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Interreader and intrareader reproducibility of 18F-flotufolastat PET/CT
scans in newly diagnosed and recurrent prostate cancer patients was
assessed from masked image evaluations from two phase 3 studies.
Methods: 18F-flotufolastat PET/CT images of newly diagnosed (n 5

352) or recurrent (n5 389) patients were evaluated by 3 masked read-
ers. Cohen k was used to assess pairwise patient- and region-level
interreader agreement. Agreement among all readers was assessed
using Fleiss k. Intrareader agreement between the first and repeat
read (20% of images, $4 wk later) was assessed using Cohen k.
Results: Pairwise interreader agreement was 95% or better (newly
diagnosed) and 75% or better (recurrent). The k coefficients were
impacted by the high-agreement–low-k paradox: Cohen k ranged
from not estimable to 0.55, whereas Fleiss k was 0.50 (newly diag-
nosed) and 0.41 (recurrent). Agreement was highest in the prostate of
newly diagnosed patients ($95%) and in the pelvic lymph nodes
in recurrent patients ($87%). Intrareader agreement was 86% or
better across both populations. Conclusion: 18F-flotufolastat PET/CT
images can be reliably interpreted, with a high degree of inter- and
intrareader agreement.
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Prostate-specific membrane antigen (PSMA) PET has become
a standard of care for prostate cancer (PCa) imaging, as demon-
strated by its inclusion in the most recent guidelines from the
National Comprehensive Cancer Network (1).

18F-flotufolastat is a high-affinity PSMA-targeting PET diagnostic
radiopharmaceutical developed from a radiohybrid technology platform
that enables engineering of PSMA ligands that can be labeled with 18F
for diagnostic imaging or with a- or b-emitting radiometals for radio-
pharmaceutical therapy (2). The data from two phase 3 clinical studies,
LIGHTHOUSE (NCT04186819) and SPOTLIGHT (NCT04186845),
show 18F-flotufolastat to be well tolerated and to provide clinically use-
ful information regarding the presence of N1 and M1 disease before
surgery in newly diagnosed PCa patients (3) and for localization of
recurrent PCa (4). Data from the SPOTLIGHT study showed the
patient-level verified detection rate of 18F-flotufolastat in patients with
recurrent prostate cancer to be 51%–54% (4), whereas data from the
LIGHTHOUSE study showed that in newly diagnosed prostate cancer,
18F-flotufolastat had a sensitivity of 23%–30% and a specificity of
93%–97% for the detection of pelvic lymph node (PLN) metastases
(3). 18F-flotufolastat was recently approved by the U.S. Food and Drug
Administration for diagnostic PET imaging of PSMA-positive lesions
in men with PCa (5) and was included in the most recent guideline
updates from National Comprehensive Cancer Network and the Ameri-
can Society of Clinical Oncology (1,6).
Here, we evaluate the results of masked image evaluations from

the LIGHTHOUSE and SPOTLIGHT studies to investigate
whether masked readers could, after training, reliably interpret
18F-flotufolastat PET/CT images in the newly diagnosed or recur-
rent setting. We report the interreader and intrareader reproducibil-
ity of 18F-flotufolastat for each population.

MATERIALS AND METHODS

The full methods of the LIGHTHOUSE and SPOTLIGHT studies
have been reported previously (3,4). In brief, treatment-naïve men
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aged older than 18 y with biopsy-proven PCa and unfavorable
intermediate-risk to high-risk disease classification who were scheduled
for radical prostatectomy with regional PLN dissection were enrolled in
the LIGHTHOUSE study. The SPOTLIGHT study recruited men aged
older than 18 y with elevated prostate-specific antigen (PSA) suspected to
be biochemical recurrence after curative-intent treatment of localized PCa
if they were eligible for curative-intent salvage therapy. Patients in both
studies received 296 MBq (8 mCi 6 20%) of 18F-flotufolastat, and
PET/CT imaging was conducted 50–70 min after injection. Each site used
either a current- or previous-generation dedicated PET/CT system, with
time-of-flight capabilities. All systems were approved by the imaging core
lab before patients were scanned.

In both studies, all scans were evaluated by 3 masked central read-
ers. Two individuals were readers on both studies. The readers were
all board-certified nuclear medicine physicians with more than 15 y of
experience who underwent protocol-specific, 18F-flotufolastat–specific
training that included marked assessment cases to ensure alignment
with an expert reader. The readers were masked to all clinical informa-
tion. The readers were instructed that lesions should be considered
suggestive if 18F-flotufolastat uptake was greater than physiologic
uptake in that tissue or greater than the adjacent background if no
physiologic uptake was expected (3,4).

Pairwise Inter- and Intrareader Agreement
Pairwise inter- and intrareader agreements were assessed as second-

ary endpoints in both studies and were reported at a patient level and
for the prostate and prostate bed, PLN, and other (extrapelvic) regions
(i.e., extra-PLN, soft tissue or parenchyma, and bone). The Cohen k

statistic (7) was used to test pairwise agreement between any 2 read-
ers, giving 3 k statistics. To assess intrareader agreement, each reader
conducted a reread of a random selection of 20% of the images, with
the repeat read taking place at least 4 wk after the first read. Cohen k

was used to assess agreement between the 2 reads.

Overall Interreader Agreement Among All 3 Readers
The patient-level agreement among all 3 readers was performed as

a post hoc assessment during regulatory review using the Fleiss k sta-
tistic (8). For this metric, agreement on lesions in 5 distinct regions
(prostate or prostate bed, PLN, extra-PLN, soft tissue or parenchyma,
and bone) was considered part of the assessment.

Statistical Analyses
All k coefficients were calculated using SAS (version 9.4; SAS

Institute) and are presented with approximate 95% CIs.

RESULTS

Patients
In total, 352 scans from patients in the LIGHTHOUSE study

and 389 scans from patients in the SPOTLIGHT study were
assessed by the readers to determine the inter- and intrareader
agreement. The 352 patients in the LIGHTHOUSE study with
newly diagnosed PCa had a median age of 65 y and a median PSA
of 8.8 ng/mL, and 32% of those patients were considered to have
unfavorable intermediate-risk disease. The 389 patients in the
SPOTLIGHT study with recurrent PCa had a median age of 69 y
and a median PSA of 1.1 ng/mL, and 79% of those patients had
previously undergone radical prostatectomy.

18F-Flotufolastat–Positive Lesions
In the LIGHTHOUSE study, across the 3 readers, 335–352

(95%–100%) of the 352 patients with newly diagnosed PCa had 18F-
flotufolastat–positive lesions. On a regional basis, 333–352 (95%–

100%) patients were positive in the prostate, 44–61 (13%–17%)

patients were positive in PLN, and 56–98 (16%–28%) patients were
positive in extrapelvic sites.
In the SPOTLIGHT study, across the 3 readers, 264–358 (68%–

92%) of the 389 patients with recurrent PCa had 18F-flotufolastat–
positive lesions. In total, 101–256 (26%–66%) patients were
positive in the prostate region, 111–138 (29%–36%) patients were
positive in PLN, and 146–173 (38%–44%) patients were positive
in extrapelvic sites.

Interreader Agreement
Patient-level, pairwise interreader agreement comparisons were

95% or better in the newly diagnosed population and 75% or better
in the recurrent population (Fig. 1). On a regional basis, the pair-
wise agreement was greater than 80% for all regions except the
prostate or prostate bed in the recurrent population. The pairwise
agreement was highest in the prostate among the newly diagnosed
population and highest in PLN in the recurrent population (Fig. 1).
Cohen k for the pairwise interreader agreement is presented in

Figure 2. Across both populations, Cohen k for pairwise interreader
agreement ranged from nonestimable to 0.55 at the patient
level, from nonestimable to 0.65 in the prostate or prostate bed,
from 0.68 to 0.79 in PLN, and from 0.45 to 0.69 in extrapelvic
sites. Supplemental Table 1 provides the interreader agreement
and Cohen k for the various subcategories of extrapelvic regions
(supplemental materials are available at http://jnm.snmjournals.org).
Figure 3 presents a case study of a discordant read in an exter-

nal iliac lymph node in a patient with newly diagnosed PCa.
As shown in Supplemental Tables 2 and 3, which present the

patient-level interreader agreement stratified by PSA level, although
the small numbers of patients in some PSA categories limit the
conclusions that can be drawn, high levels of agreement were seen
irrespective of PSA levels among newly diagnosed patients, and
the recurrent data suggest a trend toward higher agreement in
patients with a PSA level greater than 1 ng/mL than in patients
with a PSA level less than 1 ng/mL.
Fleiss k, which was used to assess reader agreement for all 3

readers across 5 regions in each patient, was 0.50 (95% CI, 0.46–
0.53) in the newly diagnosed population and 0.41 (95% CI, 0.39–
0.43) in the recurrent population.

Intrareader Agreement
In total, 70 scans from the LIGHTHOUSE study and 78 scans

from the SPOTLIGHT study were reread at least 4 wk after the
initial read to determine the intrareader agreement. Figure 4 pre-
sents the intrareader agreement between the 2 reads.
Across both studies, the patient-level intrareader agreement was

86% or better for each reader. On a regional basis, intrareader
agreement was broadly high for each reader, with agreement high-
est in the prostate region for newly diagnosed patients and in
extraprostatic regions in patients with recurrent PCa.
Cohen k for the intrareader agreement is shown in Figure 5.

Cohen k was higher for PLN and other (extrapelvic) regions than
for the prostate or prostate bed. In scans from newly diagnosed
patients, Cohen k was estimable for the prostate for only 1 reader.

DISCUSSION

The phase 3 LIGHTHOUSE and SPOTLIGHT studies show
18F-flotufolastat to have a clinically meaningful diagnostic perfor-
mance in newly diagnosed and recurrent PCa (3,4). However,
determining that results can be consistently and reliably interpreted
is imperative for its clinical use. Here, we report data from these
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2 trials to evaluate the inter- and intrareader agreement of 18F-
flotufolastat PET/CT image interpretation.
Although some differences among the readers were noted, parti-

cularly in the prostate or prostate bed of patients with recurrent
PCa, overall, the data demonstrate that naïve readers who had
received specific 18F-flotufolastat reader-interpretation training
were able to achieve good reproducibility when staging newly
diagnosed or recurrent PCa.
In newly diagnosed patients, patient-level interreader agreement

was 95% or better. As might be expected in this newly diagnosed
treatment-naïve population, the region-level agreement was high-
est in the prostate. Reassuringly, however, there was also good
agreement in extraprostatic regions among readers. Interreader

agreement in PLN ranged from 92% to
95%. The corresponding Cohen k was
0.68–0.79, marginally higher than that
reported for 68Ga-PSMA-11 PET imaging
(9). Reliably determining the presence of
nodal and metastatic disease is particularly
important in these patients given that such
findings would be more likely to influence
treatment decisions (1). We observed low or
nonestimable k coefficients for correspond-
ing high agreement data in some analyses.
This high-agreement–low-k paradox is a
consequence of the k coefficient’s propen-
sity to be affected by the prevalence of rare

findings. For example, as the readers rarely reported the prostate
region in newly diagnosed patients to be negative, inter- and intrarea-
der k coefficients for the prostate and patient level were affected
despite high levels of agreement.
Although slightly lower levels of interreader agreement were

observed in the recurrent population than in the newly diagnosed
population, the patient-level interreader agreement for 18F-
flotufolastat was still high at 75%–86% and was comparable with
other PSMA PET agents. The CONDOR trial data show an inter-
reader agreement of 75% among 3 readers of 18F-DCFPyL scans
from 208 patients with recurrent PCa (10), whereas pairwise
patient-level interreader agreement data for 68Ga-PSMA-11 PET
imaging in 125 patients with metastatic castration-resistant PCa
are reported as 82%–88% (11). Our interreader agreement data in
the recurrent population were impacted by findings from reader 1,
who read considerably more scans as positive in the prostate
region than did the other masked readers (4) and the onsite readers
(Supplemental Table 4). Reproducibility in extraprostatic regions
was high and of a similar level to that seen in newly diagnosed
patients.
Interpretation standards for strength of agreement based on k

coefficients have been proposed (12,13), and although these stan-
dards, particularly those by Landis and Koch (12), are widely
applied to the interpretation of the k coefficient, they are somewhat
arbitrary and should be used with caution given the effects of

59%

82%
75%

68%

86%84%
88%89%87% 85%84% 81%

Prostate/bed Pelvic lymph
nodes

Reader 1 vs 2 Reader 1 vs 3 Reader 2 vs 3

81%

98%95%96%
92% 95%94% 91%

84%

98%95% 97%100
90
80
70
60
50
40
30
20
10

0
Prostate Pelvic lymph

nodes
Patient-level

Pa
irw

is
e

in
te

r-
re

ad
er

ag
re

em
en

t(
%

)

Patient-level

Recurrent populationNewly diagnosed population

Other (extra-pelvic)
sites

Other (extra-pelvic) 
sites

FIGURE 1. Pairwise patient- and region-level interreader agreement for 352 newly diagnosed and
389 recurrent PCa patients with evaluable 18F-flotufolastat PET/CT scan.
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FIGURE 2. (A and B) Cohen k for pairwise patient- and region-level inter-
reader agreement of reads or images from 352 newly diagnosed (A) and
389 recurrent (B) PCa patients with evaluable 18F-flotufolastat PET/CT
scan. Cohen k was not estimable in prostate or at patient level for reader 1
vs. reader 2 or for reader 1 vs. reader 3 because of lack of negative pros-
tate reads in newly diagnosed population.

FIGURE 3. Discordant case in left external iliac lymph node. Fused
PET/CT and 18F-flotufolastat PET (right) images (SUV, 0–10) from newly
diagnosed high-risk PCa patient (PSA, 17.8 ng/mL) are shown. One of 3
masked readers identified metastasis in left external iliac lymph node,
which other 2 readers did not read as positive. Lesion was later confirmed
as true positive by histopathology, resulting in majority-read false-
negative result.
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prevalence and bias on the k coefficient and the high-agreement–
low-k paradox discussed above (14). Landis’s and Koch’s scale
ranks agreement as poor (k , 0), slight (0.0 . k , 0.20), fair (0.21
. k , 0.40), moderate (0.41 . k , 0.60), substantial (0.61 . k ,
0.80), or almost perfect (0.81 . k , 1.0). Application of these inter-
pretation scales here suggests that the Fleiss k for agreement among
all 3 readers, which were likely impacted by the prostate region
reporting discussed above, shows moderate k coefficients (12).
Patient-level intrareader agreement was high throughout, again simi-
lar to that of other PSMA PET agents (11) but with k coefficients
that would broadly be considered moderate to substantial in the
recurrent population and, where estimable, fair in the newly diag-
nosed population.
There are some limitations to the present analysis. First, as

noted above, we observed a low k coefficient for corresponding
high-agreement data in some inter- and intrareader analyses across
both populations, perhaps suggesting the unsuitability of the k
coefficient for these data. The k coefficient can be unreliable for
rare observations (such as negative 18F-flotufolastat PET/CT in the

prostate), because of its propensity to be
affected by the prevalence of the finding
under consideration (15,16). This is per-
haps demonstrated by the numerically
lower k coefficients (range, 0.29–0.5) for
the patient-level pairwise interreader agree-
ment in our recurrent population compared
with the 68Ga-PSMA-11 PET data dis-
cussed above, which correspond with a k

coefficient of 0.54–0.67 despite similar
levels of pairwise interreader agreement.
Second, as is typical for trials of this type,
scans were read by only a small number of
readers, which means the impact of any

outlier data such as the increased positive reads in a particular
region by one of the readers is amplified. In a real-world environ-
ment, with access to patients’ clinical information, and with learn-
ing from follow-up of subjects, further increases in diagnostic
accuracy and interreader agreement might be expected. Comparison
of the reads between the onsite readers and the masked readers
(Supplemental Table 4) perhaps exemplifies this and further high-
lights the outlier data in the prostate region in recurrent patients
from reader 1. Among all cases in which the prostate was read neg-
ative by the unmasked onsite readers, positive reads by readers 2
and 3 were relatively uncommon at 3%–12%, whereas reader 1
read the prostate positive in 34% of these cases.

CONCLUSION

The data here show 18F-flotufolastat PET/CT scans of patients
with newly diagnosed and recurrent PCa can be reliably inter-
preted with a high degree of inter- and intrareader agreement. The
high reproducibility of results observed here offers further support
of the clinical utility of 18F-flotufolastat PET/CT imaging for
patients with PCa.
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KEY POINTS

QUESTION: How reliably can 18F-flotufolastat scans of patients
with newly diagnosed and recurrent PCa be interpreted?

PERTINENT FINDINGS: 18F-flotufolastat scan interpretation by 3
masked readers in two phase 3 clinical trials show the pairwise
interreader agreement to be 95% or higher in newly diagnosed
patients and 75% or higher in patients with recurrent PCa.
Intrareader agreement was 86% or higher in both populations.

IMPLICATIONS FOR PATIENT CARE: As this newly approved
PET/CT imaging agent moves into clinical use, the present study
shows that it can be reliably interpreted to give consistent results
across individual readers.
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