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/ABSTRACT

The therapeutic landscape for the treatment of advanced pros-
tate cancer is rapidly evolving, especially for those patients with
metastatic castration-resistant prostate cancer (CPRC). Despite
advances in therapy options, the diagnostic landscape has re-
mained relatively static, with few guidelines or reviews address-
ing the optimal timing or methodology for the radiographic
detection of metastatic disease. Given recent reportsindicatinga
substantial proportion of patients with CRPC thought to be non-
metastatic (MO) are in fact metastatic (M1), there is now a clear
opportunity and need for improvement in detection practices.

Herein, we discuss the current status of predicting the presence
of metastatic disease, with a particular emphasis on the detec-
tion of the MO to M1 transition. In addition, we review current
data on newer imaging technologies that are changing the way
metastases are detected. Whether earlier detection of meta-
static disease will ultimately improve patient outcomes is un-
known, but given that the therapeutic options for those with
metastatic and nonmetastatic CPRCvary, there are considerable
implications of how and when metastases are detected. The On-
cologist2013;18:549-557

Implications for Practice: Many new agents are approved for metastatic castrate resistant prostate cancer (CRPC) yet no guide-
lines exist on imaging which is essential to confirm the presence of metastatic disease. Herein we review and discuss current data
and techniques for the detection of metastatic disease. Today thereis a greater depth in understanding of factors contributing to
the risk of metastatic disease as well as a greater appreciation of the strengths and weaknesses of various radiographic tech-
niques. Understanding these issues has direct clinical relevance.

INTRODUCTION

The vast majority of patients diagnosed with prostate cancer
inthe U.S. have clinically localized disease at diagnosis [1]. Al-
though radical prostatectomy (RP) or radiation therapy is
given with curative intent, 20%—40% of patients will eventu-
ally experience biochemical recurrence; most patients will
then receive androgen-deprivation therapy (ADT) [2]. Bio-
chemical recurrence following ADT, despite castrate levels of
testosterone, represents development of castration-resistant
prostate cancer (CRPC), which, in many cases, is followed by
M1 metastatic disease; bone is the most common site of de-
tectable metastasis, followed by the lymph nodes [3—6].

The decision to image for metastatic screening is made to
gather information that will optimize patient management.
Historically, the standard modality for such imaging of bones
has been **™Tc-polyphosphonate bone scintigraphy (BS).
However, the sensitivity and specificity of BS are poorin com-
parison with newer imaging modalities such as single-photon
emission computed tomography (SPECT), positron emission
tomography (PET), and magneticresonanceimaging (MRI) [7].

Similarly, the sensitivity and specificity of newer imaging mo-
dalities, such as ultrasmall superparamagneticiron oxide (US-
PIO) MRI and diffusion-weighted USPIO MRI, provide vast
improvements on standard techniques for investigating
lymph node involvement (e.g., pelvic lymph node dissection,
morphologic MRI, and computed tomography [CT]) [8, 9]—
although, frustratingly, these techniques are not yet widely
available in clinical practice. As technology develops, the
question naturally arises as to whether techniques other than
BS and CT should be used to detect smaller metastases (bone
or soft tissues); if so, would this information produce any clin-
ical benefit? Likewise, following verification in wider patient
populations, itisimportant to determine how newer methods
of lymph node assessment fit into the diagnosis/assessment
paradigm to maximize their clinical value.

This question, as well as the need to reassess the optimal
methodology and timing of metastasis detection by imaging
techniques, are brought into sharper focus by the rapidly
changing treatment landscape, particularly in metastatic
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Table 1. Studies of the natural history of androgen-deprivation therapy—naive patients with prostate cancer after radical

prostatectomy
Average follow-up Median 5-yr 10-yr
No. of after biochemical metastasis-free probability of probability of

Study patients failure (yr) survival (yr) metastasis (%) metastasis (%) Source of data

Pound et al. [20] 304 5.3 (mean) 8 NA NA Single center (Johns Hopkins
Hospital)

Antonarakis 190 7.5 (median) 7.9 9.6 70 40 Six centers: Center for Prostate

etal.[22] (mean) Disease Research national
database

Antonarakis 450 4.0 (median) 10.0 68 48 Single center (Johns Hopkins

etal.[27] Hospital)

Abbreviation: NA, not available.

CRPC. On the basis of improved overall survival, the U.S. Food
and Drug Administration (FDA) has recently approved cabazi-
taxel, abiraterone, and enzalutamide in the post-docetaxel
setting, and radium-223 is expected to be approved in the
near future. However, it is the asymptomatic or minimally
symptomatic metastatic CPRC patient population that is of
particular relevance to this review. Sipuleucel-T is already ap-
proved in this setting. Abiraterone has been recently ap-
proved in this setting on the basis of the phase Il Cougar 302
study [10]. In addition, phase Il trials including asymptomatic
and minimally symptomatic patients are ongoing with orteronel
(NCT01193244) [11], enzalutamide (NCT01212991) [12], ipili-
mumab (NCT01057810) [13], and Prostvac (Bavarian Nordic,
Mountain View, CA) (NCT01322490) [14]. As more therapies be-
comeavailableforthetreatment of asymptomaticand minimally
symptomatic disease, it is reasonable to ask whether the earlier
detection of smaller volume metastases would provide better
outcomes for these therapeutic options. Answers to this ques-
tion will await further trials.

Irrespective of the details of imaging and therapeutic de-
velopments, there are currently few guidelines or reviews to
aid cliniciansinthe decision to attemptimaging techniques for
thefirst evidence of metastasis [15-17]. Thus, we feel that it is
timely toreviewtheliterature onthe prevalence, risk, and pre-
diction of metastasis in prostate cancer, discuss current and
future imaging practice, and highlight potential unmet needs
around the imaging workup diagnosis of M1 disease.

This review is based on key literature searches of the
PubMed database and initial discussions at a clinical advisory
board. Search termsincluded the following and words derived
from the following: prostate cancer; biochemical recurrence;
bone metastasis; bone metastatic; metastatic castrate resis-
tant; hormone refractory; prostate-specific antigen; PSA dou-
bling time; biomarker; imaging; bone scan, bone scintigraphy;
radionuclide bone scintigraphy; PET scan; F-18 fluorodeoxyg-
lucose positron emission tomography; computed tomogra-
phy; CT; MRI; radiographic imaging; prostatectomy, radiation
therapy; radiotherapy; salvage radiotherapy; nomogram;
predictive.

PREVALENCE AND RISK OF METASTATIC DISEASE

The decision to image for metastases should be based on the
likelihood of detection. It is therefore important to assess and
understand the natural history of the disease. In the following
section, we discuss anumber of retrospective and prospective
analyses that have been made in postdefinitive therapy, ADT-
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naive patients, and post-ADT patients to assess time to pro-
gression and predictive factors.

ADT-Naive Patients

ADT-naive, post-RP patients with biochemical recurrence can
remain free from metastatic disease (detectable by BS or x-ray
CT) for an extended period [18—-21]. Several large retrospec-
tive studies of the natural disease history have found median
metastasis-free survival after prostate-specific antigen (PSA)
recurrence in this population, in the absence of adjuvant ther-
apy, salvage therapy, or ADT, to be in the order of a median of
8-10 years (Table 1) [20—-22]. We note that these studies
rarely represent present-day clinical populations in which
there is a high rate of ADT use prior to the onset of metastatic
disease [23, 24].

Numerous studies have evaluated disease factors such as
PSA, PSA velocity, PSA doubling time (PSADT), Gleason score,
and time to biochemical recurrence following definitive ther-
apy, which might predict a patient’s risk of progression to M1
disease in the absence of treatment. PSA at time of positive
scan appears to be highly variable and, as a sole parameter,
provides little indication of when to perform BS (Fig. 1) [25,
26]. Loeb et al. reported on 193 post-RP, ADT-naive patients
with newly diagnosed bone metastases; 25.9% had PSA <10
ng/mL, 50.8% had PSA 10—-100 ng/mL, and 23.3% had PSA
>100 ng/mL [25]. In a small, retrospective study of 128 pa-
tients, Okotie et al. found a significant interaction between
PSADT and PSA at time of CT or BS. In patients with PSADT <6
monthsand PSA >10ng/mL, probability of a positive scan was
46% compared to 11% for PSA <10 ng/mL[19]. The same au-
thors failed to find the Gleason score or time to PSA recur-
rence to be predictive of a positive scan. Analysis of PSA at
time of bone metastasis in the Johns Hopkins Hospital data-
base (n = 126) found an inverse correlation between PSADT
and PSA at metastasis, with median PSA values of 40.4, 35.4,
26.4, and 19.3 ng/mL for PSADT of =3, 3-9, 9-15, and =15
months, respectively [27]. These results may, however, repre-
sent a bias toward the inevitable higher PSA that occurs if
scans are performed at regular intervals in patients with vary-
ing PSADTSs.

Multivariate analysis of both the multicenter Center for
Prostate Disease Research cohort and the single-center Johns
Hopkins Hospital database (Table 1) found PSADT to be anin-
dependent predictor of metastasis-free survival [21, 22]. The
importance of PSADT is particularly stressed in the multivari-
ate analysis of the Johns Hopkins Hospital database [21]. Pa-
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Figure 1. Distribution of prostate-specific antigen at metastasis
to bone on log scale (A) and by years from radical prostatectomy
to metastasis (B). Adapted from [25] with permission from
Elsevier and the American Urological Association.

Abbreviation: PSA, prostate-specific antigen.

tients with PSADT of >15 months were assigned a relative risk
of metastases of 1.0. For patients with PSADT of <3 months,
the hazard ratio was 33.3; for PSADT of 3.0—8.9 months, the
hazard ratio was 8.0. Analysis of the same database also iden-
tified the Gleason score to be independently predictive (haz-
ard ratio for Gleason score 8—10:4.5; 95% confidence interval
[CI]:1.7-11.9; p = .002) [21].

Gleason score, time to PSA relapse, and PSADT were all
found to be predictive of metastasis-free survival in a univari-
ateanalysisinthe Center for Prostate Disease Research study,
but PSADT was identified as the strongest determinant of me-
tastasis-free survival in PSA-recurrent disease [22]. The au-
thors of both studies provided roughly similar estimates of the
timing of metastasis, stratified according to PSADT (Table 2)
[21, 22]. In a recent retrospective multivariate analysis of pa-
tients receiving investigational therapy, baseline PSADT,
baseline PSA slope, on-study change in PSADT, and on-study
change in PSA slope were found to be independently predic-
tive of metastasis-free survival. For patients with or without
any decrease in PSA slope 6 months after treatment, median
time to metastasis was 63.5 months (95% Cl: 34.6—not
reached) and 28.9 months (95% Cl: 13.5—-68.0), respectively
[28].

Thus, although the highly variable time to metastasisinthe
post-RP, ADT-naive population presents a challenge in identi-
fying the best time to image for metastasis, there are general
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predictive factors, particularly rapid PSADT, that indicate time
to metastatic disease. However, all of the above studies were
retrospective and subject to a number of limitations. Interpre-
tation of retrospective data is difficult because the frequency
of scansis often notreported. In addition, there is the possibil-
ity of a lack of standardization of biochemical and/or patho-
logical assessment. The authors of the Johns Hopkins Hospital
database cite possible bias in their studies because of nonran-
dom exclusion of patients receiving adjuvant or salvage ther-
apy, thereby possibly eliminating those with worse prognosis.
Furthermore, the radiographic studies are bone-centric and
theincidence of developing lymph node and visceral metasta-
ses remains largely unstudied.

Post-ADT Patients

The need for more accurate assessment of the probability of
metastasis has been emphasized by recently published data,
indicating thatthe frequency of metastasesin patients consid-
ered to have nonmetastatic CRPC is much higher than previ-
ously thought. Analysis of screening failures in the global
phase Il ENTHUSE study found that 32% of 2,577 men
screened for a trial enrolling patients with MO CRPC did, in
fact, have metastatic disease (detectable by BS or CT/MRI), al-
though further interpretation of these data is limited because
details of PSA levels, PSADT, and location of metastases were
not provided [29].

Prospective data on the natural history of CRPC are pro-
vided by the placebo arms of three randomized, double-blind,
phase Ill trials in patients with nonmetastatic CRPC (Table 3),
the most recent of which was the denosumab study (Amgen
147) inwhich the cohort consisted only of patients considered
to be at high risk of metastasis (PSA =8.0 ng/mL, PSADT =<10.0
months, or both). In the placebo arms of these trials, ~26% of
patients developed bone metastases (detectable by BS)
within 1 year of randomization, whereas the proportion with
bone metastases within 2 years ranged from 33% to 46% (Ta-
ble 3) [30-32]. Median time to bone metastasis was 25-30
months (Table 3) [30-33].

As in the ADT-naive setting, PSA and PSADT are predictors
of positive BS in post-ADT patients [30, 31]. Multivariate anal-
ysis of the zoledronic acid trial found baseline PSA levels >10
ng/mL and high PSA velocity (increase in relative risk of 4.34
for each 0.01 increase in PSA velocity) to be significantly asso-
ciated with shorter time to first bone metastasis and shorter
bone metastasis-free survival. In the atrasentan study, base-
line PSA levels of =13.1 ng/mL were significantly associated
with shorter bone metastasis-free survival, shorter overall
survival, and shorter time to first bone metastasis (Table 3).

Data from the zoledronic acid, atrasentan, and deno-
sumab trials—although being the best currently available for
broadly stratifying patients with CRPC according to risk—are
nonetheless subject to limitations that make them imperfect
fortheaccurate assessment of the probability of metastasis as
a function of time. Each of the protocols relied on BS for first-
line detection and none specified serial screening for soft-tis-
sue metastasis by cross-sectional imaging.

PREDICTING METASTATIC DISEASE

Most clinicians use the disease parameters discussed above,
such as PSAand PSADT, to assess the risk of metastatic disease
in individual patients and to inform decisions on when to start
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Table 2. Metastasis-free survival in androgen-deprivation therapy-naive patients with prostate cancer after radical
prostatectomy, stratified by prostate-specific antigen doubling time

Prostate-specific antigen doubling time

<3 months 3-9 months >9 months
No. of patients 7 38 145
Median metastasis-free survival, yr (95% Cl) 1.4 (0.7-1.5) 4.0 (1.7-5.9) >15.0 (8.8—>15.0)
Metastasis-free survival rate at 5 yr, % (95% Cl) 0 (0-0.56) 31 (0.12-0.52) 87 (0.76-0.94)
Metastasis-free survival rate at 10 yr, % (95% Cl) NA 12 (0.1-0.38) 54 (0.24-0.78)

Data from [22].
Abbreviations: Cl, confidence interval; NA, not available.

Table 3. Comparison of the placebo arms of three prospective trials in patients with nonmetastatic castration-resistant

prostate cancer

Median PSA
velocity at Median time Median bone
Median PSA PSADT at baseline, log to first bone metastasis- Patients with Patients with
No. of at baseline baseline (ng/mL)/ metastasis free survival metastases metastases at
Trial patients (ng/mL) (mo) month (mo) (mo) at1lyr (%) 2yr (%)
Zoledronic acid® [30] 201 13.8 9.7 0.058 NR 30 ~26¢ 33
Atrasentan®[31] 331 13.1 NA 0.1 NA 25 ~28¢ 46
Denosumab [32] 716 12.5¢ =10° NA 29.5 25.2 ~26¢ ~469

#ln multivariate analysis, baseline PSA >10 ng/mL was significantly associated with shorter bone metastasis-free survival (RR: 2.96). High PSA
velocity was significantly associated with shorter time to first bone metastasis (RR: 1.47 for each year increase in velocity).
®|n multivariate analysis, PSA =3.1 ng/mL was significantly associated with time to first bone metastasis (RR: 1.98) and bone metastasis-free

survival (RR: 1.98).

°Atotal of 48% had dual risk factors of PSA =8 ng/mL and PSADT =10 months; 52% had a single risk factor.

dApproximate values were extrapolated from Kaplan-Meier curves.

Abbreviations: NA, not available; NR, not reached; PSA, prostate-specific antigen; PSADT, prostate-specific antigen doubling time; RR, relative risk.

imaging. Nevertheless, tools that can improve predictive ac-
curacy of a patient’s risk are potentially attractive to improve
clinical decision-making.

Of the predictive tools that are available, nomograms are
considered the most accurate by many investigators [34—-36]
and a number exist for post-RP patients. Slovin et al. used a
prospective study of 148 patients with rising PSA and PSADT
<12 months after RP or radiation therapy to develop a nomo-
gram for predicting the probability of 1- and 2-year progression-
free survival [37], whereas Dotan et al. used retrospective data
to develop a tool to predict the risk of current BS positivity
[38].Inman et al. developed an algorithm that predicts the risk
of metastases from any time point after RP, although the fre-
quency of scanning in the cohort analyzed to develop the tool
was not defined [39].

Gotto et al. recently presented an abstract on the first no-
mogram for predicting current BS positivity in ADT-treated pa-
tients, based on retrospective analysis of 1,650 patients from
the Memorial Sloan-Kettering Cancer Center database who
were followed from the start of ADT treatment to first positive
scan or last hospital visit (scanning frequency not specified)
[40]. Based on clinical relevance and data availability, 13 vari-
ables were included in the nomogram model: number of pre-
vious negative BS, PSA, PSADT, prostatectomy, radiotherapy,
brachytherapy, chemotherapy, immunotherapy, estrogen
therapy, cryotherapy, clinical trial enrollment, and most re-
cent primary and secondary Gleason grades. Concordance in-
dex for the nomogram was 0.76. This important nomogram
indicates that a variety of factors—some pre-ADT and others
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post-ADT—affect time to radiographic metastasis. Additional
validation of this nomogram is required before applying it to
the general patient population.

Evidence from the ADT-naive prostate cancer setting [41]
and other therapeutic areas [42] indicates that nomograms
tend to outperform the predictions of medical experts, pro-
viding a strong rationale for a greater role for nomograms in
this disease setting should the validity of these initial attempts
be verified. Nomograms will need to change to accommodate
the use of newer imaging techniques as they become more
commonly used.

CURRENT AND FUTURE IMAGING METHODS:

BONE METASTASES

Planar °™Tc-methylene diphosphonate BS has long been the
standard modality for first-line detection of metastases in
prostate cancer [7], butissues around its sensitivity and spec-
ificity, combined with advances in other imaging technolo-
gies, have led to uncertainties regarding its sensitivity in the
diagnosis of M1 disease in the current clinical environment.
99mTc-methylene diphosphonate binds to areas of calcium de-
position and acts as a nonspecific marker of osteoblastic activ-
ity that localizes at sites of active bone mineralization [43].
Thus, although it accumulates at sites of tumor growth, it also
identifies a number of nonmalignant bone conditions, such as
recent fractures, areas of inflammation, mechanical stress,
and degenerative joint disease [44—46]. Low specificity often
leads to ambiguity in the interpretation of scans that may or
may not be subsequently resolved by conventional x-ray im-
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aging. Although sensitivities in the range of 62%—89% have
been reported compared to detection by MRI [47], BS cannot
detect sites of recent metastatic cell seeding because only ar-
eas of relatively advanced tumor growth with active osteo-
blasticremodeling are detectable. Indeed, we know very little
regarding when the transition from MO to M1 actually occurs
using BS imaging in “typical” patients. More recent trials have
included only patients perceived to be at higher risk of meta-
static disease. In the following sections, we focus on the rele-
vant literature that has been reported for SPECT, PET, and
MRI; for a more in-depth discussion, please see the review by
Tombal and Lecouvet [7].

SPECT

The accuracy of standard anterior and posterior planar BS in
detecting lumbar metastases can be improved by additional
SPECT to generate a three-dimensional image [48-50], with
minimal increases in radiation dose. Several studies have
demonstrated that SPECT outperforms planar BS alone with
respect to sensitivity, specificity, positive predictive value,
and negative predictive value [50, 51].

PET

There is some controversy surrounding the suitability of the
most common PET isotope, [*8F]-fluorodeoxyglucose, as a
metabolic marker of prostate cancer metastases, due to its
low sensitivity in some reports [52]. However, there are a
number of alternative [*8F]- or [*C]-labeled markers that may
be more appropriate for detection of prostate cancer bone
metastases, with clear evidence suggesting improvements in
sensitivity and specificity for PET using these markers over
conventional BS[50]. [*®F]-fluoride PET isapproved by the FDA
for bone imaging and [**C]-choline PET was also approved
very recently [53].

In small prospective studies, McCarthy et al. reported
good sensitivity and specificity using [*®F]-fluoromethylcho-
line PET in patients with CRPC [54]. Even-Sapir et al. found that
[*8F]-fluoride PET-CT was highly sensitive and specific for the
detection of bone metastases in patients with high-risk pros-
tate cancer. Furthermore, [*8F]-fluoride PET-CT fusion imag-
ing was more specific than [*®F]-fluoride PET alone, and more
sensitive and specific than planar and SPECT BS [50]. A small
retrospective study found [**C]-choline PET-CT to have similar
sensitivity for detection of bone and lymph node metastases
(96.6%), and slightly lower specificity (76.5%) to that reported
for [*8F]-fluoride PET-CT in the Even-Sapir et al. study [55].
Other markers that require future investigation of their suit-
ability for imaging of prostate cancer metastases [56] include
[*8F]-dihydroxyphenylalanine, [*8F]-fluorocholine [57-59],
[*8F]- or [*!C]-acetate [57, 60], [**C]-methionine [56], [*®F]-
fluorodihydrotestosterone [61-63], and [3°Zr]-desferrioxam-
ine B-J591, an antibody targeted at PSA [64].

MRI of the Axial Skeleton

MRl has an enhanced sensitivity for the early detection of neo-
plasticinfiltration of the bone marrow in “osteophilic” cancers
and hematologic malignancies. MRI studies of the marrow
combine conventional anatomic (generally T1-weighted im-
ages), which are sensitive to the alteration of the balance be-
tween fat/nonfat cells by the cancer cells within the marrow,
and diffusion-weighted images, which are sensitive to the par-
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Currently, access to and availability of MRl are too low
for widespread adoption as a first-line detection mo-
dality. However, the specificity, sensitivity, and early
detection advantages, compared to BS and BS/tar-
geted x-rays, suggest that MRI may, in the future,
have a place in standard practice for patients at high

risk of metastasis.

ticular organization of tumoral tissues (increase in cell density,
cellular organelles, etc.).

In terms of anatomic targets, MRI either covers the whole
skeleton (whole-body MRI[WB-MRI]), enabling acomprehen-
sive but time-consuming screening (30—45 minutes), or it can
focus on the axial skeleton (i.e., the spine and pelvis), shorten-
ing the time of acquisition (<30 minutes) and bringing suffi-
cient diagnostic effectiveness because most metastases
affect these red marrow-containing skeletal areas [65]. The
whole body approach, however, has the advantage of a com-
bination of bone metastasis screening (M staging) and lymph
node screening (N screening), relying on diffusion-weighted
imaging to detect bone and node metastases, and anatomic
T1images to confirm and measure them [65].

MRI of the axial skeleton (MRIas) is highly sensitive for the
detection of metastases in prostate cancer; it also offers the
ability to measure tumor responses. MRlas detects metasta-
ses considerably earlier than is possible with BS. In a prospec-
tive investigation of 66 high-risk prostate cancer patients,
Lecouvet et al. compared MRIas with a standard sequential
workup: BS followed by targeted x-rays in patients with equiv-
ocalfindings, with MRl obtained on requestin patients within-
conclusive or discrepant BS/targeted x-rays [66]. MRlas
identified metastasesin 7 of 23 patients identified as negative
by BS, and demonstrated sensitivity and specificity of 100%
and 88%, respectively [66]. Although there was some concern
regarding the classification of equivocal BS scans in this study
[67], such classification was used when the findings could not
be confidently categorized as positive or negative and was ap-
plied uniformly across allimaging tests; therefore, itis unlikely
to have introduced bias.

WB-MRI has also been investigated in several small pro-
spective studiesand, thus far, has been found to be equivalent
to MRlas for the detection of bone metastases [68, 69]. These
results were confirmed recently in a prospective trial compar-
ing WB-MRI with diffusion-weighted imaging against °™Tc-BS
and CT in the detection of metastases in 100 patients with
high-risk prostate cancer [65]. In that trial, the sensitivity of
BS/targeted x-rays and WB-MRI for detecting bone metasta-
ses was 86% and 98%—-100%, respectively (p < .04), and spec-
ificity was 98% and 98%-100%, respectively, providing
confirmation that WB-MRI outperforms BS/targeted x-rays in
detecting bone metastases (Fig. 2).

Currently, access to and availability of MRl are too low for
widespread adoption as a first-line detection modality. How-
ever, the specificity, sensitivity, and early detection advan-
tages, compared to BS and BS/targeted x-rays, suggest that
MRI may, in the future, have a place in standard practice for
patients at high risk of metastasis. The financial cost and pa-
tient benefits of this endeavor have yet to be evaluated.
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Figure2. Positive identification of bone metastases with whole-body magnetic resonance imaging versus bone scintigraphy. (A): Bone
scintigraphy (anterior-posterior and posterior-anterior views) shows no significant lesion. Coronal T1 (B) and diffusion-weighted (C)
magnetic resonance images of the body confirm bone metastases within L3 and the leftiliac bone. Reprinted from [65] with permission

from Elsevier.

CURRENT AND FUTURE IMAGING METHODS: LYMPH

NODE METASTASES

The current criterion standard for evaluation of lymph node
involvement in prostate cancer is pelvic lymph node dissec-
tion[70, 71], aninvasive procedure associated with morbidity,
which may not be able to sample all potential lymph node ar-
eas [72]. CT and MRl are also routinely used as staging tools in
clinical practice, with size as the major determining factor in
identification of potentially metastatic lymph nodes [73].
However, evidence indicates that these techniques are not
precise enough for the evaluation of regional tumor spread
[74-76]. A more recent meta-analysis of the diagnostic accu-
racy of CT and MRI concluded that both techniques were
equally ineffective in detecting lymph node metastases [76];
the pooled sensitivity for CT was 0.42 (95% Cl: 0.26—-0.56) and
for MRI'was 0.39 (95% Cl: 0.22-0.56) [76].

PET

[*'C]-choline PET-CT can also be used to investigate nodal in-
volvement [77], with a higher sensitivity than MRI-or PET-only
scanning, including detection of subcentimeter disease [78].
However, due to its inability to accurately assess intrapros-
tatic tumor and small lymph nodal involvement, this tech-
nique is not presently recommended for initial staging [79].
However, it is now FDA approved for recurrent disease at the
Mayo Clinic.

MRI Combined With Other Techniques

Combining MRI with other techniques can improve the speci-
ficity and accuracy of the method. MRI has been combined
with USPIO: the nanoparticles are readily taken up by lymph
nodes in humans [80] and internalized by macrophages, re-
sulting in changes in magnetic properties that are detectable
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by MRI [81]. Evidence suggests that USPIO MRI improves the
sensitivity of conventional MR1(90.5%vs. 35.4%; p <.001) [8].
However, the authors reported that sensitivity of this ap-
proach was substantially lower in nodes <5 mm.

Another approach that has been investigated is the com-
bination of diffusion-weighted MRI and USPIO. Diffusion-
weighted MRI USPIO was compared to conventional USPIO
MRIin a series of 21 consecutive patients with bladder and/or
prostate cancer who underwent 3-T MRI before and after ad-
ministration of lymphotropic USPIO using conventional and
diffusion-weighted MRI sequences. Diffusion-weighted MRI
USPIO analysis was significantly quicker than USPIO MRI (13
vs. 80 minutes, respectively; p < .0001) while providing com-
parable diagnostic accuracy (90% per patient or per pelvic
side) [9]. Further studies are required to verify this technique
in larger cohorts and confirm its benefits. Most importantly,
the future availability of USPIO has been seriously questioned.
Hence, most research is now focused on diffusion-weighted
MRI, which already performs as well or better than cross-sec-
tional imaging, with the potential for its specificity to be im-
proved by the implementation of apparent diffusion
coefficient measurements to discriminate benign from malig-
nant nodes [65].

CURRENT GUIDELINES AND FUTURE NEEDS

Currently, available guidelines focus on treatment options for
metastatic disease rather than detection. The National Com-
prehensive Cancer Network workup for patients with post-RP
biochemical recurrence (defined as failure of PSA to fall to un-
detectable levels or PSA detectable and rising on two or more
subsequent determinations) recommends a clinical history-
dependent choice of BS, CT/MRI, PSADT, or prostate biopsy;
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the workup is less specific for detection in patients with bio-
chemical recurrence following medical or surgical castration
[16]. The American Urological Association indicates BS for
post-RP, pre-ADT patients with biochemical recurrence, but it
acknowledges the variability of PSA at time of positive BS (vide
supra), and consequently it does not recommend BS in pa-
tients with a postlocal therapy rise in PSA [17]. The European
Association of Urology cites rapidly increasing PSA level, high
PSAvelocity, and short PSADT as indicative of distant metasta-
ses after PSA recurrence. It does not recommend BS, CT, or

Current and ongoing developments in both imaging
technology and therapeutics for metastatic prostate
cancer raise the question of whether imaging screen-
ing earlier thanis currently standard practice might lead
to better patient outcomes. Thereis no evidence to date
to support this hypothesis, but given that several treat-
ments that can or may improve survival or progression
outcomes are approved or in development for asymp-
tomatic or minimally symptomatic metastatic CRPC, it
seems worthy of further assessment.

MRI for the routine follow-up of asymptomatic patients with
biochemical recurrence after primary therapy, but it does sug-
gest BS for patients with elevated PSA levels for whom the
findings will affect the treatment decision [15].

Newer imaging techniques should be validated and incor-
porated into future trials assessing the MO to M1 transition.
Information provided by different techniques may have dif-
ferent prognostic values, and any future trials of therapeutic
agents using earlier detection will have to be carefully planned
due to the risk of lead-time bias that might falsely demon-
strate longer overall survival or progression-free survival in
patients treated with an investigational therapy earlier in the
course of disease.

Current and ongoing developments in both imaging tech-
nology and therapeutics for metastatic prostate cancer raise
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