guidance. Confirmatory biopsy is guided by
MRI/US fusion and includes targeting, mapping, and when possible, tracking cores (see text
and figure 1); following pathway is directed by findings at confirmatory biopsy. Follow-up
biopsy should employ tracking of prior positive sites. Repeat MRI is generally not necessary
within first year of follow-up. Beyond the first follow-up biopsy, timing of further MRI and
biopsies is individualized. In this pathway, formal enrollment in A.S. occurs following the
confirmatory biopsy. A PI-RADS 5 lesion or increased PSA density should increase
vigilance. See text for discussion of inclusion of men with Gleason score 3+4 in A.S.
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