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American College of Radiology
ACR Appropriateness Criteria®
Pretreatment Detection, Surveillance, and Staging of Prostate Cancer

Variant 1: Clinically suspected prostate cancer. No prior biopsy (biopsy naive). Initial diagnosis. Initial
imaging.
Procedure Appropriateness Category Relative Radiation Level
MRI-targeted biopsy prostate Usually Appropriate 0]
TRUS-guided biopsy prostate Usually Appropriate (0]
MRI pelvis without and with IV contrast Usually Appropriate (0]
MRI pelvis without IV contrast Usually Appropriate (0]
TRUS prostate )
MRI abdomen and pelvis without and with IV 0
contrast
MRI abdomen and pelvis without IV contrast (0]
MRI whole body without and with IV contrast (0]
MRI whole body without IV contrast (0]
Bone scan whole body VI
Choline PET/CT skull base to mid-thigh DS
Choline PET/MRI skull base to mid-thigh DS
CT abdomen and pelvis with IV contrast DO
CT abdomen and pelvis without IV contrast DO
FDG-PET/MRI skull base to mid-thigh DO
Fluciclovine PET/MRI skull base to mid-thigh D
PSMA PET/CT skull base to mid-thigh DO
CC(;II"1 ;Z(Sl:)men and pelvis without and with IV 2P0
CT chest abdomen pelvis with IV contrast DO
CC;;I;::t abdomen pelvis without and with IV 2P0
CT chest abdomen pelvis without IV contrast DO
FDG-PET/CT whole body DOO®
Fluciclovine PET/CT skull base to mid-thigh DOO®
Fluoride PET/CT whole body SO®
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Variant 2: Clinically suspected prostate cancer. Negative TRUS-guided biopsy. Initial diagnosis. Next

imaging study.

Procedure Appropriateness Category Relative Radiation Level
MRI-targeted biopsy prostate Usually Appropriate 0]
TRUS-guided biopsy prostate Usually Appropriate 0]
MRI pelvis without and with IV contrast Usually Appropriate 0]
MRI pelvis without IV contrast Usually Appropriate (0]
TRUS prostate (0]
MRI abdomen and pelvis without and with IV o
contrast
MRI abdomen and pelvis without IV contrast (0]
MRI whole body without and with IV contrast (0]
MRI whole body without IV contrast (0]
Bone scan whole body PIII)
Choline PET/CT skull base to mid-thigh PIII)
Choline PET/MRI skull base to mid-thigh DS
CT abdomen and pelvis with IV contrast VI
CT abdomen and pelvis without IV contrast VI
FDG-PET/MRI skull base to mid-thigh DO
Fluciclovine PET/MRI skull base to mid-thigh S8
PSMA PET/CT skull base to mid-thigh DO
CC(;II"1 taf:l(sltomen and pelvis without and with IV 2P0
CT chest abdomen pelvis with IV contrast DO
CC;;I;::t abdomen pelvis without and with IV 2P0
CT chest abdomen pelvis without IV contrast DO
FDG-PET/CT whole body DOO®
Fluciclovine PET/CT skull base to mid-thigh DOO®
Fluoride PET/CT whole body DO
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Variant 3: Clinically established low-risk prostate cancer. Active surveillance.

Procedure Appropriateness Category Relative Radiation Level
MRI-targeted biopsy prostate Usually Appropriate 0]
TRUS-guided biopsy prostate Usually Appropriate 0]
MRI pelvis without and with IV contrast Usually Appropriate (0]
MRI pelvis without IV contrast Usually Appropriate (0]
TRUS prostate (0]
MRI abdomen and pelvis without and with IV o
contrast
MRI abdomen and pelvis without IV contrast (0]
MRI whole body without and with IV contrast (0]
MRI whole body without IV contrast (0]
Bone scan whole body PIII)
Choline PET/CT skull base to mid-thigh DS
Choline PET/MRI skull base to mid-thigh DS
CT abdomen and pelvis with IV contrast VI
CT abdomen and pelvis without IV contrast DO
FDG-PET/MRI skull base to mid-thigh DO
Fluciclovine PET/MRI skull base to mid-thigh S8
PSMA PET/CT skull base to mid-thigh DO
CC(;II"1 ;Z(Sl:)men and pelvis without and with IV 2P0
CT chest abdomen pelvis with IV contrast DO
CC;;I;::t abdomen pelvis without and with IV 2P0
CT chest abdomen pelvis without IV contrast DO
FDG-PET/CT whole body DOO®
Fluciclovine PET/CT skull base to mid-thigh DOO®
Fluoride PET/CT whole body SO®
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Variant 4: Clinically established intermediate-risk prostate cancer. Staging or surveillance.

Procedure Appropriateness Category Relative Radiation Level
MRI-targeted biopsy prostate Usually Appropriate O
MRI abdomen and pelvis without and with IV Ul Agpropras 0
contrast
MRI pelvis without and with IV contrast Usually Appropriate O
CT abdomen and pelvis with IV contrast Usually Appropriate SO
PSMA PET/CT skull base to mid-thigh Usually Appropriate DO
CT chest abdomen pelvis with IV contrast Usually Appropriate DO
Fluciclovine PET/CT skull base to mid-thigh Usually Appropriate DO
TRUS-guided biopsy prostate May Be Appropriate @)
MRI abdomen and pelvis without IV contrast May Be Appropriate O
MRI pelvis without IV contrast May Be Appropriate O
MRI whole body without and with IV contrast May Be Appropriate (Disagreement) O
MRI whole body without IV contrast May Be Appropriate (Disagreement) O
Bone scan whole body May Be Appropriate S0
Choline PET/CT skull base to mid-thigh May Be Appropriate D0
Choline PET/MRI skull base to mid-thigh May Be Appropriate S0
CT abdomen and pelvis without IV contrast May Be Appropriate D0
Fluciclovine PET/MRI skull base to mid-thigh May Be Appropriate PIII)
cCoTngl;gtomen and pelvis without and with IV May Be Appropriate (Disagreement) SO0
CT chest abdomen pelvis without IV contrast May Be Appropriate DO
Fluoride PET/CT whole body May Be Appropriate DO
TRUS prostate Usually Not Appropriate O
FDG-PET/MRI skull base to mid-thigh Usually Not Appropriate PIII)
CCO"II"1 tcrl;:tst abdomen pelvis without and with IV Ul WNisi: A P00
FDG-PET/CT whole body Usually Not Appropriate S
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Variant 5: Clinically established high-risk prostate cancer. Staging.

Procedure Appropriateness Category Relative Radiation Level
MRI abdomen and pelvis without IV contrast Usually Appropriate O
MRI pelvis without and with IV contrast Usually Appropriate O
Bone scan whole body Usually Appropriate DO
Choline PET/CT skull base to mid-thigh Usually Appropriate PIII)
Choline PET/MRI skull base to mid-thigh Usually Appropriate DO
CT abdomen and pelvis with IV contrast Usually Appropriate PIII)
Fluciclovine PET/MRI skull base to mid-thigh Usually Appropriate PIII)
PSMA PET/CT skull base to mid-thigh Usually Appropriate SO®
CT chest abdomen pelvis with IV contrast Usually Appropriate SO0
Fluciclovine PET/CT skull base to mid-thigh Usually Appropriate SO0
Fluoride PET/CT whole body Usually Appropriate OO0
MRI abdomen and pelvis without and with IV i B A 0
contrast
MRI pelvis without IV contrast May Be Appropriate O
MRI whole body without and with IV contrast May Be Appropriate 0O
MRI whole body without IV contrast May Be Appropriate 0O
CT abdomen and pelvis without IV contrast May Be Appropriate D0
Soi{arzgtomen and pelvis without and with IV May Be Appropriate (Disagreement) BO®
CT chest abdomen pelvis without IV contrast May Be Appropriate POLeOIeIV)
MRI-targeted biopsy prostate Usually Not Appropriate @)
TRUS prostate Usually Not Appropriate O
TRUS-guided biopsy prostate Usually Not Appropriate @)
FDG-PET/MRI skull base to mid-thigh Usually Not Appropriate PIII)
CCO"II"1 tcrl;:tst abdomen pelvis without and with IV Ul WNisi: A P00
FDG-PET/CT whole body Usually Not Appropriate S
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PRETREATMENT DETECTION, SURVEILLANCE, AND STAGING of PROSTATE CANCER

Expert Panel on Urological Imaging: Oguz Akin, MD?*; Sungmin Woo, MD, PhD® Aytekin Oto, MDS;
Brian C. Allen, MDY Ryan Avery, MD°® Samantha J. Barker, MD'; Marielia Gerena, MDg
David J. Halpern, MD, MPH"; Lori Mankowski Gettle, MD, MBA'; Seth A. Rosenthal, MD'; Samir S. Taneja, MDY
Baris Turkbey, MD'; Pat Whitworth III, MD™; Paul Nikolaidis, MD."

Summary of Literature Review

Introduction/Background

Prostate cancer ranks second only after lung cancer as a leading cause of cancer-related deaths in American patients.
In 2020, an estimated 191,930 American patients were diagnosed with prostate cancer, and 33,330 died of the
disease [1]. In addition to the personal toll of these deaths, there is a substantial amount of direct economic costs
related to prostate cancer in the Unites States at an estimated $10 billion per year [2]. The primary goal during
pretreatment evaluation of prostate cancer is disease detection, localization, and characterization, that is,
establishing disease extent, both local and distant, and aggressiveness, because these drive patient outcomes in terms
of recurrence and survival.

Several special circumstances make the pretreatment evaluation of prostate cancer particularly challenging:

e First, the currently available standard clinical tools used to evaluate prostate cancer, such as digital rectal
examination, serum prostate-specific antigen (PSA) assay, and systematic biopsy results such as fraction of
cores positive for cancer and Gleason score, are all subject to varying degrees of inaccuracy. Even radical
prostatectomy, often regarded as the reference standard for pathological findings, is subject to variable
interpretation. For example, the interobserver agreement (kappa values, 0.33-0.63) for assessing extracapsular
extension by different pathologists analyzing radical prostatectomy specimens [3,4] are similar to that for
different radiologists assessing extracapsular extension on MRI (kappa values, 0.59-0.67) [5]. Multiple
nomograms have been described, such as the Partin Tables or the D’Amico risk stratification scheme, that
aggregate data from these parameters in an attempt to better estimate tumor stage or tumor aggressiveness [6,7].
Although these nomograms are a reasonable attempt to aggregate data, they are ultimately limited by the
inherent flaws and imprecisions of the input parameters [8,9]; therefore, recent attempts are being made to
improve their accuracy by incorporating MRI and nonimaging biomarker data [10-15]. Especially, MRI and
nonimaging biomarkers from blood-, urine-, and tissue-based assays have shown to provide independent and
complementary information that adds to conventional clinical tools for baseline risk assessment [16,17].

e Second, prostate cancer is a heterogeneous disease, ranging from small low-grade tumors that are indolent and
incidental to large aggressive life-threatening tumors. For this purpose, prostate risk stratification is typically
done by assessing clinical factors in order to determine the appropriateness of evaluating for locally advanced
or distant disease, because the prevalence of such disease states are higher in patients with intermediate- and
high-risk disease. There are several guidelines on imaging prostate cancer from various organizations,
proposing slightly differing definitions of higher-risk disease [18]. One of the commonly used guidelines, from
the National Comprehensive Cancer Network (NCCN), defines low-, intermediate-, and high-risk disease using
the following definitions [19,20]:

» Low Risk: Clinical stage T1-T2a, PSA <10 ng/mL and Gleason score <6
= Intermediate Risk: Clinical stage T2b—T2¢, or PSA 10-20 ng/mL, or Gleason score 7
» High Risk: Clinical stage T3a, PSA >20 ng/mL, or Gleason score >8
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This generates a 2-fold challenge. First, because we have a limited ability to precisely characterize the disease
in a given patient, it is difficult to match patients to optimal treatment. Ideally, those with indolent disease would
be managed by active surveillance, whereas those with higher-risk disease would receive definitive
management with radiation or surgery, possibly supplemented by short- or long-term androgen deprivation
therapy. Those with systemic disease require systemic treatment, typically androgen deprivation therapy with
or without radiation treatment followed by chemotherapy or other systemic treatments after emergence of
androgen resistance. Second, the biological heterogeneity results in a protracted natural history, so outcome
studies may require 10 or 15 years of follow-up to generate meaningful data. For example, the European
Randomized Study of Screening for prostate cancer showed that 781 patients had to be screened and 27
additional prostate cancers had to be detected to prevent one prostate cancer-related death at 13 years of follow-
up [21]; these numbers were decreased to 570 and 18, respectively, at an extended follow-up of 16 years [22].

e Third, prostate cancer is a difficult organ and disease to image. For many years, the only imaging received by
most patients was a transrectal ultrasound (TRUS) used to localize the prostate (not the cancer) prior to 10- to
12-core systematic biopsy. In order to address this, researchers have strived to identify better imaging modalities
that can more accurately detect prostate cancer and evaluate its local extent including MRI and MRI-targeted
biopsy [23-30].

Special Imaging Considerations

A few emerging imaging techniques have not yet made their way into mainstream clinical practice, showing the
potential to improve detection of the primary tumor, nodal, and distant metastatic disease in addition to achieving
better risk stratification. Studies on advanced ultrasound (US) techniques have focused on assessment of the primary
prostate tumor [31-36]. For example, a recent meta-analysis showed that shear wave elastography had a pooled
sensitivity and specificity of 83% and 85%, respectively [31]. In addition, targeted biopsy using real-time
elastography was able to improve the Gleason score assignment when added to systematic biopsy than systematic
biopsy alone (68.3% versus 56.7%) [32]. High-resolution micro-US has also shown potential to improve detection
of clinically significant prostate cancer [33]. Furthermore, when a multiparametric approach was used for US using
B-mode, shear wave elastography and contrast-enhanced US, it was able to improve the sensitivity in detecting
index lesions compared with B-mode alone (74% versus 55%) [34].

Regarding assessment of lymph nodes, MR using ultrasmall superparamagnetic iron oxide (USPIO) has shown
promise to detect even micrometastatic deposits [37,38]. Two agents, ferumoxtran-10 and ferumoxytol, have been
investigated based on their lymphotropic properties, accumulating in normal but not metastatic lymph nodes after
injected intravenously. In a prospective multicenter study of intermediate- and high-risk patients with prostate
cancer, ferumoxtran-10 showed significantly higher sensitivity (82% versus 34%) than CT with a similar specificity
(93% versus 97%) [37]. Moreover, when ferumoxtran-10-based USPIO MRI was performed in conjunction with
diffusion-weighted imaging, it yielded impressive results even in normal-sized lymph nodes (sensitivities and
specificities of 65%-75% and 93%-96%) [38]. Nevertheless, issues related to iron overload and potential life-
threatening allergic reactions have been raised, which need to be addressed before its usage in pretreatment prostate
imaging.

Initial Imaging Definition

Initial imaging is defined as imaging at the beginning of the care episode for the medical condition defined by the
variant. More than one procedure can be considered usually appropriate in the initial imaging evaluation when:

e There are procedures that are equivalent alternatives (ie, only one procedure will be ordered to
provide the clinical information to effectively manage the patient’s care)

OR

e There are complementary procedures (ie, more than one procedure is ordered as a set or
simultaneously where each procedure provides unique clinical information to effectively manage
the patient’s care).
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Discussion of Procedures by Variant

Variant 1: Clinically suspected prostate cancer. No prior biopsy (biopsy naive). Initial diagnosis. Initial
imaging.

Bone Scan Whole Body

There is limited evidence to support the use of bone scan for initial imaging of patients with clinically suspected
prostate cancer and no prior biopsy.

Choline PET/CT Skull Base to Mid-Thigh
There is limited evidence to support the use of choline PET/CT for initial imaging of patients with clinically
suspected prostate cancer and no prior biopsy.

Choline PET/MRI Skull Base to Mid-Thigh
There is limited evidence to support the use of choline PET/MRI for initial imaging of patients with clinically
suspected prostate cancer and no prior biopsy.

CT Abdomen and Pelvis With IV Contrast
There is limited evidence to support the use of CT abdomen and pelvis with intravenous (IV) contrast for initial
imaging of patients with clinically suspected prostate cancer and no prior biopsy.

CT Abdomen and Pelvis Without and With IV Contrast
There is limited evidence to support the use of CT abdomen and pelvis without and with IV contrast for initial
imaging of patients with clinically suspected prostate cancer and no prior biopsy.

CT Abdomen and Pelvis Without IV Contrast
There is limited evidence to support the use of CT abdomen and pelvis without IV contrast for initial imaging of
patients with clinically suspected prostate cancer and no prior biopsy.

CT Chest, Abdomen, and Pelvis With IV Contrast
There is limited evidence to support the use of CT chest, abdomen, and pelvis with IV contrast for initial imaging
of patients with clinically suspected prostate cancer and no prior biopsy.

CT Chest, Abdomen, and Pelvis Without and With IV Contrast
There is limited evidence to support the use of CT chest, abdomen, and pelvis without and with IV contrast for
initial imaging of patients with clinically suspected prostate cancer and no prior biopsy.

CT Chest, Abdomen, and Pelvis Without IV Contrast
There is limited evidence to support the use of CT chest, abdomen, and pelvis without IV contrast for initial imaging
of patients with clinically suspected prostate cancer and no prior biopsy.

FDG-PET/CT Whole Body
Because prostate cancer and metastases from it are generally not fluorine-18-2-fluoro-2-deoxy-D-glucose (FDG)-
avid unlike most other malignancies, FDG-PET/CT may not be beneficial as part of initial imaging.

FDG-PET/MRI Skull Base to Mid-Thigh
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/MRI may not be beneficial as part of initial imaging.

Fluciclovine PET/CT Skull Base to Mid-Thigh
There is limited evidence to support the use of fluciclovine PET/CT for initial imaging of patients with clinically
suspected prostate cancer and no prior biopsy.

Fluciclovine PET/MRI Skull Base to Mid-Thigh
There is limited evidence to support the use of fluciclovine PET/MRI for initial imaging of patients with clinically
suspected prostate cancer and no prior biopsy.

Fluoride PET/CT Whole Body
There is limited evidence to support the use of fluoride PET/CT for initial imaging of patients with clinically
suspected prostate cancer and no prior biopsy.

MRI Abdomen and Pelvis Without and With IV Contrast
There is limited evidence to support the use of MRI abdomen and pelvis without and with IV contrast for initial
imaging of patients with clinically suspected prostate cancer and no prior biopsy.
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MRI Abdomen and Pelvis Without IV Contrast
There is limited evidence to support the use of MRI abdomen and pelvis without IV contrast for initial imaging of
patients with clinically suspected prostate cancer and no prior biopsy.

MRI Pelvis Without and With IV Contrast

In the last decade, multiparametric MRI of the prostate, including T2-weighted imaging, diffusion-weighted
imaging, and dynamic contrast-enhanced imaging, has emerged as a powerful tool for detection, localization, and
assessment of the local extent of prostate cancer and has shown potential to provide additional information related
to risk stratification such as tumor size and aggressiveness, which will be discussed in more detail below according
to each clinical variant. Especially because the widespread adoption of a standardized reporting system—Prostate
Imaging and Reporting Data System (PI-RADS)—now already in its second version, has been rigorously tested and
validated across the world, increasing the utility of multiparametric MRI for pretreatment assessment of prostate
cancer. A meta-analysis of 21 studies showed that PI-RADS version 2 has a pooled sensitivity and specificity of
0.89 (95% confidence interval [CI]: 0.84-0.92) and 0.64 (95% CI: 0.46-0.78), respectively, for detecting clinically
significant cancer [39]. Prospective studies have shown that PI-RADS successfully stratifies the cancer detection
rate, with higher detection in higher scores: 75% versus 6% in scores of 5 versus 2 [40]. Moreover, interobserver
agreement has been shown to be moderate to excellent across different institutions and various levels of experience
[41-43]. The strength of multiparametric MRI is that, regardless of using PI-RADS or not, it consistently shows
high negative predictive value of approximately 90% in excluding the presence of clinically significant prostate
cancers, although there is some heterogeneity in relation with the prevalence of cancers in the population [44] and
PSA density (<0.2 ng/mL/cc versus >0.2 ng/mL/cc) [45]. Additionally, multiparametric MRI is able to detect T3
disease with a moderate sensitivity but high specificity [46-48], for example, 0.57 (95% CI: 0.49-0.64) and 0.91
(95% CI: 0.88-0.93) for the extraprostatic extension and 0.58 (95% CI: 0.47-0.68) and 0.96 (95% CI: 0.95-0.97) for
seminal vesicle invasion in a meta-analysis of 75 studies (9,796 patients) [49].

MRI Pelvis Without IV Contrast

More recently, there has been increase in the performance of MRI pelvis without IV contrast, albeit with controversy
regarding the additive benefit of IV gadolinium-based contrast media for assessing prostate cancer. Unlike
diffusion-weighted imaging, which is undoubtedly an essential component of prostate MRI, there has been debate
over whether dynamic contrast-enhanced imaging should be retained, used but limited to assessing the presence of
early and/or contemporaneous enhancement (as in the current PI-RADS schema), or even omitted altogether
[50,51]. Despite the notion that detection of prostate cancer could be improved by using dynamic contrast-enhanced
imaging, owing to the fact that prostate cancer typically enhances more rapidly and washes out more quickly than
benign prostatic tissue, many studies have shown that the incremental diagnostic yield is minimal [52-54]. For
instance, in a meta-analysis of 20 studies (2,142 patients) performing a head-to-head comparison of biparametric
and multiparametric MRI, sensitivity and specificity were similar: 0.74 (95% CI: 0.66-0.81) and 0.90 (95% CI:
0.86-0.93) for biparametric and 0.76 (95% CI: 0.69-0.82) and 0.89 (95% CI: 0.85-0.93) for multiparametric,
respectively [54]. Omitting dynamic contrast-enhanced imaging additionally offers benefits of decreasing study
time. Nevertheless, biparametric MRI is not yet widely adopted, and it is recommended that when performed,
several requirements need to be met, such as good image quality (especially diffusion-weighted imaging), potential
radiologist monitoring, and a safety net for missing significant cancers (eg, PSA follow-up).

MRI-Targeted Biopsy Prostate

MRI-targeted biopsy after performing multiparametric MRI has emerged as a strong option owing to the ability to
identify a targetable lesion [23-26]. Recent meta-analyses demonstrate that clinical pathways that incorporate MRI
followed by MRI-targeted biopsy significantly increase the detection rate of clinically significant cancers, especially
in patients who had a prior negative TRUS-guided biopsy but continue to have suspicion for harboring prostate
cancer (eg, elevated PSA) and possibly at the time of baseline diagnosis in patients who are biopsy-naive [28,30].
After identification of a suspicious lesion (eg, PI-RADS 3-5) MRI-targeted biopsy can be performed in one of three
ways [55]:

e Direct or “in-bore”: The patient is in the MRI scanner, and the needle is placed in the target under MRI
visualization.

e Fusion: The patient undergoes a TRUS-guided biopsy targeting area(s) that was/were suspicious on a preceding
MRI scan via digital “fusing” to the US images.
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e Cognitive: The patient undergoes a TRUS-guided biopsy targeting area(s) that was/were suspicious on a
preceding MRI scan via mentally or “cognitively” co-registrating them to the US images.

Based on the principles above, “in-bore” and fusion biopsies potentially offer a better yield for prostate cancer;
however, this has not been established on prospective or randomized clinical trials and at the moment is primarily
based on institutional availability and preferences [56,57], sometimes even performing a combination of them (ie,
fusion and cognitive) [58]. In addition, although only the target(s) is/are sampled when using the “in-bore”
approach, fusion and cognitive biopsies can be done with or without concurrent systematic TRUS-guided biopsies
depending on the goal, namely, maximizing cancer yield [25,59], versus avoiding/reducing unnecessary biopsy
[23,24,60,61]. Although there are discussions on what the most optimal method is in terms of approach (“in-bore,”
fusion, or cognitive), concurrent systematic biopsies (performed versus not performed), and target population
(biopsy-naive versus prior negative), the clinical paradigm for prostate cancer diagnosis undoubtedly is rapidly
moving toward MRI-targeted biopsies, based on abundant evidence that this can improve pretreatment evaluation
of prostate cancer in many aspects, such as MRI-targeted biopsies are more concordant with radical prostatectomy
in determining Gleason score [26]; better selected candidates for active surveillance [62]; and improved risk
stratification [63,64].

MRI Whole Body Without and With IV Contrast
There is limited evidence to support the use of MRI whole body without and with IV contrast for initial imaging of
patients with clinically suspected prostate cancer and no prior biopsy.

MRI Whole Body Without IV Contrast
There is limited evidence to support the use of MRI whole body without IV contrast for initial imaging of patients
with clinically suspected prostate cancer and no prior biopsy.

PSMA PET/CT Skull Base to Mid-Thigh
There is limited evidence to support the use of prostate-specific membrane antigen (PSMA) PET/CT (or PET/MRI)
for initial imaging of patients with clinically suspected prostate cancer and no prior biopsy.

TRUS Prostate

In North America, TRUS is generally performed by urologists for purposes of localizing the prostate gland (not the
cancer) prior to systematic biopsy. Conventional grayscale TRUS is not widely used for localizing the tumor, first
because lesions (usually hypoechoic in appearance) are visible only in a small proportion (11%-35%) of patients
[65]. In a study of 142 patients, grayscale TRUS was able to detect only 62.2% of lesions visible on multiparametric
MRI [66]. Second, only a small proportion (17%-57%) of those hypoechoic lesions are confirmed to be malignant
[65]. In a study of 31,296 cores obtained from 3,912 consecutive patients undergoing TRUS with biopsy, there was
no statistically significant association between the presence of a hypoechoic lesion and the detection of cancer [67].
Therefore, in isolation, TRUS is inaccurate for prostate cancer detection and is not beneficial for this purpose [65].

TRUS-Guided Biopsy Prostate

TRUS-guided systematic biopsy has been the standard diagnostic test for prostate cancer since a landmark study in
1989 showed that it was superior to digitally directed biopsy sampling of the prostate [68]. However, because of
the “random” nature of needle positioning with regards to the location of the tumor, TRUS-guided systematic biopsy
frequently undersamples and underestimates the presence and grade of the tumor with a reported false-negative rate
of 15% to 46% [69] and an upgrading rate at radical prostatectomy of up to 38% [70,71]. Despite these limitations,
the majority of the risk stratification and management schemes still heavily rely on pathological findings from
TRUS-guided systematic biopsy such as Gleason grade and the percentage of tumor-containing cores [18]. In
addition, studies have addressed whether supplemental targeted biopsy of hypoechoic lesions would increase
detection of prostate cancer; however, especially in the era of MRI-guided or targeted biopsy, doing so does not
make a meaningful impact. For example, in a prospective trial of 1,260 patients, risk categories did not change in
96% of patients who underwent additional targeted biopsies of hypoechoic lesions [72].

Variant 2: Clinically suspected prostate cancer. Negative TRUS-guided biopsy. Initial diagnosis. Next
imaging study.

Bone Scan Whole Body

There is limited evidence to support the use of bone scan as the next imaging study of patients with clinically
suspected prostate cancer unless or until the presence of higher-risk disease has been established histologically.
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Choline PET/CT Skull Base to Mid-Thigh
There is limited evidence to support the use of choline PET/CT for initial imaging of patients with clinically
suspected prostate cancer unless or until the presence of higher-risk disease has been established histologically.

Choline PET/MRI Skull Base to Mid-Thigh
There is limited evidence to support the use of choline PET/MRI for initial imaging of patients with clinically
suspected prostate cancer unless or until the presence of higher-risk disease has been established histologically.

CT Abdomen and Pelvis With IV Contrast

There is limited evidence to support the use of CT abdomen and pelvis with IV contrast for initial imaging of
patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease has been
established histologically.

CT Abdomen and Pelvis Without and With IV Contrast

There is limited evidence to support the use of CT abdomen and pelvis without and with IV contrast for initial
imaging of patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease has
been established histologically.

CT Abdomen and Pelvis Without IV Contrast

There is limited evidence to support the use of CT abdomen and pelvis without IV contrast for initial imaging of
patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease has been
established histologically.

CT Chest, Abdomen, and Pelvis With IV Contrast

There is limited evidence to support the use of CT chest, abdomen, and pelvis with IV contrast for initial imaging
of patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease has been
established histologically.

CT Chest, Abdomen, and Pelvis Without and With IV Contrast

There is limited evidence to support the use of CT chest, abdomen, and pelvis without and with IV contrast for
initial imaging of patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease
has been established histologically.

CT Chest, Abdomen, and Pelvis Without IV Contrast

There is limited evidence to support the use of CT chest, abdomen, and pelvis without IV contrast for initial imaging
of patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease has been
established histologically.

FDG-PET/CT Whole Body
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/CT may not be beneficial as part of initial imaging.

FDG-PET/MRI Skull Base to Mid-Thigh
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/MRI may not be beneficial as part of initial imaging.

Fluciclovine PET/CT Skull Base to Mid-Thigh
There is limited evidence to support the use of fluciclovine PET/CT for initial imaging of patients with clinically
suspected prostate cancer unless or until the presence of higher-risk disease has been established histologically.

Fluciclovine PET/MRI Skull Base to Mid-Thigh
There is limited evidence to support the use of fluciclovine PET/MRI for initial imaging of patients with clinically
suspected prostate cancer unless or until the presence of higher-risk disease has been established histologically.

Fluoride PET/CT Whole Body
There is limited evidence to support the use of fluoride PET/CT for initial imaging of patients with clinically
suspected prostate cancer unless or until the presence of higher-risk disease has been established histologically.

MRI Abdomen and Pelvis Without and With IV Contrast

There is limited evidence to support the use of MRI abdomen and pelvis without and with IV contrast for initial
imaging of patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease has
been established histologically.
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MRI Abdomen and Pelvis Without IV Contrast

There is limited evidence to support the use of MRI abdomen and pelvis without IV contrast for initial imaging of
patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease has been
established histologically.

MRI Pelvis Without and With IV Contrast

Although TRUS-guided biopsy has historically been the standard of care, the demonstration over the last few
decades of the ability of multiparametric MRI to accurately detect prostate cancer [40] and evaluate local extent
[49] has rendered it a strong option for the initial step of diagnosing prostate cancer, either in biopsy-naive patients
or those with prior negative biopsies with clinical suspicion for prostate cancer. Not only does MRI have a high
negative predictive value of approximately 90% in excluding the presence of clinically significant prostate cancers
[44.,45], it can stratify the likelihood of cancer, for example, cancer detection rates of 75% versus 6% in PI-RADS
version 2 scores of 5 versus 2 [40], and identifies an actionable target in approximately 60% of the patients [29],
enabling MRI-targeted biopsy a feasible option.

MRI Pelvis Without IV Contrast

In patients with clinically suspected prostate cancer who had a negative TRUS-guided biopsy, imaging without
using [V contrast is also a viable option based on the identical rationales for using MRI of the pelvis with IV contrast
[29,40,44,45,49]. Nevertheless, controversies exist with regard to balancing between the small incremental yield
for detecting clinically significant cancer using ['V contrast and potential benefits such as decreased scan time when
forgoing IV contrast [50-54].

MRI-Targeted Biopsy Prostate

Owing to advances in MRI enabling it to identify a targetable lesion [23-26] and development of multiple targeting
techniques (“in-bore,” fusion, and cognitive [55-58]), clinical pathways that incorporate MRI-targeted biopsy have
been shown to increase the detection rate of clinically significant cancers, especially in patients who had a prior
negative TRUS-guided biopsy with continuous suspicion for prostate cancer and even in biopsy-naive patients
[28,30]. The target(s) can be sampled with the “in-bore” approach, or sampled via fusion and cognitive biopsies
that are done with or without concurrent systematic TRUS-guided biopsies to maximize cancer yield [25,59] or
reduce unnecessary biopsy [23,24,60,61].

MRI Whole Body Without and With IV Contrast

There is limited evidence to support the use of MRI whole body without and with IV contrast for initial imaging of
patients with clinically suspected prostate cancer unless or until the presence of higher-risk disease has been
established histologically.

MRI Whole Body Without IV Contrast

There is limited evidence to support the use of MRI whole body without IV contrast for initial imaging of patients
with clinically suspected prostate cancer unless or until the presence of higher-risk disease has been established
histologically.

PSMA PET/CT Skull Base to Mid-Thigh

There is limited evidence to support the use of PSMA PET/CT (or PET/MRI) for initial imaging of patients with
clinically suspected prostate cancer unless or until the presence of higher-risk disease has been established
histologically.

TRUS Prostate
In isolation, TRUS is inaccurate for prostate cancer detection and is not useful for this purpose [65,66].

TRUS-Guided Biopsy Prostate

In patients with clinically suspected prostate cancer who have had 1 negative standard TRUS-guided systematic
biopsy, a second TRUS-guided systematic biopsy will be positive in 15% to 20% of cases [73-76], and so a second
repeat biopsy in this setting is reasonable. The yield from additional systematic biopsies after a second biopsy falls
off rapidly, with reported positive rates of 8% to 17% for the third biopsy and 7% to 12% for the fourth [73-75,77],
suggesting alternative approaches such as MRI-targeted biopsy or saturation biopsy may be more useful in this
specific setting of patients with 2 or more negative TRUS-guided systematic biopsies and persistent clinical
suspicion for prostate cancer.
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Variant 3: Clinically established low-risk prostate cancer. Active surveillance.

Bone Scan Whole Body

Studies have shown that the positivity of bone scans is low in low-risk patients [78-80]. In a meta-analysis of 54
studies (20,421 patients), the proportions of positive bone scans were 4.1% (95% CI: 2%-8%), 10% (95% CI: 6.1%-
15.8%), and 28.7% (95% CI: 21.8%-36.8%) in patients with Gleason scores of <6, 7, and >8, respectively [80]. In
addition, in a large study of 976 patients, bone scans were virtually always negative (100% negative predictive
value) in patients with Gleason primary pattern 3 and PSA <20 ng/mL [78]. Therefore, there is limited evidence to
support the use of bone scan for active surveillance of patients with clinically established low-risk prostate cancer.

Choline PET/CT Skull Base to Mid-Thigh
There is limited evidence to support the use of choline PET/CT for active surveillance of patients with clinically
established low-risk prostate cancer.

Choline PET/MRI Skull Base to Mid-Thigh
There is limited evidence to support the use of choline PET/MRI for active surveillance of patients with clinically
established low-risk prostate cancer.

CT Abdomen and Pelvis With IV Contrast
There is limited evidence to support the use of CT abdomen and pelvis with IV contrast for active surveillance of
patients with clinically established low-risk prostate cancer.

CT Abdomen and Pelvis Without and With IV Contrast
There is limited evidence to support the use of CT abdomen and pelvis without and with IV contrast for active
surveillance of patients with clinically established low-risk prostate cancer.

CT Abdomen and Pelvis Without IV contrast
There is limited evidence to support the use of CT abdomen and pelvis without IV contrast for active surveillance
of patients with clinically established low-risk prostate cancer.

CT Chest, Abdomen, and Pelvis With IV Contrast
There is limited evidence to support the use of CT chest, abdomen, and pelvis with IV contrast for active
surveillance of patients with clinically established low-risk prostate cancer.

CT Chest, Abdomen, and Pelvis Without and With IV Contrast
There is limited evidence to support the use of CT chest, abdomen, and pelvis without and with IV contrast for
active surveillance of patients with clinically established low-risk prostate cancer.

CT Chest, Abdomen, and Pelvis Without IV Contrast
There is limited evidence to support the use of CT chest, abdomen, and pelvis without IV contrast for active
surveillance of patients with clinically established low-risk prostate cancer.

FDG-PET/CT Whole Body
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/CT may not be beneficial as part of active surveillance.

FDG-PET/MRI Skull Base to Mid-Thigh
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/MRI may not be beneficial as part of active surveillance.

Fluciclovine PET/CT Skull Base to Mid-Thigh
There is limited evidence to support the use of fluciclovine PET/CT for active surveillance of patients with clinically
established low-risk prostate cancer.

Fluciclovine PET/MRI Skull Base to Mid-Thigh
There is limited evidence to support the use of fluciclovine PET/MRI for active surveillance of patients with
clinically established low-risk prostate cancer.

Fluoride PET/CT Whole Body
There is limited evidence to support the use of fluoride PET/CT for active surveillance of patients with clinically
established low-risk prostate cancer.
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MRI Abdomen and Pelvis Without and With IV Contrast
There is limited evidence to support the use of MRI abdomen and pelvis without and with IV contrast for active
surveillance of patients with clinically established low-risk prostate cancer.

MRI Abdomen and Pelvis Without IV Contrast
There is limited evidence to support the use of MRI abdomen and pelvis without IV contrast for active surveillance
of patients with clinically established low-risk prostate cancer.

MRI Pelvis Without and With IV Contrast

There has been a substantial increase in the role of MRI in active surveillance in terms of detecting/predicting
disease progression and identifying targets amenable for biopsy. In a meta-analysis of 43 studies (6,605 patients),
the sensitivity and negative predictive value of predicting disease reclassification were 0.60 and 0.75 using 1.5T
scanners and 0.81 and 0.78 using 3.0T scanners [81]. In addition, several studies have shown that MRI is at least
equivalent or superior to systematic TRUS-guided biopsies in identifying pathological progression during follow-
up in patients on active surveillance [82-84]. In a prospective trial of 172 patients who underwent active
surveillance, in which at 3 years 21% experienced pathological progression, MRI using PI-RADS was able to
identify many of them (a sensitivity of 61% and a specificity of 80%) [82]. In addition, in a study in which 86
patients who had diffusion-weighted imaging as part of their baseline assessment for active surveillance and
followed up for a median of 9.5 years, it was able to predict patients with a shorter time to adverse histology (hazard
ratio [HR] = 2.13, 95% CI: 1.17-3.89) and a shorter time to radical treatment (HR 2.54, 95% CI: 1.49-4.32; P <
.001) [83]. MRI can also be used in conjunction with nonimaging biomarkers to better identify patients with an
increased risk of biopsy upgrading [84].

MRI Pelvis Without IV Contrast

Initial imaging without using IV contrast is also a viable option based on the identical rationales for using MRI of
the pelvis with IV contrast [81-84]. Especially, there are studies that specifically address the usage of diffusion-
weighted imaging (which is typical done without or prior to administration of IV contrast) for baseline assessment
on active surveillance, demonstrating that it was helpful for predicting patients with shorter time to adverse
histology and radical treatment [83].

MRI-Targeted Biopsy Prostate

In line with promising results from MRI for detecting targetable lesions and their association with pathological
progression in patients on or eligible for active surveillance [81-84], along with development of multiple targeting
techniques (“in-bore,” fusion, and cognitive [55-58]), MRI-targeted biopsies have shown increasing usage for active
surveillance during the past decade for reclassification of disease as part of determining eligibility or during follow-
up. In a study of 445 patients, patients were more often reclassified when receiving MRI with a targeted biopsy
compared with systemic TRUS-guided biopsy alone (44% versus 37%, P =.003) [85]. In a study of 542 patients, a
negative confirmatory MRI-targeted biopsy for assessment of active surveillance eligibility was associated with a
reduced risk of Gleason Grade Group progression (HR 0.41, 95% CI: 0.22-0.77, P <.01) [86]. In addition, although
most studies show that using MRI-targeted biopsies with or without protocol randomized systemic TRUS-guided
biopsies result in increased detection of pathological progression during follow-up compared with protocol systemic
biopsies alone [59,82,87,88], there are a few studies that do not show this [89,90]. Furthermore, because some
tumors are invisible on MRI [82] and missed by MRI-targeted biopsies [91,92], even when performing MRI-
targeted biopsy as part of active surveillance, concurrent systemic biopsies cannot be omitted at the moment.

MRI Whole Body Without and With IV Contrast
There is limited evidence to support the use of MRI whole body without and with IV contrast for active surveillance
of patients with clinically established low-risk prostate cancer.

MRI Whole Body Without IV Contrast
There is limited evidence to support the use of MRI whole body without IV contrast for active surveillance of
patients with clinically established low-risk prostate cancer.

PSMA PET/CT Skull Base to Mid-Thigh
There is limited evidence to support the use of PSMA PET/CT (or PET/MRI) for active surveillance of patients
with clinically established low-risk prostate cancer.
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TRUS Prostate

In general, TRUS is inaccurate for prostate cancer detection [65,67] and has a limited accuracy for staging prostate
cancer [93]. Other than one retrospective study of 875 patients who demonstrated the association between imaging
progression on TRUS and biopsy Gleason upgrade [94], there is lack of evidence to support TRUS in evaluating on
active surveillance.

TRUS-Guided Biopsy Prostate

Many active surveillance programs incorporate serial PSA testing and some form of serial biopsy regimen, either
in the form of 1) systemic biopsy only or 2) systemic biopsy with MRI-targeted biopsy of a suspicious lesion on
MRI. Because some tumors are invisible on MRI [82] and missed by MRI-targeted biopsies [91,92], even when
performing an MRI-targeted biopsy as part of active surveillance, concurrent systemic biopsies cannot be omitted
at the moment.

Variant 4: Clinically established intermediate-risk prostate cancer. Staging or surveillance.

Bone Scan Whole Body

Bone scintigraphy remains the standard test used for the detection of bone metastases in high-risk patients.
Emerging techniques like PET/CT with various tracers (eg, PSMA, sodium fluoride) and whole body MRI have
shown capability to improve the detection of bone metastasis and have started to potentially replace bone scan in
the years to come [95-97]. A recent meta-analysis of 24 studies demonstrated that bone scan has a sensitivity of
0.86 (95% CI: 0.76-0.92) and a specificity of 0.95 (95% CI: 0.87-0.98) [95] for detecting bone metastasis.
Nevertheless, studies have shown that the positivity of bone scans is low in low-risk patients [78-80]. In a meta-
analysis of 54 studies (20,421 patients), the proportions of positive bone scans were 4.1% (95% CI: 2%-8%), 10%
(95% CI: 6.1%-15.8%), and 28.7% (95% CI: 21.8%-36.8%) in patients with Gleason scores of <6, 7, and >8,
respectively [80]. In addition, in a large study of 976 patients, bone scans were virtually always negative (100%
negative predictive value) in patients with Gleason primary pattern 3 and PSA <20 ng/mL [78].

NCCN guidelines [20] recommend bone scintigraphy if the baseline PSA is >20, the clinical stage is T2 and the
PSA is >10, the clinical stage is T3 or T4, the Gleason score is >8, or any symptoms are suggestive of bone
metastases. Many intermediate-risk patients would meet these criteria.

Choline PET/CT Skull Base to Mid-Thigh

Choline PET, although it was approved by the FDA in 2013 for evaluating recurrence, has been widely investigated
on its ability to detect nodal and distant metastases for pretreatment assessment of prostate cancer. The pooled
sensitivity of choline PET/CT is low (0.57, 95% CI: 0.42-0.70) for detecting nodal metastases prior to treatment
despite its high specificity (0.94, 95% CI: 0.89-0.97) in a meta-analysis of 7 studies (627 patients) [98].
Nevertheless, in patients with intermediate- and high-risk prostate cancer, choline PET/CT and PET/MRI has shown
to identify more nodal and distant metastatic lesions than conventional imaging [96,98]. For example, in a study of
48 patients, choline PET/CT showed higher sensitivity (46.2% versus 69.2%) with identical specificity (92.3%) for
detecting nodal metastases [99]. This in turn has shown to change in management in 33% to 71% of patients
[99,100].

Choline PET/MRI Skull Base to Mid-Thigh

Choline PET/MRI is less commonly used than choline PET/CT but can be considered in the pretreatment
assessment of prostate cancer based on the same principles that it better detects nodal and distant metastases than
CT and bone scan [96,98-100]. For example, in a study of 48 patients with intermediate- and high-risk disease,
choline PET/CT showed a higher sensitivity (46.2% versus 69.2%) with identical specificity (92.3%) for detecting
nodal metastases [99]. In a prospective study specifically assessing choline PET/MRI in 58 patients, it was superior
to CT and bone scan for detecting distant metastases (100% versus 63.6%, respectively) [101].

CT Abdomen and Pelvis With IV Contrast
CT abdomen and pelvis with IV contrast for nodal staging is generally useful in intermediate-risk patients because
the a priori risk of nodal disease exceeds 10% [20].

CT Abdomen and Pelvis Without and With IV Contrast

There is limited evidence to support the use of CT abdomen and pelvis without and with IV contrast because
obtaining CT with both techniques does not provide additional benefit in terms of detecting nodal and distant
metastases.

ACR Appropriateness Criteria® 15 Pretreatment Detection of Prostate Cancer



CT Abdomen and Pelvis Without IV Contrast

CT abdomen and pelvis without IV contrast can be a viable option as an alternative for using IV contrast for nodal
staging because it is generally useful in intermediate-risk patients because the a priori risk of nodal disease exceeds
10% [20]. However, it should be recognized that without using IV contrast there is possibility of less optimal
detection of metastases to visceral organs.

CT Chest, Abdomen, and Pelvis With IV Contrast
CT chest, abdomen, and pelvis with IV contrast for nodal staging is generally useful in intermediate-risk patients
because the a priori risk of nodal disease exceeds 10% [20].

CT Chest, Abdomen, and Pelvis Without and With IV Contrast

There is limited evidence to support the use of CT chest, abdomen, and pelvis without and with IV contrast because
obtaining CT with both techniques does not provide additional benefit in terms of detecting nodal and distant
metastases.

CT Chest, Abdomen, and Pelvis Without IV Contrast

CT chest, abdomen, and pelvis without IV contrast for nodal staging is generally useful in intermediate-risk patients
because the a priori risk of nodal disease exceeds 10% [20]. However, it should be recognized that without using
IV contrast there is a possibility of less optimal detection of metastases to visceral organs.

FDG-PET/CT Whole Body
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/CT may not be beneficial as part of staging clinically established intermediate-risk prostate cancer.

FDG-PET/MRI Skull Base to Mid-Thigh
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/MRI may not be beneficial as part of staging clinically established intermediate-risk prostate cancer.

Fluciclovine PET/CT Skull Base to Mid-Thigh

Although fluciclovine PET/CT is primarily used in the recurrent setting, it can also be considered in the pretreatment
assessment of prostate cancer based on its ability to better detect nodal and distant metastases than CT and bone
scan [98,102-105]. The specificity of fluciclovine PET/CT is high (0.98, 95% CI: 0.88-1.00) [98], and in a study of
57 patients, it demonstrated higher sensitivity for detecting nodal metastases (55.3% versus 33.3%) and was able to
identify 12.3% (7/57) additional patients with distant metastasis when compared to conventional imaging (bone
scan and CT) in patients with intermediate- and high-risk disease [106].

Fluciclovine PET/MRI Skull Base to Mid-Thigh

Fluciclovine PET/MRI is less commonly used than fluciclovine PET/CT but shares similar principles and can be
considered in the pretreatment assessment of prostate cancer based on its ability to better detect nodal and distant
metastases than CT and bone scan [102,105]. The specificity of fluciclovine PET/CT is high (0.98, 95% CI: 0.88-
1.00) [98], and in a study of 57 patients, it demonstrated a higher sensitivity for detecting nodal metastases (55.3%
versus 33.3%) and was able to identify 12.3% (7/57) additional patients with distant metastasis when compared
with conventional imaging (bone scan and CT) in patients with intermediate- and high-risk disease [106]. Although
no specific study deals with only patients with intermediate-risk disease, it is notable that in a study of 28 patients
with high-risk disease, the sensitivity and specificity of fluciclovine PET/MRI for detecting nodal metastases was
40% and 100%, respectively [105]. Also, fluciclovine PET/MRI has been shown to potentially improve
characterization of the primary tumor compared with PET/CT [103].

Fluoride PET/CT Whole Body

NaF PET/CT is a bone-specific radiotracer that was FDA approved in 1972 for the assessment of bone metastases
regardless of primary tumor and clinical setting (primary staging versus restaging). It has been shown that NaF PET
is more sensitive than bone scan for detecting bone metastases in the pretreatment evaluation of prostate cancer
[79,107,108]. For example, in a study of 226 patients, the sensitivity of NaF PET/CT was 96.8% compared with
that of bone scan (84.2%) [79]. Also, detection rates of NaF PET/CT have been shown to increase with higher risk
[79]: approximately 60% versus 30% for Gleason scores of >8 versus <7; approximately 10% versus 40% in PSA
levels of <10 ng/mL versus 10 to 50 ng/mL. Therefore NCCN guidelines recommend that it be performed in high-
risk disease [20]. Although, there is the drawback that NaF PET/CT only provides incremental benefit for bone
imaging, and anatomical CT imaging is needed to assess nodal and nonbone distant metastases. Many intermediate-
risk patients would meet the above criteria.
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MRI Abdomen and Pelvis Without and With IV Contrast

The literature indicates that MRI abdomen and pelvis without and with IV contrast may be used in intermediate-
risk patients for 1) nodal and distant metastasis staging in addition to 2) assessment of the local extent of primary
tumor [109-112]. This can be supported by the fact that a priori risk of nodal disease (most of which are in the pelvis
and some up to the retroperitoneum) exceeds 10% [20]. In addition, because a majority of the distant metastases
occur (at least in the pretreatment setting) in the axial skeleton and it is rare to harbor isolated bone metastases
without simultaneously harboring metastases in the pelvic and lumbosacral vertebral bones, MRI abdomen and
pelvis is usually sufficient to detect the presence of bone metastasis at the patient level [113].

MRI Abdomen and Pelvis Without IV Contrast

Because the main purpose for imaging the abdomen and pelvis would be to identify nodal and distant metastases,
MRI abdomen and pelvis without IV contrast is a viable option as an alternative to that using IV contrast [109-113].
However, it should be recognized that without using IV contrast there is the possibility of less optimal detection of
metastases to visceral organs.

MRI Pelvis Without and With IV Contrast

In addition to standard local and nodal staging, multiparametric MRI without and with IV contrast may be helpful
in the management of intermediate-risk prostate cancer by helping select candidates with “favorable intermediate-
risk” who may be considered for active surveillance [109-112], identifying more extensive disease that may merit
supplementary extended androgen deprivation therapy, localizing dominant disease for focal therapy, guiding
surgical planning, or changing management plan from surgery to radiation [49,114,115].

MRI Pelvis Without IV Contrast

Multiparametric MRI without IV contrast is a viable option as an alternative to using IV contrast in patients with
intermediate-risk disease with standard local and nodal staging by helping select candidates with “favorable
intermediate-risk” who may be considered for active surveillance, identifying more extensive disease that may merit
supplementary extended androgen deprivation therapy, localizing dominant disease for focal therapy, and guiding
surgical planning, or changing management plan from surgery to radiation [49,109-112,114,115]. Although the
same principles and controversies regarding the use of IV contrast persists, many of these scenarios are less
dependent on the potential advantages of IV contrast.

MRI-Targeted Biopsy Prostate
Many patients with intermediate-risk disease choose definitive treatment, and targeted biopsy is generally unlikely
to significantly alter management. However, MRI-targeted biopsy may be useful in a subset of patients with Gleason

3 + 4 for the purpose of identifying “favorable intermediate-risk” who may be considered for active surveillance
[109-112].

MRI Whole Body Without and With IV Contrast

Whole body MRI is another promising imaging modality that may be more widely integrated into clinical practice
in the near future. Although the concept of whole body MRI in prostate cancer with or without concurrent
multiparametric pelvic MRI originally emerged for the detection of recurrent or metastatic disease [116], there is
an increased interest of using it in the pretreatment assessment of prostate cancer [96,108,117]. In a prospective
study of 56 intermediate- and high-risk patients, whole body MRI was more accurate than bone scan and similar to
choline PET/CT for detecting nodal and distant metastases [96]. When compared to PSMA PET/CT, the modality
known to have the highest sensitivity, whole body MRI showed concordant findings for nonregional nodal
metastases in 72.2% and for distant metastases in 86.1% in a prospective study of 36 high-risk patients [117]. In
addition to standard local, nodal, and distant metastasis staging, multiparametric MRI of the prostate may be added
in the whole body MRI protocol, providing additional information to assist management of intermediate-risk
prostate cancer by helping select candidates with “favorable intermediate risk” may be considered for active
surveillance [109-112], identifying more extensive disease that may merit supplementary extended androgen
deprivation therapy, localizing dominant disease for focal therapy, guiding surgical planning, or changing
management plan from surgery to radiation [49,114,115].

MRI Whole Body Without IV Contrast
Because the main purpose for imaging the whole body would be to identify nodal and distant metastases, MRI
whole body without IV contrast is a viable option as an alternative to that using IV contrast [49,96,108-112,114-
117]. However, it should be recognized that without using IV contrast there is the possibility of less optimal
detection of metastases to visceral organs.
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PSMA PET/CT Skull Base to Mid-Thigh

The literature indicates PSMA PET/CT is useful in patients with intermediate- and high-risk disease. PSMA PET,
which can be used with CT or MRI (PET/CT and PET/MRI, respectively), is one of the newer imaging modalities,
which has been primarily investigated in the setting of biochemical recurrence and biochemical failure, where,
because of its superior capability to detect recurrent disease, has shown to substantially change management [118].
Nevertheless, many recent studies have shown its potential to detect metastatic disease in patients with intermediate-
and high-risk prostate cancer undergoing pretreatment assessment, and it has recently received approval from the
FDA for both recurrent and primary staging settings [117,119-121].

PSMA PET/CT examination has higher diagnostic performance for prostate cancer compared to fluciclovine
PET/CT, which was able to identify additional patients with distant metastasis when compared to conventional
imaging (bone scan and CT) in patients with intermediate- and high-risk disease. In a study of 130 patients with
intermediate- and high-risk patients, PSMA PET demonstrated superior sensitivity and a similar specificity to
morphological imaging alone (CT or MRI) [121]: 68.3% and 99.1%, respectively, for PSMA PET and 27.3% and
97.1%, respectively, for morphological imaging. Additionally, PSMA PET, especially when combined with MRI,
can potentially improve detection and characterization (eg, assessment of local extent) of the primary tumor, by
using different types of PSMA-targeted radiotracers, compared with multiparametric MRI alone or clinical
nomograms [19,122,123].

TRUS Prostate
TRUS is unlikely to provide useful incremental information in patients with an established diagnosis of
intermediate-risk prostate cancer and so it is not beneficial.

TRUS-Guided Biopsy Prostate
Active surveillance may be beneficial in carefully selected patients with intermediate-risk prostate cancer [109-
111]. In that setting, some form of serial TRUS-guided biopsy would be useful as part of the monitoring regimen.

Variant S: Clinically established high-risk prostate cancer. Staging.

Bone Scan Whole Body

Bone scintigraphy remains the standard modality used for detection of bone metastases in high-risk patients,
although emerging techniques have started to potentially replace bone scan in the years to come [95-97].
Nevertheless, studies have shown that the positivity of bone scans is low in low-risk patients [78-80]. In a meta-
analysis of 54 studies (20,421 patients), the proportions of positive bone scans were 4.1% (95% CI: 2%-8%), 10%
(95% CI: 6.1%-15.8%), and 28.7% (95% CI: 21.8%-36.8%) in patients with Gleason scores of <6, 7, and >8,
respectively [80]. In addition, in a large study of 976 patients, bone scans were virtually always negative (100%
negative predictive value) in patients with Gleason primary pattern 3 and PSA <20 ng/mL [78]. NCCN guidelines
[20] recommend bone scintigraphy if the baseline PSA is >20, the clinical stage is T2 and the PSA is >10, the
clinical stage is T3 or T4, the Gleason score is >8, or any symptoms are suggestive of bone metastases. Essentially
all high-risk patients would meet these criteria.

Choline PET/CT Skull Base to Mid-Thigh

Although choline PET/CT is primarily used in the recurrent setting, it can also be considered in the pretreatment
assessment of prostate cancer based on its ability to better detect nodal and distant metastases than CT and bone
scan. In patients with intermediate- and high-risk prostate cancer, choline PET/CT has shown to identify more nodal
and distant metastatic lesions than conventional imaging [96,98-100]. For example, in a study of 48 patients, choline
PET/CT showed a higher sensitivity (46.2% versus 69.2%) with an identical specificity (92.3%) for detecting nodal
metastases [99]. In another multicenter study of 269 patients, choline PET/CT was shown to identify more nodal
and distant metastatic lesions than conventional imaging, which led to a change in therapeutic indication in
approximately 70% of patients [100].

Choline PET/MRI Skull Base to Mid-Thigh

Choline PET/MRI is less commonly used than choline PET/CT but can be considered in the pretreatment
assessment of prostate cancer based on the same principles that it better detects nodal and distant metastases than
CT and bone scan [96,98-100]. For example, in a study of 48 patients with intermediate- and high-risk disease,
choline PET/CT showed a higher sensitivity (46.2% versus 69.2%) with an identical specificity (92.3%) for
detecting nodal metastases [99]. In a prospective study of 58 patients with high-risk disease, which specifically
assessed choline PET/MRI, it was superior to CT and bone scan for detecting distant metastases (100% versus
63.6%, respectively) [101].
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CT Abdomen and Pelvis With IV Contrast
CT abdomen and pelvis with IV contrast for nodal staging is generally useful in high-risk patients because a priori
risk of nodal disease exceeds 10% [20].

CT Abdomen and Pelvis Without and With IV Contrast

There is limited evidence to support the use of CT abdomen and pelvis without and with IV contrast because
obtaining CT with both techniques does not provide additional benefit in terms of detecting nodal and distant
metastases.

CT Abdomen and Pelvis Without IV Contrast

CT abdomen and pelvis without IV contrast for nodal staging is generally useful in high-risk patients because a
priori risk of nodal disease exceeds 10% [20]. However, it should be recognized that without using IV contrast there
is the possibility of less optimal detection of metastases to visceral organs.

CT Chest, Abdomen, and Pelvis With IV Contrast
CT chest, abdomen, and pelvis with IV contrast for nodal staging is generally useful in high-risk patients because a
priori risk of nodal disease exceeds 10% [20].

CT Chest, Abdomen, and Pelvis Without and With IV Contrast

There is limited evidence to support the use of CT chest, abdomen, and pelvis without and with IV contrast because
obtaining CT with both techniques does not provide additional benefit in terms of detecting nodal and distant
metastases.

CT Chest, Abdomen, and Pelvis Without IV Contrast

CT chest, abdomen, and pelvis without IV contrast for nodal staging is generally useful in high-risk patients because
a priori risk of nodal disease exceeds 10% [20]. However, it should be recognized that without using IV contrast
there is the possibility of less optimal detection of metastases to visceral organs.

FDG-PET/CT Whole Body
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/CT may not be beneficial as part of staging clinically established high-risk prostate cancer.

FDG-PET/MRI Skull Base to Mid-Thigh
Because prostate cancer and metastases from it are generally not FDG-avid unlike most other malignancies, FDG-
PET/MRI may not be beneficial as part of staging clinically established high-risk prostate cancer.

Fluciclovine PET/CT Skull Base to Mid-Thigh

Although fluciclovine PET/CT is primarily used in the recurrent setting, it can also be considered in the pretreatment
assessment of prostate cancer based on its ability to better detect nodal and distant metastases than CT and bone
scan [98,102]. The specificity of fluciclovine PET/CT is high (0.98, 95% CI: 0.88-1.00) [98], and in a study of 57
patients, it demonstrated a higher sensitivity for detecting nodal metastases (55.3% versus 33.3%) and was able to
identify 12.3% (7/57) additional patients with distant metastasis when compared with conventional imaging (bone
scan and CT) in patients with intermediate- and high-risk disease [106].

Fluciclovine PET/MRI Skull Base to Mid-Thigh

Fluciclovine PET/MRI is less commonly used than fluciclovine PET/CT but shares similar principles and can be
considered in the pretreatment assessment of prostate cancer based on its ability to better detect nodal and distant
metastases than CT and bone scan [102,105]. The specificity of fluciclovine PET/CT is high (0.98, 95% CI: 0.88-
1.00) [98], and in a study of 57 patients, it demonstrated a higher sensitivity for detecting nodal metastases (55.3%
versus 33.3%) and was able to identify 12.3% (7/57) additional patients with distant metastasis when compared
with conventional imaging (bone scan and CT) in patients with intermediate- and high-risk disease [106]. In a study
of 28 patients with high-risk disease who underwent fluciclovine PET/MRI, the sensitivity and specificity for
detecting nodal metastases was 40% and 100%, respectively [105].

Fluoride PET/CT Whole Body

NaF PET/CT is more sensitive than bone scan for detecting bone metastases in the pretreatment evaluation of
prostate cancer [79,107,108]. In a study of 226 patients, the sensitivity of NaF PET/CT was 96.8% compared with
that of bone scan (84.2%) [79]. Also, detection rates of NaF PET/CT have been shown to increase with higher risk
[79]: approximately 60% versus 30% for Gleason scores of <8 versus >7; approximately 10% versus 40% in PSA
levels of <10 ng/mL versus 10 to 50 ng/mL. Essentially all high-risk patients would meet these criteria.
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MRI Abdomen and Pelvis Without and With IV Contrast

The literature indicates MRI abdomen and pelvis may be used in high-risk patients for 1) nodal and distant
metastasis staging in addition to 2) assessment of the local extent of primary tumor [109-112]. This can be supported
by the fact that a priori risk of nodal disease (most of which are in the pelvis and some up to the retroperitoneum)
exceeds 10% [20]. In addition, because a majority of the distant metastases occur (at least in the pretreatment setting)
in the axial skeleton and it is rare to harbor isolated bone metastases without simultaneously harboring metastases
in the pelvic and lumbosacral vertebral bones, MRI abdomen and pelvis is usually sufficient to detect the presence
of bone metastasis at the patient level [113].

MRI Abdomen and Pelvis Without IV Contrast

Because the main purpose for imaging the abdomen and pelvis would be to identify nodal and distant metastases,
MRI abdomen and pelvis without IV contrast is a viable option as an alternative to using IV contrast [20,109-113].
However, it should be recognized that without using IV contrast there is possibility of less optimal detection of
metastases to visceral organs.

MRI Pelvis Without and With IV Contrast

In addition to standard local and nodal staging, multiparametric MRI may be helpful in the management of high-
risk prostate cancer by identifying more extensive disease that may merit supplementary extended androgen
deprivation therapy, localizing dominant disease for focal therapy, guiding surgical planning, or changing
management plan from surgery to radiation [49,114,115].

MRI Pelvis Without IV Contrast

In addition to standard local and nodal staging, multiparametric MRI without IV contrast may be a viable option as
an alternative to using IV contrast in the management of high-risk prostate cancer [49,114,115]. Although the same
principles and controversies regarding the use of IV contrast persists, many of these scenarios are less dependent
on the potential advantages of [V contrast.

MRI-Targeted Biopsy Prostate
Most patients with high-risk disease require definitive therapy, and targeted biopsy is unlikely to significantly alter
management.

MRI Whole Body Without and With IV Contrast

The literature indicates that MRI whole body can be used to assess the nodal and distant metastatic state in patients
with intermediate- and high-risk prostate cancer prior to treatment [96,108,117]. In a prospective study of 56
intermediate- and high-risk patients, whole body MRI was more accurate than bone scan and similar to choline
PET/CT for detecting nodal and distant metastases [96]. In a prospective study of 36 high-risk patients, whole body
MRI was concordant with PSMA PET/CT for determining nonregional nodal metastases in 72.2% and for distant
metastases in 86.1% of the patients [117]. In addition to standard local, nodal, and distant metastasis staging,
multiparametric MRI of the prostate may be added in the whole body MRI protocol, providing additional
information to assist management of high-risk prostate cancer by identifying more extensive disease that may merit
supplementary extended androgen deprivation therapy, localizing dominant disease for focal therapy, guiding
surgical planning, or changing management plan from surgery to radiation [49,114,115].

MRI Whole Body Without IV Contrast

Because the main purpose for imaging the whole body would be to identify nodal and distant metastases, MRI
whole body without IV contrast is a viable option as an alternative to using IV contrast [49,96,108,114,115,117].
However, it should be recognized that without using IV contrast there is the possibility of less optimal detection of
metastases to visceral organs.

PSMA PET/CT Skull Base to Mid-Thigh

PSMA PET, which can be used either with CT or MRI (PET/CT and PET/MRI, respectively) has shown its potential
to detect metastatic disease in patients with high-risk prostate cancer undergoing pretreatment assessment [117,119-
121]. In a prospective randomized trial of 302 high-risk patients, PSMA PET demonstrated superior sensitivity and
specificity to conventional imaging (CT, MRI, and bone scan) [119]: 85% and 98%, respectively, for PSMA PET
and 38% and 91%, respectively, for conventional imaging.

TRUS Prostate
TRUS is unlikely to provide useful incremental information in patients with an established diagnosis of high-risk
prostate cancer and so it is not beneficial.
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TRUS-Guided Biopsy Prostate
TRUS-guided biopsy is unlikely to provide useful incremental information in patients with an established diagnosis
of high-risk prostate cancer and so it is not beneficial.

Summary of Recommendations

Variant 1: MRI-targeted biopsy prostate or TRUS-guided biopsy prostate or MRI pelvis without and with IV
contrast or MRI pelvis without IV contrast is usually appropriate as the initial imaging study for diagnosing
prostate cancer in biopsy-naive patients with clinical suspicion for disease. These procedures are equivalent
alternatives (ie, only one procedure will be ordered to provide the clinical information to effectively manage
the patient’s care).

Variant 2: MRI-targeted biopsy prostate or TRUS-guided biopsy prostate or MRI pelvis without and with IV
contrast or MRI pelvis without IV contrast is usually appropriate as the next imaging study for diagnosing
prostate cancer in patients with a negative TRUS-guided biopsy and continued clinical suspicion for disease.
These procedures are equivalent alternatives (ie, only one procedure will be ordered to provide the clinical
information to effectively manage the patient’s care).

Variant 3: MRI-targeted biopsy prostate or TRUS-guided biopsy prostate or MRI pelvis without and with IV
contrast or MRI pelvis without IV contrast is usually appropriate for active surveillance of clinically established
low-risk prostate cancer. These procedures are equivalent alternatives (ie, only one procedure will be ordered
to provide the clinical information to effectively manage the patient’s care).

Variant 4: MRI-targeted biopsy prostate or MRI abdomen and pelvis without and with IV contrast or MRI
abdomen and pelvis without IV contrast or CT abdomen and pelvis with IV contrast or PSMA PET/CT or CT
chest abdomen pelvis with IV contrast or fluciclovine PET/CT skull base to mid-thigh is usually appropriate
for staging or surveillance of clinically established intermediate-risk prostate cancer. These procedures are
equivalent alternatives (ie, only one procedure will be ordered to provide the clinical information to effectively
manage the patient’s care). Although the panel did not agree on recommending MRI whole body without and
with IV contrast or MRI whole body without IV contrast or CT abdomen and pelvis without and with IV
contrast, because there is insufficient medical literature to conclude whether these patients would benefit from
the procedure, its use may be appropriate.

Variant 5: MRI abdomen and pelvis without and with IV contrast or MRI pelvis without and with IV contrast
or bone scan whole body or choline PET/CT skull base to mid-thigh or choline PET/MRI skull base to mid-
thigh or CT abdomen and pelvis with IV contrast or fluciclovine PET/MRI skull base to mid-thigh or PSMA
PET/CT skull base to mid-thigh or CT chest abdomen pelvis with IV contrast or fluciclovine PET/CT skull
base to mid-thigh or fluoride PET/CT whole body is usually appropriate for staging of clinically established
high-risk prostate cancer. These procedures are equivalent alternatives (ie, only one procedure will be ordered
to provide the clinical information to effectively manage the patient’s care). Although the panel did not agree
on recommending CT abdomen and pelvis without and with IV contrast, because there is insufficient medical
literature to conclude whether these patients would benefit from the procedure, its use may be appropriate.

Supporting Documents

The evidence table, literature search, and appendix for this topic are available at https://acsearch.acr.org/list. The
appendix includes the strength of evidence assessment and the final rating round tabulations for each
recommendation.

For additional information on the Appropriateness Criteria methodology and other supporting documents go to
WWWw.acr.org/ac.
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Appropriateness Category Names and Definitions

Appropriateness

Rating Appropriateness Category Definition

Appropriateness Category Name

The imaging procedure or treatment is indicated in the
Usually Appropriate 7,8,0r9 specified clinical scenarios at a favorable risk-benefit
ratio for patients.

The imaging procedure or treatment may be indicated
in the specified clinical scenarios as an alternative to
May Be Appropriate 4,5, 0r6 imaging procedures or treatments with a more
favorable risk-benefit ratio, or the risk-benefit ratio for
patients is equivocal.

The individual ratings are too dispersed from the panel
median. The different label provides transparency

May Be Appropriate 5 regarding the panel’s recommendation. “May be
(Disagreement) appropriate” is the rating category and a rating of 5 is
assigned.

The imaging procedure or treatment is unlikely to be
: indicated in the specified clinical scenarios, or the
Usually Not Appropriate 1,2,0r3 risk-benefit ratio for patients is likely to be

unfavorable.

Relative Radiation Level Information

Potential adverse health effects associated with radiation exposure are an important factor to consider when
selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures associated with
different diagnostic procedures, a relative radiation level (RRL) indication has been included for each imaging
examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to estimate
population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at
inherently higher risk from exposure, because of both organ sensitivity and longer life expectancy (relevant to the
long latency that appears to accompany radiation exposure). For these reasons, the RRL dose estimate ranges for
pediatric examinations are lower as compared with those specified for adults (see Table below). Additional
information regarding radiation dose assessment for imaging examinations can be found in the ACR
Appropriateness Criteria® Radiation Dose Assessment Introduction document [124].

Relative Radiation Level Designations
Relative Radiation Level* Adult Effective Dose Estimate Pediatric Effective Dose Estimate
Range Range
@) 0 mSv 0 mSv
& <0.1 mSv <0.03 mSv
& 0.1-1 mSv 0.03-0.3 mSv
OO 1-10 mSv 0.3-3 mSv
DO 10-30 mSv 3-10 mSv
OO0 30-100 mSv 10-30 mSv
*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary
as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is used).
The RRLs for these examinations are designated as “Varies.”
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