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Abstract

BACKGROUND.—Despite advances in prostate cancer treatment, rates of biochemical
recurrence remain high, relating to lack of detection of small-volume metastatic disease using
conventional imaging for initial staging.

OBJECTIVE.—The purpose of this study was to assess the potential use of 18F-fluciclovine
PET/MRI for initial staging of high-risk prostate cancer and evaluating response to androgen
deprivation therapy (ADT).

METHODS.—This prospective clinical trial enrolled 14 men with newly diagnosed high-risk
prostate cancer and negative or equivocal conventional staging imaging for metastatic disease
between January 2018 and February 2019. All patients underwent pretreatment 18F-fluciclovine
PET/MRI including multiparametric prostate MRI; 12 underwent 18F-fluciclovine PET/MRI
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after surgery or between ADT and radiotherapy. Confidence in identification of the primary
intraprostatic lesion and nodal metastases was independently rated on a 0-3 Likert scale by three
readers with nuclear medicine experience for 18F-fluciclovine PET/MRI and three readers with
abdominal imaging experience for MRI alone. Findings scored as 2 or 3 by at least two readers

of a given modality were considered positive. A single reader measured SUVean, SUVmax, and
volume of the MRI-defined intraprostatic lesion and SUV 4 Of suspicious lymph nodes on PET
before and after initiation of ADT. Changes in SUV were analyzed using nonparametric Wilcoxon
signed-rank tests.

RESULTS.—The biopsy-proven lesion in the prostate gland was accurately identified in all 14
patients on both MRI and 8F-fluciclovine PET/MRI. Suspected nodal metastases were detected
in three patients on MRI and seven patients on 18F-fluciclovine PET/MRI. After ADT, all patients
showed decreased activity within the intraprostatic lesion and/or all suspicious lymph nodes. The
primary lesion SUV yean Was 4.5 £ 1.1 (range, 2.7-6.5) before treatment and 2.4 + 1.1 (range,
0.0-3.6) after initiation of ADT (p = .008). For suspicious lymph nodes, the pretreatment SUV yax
was 5.5 £ 3.7 (range, 2.8-12.7) and the posttreatment SUV pax Was 2.8 + 1.4 (range, 1.4-5.5) (p=
.03).

CONCLUSION.—8F-labeled fluciclovine PET/MRI shows potential utility in initial staging of
high-risk prostate cancer and in evaluating response to ADT.

CLINICAL IMPACT.—Given the FDA approval and widespread availability of 18F-fluciclovine,
the findings could have an impact in the immediate future in guiding initial management of
patients with prostate cancer.

TRIAL REGISTRATION.—ClinicalTrials.gov NCT03264456
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Prostate cancer is a common malignancy with an estimated 174,650 new cases and 31,620
deaths in 2019 [1]. Approximately 80% of cancers detected are localized to the prostate
gland, but a minority of patients have metastatic disease at time of diagnosis. Disease risk
is stratified using the Gleason score, serum PSA level, and clinical stage. These provide
estimated risks of extraprostatic disease according to established nomograms and Partin
tables [2, 3]. Radiologic staging is performed with CT or MRI and skeletal scintigraphy [4].
In patients who undergo definitive treatment, up to 30% experience biochemical recurrence
[5, 6]. These recurrences are thought to be a result of lack of detection of small-volume
metastatic disease by conventional imaging [7]. Improved imaging is needed to better guide
treatment decisions and decrease the rate of biochemical recurrence [8]. Controversy also
persists regarding the utility of nodal dissection and/or elective nodal radiation in prostate
cancer; improved staging imaging could help to guide these treatments, potentially in a
targeted fashion [9-11].

Although prostate MRI is valuable for the detection of primary intraprostatic lesions, its
sensitivity and specificity for the detection of nodal metastases are limited by size and
nodal morphology [12, 13]. It is well known that normal-appearing lymph nodes on CT
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and MRI can harbor metastatic disease [14-18]. In 2016, 18F-fluciclovine (*8F-1-amino-3-
fluorocyclobutane-1-carboxylic acid) was approved for PET in men with suspected prostate
cancer recurrence according to elevated serum PSA levels after prior treatment. 18F-labeled
fluciclovine PET/CT has been shown to be effective for detecting nodal metastases and
distant metastases in recurrent prostate cancer, and 18F-fluciclovine PET is now incorporated
into the National Comprehensive Cancer Network guidelines in the recurrence setting

[4, 19-21]. In addition, studies show that 18F-fluciclovine PET/CT results in changes to
radiotherapy planning for a majority of patients, and that 18F-fluciclovine PET can be used
to develop personalized radiotherapy plans for patients [22-24]. In comparison, limited but
promising data support the utility of 18F-fluciclovine PET/CT and PET/MRI for initial
staging in prostate cancer [25-30].

An in vitro study of human prostate cancer cells showed significant effects of both
5a-dihydrotestosterone and bicalutamide in the castrate-sensitive setting [31]. However,
to the authors’ knowledge, no study has evaluated the effect of androgen deprivation
therapy (ADT) on 18F-fluciclovine uptake or the use of 18F-fluciclovine PET in evaluating
response to ADT in vivo. We hypothesized that 18F-fluciclovine PET/MRI would detect
more metastatic disease in pelvic lymph nodes compared with MRI alone and that 18F-
fluciclovine PET would show decreased activity within suspicious lesions after initiation
of ADT. To determine if future larger studies are justified, this prospective pilot study was
conducted to assess the potential use of 18F-fluciclovine PET/MRI for initial staging of
high-risk prostate cancer and evaluation of response to ADT.

Enrollment and Study Design

After local IRB approval, the study was registered as a single-arm prospective pilot clinical
trial through ClinicalTrials.gov (NCT03264456); the full protocol is accessible through the
trial webpage. The trial took place between January 2018 and February 2019. Written
informed consent was obtained from all patients at time of enroliment. A study flowchart is
depicted in Figure 1. Inclusion criteria were adult (> 18 years) men who had biopsy-proven
treatment-naive prostate cancer and met National Comprehensive Cancer Network criteria
for high-risk or very high-risk prostate cancer (Gleason score = 8 and/or a serum PSA >

20 ng/mL). All patients underwent a standard-of-care transrectal ultrasound-guided prostate
biopsy at time of diagnosis, which included standard 12-core template biopsies with or
without the addition of MRI-targeted biopsy. All patients enrolled in the study had negative
or equivocal standard-of-care staging imaging for both locoregional and distant metastatic
disease, including CT of the abdomen and pelvis or MRI of the pelvis, and whole-body
planar 29MTc-methylene diphosphonate skeletal scintigraphy. Negative standard-of-care
imaging was defined as no evidence of metastatic disease by RECIST 1.1 criteria and
Prostate Cancer Working Group criteria. Equivocal imaging was defined as lymph nodes
approaching the RECIST 1.1 size criteria for enlargement and/or abnormal suspicious
morphology in a nonenlarged lymph node. Exclusion criteria included inability to tolerate
the PET/MRI scan, history of a hematologic/lymphatic disorder (including lymphoma,
leukemia, and Castleman’s disease), definite distant metastatic disease on conventional
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staging imaging, or allergy to glucagon or gadolinium-based MRI contrast agents. Patients
with known distant metastatic disease on conventional imaging were not included given the
smaller potential impact of 18F-fluciclovine PET/MRI on their staging. No restriction was
placed on the time interval between diagnosis and initial staging PET/MRI, but all patients
underwent 18F-fluciclovine PET/MRI before initiation of any therapy.

Acquisition of 18F-Fluciclovine PET/MRI

All patients underwent a 18F-fluciclovine PET/MRI study on a 3-T Signa PET/MRI scanner
(GE Healthcare) and received a standard 1V dose of 370 MBq of 18F-fluciclovine. Before
injection of the radiotracer, all patients underwent standard preparation for 18F-fluciclovine
PET and prostate MRI, including avoidance of strenuous exercise for 24 hours before scan,
nothing to eat or drink 4 hours before scan, and voiding before scan. PET images were
obtained immediately after radiotracer injection for an 8-minute bed position in the pelvis,
followed by 5-minute PET acquisitions at six total bed positions. The initial pelvic bed
position was acquired immediately to obtain dynamic PET data for the initial 3 minutes,
followed by a standard 5-minute PET bed acquisition. The PET reconstruction voxel size
was 3.12 x 3.12 x 2.78 mm. The whole-body MRI protocol included axial SSFSE T2-
weighted images, axial fat-saturated T1-weighted images, and sagittal nonfat-saturated T1-
weighted images. MRI-based attenuation correction was performed with the Dixon method.
Additionally, a dedicated regional multiparametric MRI of the prostate (including small
FOV T2-weighted images, high b value DWI up to 2000 s/mm? [0, 500, 1200, 2000], and
dynamic contrast-enhanced images) was obtained as part of the PET/MRI examination.

Treatment decisions were made on the basis of standard-of-care imaging and clinical patient
characteristics. If the 18F-fluciclovine PET/MRI findings would potentially alter staging
(e.g., show distant metastatic disease), the treating clinician was notified and a biopsy was
performed when it was deemed feasible and clinically appropriate. For those patients who
proceeded to surgery, a radical prostatectomy and templated extended pelvic lymph node
dissection (including the internal iliac, obturator, common iliac, and presacral lymph nodes)
was performed as standard of care for high-risk prostate cancer. Patients underwent a repeat
18F_fluciclovine PET/MRI scan using the same protocol described for the pretreatment
PET/MRI scan either after radical prostatectomy or 6 to 8 weeks after neoadjuvant ADT but
before radiation therapy.

Analysis of 18F-Fluciclovine PET/MRI and Prostate MRI

Whole-body PET/MRI was analyzed on MIM Encore (MIM Software) by three physicians
with subspecialty expertise in nuclear medicine (P.B., J.M., and G.C., with 15, 10, and

2 years of experience, respectively). Two of the PET/MRI readers (J.M. and G.C.) are
dual-board certified in radiology and nuclear medicine. Prostate MRI was independently
interpreted on a dedicated PACS by three radiologists with subspecialty expertise in
abdominal imaging (D.E.M., K.K.P,, and C.B. with 17, 5, and 4 years of experience,
respectively). All readers were unaware of the clinical history and detailed patient
information but aware of the diagnosis of prostate cancer. PET/MRI was interpreted and
analyzed using the established criteria for interpretation of 18F-fluciclovine PET in the
setting of biochemically recurrent prostate cancer [32]. Confidence in identification of the
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lesion within the prostate gland, seminal vesicle invasion, extraprostatic extension, and
nodal/skeletal metastatic disease was rated on a Likert scale ranging from 0 to 3. A rating

of 0 indicated no definite evidence of malignancy, whereas a rating of 1 indicated equivocal
for malignancy, 2 indicated suspicious for malignancy, and 3 indicated highly suspicious

for or definite malignancy. Likert scale ratings of 0 and 1 were considered a negative
imaging finding and Likert scale ratings of 2 and 3 were considered positive imaging
findings. PI-RADS criteria were used for the interpretation of the prostate MRI, but a
formal PI-RADS score was not recorded. This was primarily because PI-RADS plays a
larger role in lesion detection than in locoregional staging. Interreader agreement in imaging
findings was measured using intraclass coefficients. The MRI-defined intraprostatic lesion
SUV nean: SUVmax, Volume, and total lesion activity (SUVnean multiplied by lesion volume)
were measured by a single reader (S.G., with dual board certification with 3 years of
experience) on the summed 5- to 10-minute reconstructed PET images both before and

after the initiation of ADT in the patient cohort undergoing radiation therapy. MRI-defined
lesions were segmented on the T2-weighted images, and PET ROIs were manually drawn
on the MRI-defined lesions. The SUVyax Of patients with suspicious lymph nodes identified
on pretreatment PET/MRI was also evaluated before and after ADT. In the presence of
small lymph nodes that were qualitatively positive but challenging to quantitate because

of small size, the lymph node with the highest SUV ¢ Was selected to best differentiate
measurements from background activity.

Statistical Analysis

Results

The primary endpoint of the study was to evaluate the frequency of detection of suspected
metastatic disease with 18F-fluciclovine PET/MRI compared with conventional imaging
with MRI for patients with newly diagnosed high-risk prostate cancer. Findings rated as
Likert scale 2 or 3 by two or more readers were considered positive, and findings rated as
Likert scale 0 or 1 by two or more readers were considered negative. Interreader agreement
was calculated on the basis of classification of the nodal station or finding as either positive
or negative. The secondary endpoint was to evaluate changes in SUV in prostatic lesions
and suspicious lymph nodes in patients undergoing neoadjuvant ADT. Given that this study
was a pilot study, no formal power calculations were used in the generation of sample size.
Changes in SUV were analyzed using the nonparametric Wilcoxon signed rank test. Any p
values < .05 were considered statistically significant.

Demographics and Patient Characteristics

A total of 14 patients were enrolled in the study and underwent 18F-fluciclovine PET/MRI
before treatment. Patient demographics are summarized in Table 1. Recruitment was
completed when the prespecified number of patients per the study’s funding was reached.
Primary tumor Gleason scores were 3+4 (n=2),4+3(n=3),4+4(n=4),and4 +5

or 5+ 4 (n=15). Multifocal prostate cancer was present in biopsy specimens in five patients
at the time of initial diagnosis. The mean pretreatment serum PSA value was 33.0 + 28.7
ng/mL (range, 2.8-100). According to standard-of-care Partin tables, the study participants
had a mean predicted risk of lymph node metastases of 21% (range, 6-48%).
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Initial Staging With 18F-Fluciclovine PET/MRI

Results for initial staging with 18F-fluciclovine PET/MRI are summarized in Table 2. Full
results are available in Supplemental Tables S1 and S2 in the online supplement to this
article at doi.org/10.2214/AJR.20.24509. The biopsy-proven lesion in the prostate gland was
accurately identified in all 14 patients on both pretreatment MRI and PET/MRI, and the
activity noted on PET/MRI correlated with both the MRI-defined intraprostatic lesions and
biopsy-proven prostate cancer (Fig. 2). All patients in the study had a single intraprostatic
lesion, although five patients had a diffuse tumor that occupied most of the prostate gland.
Suspected seminal vesicle invasion was detected on PET/MRI in a total of four patients, two
of the seminal vesicle invasions were detected only on the PET/MRI and not on the regional
prostate MRI performed as part of the PET/MRI protocol. Suspected pelvic regional nodal
metastases were detected in three patients on MRI alone and in seven patients on PET/MRI
(Fig. 3). Of the three patients with suspected pelvic regional nodal metastases on MRI, 18F-
fluciclovine PET/MRI was concordant for lymph node metastases and showed additional
suspected lymph node metastases not detected on MRI alone. Of the patients who proceeded
to surgery, no lymph node metastases were detected on 18F-fluciclovine PET/MRI nor on
surgical pathology. Two patients were found to have nonregional suspected nodal metastases
on PET/MRI that were not detected on MRI. No skeletal metastases were detected in any
enrolled patients. In patients who underwent surgical resection and posttreatment PET/MRI,
no residual prostatic tissue or abnormal PET activity in the prostate bed was identified. No
patient experienced adverse effects from the 18F-fluciclovine PET/MRI during the trial.

Interreader Agreement and Pathologic Confirmation of Staging Findings

Interreader agreement for assessment of nodal metastatic disease was high on both MRI and
PET/MRI, with intraclass coefficients greater than 0.90 for nine of 11 pelvic nodal stations
analyzed for MRI both before and after treatment, and greater than 0.90 for eight of 11
pelvic nodal stations analyzed for PET/MRI before and after treatment (Table 3). A total
of two nodal biopsies were performed as part of this trial. One biopsy of an ischiorectal
fossa lymph node rated as a Likert scale 3 (highly suspicious for or definite malignancy)
was found to represent metastatic prostate carcinoma. A second biopsy of a retroperitoneal
lymph node rated as a Likert scale 2 (suspicious for malignancy) was found to represent a
benign lymph node. One patient with suspected seminal vesicle invasion on PET/MRI but
not the MRI alone underwent surgery and was histologically confirmed to have seminal
vesicle invasion at radical prostatectomy.

Restaging Using 18F-Fluciclovine PET/MRI After Androgen Deprivation Therapy

Ten of the 14 (71.4%) patients underwent ADT before radiation therapy. Primary tumor
Gleason scoreswere 3+ 4 (n=2),4+3(n=2),4+4(n=3),and4+50r5+4 (n

= 3). The mean pretreatment serum PSA value of this subgroup was 33.0 = 22.9 ng/mL
(range, 2.8-76.5). The mean serum PSA value 6 weeks after initiation of ADT was 2.1
ng/mL (range, 0.3-5.7) (Table 1). Results for the cohort undergoing ADT before radiation
therapy are summarized in Table 4. Full results are available in Supplemental Tables S3 and
S4 in the online supplement to this article at doi.org/10.2214/AJR.20.24509. The primary
intraprostatic lesion was accurately identified in all 10 patients, seven of whom showed
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suspicious lymph nodes on the pretreatment PET/MRI. After ADT, all 10 patients showed
a decrease in tracer activity either within the primary intraprostatic lesion, all suspicious
lymph nodes detected on the pretreatment 18F-fluciclovine PET/MRI, or both (Fig. 4).
Suspected metastatic lesions on the PET scan before ADT were not visible in three of seven
patients after the initiation of ADT. The primary lesion SUV ean Was 4.5 + 1.1 (range,
2.7-6.5) before treatment and 2.4 + 1.1 (range, 0.0-3.6) after initiation of ADT (p = .008).
The primary lesion SUV 3 was 7.1 + 1.7 (range, 3.9-8.6) before treatment and 3.5 £ 2.0
(range, 0.0-7.6) after initiation of ADT (o= .008). The pretreatment PET/MRI-segmented
lesion volume (mL) was 8.7 £ 10.5 (range, 0.5-27.4) and the posttreatment volume was

2.4 £ 4.0 (range, 0-12.7) (p=.004). The pretreatment total lesion activity was 39.8 + 49.5
(range, 1.8-132.2) and posttreatment total lesion activity was 7.1 + 12.3 (range, 0.0-39.0)
(p=.004). In patients with suspicious lymph nodes detected on pretreatment PET/MRI, the
pretreatment SUVyax Was 5.5 £ 3.7 (range, 2.8-12.7) and posttreatment SUV pax Was 2.8 £
1.4 (range, 1.4-5.5) (p=.03). A plot of changes in PSA level and prostatic lesion SUV pax IS
depicted in Figure 5.

Discussion

Our prospective pilot study shows the potential of 18F-fluciclovine PET/MRI to improve
the initial staging of patients with high-risk prostate cancer. There was high correlation
between the MRI-defined lesion and 18F-fluciclovine PET/MRI-defined activity, which
concurs with prior published data [28]. Further, in two patients, 18F-fluciclovine PET/MRI
showed seminal vesicle invasion that was not identified on MRI, thereby improving T
categorization; this detection of seminal vesicle invasion could direct image-guided seminal
vesicle biopsy and is particularly important in patients not undergoing radical prostatectomy
[33]. The seminal vesicle invasion could be missed during initial workup if only performing
PET/MRI after the administration of ADT. Moreover, in half of the patients in our

sample, 18F-fluciclovine PET/MRI detected suspected metastatic lymph nodes that were
not enlarged according to RECIST 1.1 criteria, similar to the reported performance of 18F-
fluciclovine PET in the setting of initial staging [26]. In comparison with the biochemical
recurrence setting, little data exist regarding this specific benefit of 18F-fluciclovine PET
relative to conventional imaging during initial staging [23]. Detection of these lymph

nodes during initial staging may have important consequences for surgery or radiotherapy
planning. Thus, our study results support the potential utility of 18F-fluciclovine PET

in initial staging when compared with conventional imaging with superior detection of
extraprostatic disease. Additionally, although not the focus of this study, 18F-fluciclovine
PET/MRI offers far superior intraprostatic lesion characterization and local staging of the
prostate when compared with PET/CT because of the superiority of multiparametric prostate
MRI performed during the examination and increasing characterization of fluciclovine-PET
activity within the gland.

Several prior studies have validated 18F-fluciclovine uptake on initial staging PET as a
marker of metastatic disease with subsequent pathologic confirmation [26, 28, 34]. In a
study of 18F-fluciclovine PET/MRI for detection and characterization of high-risk prostate
cancer in patients undergoing radical prostatectomy, Elschot et al. [28] found that 18F-
fluciclovine PET/MRI outperformed both MRI and PET alone in distinguishing malignant
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from benign tissue and high-grade tumors from other tissues. Selnaes et al. [26] found that
in high-risk patients undergoing radical prostatectomy, fluciclovine PET/MRI activity in
lymph nodes was highly specific for the presence of metastatic disease at resection. A recent
study by Alemozaffar et al. [34] of 68 patients with high-risk prostate cancer undergoing
radical prostatectomy established a per-patient specificity of 84.8% in the detection of
metastatic disease in lymph nodes and showed significantly higher sensitivity compared with
conventional imaging. Despite the limited pathologic confirmation for staging findings in
our study, our findings provide additional evidence in support of the role of 18F-fluciclovine
PET/MRI in initial staging of high-risk prostate cancer and illustrates the potential value

of PET/MRI via integration of multiparametric prostate MRI to improve characterization

of 18F-fluciclovine uptake within the prostate gland, which is a particular advantage over
PET/CT.

Fluorine-18-labeled fluciclovine PET/MRI detected suspected pelvic lymph node metastases
at a higher rate than expected according to established risk nomograms (50% vs 21%,
respectively). If validated in larger studies, new nomograms for primary staging might need
to be considered to reflect the increased detection of both locoregional and distant metastatic
disease observed in primary staging with 18F-fluciclovine PET. Use of 18F-fluciclovine PET
has been shown to aid image-guided targeted biopsies, similar to MRI-targeted biopsies, to
correctly stage and risk stratify patients before radical prostatectomy and avoid upstaging

of disease on the radical prostatectomy specimen [35, 36]. Additionally, improved detection
of suspected nodal metastatic disease outside the pelvis can have important therapeutic
consequences and change the patient management [37].

After ADT, patients consistently showed decreases in serum PSA value and decreases in
18F_fluciclovine uptake in primary prostate cancer and nodal metastases. To the authors’
knowledge, no published human data exist describing the changes in SUV after ADT.
Thus, 18F-fluciclovine PET may be useful in monitoring response to ADT, particularly

if there is a failure of expected PSA level decline after therapy. This observation could

be beneficial in treatment planning given that patients could potentially be considered for
targeted radiotherapy or surgery. Additionally, given that prostate cancer is often multifocal
and in varying stages of evolution, a lesion with persistent PET activity after ADT may
warrant a focal therapeutic radiation boost to achieve durable response; 18F-fluciclovine
PET/MRI could therefore potentially guide brachytherapy if being used adjunctively with
ADT. If only the 18F-fluciclovine PET after PET was interpreted to guide therapy, suspected
metastatic lesions that were observed on the PET before ADT would have been missed

in three of seven patients with positive pretreatment PET. In two patients who underwent
ADT, the primary prostatic lesion was no longer visible on the PET after ADT. Therefore,
ADT may decrease the detection of metastases with 18F-fluciclovine PET after initiation of
neoadjuvant ADT, particularly in the absence of a pretreatment PET.

Prostate-specific membrane antigen (PSMA) PET radiotracers are a class of
radiopharmaceuticals that target the PSMA transmembrane protein, which is overexpressed
in prostate cancer cells. Early data suggest that PSMA tracers have superior diagnostic
performance compared with 18F-fluciclovine in both initial staging and biochemical
recurrence settings [38, 39]. In a head-to-head prospective study performed by Calais et al.
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[38], PSMA radiotracers outperformed 18F-fluciclovine for the detection of biochemically
recurrent prostate cancer in all anatomic regions except for the prostate bed. A recent
meta-analysis of the performance of all PSMA radiotracers and 18F-fluciclovine in the
setting of biochemical recurrence showed superior performance of PSMA radiotracers for
patients with PSA values of 1.0-1.9 ng/mL [40]. Additionally, the diagnostic accuracy of
68Ga-PSMA-11 PET/MRI compared with multiparametric MRI for the detection of prostate
cancer showed superior detection of prostate cancer within the prostate gland at time of
radical prostatectomy [41]. One study observed changes on PSMA PET after neoadjuvant
ADT that appear to mirror our findings [42]. However, many PSMA radiotracers use

68Ga, which limits widespread distribution and utilization. Interest is recently increasing

in the development of 18F-labeled PSMA compounds. However, these tracers are still in
development, and how their performance compares to 8Ga-labeled PSMA tracers is unclear
[43]. At this time, no PSMA PET radiotracer is approved by the FDA. Although FDA
approval of one or more PSMA PET ligands is expected in the near future, their use

is currently limited to the research setting. To our knowledge, no current published data
directly compare PSMA ligands and 18F-fluciclovine in assessing response to ADT.

Our study is limited by small sample size and the lack of pathologic confirmation of 18F-
fluciclovine PET/MRI findings outside of the biopsy-proven prostate cancer. However, prior
studies have shown high specificity between 18F-fluciclovine PET/MRI detection of nodal
metastases and pathologic confirmation of malignancy in patients who underwent radical
prostatectomy [26]. Additionally, multiple lymph nodes that were not biopsied or surgically
removed showed decreased activity and/or resolution on 18F-fluciclovine PET/MRI after
ADT. Thus, it is inferred that the findings on the 18F_fluciclovine PET/MRI examinations
reflect true-positive sites of disease. In the two patients who underwent biopsy in our study,
one of the two samples was a true metastasis and the other represented a false-positive.

The false-positive case did have a lower Likert rating for metastatic disease compared with
the true-positive, although it is difficult to draw a meaningful conclusion given the small
number of lymph node biopsies performed as part of this study. On the PET/MRI scan after
therapy, the qualitative appearance of the false-positive lymph node did not change and no
size change was observed, consistent with a benign lymph node. Additionally, given the
single reader for the quantitative measurements, future studies with larger patient cohorts
will be required to assess the reproducibility of quantitative data.

This prospective pilot study provides an important preliminary step in establishing the utility
of 18F-fluciclovine PET/MRI in the initial staging of men with high-risk prostate cancer and
builds on previously published data. Larger multicenter trials with pathologic confirmation
and patient outcomes as the reference standard are needed to validate the findings. Our study
is also the first to our knowledge to prospectively examine use of 18F-fluciclovine PET

in evaluating response to ADT in vivo. Knowledge of the impact of ADT on the findings

on 18F-fluciclovine PET is important, particularly in staging of castrate-sensitive disease.
Thus, 18F-fluciclovine PET/MRI allows a comprehensive initial staging of high-risk prostate
cancer in a single session, and the components of the examination provide complementary
information. Given the FDA approval of 18F-fluciclovine, this study could have widespread
impact in the immediate future in guiding initial management of patients with prostate
cancer.
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HIGHLIGHTS
Key Finding

. In this prospective pilot study, 18F-fluciclovine PET/MRI identified the
biopsy-proven prostatic lesion in all patients, and suspected nodal metastases
were detected in three patients on MRI versus seven patients on PET/MRI.
After androgen deprivation therapy, all patients showed decreased activity
within the intraprostatic lesion and/or all suspicious lymph nodes.

Importance

. 18F_|abeled fluciclovine PET/MRI is primarily used in the posttreatment
recurrence setting; this study supports its clinical expansion to initial staging
of high-risk prostate cancer.
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Fig. 1—.
Flowchart of study enrollment and patient follow-up. ADT = androgen deprivation therapy.

AJR Am J Roentgenol. Author manuscript; available in PMC 2022 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Page 15

C

Fig. 2—.

779-year-old man with biopsy-proven Gleason score 4 + 5 prostate cancer in left base and
serum PSA level of 8.4 ng/mL with negative conventional staging (no evidence of metastatic
disease).

A-C, DWI (b value, 2000 s/mm?) (A), apparent diffusion coefficient map (B), and small
FOV T2-weighted MRI (C) images show large PI-RADS 5 lesion in left base with T2-
weighted hypointensity and marked restricted diffusion (z4in arrow). Open arrow shows
uptake in transition zone.

D, Fused 18F-fluciclovine PET/MRI shows high focal activity within lesion (#4in arrow).
Second focus of uptake (gpen arrow) in transition zone with no anatomic lesion on T2-
weighted images and mild corresponding restricted diffusion corresponds to benign prostatic
hyperplasia nodule.
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C

Fig. 3—.

64g—year—old man with biopsy-proven Gleason 4 + 5 prostate cancer in left base and serum
PSA value of 11.1 ng/mL and equivocal conventional staging with 1.3 cm (borderline
enlarged) left internal iliac lymph node.

A-D, Fused 18F-fluciclovine PET/MRI images show high focal uptake within left prostate
base (arrow; A) and left internal iliac lymph node (arrow, B), and additional subcentimeter
bilateral external iliac (arrows, C) and left common iliac lymph nodes (arrow; D) suspicious
for metastatic disease.
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C

Fig. 4—.

64g—year-old man with biopsy-proven Gleason 4 + 5 prostate cancer in left base and serum
PSA value of 11.1 ng/mL and equivocal conventional staging with 1.3 cm (borderline
enlarged) left internal iliac lymph node (same patient as in Fig. 3) after 6 weeks of androgen
deprivation therapy and decrease in serum PSA value from 11.1 to 0.3 ng/mL. A-D, Fused
18F_fluciclovine PET/MR images show decreased activity (arrow; A and B) within primary
prostate lesion (A) and left internal iliac lymph node (B), and resolution of activity in
additional previously identified suspicious pelvic lymph nodes (C and D).
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Scatterplot illustrates changes in SUV y,y Of prostatic lesion versus serum PSA level in men
before (within red outline) and after (within green outline) undergoing neoadjuvant androgen

depri
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TABLE 1:

Patient Demographics
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Total Cohort | ADT and Radiation
Characteristic (n=14) Cohort (n =10)
Age (y)
Mean + SD 65.6 £8.3 64.7+8.8
Range 50-81 50-81
Gleason score (no.)
3+4 2 2
4+3 3 2
4+4 4 3
4+50r5+4 5 3
PSA level (ng/mL)
Pretreatment
Mean + SD 33.0+28.7 33.0+22.9
Range 2.8-100 2.8-76.5
Posttreatment
Mean + SD NA 21+20
Range NA 0.3-5.7
Treatment modality (no.)
Radical prostatectomy 3 NA
ADT and radiation 10 NA
Lost to follow-up 1 NA
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Note—ADT = androgen deprivation therapy, NA = not applicable.
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TABLE 2:

Comparison of MRI and 18F-Fluciclovine PET/MRI Results for Initial Staging

PET/MRI

Finding MRI
Primary lesion 14 (100)
Seminal vesicle invasion 2 (14)
Regional (pelvic) nodal metastases 3(21)
Nonregional (extrapelvic) metastases NA

14 (100)
4(29)
7 (50)
2 (14)

Note—Values are expressed as no. (%) of patients. NA = not applicable.
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Changes in SUV in Primary Lesion and Suspicious Lymph Nodes in Patients Undergoing Androgen

Deprivation Therapy (ADT)

Characteristic Before ADT | After ADT | p2
Primary lesion
SUV ean
Mean = SD 45+11 2411 .008
Median 4.4 2.7
Minimum 2.7 0
Maximum 6.5 3.6
SUVmax
Mean + SD 71+17 35+20 .008
Median 7.9 3.6
Minimum 3.9 0
Maximum 8.6 7.6
Volume (mL)
Mean + SD 8.7+105 2440 .004
Median 2.8 11
Minimum 0.5 0
Maximum 274 12.7
Total lesion activity
Mean + SD 39.8 +49.5 71+123 .004
Median 13.2 3.3
Minimum 1.8 0
Maximum 132.2 39.0
Lymph node SUV pax
Mean + SD 55+37 28+14 .03
Median 4.4 2.4
Minimum 2.8 14
Maximum 12.7 55
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