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Abstract

Background—National Comprehensive Cancer Network guidelines consider 18F-fluciclovine
PET-CT for prostate cancer biochemical recurrence localisation after radical prostatectomy,
whereas European Association of Urology guidelines recommend prostate-specific membrane
antigen (PSMA) PET-CT. To the best of our knowledge, no prospective head-to-head comparison
between these tests has been done so far. The aim of this study was to compare prospectively
paired 18F-fluciclovine and PSMA PET-CT scans for localising biochemical recurrence of prostate
cancer after radical prostatectomy in patients with low prostate-specific antigen (PSA)
concentrations (<2-0 ng/mL).

Methods—This was a prospective, single-centre, open-label, single-arm comparative study done
at University of California Los Angeles (Los Angeles, CA, USA). Patients older than 18 years of
age with prostate cancer biochemical recurrence after radical prostatectomy and PSA levels
ranging from 0-2 to 2.0 ng/mL without any prior salvage therapy and with a Karnofsky
performance status of at least 50 were eligible. Patients underwent 18F-fluciclovine (reference test)
and PSMA (index test) PET-CT scans within 15 days. Detection rate of biochemical recurrence at
the patient level and by anatomical region was the primary endpoint. A statistical power analysis
demonstrated that a sample size of 50 patients was needed to show a 22% difference in detection
rates in favour of PSMA (test for superiority). Each PET scan was interpreted by three
independent masked readers and a consensus majority interpretation was generated (two vsone) to
determine positive findings. This study is registered with ClinicalTrials.gov, number
NCT03515577, and is complete.

Findings—Between Feb 26, 2018, and Sept 20, 2018, 143 patients were screened for eligibility,
of whom 50 patients were enrolled into the study. Median follow-up was 8 months (IQR 7-9). The
primary endpoint was met; detection rates were significantly lower with 18F-fluciclovine PET-CT
(13 [26%; 95% CI 15-40] of 50) than with PSMA PET-CT (28 [56%; 41-70] of 50), with an odds
ratio (OR) of 4-8 (95% CI 1-6-19-2; p=0-0026) at the patient level; in the subanalysis of the pelvic
nodes region (four [8%; 2-19] with 18F-fluciclovine vs 15 [30%:; 18-45] with PSMA PET-CT; OR
12-0 [1-8-513:0], p=0-0034); and in the subanalysis of any extrapelvic lesions (none [0%; 0-6] vs
eight [16%; 7-29]; OR non-estimable [95% CI non-estimable], p=0-0078).

Interpretation—With higher detection rates, PSMA should be the PET tracer of choice when
PET-CT imaging is considered for subsequent treatment management decisions in patients with
prostate cancer and biochemical recurrence after radical prostatectomy and low PSA

Lancet Oncol. Author manuscript; available in PMC 2020 September 03.
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concentrations (<2-0 ng/mL). Further research is needed to investigate whether higher detection
rates translate into improved oncological outcomes.

Introduction

Methods

Treatment of patients with biochemical recurrence of prostate cancer is guided by disease
location and extent.12 Whole-body PET-CT imaging can depict increased L-amino-acid-
transporter-1 (LAT1) activity with 18F-fluciclovine or overexpressed cell-surface proteins
such as prostate-specific membrane antigen (PSMA) with 8Ga-PSMA-11. Both 18F-
fluciclovine and PSMA PET-CT localise biochemical recurrence with higher detection rates
and sensitivity than conventional imaging (eg, CT, bone scanning, and MRI) and choline
PET-CT.34 For biochemical recurrence localisation, National Comprehensive Cancer
Network (NCCN) guidelines recommend the Food and Drug Administration-approved 18F-
fluciclovine PET-CT, whereas European Association of Urology guidelines recommend
PSMA PET-CT.12 Preliminary reports suggest superior detection rates of PSMA PET-CT
compared with 18F-fluciclovine PET-CT.5> However, these imaging tests have not been
compared prospectively and directly.

Here, we present a prospective head-to-head comparison between 18F-fluciclovine and
PSMA PET-CT for localising biochemical recurrence after radical prostatectomy in patients
with low prostate-specific antigen (PSA) concentrations (<2-0 ng/mL). Validation of
imaging findings is rarely available in patients with biochemical recurrence. Therefore,
assessments of true test sensitivity and specificity for biochemical recurrence detection is
difficult, if not impossible. In this setting, the most relevant performance parameter is the
detection rate (the proportion of patients with PET-positive findings) that approximates the
test sensitivity for prostate cancer detection.® Although some false-positive findings have
been reported (eg, mistaken identification of ganglia and ribs trauma as prostate cancer),’®
the positive predictive value (PPV) of PSMA PET-CT with experienced readers is high
(>85%).5:10 Hence, we aimed to compare the detection rates of 18F-fluciclovine and PSMA
PET-CT, at the patient level and by anatomical region (pelvic and extra-pelvic localisations).
Based on published data311-15 the hypothesis was a detection rate difference of at least 22%
between the two tests in favour of PSMA.

Study design and participants

This was a prospective, single-centre, open-label, single-arm comparative imaging study
done at University of California Los Angeles (UCLA,; Los Angeles, CA, USA) using
external, anonymised, masked, and inde pendent interpretations of 50 consecutive paired
18F_fluciclovine and PSMA PET-CT studies. The study was done under an investigational
new drug approval protocol (IND#130649; appendix pp 18-41), approved by the local
institutional review board (IRB#17-001885).

Inclusion criteria were histopathologically proven prostate cancer; biochemical recurrence
after radical prostatectomy with PSA values of 0-2—-2:0 ng/mL at the time of imaging; no
previous salvage therapies (including salvage radiotherapy or salvage lymph node
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dissection); 18F-fluciclovine and PSMA PET-CT done within 15 days of each other; no
change in prostate cancer treatment between the two scans; ability to understand and sign
the written informed consent form; age older than 18 years; and Karnofsky performance
status of at least 50. Patients were enrolled irrespective of previous conventional imaging
findings. Informed written and oral consent was obtained from all patients.

All patients had standard-of-care 18F-fluciclovine and investigational PSMA PET-CT
according to guidelines within a maximum time interval of 15 days between the two scans.
16.17 patients were asked to fast for more than 4 h and avoid substantial exercise for more
than 24 h before 18F-fluciclovine tracer administration. $8Ga-PSMA-11 (Glu-NH-CO-NH-
Lys-(Ahx)-[68Ga(HBED-CC)]) was used as the PSMA ligand!® and was obtained from the
Biomedical Cyclotron Facility at UCLA. Oral and intravenous CT-contrast was administered
for both tests unless obtained at outside institutions or contraindicated. A 5-mm slice
thickness CT scan was used. All PET images acquired from pelvis to vertex were corrected
for attenuation, dead time, random events, and scatter. The time per bed position was based
on patient weight.19

PET-CT scans were each interpreted by three independent masked experts (18F-fluciclovine
experts were TB-G, CN, and BS-B; PSMA experts were MSH, TAH, and CR) who were not
involved in study design or data acquisition. The fluciclovine experts did not read the PSMA
scans and the PSMA experts did not read the fluciclovine scans. Details of PET-CT
experience of each reader are in the appendix (p 1).

Each reader was masked to the interpretations of the five other readers. Anonymised datasets
included CT and attenuation-corrected PET images, prostate cancer history, and a
spreadsheet with interpretation guidelines (appendix p 17). Readers were instructed to first
characterise PET lesions as suspicious or non-suspicious for prostate cancer lesions. CT
correlates of the PET-positive lesions were then analysed for disease localisation and to rule
out pitfalls.” Readers assessed the presence of prostate cancer (positive vsnegative) for
five regions according to interpretation guidelines:’-29:21 prostate bed (T), pelvic lymph
nodes (N), extrapelvic nodes (M1a), bone (M1b), or other organ (M1c).

In cases of reader disagreement, regions were rated on the basis of a consensus majority rule
(2:1). PET-CT scans were considered positive if any of the five regions were rated positive
by a 2:1 majority.

All patients were followed for subsequent biopsies, imaging studies, PSA measurements,
and disease management. Treatment decisions were not standardised and were made at the
discretion of the referring physician on the basis of all available clinical information,
including the non-masked local reports of both PET scans and any other imaging findings. If
available, PET-positive regions were categorised by the non-masked UCLA investigators as
true or false positive by a composite reference standard (appendix p 41). This composite
reference standard included histopathology, follow-up imaging, or PSA decrease after PET-
positive lesion-directed therapy without systemic therapy or without whole-pelvic lymph
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node radiotherapy. PET-negative regions by majority consensus but with subsequently
confirmed prostate cancer were considered false negatives. True negative was not defined.

The primary outcome was the detection rate (proportion of patients with PET-positive
findings) of 18F-fluciclovine (reference test) and PSMA PET-CT (index test) for the
identification of tumour locations, at the patient level and by anatomical region. The
secondary outcomes were detection rates of 18F-fluciclovine and PSMA PET-CT stratified
by PSA value (0-2-0-5 ng/mL vs0-51-1.0 ng/mL vs 1.01-2-0 ng/mL); the positive
predictive value and sensitivity of 18F-fluciclovine and PSMA PET-CT in patients with
available lesion validation by the composite reference standard; and the inter-reader
agreement of 18F-fluciclovine and PSMA PET-CT studies.

Statistical analysis

Based on published data, detection rates at the patient level for biochemical recurrence
localisation at PSA concentrations of 2 ng/mL or less are 21-59% (estimated mean 47%) for
18F_fluciclovine PET-CT3:11.12 and 61-82% (estimated mean 69%) for PSMA PET-CT.13-15
A statistical power analysis established prospectively that a sample size of 50 patients
provides at least 86% power to detect the expected difference of 22% between detection
rates at the patient level in favour of PSMA PET-CT (test for superiority) assuming a one-
sided a of 0-05 (one-sided McNemar exact conditional test).

Descriptive statistics (median and IQR) or frequencies and percentages were computed to
summarise demographic, clinical, pathological, and imaging characteristics. Detection rates
per patient, per region, and sensitivity of index and reference tests based on majority
consensus reads were compared using the two-sided McNemar’s test for paired proportions
(with odds ratios [ORs] and 95% Cls; Clopper-Pearson Exact method) and two-sided
Fisher’s exact test for independent proportions. These analyses were also done after
stratifying the population by PSA concentrations (<0-5 150-51-1-00 vs1-01-2:00 ng/mL).
Fleiss multirater x statistics were computed to assess inter-reader agreement between
reviewers for each imaging modality (18F-fluciclovine and PSMA). Pairwise « coefficients
were used to compare reader performance for the index and reference tests.

To establish the degree of lesion PET-tracer uptake, a post-hoc semiquantitative analysis was
done in the subset of patients with concordant PSMA and 18F-fluciclovine positive findings.
The maximum standardised uptake value (SUVnax) Of each PET-positive lesion was
measured by local investigators. Background organ SUV yean Was established by placing 3D
volumes of interest on the right liver lobe, the descending aorta at the carina level, and the
pelvic muscle closest to the lesion. Lesion-to-background ratios were then calculated. The
paired ttest was used to compare SUV ,x and lesion-to-background ratios.

To establish which other factors might be associated with lesion detection after accounting
for PET tracer (18F-fluciclovine vsPSMA), a post-hoc analysis was done with multivariable
mixed-effects logistic regression models using SAS, version 9.4. The following variables
were tested with the outcome of a positive PET scan: PET tracer, ongoing androgen
deprivation therapy, history of adjuvant androgen deprivation therapy, history of adjuvant
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radiotherapy, risk group, PSA doubling time (higher vslower than median), PSA velocity,
18F_fluciclovine uptake time (<3 min vs>3 min) and 18F-fluciclovine with contrast-
enhanced CT. Because of sample size limitations, two predictor variables at a time were
tested rather than a single full model with all terms: PET tracer (18F-fluciclovine vs PSMA)
and each other variable was tested separately.

All other statistical analyses were done in R, version 3.5.1. To overcome the statistical
limitation of multiple testing in a sample of modest size, an additional post-hoc Benjamini-
Hochberg step-up procedure was done to obtain the overall false-discovery rate associated
with the 0-05 significance level.

This study is registered on ClinicalTrials.gov, numberNCT03515577.

Role of the funding source

Results

There was no funding for this study. The corresponding author had full access to all the data
and had final responsibility to submit for publication.

Patient were enrolled between Feb 26, 2018, and Sept 20, 2018. 143 patients were assessed
for eligibility, of whom 93 were excluded (19 of these could not be included in the study
because their insurance denied coverage of 18F-fluciclovine PET-CT) and 50 were enrolled
(figure 1). Demographics and clinical characteristics of the study population are presented in
table 1. Median PSA concentration at enrolment was 0-48 ng/mL (IQR 0-38-0-83). The
median time interval between the two scans was 6 days (IQR 2-8). 21 (42%) of 50 patients
had 18F-fluciclovine PET-CT after PSMA PET-CT and 29 (58%) had 18F-fluciclovine PET-
CT before PSMA PET-CT.

Scanner devices and iterative algorithms used for PET image reconstruction are listed with
the technical parameters in the appendix (p 2). Standrd-of-care 18F-fluciclovine PET-CT was
done at UCLA in 38 (76%) of 50 and at other institutions in 12 (24%) patients.
Investigational PSMA PET-CT was done at UCLA in all 50 patients. For 18F-fluciclovine
PET-CT, intravenous CT contrast was administered in 35 (70%) of 50 patients and oral CT
contrast was administered in 37 (74%) patients; for PSMA PET-CT, intravenous CT contrast
was administered in 48 (96%) patients and oral CT contrast in 49 (98%) of 50 patients. The
median injected activity was 381 MBq (IQR 359-407) for 18F-fluciclovine and 200 MBq
(192-204) for PSMA. PET images were acquired after a median uptake period of 2 min
(IQR 1-3) for 18F-fluciclovine and 61 min (57-66) for PSMA.

The subsequent patient management of the entire cohort after a median follow-up of 8
months (IQR 7-9) is summarised in the appendix (p 3). Focal therapy (metastasis surgery
and metastasis stereotactic body radiation therapy) was applied to PET-positive lesions in 15
(30%) of 50 patients, 30 (60%) patients received androgen deprivation therapy, and nine
(18%) were managed with active surveillance. No patients were lost to follow-up or
excluded from analysis.

Lancet Oncol. Author manuscript; available in PMC 2020 September 03.
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Individual reader interpretations and the majority consensus are detailed in the appendix (pp
4-7). 18 (36%) of 50 patients had equal false-negative detection, nine (18%) had equal
positive detection, four (8%) had 18F-fluciclovine superior detection, and 19 (38%) had
PSMA superior detection (figure 1, appendix p 8).20 The contingency tables are in the
appendix (pp 9-10).

The detection rates of biochemical recurrence per patient were significantly lower with 18F-
fluciclovine (13 [26%; 95% CI 15-40] of 50) than with PSMA PET-CT (28 [56%; 41-70] of
50), with an OR of 4.8 (95% CI 1.6-19-2; p=0.-0026; figure 2).

To assess potential bias, a post-hoc analysis was done, confirming the differences in the
patient-level detection rates of biochemical recurrence between the reference and index tests
in the 38 patients with 18F-fluciclovine PET-CT obtained at UCLA (12 [32%; 95% CI 18-
49] of 38 with 18F-fluciclovine vs21 [55%; 38-71] of 38 with PSMA; OR 3-3 [1.0-13.7],
p=0-049), the 12 patients with 18F-fluciclovine PET-CT obtained at other institutions (one
[8%:; 0-38] of 12 with 18F-fluciclovine vsseven [58%; 28-85] of 12 with PSMA; OR not
estimable, p=0:-031), and the 35 patients in whom both studies were done with contrast-
enhanced CT (11 [31%; 17-49] of 35 with 18F-fluciclovine vs 20 [57%; 40-74] of 35 with
PSMA; OR 4.0 [1-08-22-1], p=0-035). Additionally, we found no significant difference
between the patient-level detection rates of 18F-fluciclovine PET-CT obtained at UCLA and
at other institutions (12 [32%; 17-51] of 38 at UCLA vsone [8%; 0-38] of 12 at other
institutions; difference 23% [95% CI 7-41], p=0:15) or those done with versus without
intravenous contrast (11 [31%; 17-49] of 35 vstwo [13%; 2-40] of 15; difference 18% [10-
37], p=0-29).

18F_fluciclovine detection rates of biochemical recurrence were significantly lower than
PSMA detection rates for the pelvic lymph node region (N; four [8%; 95% CI 2-19] of 50
with 18F-fluciclovine vs 15 [30%; 18-45] of 50 with PSMA; OR 12.0 [95% CI 1-8-513.0],
p=0-0034) and for any extrapelvic lesions (M1; none [0-6] of 50 vseight [16%; 7-29] of 50;
OR non-estimable [95% CI non-estimable], p=0-0078; figure 2). No significant differences
were detected for the individual extrapelvic lesion locations (M1a, M1b, and M1c), possibly
because patient numbers were too small. Detection rates for prostate bed recurrence (T) did
not differ significantly between the tests (nine [18%; 9-31] of 50 vsseven [14%; 6-27] of
50; OR 0-6 [0-1-3-1], p=0-73).

In the 26 patients with PSA concentrations of 0-2-0-5 ng/mL, detection rates were seven
(27%:; 95% CI 12-48) for 18F-fluciclovine versus 12 (46%:; 27-67) with PSMA; for the 18
with concentrations 0-51-1-00 ng/mL, rates were five (28%; 10-53) versus 12 (67%; 41—
87); and for the six with concentrations 1.01-2-00 ng/mL, detection rates were one (17%; 0—
64) versus four (67%; 22-96; appendix pp 11-12). No significant difference was detected
between these subgroups in the analysis by patient or region (appendix p 12).

Inter-reader agreement was significantly lower for 18F-fluciclovine (x values <0-20) than for
PSMA (x values =0-60) at the patient level (p=0-0020) and per region (p<0:-016) except for
the prostate bed region (table 2; pairwise «x is in the appendix p 13).

Lancet Oncol. Author manuscript; available in PMC 2020 September 03.
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PET findings were validated in 15 (30%) of 50 patients (five (38%) of 13 with 18F-
fluciclovine-positive findings and ten (36%) of 28 with PSMA-positive findings). Reference
standard included histopathology (n=4), follow-up imaging (n=7), and PSA decreases after
PET-directed focal therapy without androgen deprivation therapy (n=4; appendix p 14). Five
other patients had imaging follow-up (MRI or CT) but without lesion validation because
follow-up scans were negative. As anticipated, only a minority of patients (16 [32%] of 50)
had surgery (n=3), biopsy (n=1), or further imaging (n=12) for lesion verification. No false-
positive findings occurred with either tracer in the 15 patients in whom lesions were verified
(positive predictive value of 100% for both 18F-fluciclovine and PSMA findings). Per-
patient sensitivity was 33% (95% CI 15-58; five true positives and ten false negatives) for
18F_fluciclovine and 66% (42—85; ten true positive and five false negative) for PSMA PET-
CT (OR 3:5[95% CI 0-67-34-5], p=0-18).

The post-hoc semiquantitative analysis of lesion PET tracer uptake was done in seven
patients: three concordantly positive pelvic lymph nodes and four local recurrences
(appendix p 15). The mean lesion SUV yax Was 8:21 (SD 4-05) for PSMA versus 3:73 (0-85)
for 18F-fluciclovine (p=0-013) and lesion-to-background ratios were 1-68 (SD 1-16) versus
0-52 (0-16) for liver (p=0:0052); 6-83 (3:60) versus 2-44 (0-60) for blood pool (p=0-0085);
and 25-39 (15-3) versus 3-69 (1-87) for muscle (p=0-021); all significantly higher for PSMA
than 18F-fluciclovine PET-CT.

A summary of the post-hoc multivariable logistic regression analysis is in the appendix (p
16). The only significant predictor for test positivity was the PET tracer used (18F-
fluciclovine vs PSMA; ORs 3-56-3-88; p<0-05). Neither 18F-fluciclovine uptake time (<3
min vs>3 min) nor the administration of intravenous contrast for CT imaging were
confounding factors.

The Benjamini-Hochberg step-up procedure indicated that the 0-05 significance level
provided a 7% false-discovery rate control (data not shown), suggesting that the observed
statistical differences were generally not artefacts of multiple hypothesis testing.

Discussion

PSMA PET-CT detects biochemical recurrence sites at low PSA concentrations more
frequently and with higher reader agreement than 18F-fluciclovine PET-CT. The primary
endpoint of this study was met (=22% difference between the detection rates at the patient
level) in this highly relevant population of patients with early biochemical recurrence in
whom focused salvage therapy can be potentially curative. Detection rates per patient, for
pelvic lymph nodes, and for any extrapelvic metastasis were more than twice as high with
PSMA than with 18F-fluciclovine. The inter-reader agreement was consistently higher for
PSMA than 18F-fluciclovine PET-CT.

Differences in detection rates between 18F-fluciclovine and PSMA PET-CT in similar
patient cohorts have been previously reported: they averaged around 45% for 18F-
fluciclovine311.12 and 65% for PSMA PET-CT.6:10.13-15 |nter-reader agreement was also
consistently higher for PSMA than for 18F-fluciclovine PET-CT.822 These differences were
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now corroborated prospectively in the same cohort of post-radical prostatectomy
biochemical recurrence patients with low PSA concentrations.

Detection rates for both the index and reference tests were lower in our study than those
reported previously, probably because of the retrospective nature of most previous studies
with heterogeneous patient populations and absence of masked image interpretation by
multiple readers in some studies. One prospective study1? reported PSMA PET-CT detection
rates in patients with low PSA concentrations similar to those reported in our study. Most of
our cohort (44 [88%] of 50) had PSA concentrations of 1-0 ng/mL or less. 18F-fluciclovine
detection rates for similar populations ranged from 41% in a retrospective study without
masked readers!? to 21% in a prospective study with two independent readers.3 Thus, our
detection rate of 26% is well within the expected range.3 Detection rates stratified by PSA
concentrations were not significantly different between index and reference test. These
findings might be because of the low number of patients in each PSA subgroup in our
analysis. With more patients included, 18F-fluciclovine might have been non-inferior to
PSMA PET-CT at higher PSA concentrations (eg, >1-5 ng/mL), although this notion is
speculative.

Several factors might account for the superiority of PSMA PET-CT in patients with early
biochemical recurrence. First, overexpression of PSMA results in high tracer uptake.
SUVnax Was two times higher and lesion-to-background ratios were seven times higher for
concordantly PET-positive lesions with PSMA than 18F-fluciclovine. Expression and activity
of LAT1, which is responsible for transport of 18F-fluciclovine into tumour cells, is high in
advanced castrate-resistant prostate cancer but low in early castrate-sensitive prostate cancer.
23 By contrast, PSMA expression is increased 100-1000 times in both castrate-sensitive and
castrate-resistant prostate cancer.24:25 Equally important, PSMA expression in non-target
tissues is very low. By contrast, amino acid transporters are important contributors to muscle
protein anabolism and LAT1 expression is associated with skeletal muscle micro
vasculature.28 Blood pool activity is high at early imaging timepoints and remains high over
time.27 Subsequently, 18F-fluciclovine becomes highly distributed throughout skeletal
muscles.2” Thus, both target and background characteristics favour lesion detectability with
PSMA PET-CT. The favourable lesion-to-background ratio explains the high agreement
among PSMA readers. This advantage of PSMA over 18F-fluciclovine might be less
pronounced in patients with more advanced disease, higher PSA concentrations,12 and
castrate-resistant disease,23 or in the 5-10% of patients whose lesions exhibit low or no
PSMA expression.24:25

PSMA PET-CT detected pelvic lymph node metastases more frequently and with greater
reader confidence than 18F-fluciclovine PET-CT. This finding is important because
biochemical recurrence is most frequently associated with pelvic lymph node involvement
and accurate detection of pelvic disease is crucial for planning local, potentially curative
treatment.

No extrapelvic metastases were detected with 18F-fluciclovine PET-CT, whereas PSMA
PET-CT detected extrapelvic oligometastatic disease in eight (16%) of 50 patients. Lesion
validation was available in four of these patients and prostate cancer was confirmed in all of
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them (appendix p 14). Unusual lesion locations became evident in our study. These regions
included the penis, the inguinal canal or spermatic cord, and inguinal lymph nodes
(appendix p 14). Notably, ablative therapies might benefit patients when disease is still
oligometastatic.28.29

Obtaining a firm reference standard in biochemical recurrence of prostate cancer is
challenging. NCCN guidelines recommend observation or ADT with or without salvage
radiotherapy and histological confirmation of the PET-positive lesions when feasible.! In
patients with low PSA concentrations, PET-positive lesions are rarely targeted with biopsies
because they are often small and difficult to reach anatomically (deep pelvic or abdominal
lymph nodes or bone lesions without a CT correlate). Notably, 15 (30%) of 50 of the
patients received PET-positive metastasis-directed focal therapy on the basis of the local
non-masked clinical reads. As anticipated, only a minority of patients had surgery, biopsy, or
further imaging for lesion verification. Thus, specificity and negative predictive value could
not be established and lesion validation was only available in five (38%) of 13 patients with
positive findings by 18F-fluciclovine and ten (36%) of 28 patients with positive findings by
PSMA (appendix p 14).

The term detection rate used in this and many previous reports is not entirely correct because
false-positive findings have been reported.”~9 However, the majority consensus rule (2:1)
might have led to lower sensitivity but higher specificity than clinical routine interpretations,
10 thus explaining the positive predictive value of 100% for both scans in the subset of
patients with lesion validation. Furthermore, high positive predictive values of PSMA
(>85%) reported in a meta-analysis that included only patients with biochemical recurrence
with histopathological verification® and a prospective multi-centre phase 3 triall justify the
use of detection rates rather than positivity rates. In this study, probably because of small
patient numbers with lesion validation (n=15), the sensitivity of the two scans did not differ
significantly. Larger cohorts would be required to formally address this question.

This study has several limitations. Technical parameters might have been confounding
factors and could have potentially introduced a bias. 18F-fluciclovine uptake time was
shorter than that recommended by guidelines.1® This might have affected pelvic image
quality via higher blood pool activity at the time of imaging, and thus T and N staging, but
not the extrapelvic (M) staging. Some 18F-fluciclovine PET-CT scans were done without
intravenous CT-contrast application. However, the differences were also confirmed in the
subset of patients who had both 18F-fluciclovine and PSMA PET-CT scans with intravenous
CT contrast. A post-hoc multivariate analysis of potential confoun ding factors revealed no
effect of the tracer uptake time or the use of intravenous CT contrast. Only the PET tracer
used (18F-fluciclovine or PSMA) was predictive of PET scan positivity.

PSMA readers had recorded a higher number of PSMA scan reads than the 18F-fluciclovine
readers had recorded of 18F-fluciclovine scan reads. This difference is probably because of
the more frequent clinical use of PSMA, especially in Europe. However, care was taken to
select well-trained readers with extensive publication and clinical track records for both
scans. Thus, a qualification bias as a confounding factor is highly unlikely.

Lancet Oncol. Author manuscript; available in PMC 2020 September 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Calais et al.

Page 11

A high rate of change in management of patients with recurrence after PSMA or 18F-
fluciclovine PET-CT has been reported.3%:31 Our study was not designed to assess the effect
of 18F-fluciclovine or PSMA on patient management or outcome. Because both tests were
done in the same patient cohort within 2 weeks, the independent effect of the tests could not
be established. The effect of PET imaging findings on patient outcome is still unknown. In a
randomised trial of patients with recurrent oligo metastatic disease, androgen deprivation
therapy-free survival was longer with PET-positive metastasis-directed therapy than with
surveillance alone.29 However, whether or not PET-positive metastasis-directed therapy
improves progression-free or overall survival remains unclear.28 Furthermore, inappropriate
management due to false positive findings cannot be ruled out. Even if PSMA PET-CT
detects sites of recurrence earlier than 18F-fluciclovine PET-CT, the implications on hard
clinical endpoints remain uncertain. Randomised clinical trials of standard salvage
radiotherapy versus PSMA PET-CT-based salvage radiotherapy (NCT03582774) and 18F-
fluciclovine versus PSMA PET-CT-based salvage radiotherapy (NCT03762759), both
powered for outcome, are ongoing.

This prospective head-to-head comparison between 18F-fluciclovine and PSMA PET-CT in
50 patients with post-radical prostatectomy biochemical recurrence and PSA concentrations
of 2:0 ng/mL or less shows superior detection rates and reader agreement with PSMA PET-
CT than with 18F-fluciclovine. Primary and secondary endpoints were met: PSMA PET-CT
detection rates at the patient level, and at the regional level for pelvic lymph node regions
and for extra-pelvic metastasis were more than twice as high as those for 18F-fluciclovine
PET-CT. However, because the PET findings could not be validated by a gold reference
standard in two-thirds of patients, neither sensitivity nor specificity could be established.
Nevertheless, the results of this prospective head-to-head comparison indicate that PSMA
should be the PET tracer of choice when PET-CT imaging is considered for subsequent
treatment management decisions in patients with biochemical recurrence and low PSA
concentrations (<2-0 ng/mL).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

Two PET-CT imaging tests for detection and localisation of prostate cancer tumour sites
in patients with biochemical recurrence have been introduced in Europe and the USA.
18F_fluciclovine exploits upregulated amino acid transporter activity whereas the second
test targets the prostate-specific membrane antigen (PSMA). It is unknown which test
performs better, especially in patients with biochemical recurrence at low PSA
concentrations (<2:0 ng/mL) in whom focused salvage therapy could potentially be
curative. We did PubMed searches for publications in English comparing 18F-fluciclovine
and PSMA PET-CT at any date using the keywords (“Fluciclovine” AND “PSMA”) OR
(“FACBC” AND “PSMA”) on March 13, 2017, Oct 21, 2017, and Nov 19, 2018. No
prospective direct comparison between the two PET-CT imaging tests was found.

Added value of this study

Superiority of one over the other test can only be established in a prospective head-to-
head comparative study, which, to the best of our knowledge, has not been done
previously. Our study is prospective, using paired studies in the same cohort of patients,
and findings are based on external independent masked reads.

Implications of all the available evidence

The collective data from this prospective comparative imaging trial and published studies
suggest higher detection rates and reliability of PSMA PET-CT than 18F-fluciclovine
PET-CT in patients with biochemical recurrence and low serum PSA concentrations.
Thus, PSMA-targeted PET-CT imaging should become the standard of care in these
patients. Whether early detection of biochemical recurrence sites by PET-CT imaging
affects patient outcome is the subject of ongoing randomised phase 3 clinical trials
(NCT03582774 and NCT03762759).
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143 patients assessed for eligibility

93 excluded
25 PSA concentration >2-0 ng/mL
| 43 declined to participate
6 **F-flucicilovine done >15 days previously
19 insurance denied coverage of **F-flucicilovine

‘ 50 enrolled

y

‘ 50 had a **F-flucicilovine (reference test) and PSMA (index test) PET-CT scan

y

‘ 50 with treatment management available

y

‘ 50 independent masked imaging reads by three expert readers ‘

v

v
v

v

v

9 equal positive detection (reference
test positive and index test
positive)

4 *F-flucicilovine superior detection
(reference test positive and index
test negative)

19 PSMA superior detection
(reference test negative and
index test positive)

18 equal false negative
(reference test negative and
index test negative)

5 had no reference

™| standard

4

1 had no reference
standard

—>

v

12 had no reference

™ standard

A 4

15 had no reference

™ standard

4

4 with lesion follow-up available
1 histopathology
2 PSA decrease after focal
radiotherapy without ADT
1 other imaging

3 with lesion follow-up available
2 PSA decrease after focal
radiotherapy without ADT
1otherimaging

7 with lesion follow-up available
3 histopathology
1PSA decrease after focal
radiotherapy without ADT
3 otherimaging

3 with lesion follow-up available
1 PSA decrease after focal
radiotherapy without ADT
2 other imaging

y

y

y

v

Final diagnosis:

3 cancer confirmed (**F-flucicilovine/
PSMA true positive)

linconclusive

Final diagnosis:

2 cancer confirmed (**F-flucicilovine/
true positive)

linconclusive

Final diagnosis:
7 cancer confirmed (PSMA/true
positive)

Final diagnosis:

3 cancer confirmed
(**F-flucicilovine/PSMA false
negative)

Figure 1: Trial profile

The reference standard included histopathology, follow-up imaging, or PSA concentration
decrease after PET-positive lesion-directed therapy without systemic therapy or without
whole-pelvic lymph node radiotherapy. Patients without a reference standard were not
excluded from primary and safety analyses; this was only used for the positive predictive
value and sensitivity analyses.
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Figure 2: Detection rates per region and per patient (majority consensus reads)

PSMA=prostate-specific membrane antigen.
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Table 1:

Demographic and clinicopathological characteristics

All patients (n=50)

National Comprehensive Cancer Network risk group
Intermediate
High
Very high
Regional (N1)
Not available
PSA at initial diagnosis, ng/mL
<10
10-20
>20
Not available
Histopathological TNM stage
pT2
pT3a
pT3b
pN1
Not available
International Society of Urological Pathologists grade group

1
2
3
4
5
Not available

Pelvic lymph node dissection

Margins positive (R1)

Adjuvant radiotherapy

Adjuvant androgen deprivation therapy

PSA persistence (never undetectable after surgery)

PSA recurrence (became undetectable after surgery then increased to detectable levels)

Ongoing androgen deprivation therapy

Age, years

Time from radical prostatectomy to PET, years

Last PSA concentration before PET, ng/mL

PSA doubling time, months
PSA velocity, ng/mL per year

17 (34%)
14 (28%)
5 (10%)
11 (22%)
3 (6%)

25 (50%)
9 (18%)
3 (6%)

13 (26%)

18 (36%)
12 (24%)
5 (10%)
11 (22%)
4 (8%)

3 (6%)
16 (32%)
15 (30%)
5 (10%)
8 (16%)

3 (6%)
40 (80%)
13 (26%)
6 (12%)
10 (20%)
12 (24%)
38 (76%)

7 (14%)
68 (64-74)
3(1-8)
0.48 (0.38-0.83)
4(3-16)
0.3(0.11-1.2)

Data are n (%) or median (IQR). PSA=prostate-specific antigen.
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Inter-reader measures of agreement

Table 2:

PSMA 18F-fluciclovine p value
Detection at the patient level
Overall 0.67 (0.51100.83)  0.20(0.04t00.36)  0.0020
Detection at theregional level
Prostate bed (T) 0.65(0.49t0 0.81)  0.43 (0.27 to 0.59) 0.046
Pelvic lymph nodes (N) 0.76 (0.60to 0.92) 0.05(-0.11t0 0.21)  <0.0001
Extrapelvic nodes (M1a) 0.60 (0.44t0 0.76)  -0.02 (-0.18t0 0.14)  0.0025
Bone (M1b) 0.46 (0.30t0 0.62) —0.03 (-0.19t0 0.13)  0.0051
Other organ (M1c) 0.65 (0.49t0 0.81)  -0.01 (-0.17 to 0.15) 0.016
Any extrapelvic lesion (M1) 0.60 (0.44t0 0.76)  —0.07 (-0.23to 0-09)  <0.0001

Lancet Oncol. Author manuscript; available in PMC 2020 September 03.

Page 18



	Abstract
	Introduction
	Methods
	Study design and participants
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:



