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Abstract

Background: Radiohybrid (rh) 18F-rhPSMA-7.3 is a novel high-affinity prostate-specific
membrane antigen (PSMA)-targeting radiopharmaceutical for prostate cancer (PCa)
imaging.
Objective: To evaluate the diagnostic performance and safety of 18F-rhPSMA-7.3 in
newly diagnosed PCa patients planned for prostatectomy.
Design, setting, and participants: Data on 18F-rhPSMA-7.3 were reported from the phase
3 prospective, multicentre LIGHTHOUSE study (NCT04186819).
Outcome measurements and statistical analysis: Patients underwent positron emission
tomography/computed tomography (PET/CT) 50–70 min after an injection of 296 MBq
18F-rhPSMA-7.3. Images were interpreted locally and by three blinded independent
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readers. The coprimary endpoints were patient-level sensitivity and specificity for the
detection of pelvic lymph node (PLN) metastases, validated using histopathology at
PLN dissection. Prespecified statistical thresholds (lower bounds of 95% confidence inter-
val [CI]) were set at 22.5% for sensitivity and 82.5% for specificity.
Results and limitations: Of372patients screened, 352hadevaluable 18F-rhPSMA-7.3-PET/
CT and296 (99 [33%]with unfavourable intermediate-risk [UIR] and 197 [67%]with high-/
very-high-risk [VHR]PCa) subsequentlyunderwent surgery.Asper the independent reads,
23–37 (7.8–13%) patients had 18F-rhPSMA-7.3–positive PLN. Seventy (24%) patients had
one or more positive PLNs on histopathology. The sensitivity for PLN detection was 30%
(95% CI, 19.6–42.1%) for reader 1, 27% (95% CI, 17.2–39.1%) for reader 2, and 23% (95% CI,
13.7–34.4%) for reader 3, not meeting the prespecified threshold. Specificity was 93%
(95% CI, 88.8–95.9%), 94% (95% CI, 89.8–96.6%), and 97% (95% CI, 93.7–98.7%), respectively,
exceeding the threshold for all readers. Specificity was high (�92%) across both risk strat-
ifications. Sensitivity was higher among high-risk/VHR (24–33%) than among UIR (16–
21%) patients. Extrapelvic (M1) lesions were reported for 56–98/352 (16–28%) patients
whounderwent 18F-rhPSMA-7.3-PET/CT irrespective of surgery. Verification of these (pre-
dominantly by conventional imaging) gave a verified detection rate of 9.9–14% (positive
predictive value, 51–63%). No serious adverse events were observed.
Conclusions: Across all risk stratifications, 18F-rhPSMA-7.3-PET/CT had high specificity,
meeting the specificity endpoint. The sensitivity endpoint was not met, although
higher sensitivity was noted among high-risk/VHR than among UIR patients. Overall,
18F-rhPSMA-7.3-PET/CT was well tolerated, and identified N1 and M1 disease prior to
surgery in newly diagnosed PCa patients.
Patient summary: In order to select the most appropriate treatment for patients with
prostate cancer, it is critical to diagnose the disease burden accurately at initial diagno-
sis. In this study, we investigated a new diagnostic imaging agent in a large population of
men with primary prostate cancer. We found it to have an excellent safety profile and to
provide clinically useful information regarding the presence of disease beyond the
prostate.

� 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

Staging of newly diagnosed prostate cancer (PCa) includes
identification of both regional nodal involvement (N1) and
distant metastatic disease (M1) [1]. Accurate diagnosis, par-
ticularly of extraprostatic disease, is essential for appropri-
ate treatment decision-making and patient counselling
owing to the likelihood that metastatic disease may change
the planned treatment.

Until recently, bone scintigraphy and abdominal/pelvic
computed tomography (CT) or magnetic resonance imaging
(MRI) were the mainstay for initial staging in patients with
newly diagnosed high-risk and very-high-risk (VHR) PCa, as
well as in a subgroup of patients with unfavourable
intermediate-risk (UIR) disease [2]. However, these conven-
tional imaging modalities have been reported to have lim-
ited diagnostic performance in PCa staging [3,4]. Positron
emission tomography (PET) can reliably identify N1 and
M1 disease prior to therapy in order to stage accurately
newly diagnosed patients, informing their management
and ultimately improving outcomes. Two prostate-specific
membrane antigen (PSMA)-targeting PET radiopharmaceu-
ticals, 68Ga-PSMA-11 and 18F-DCFPyL, have gained U.S. Food
and Drug Administration approval [5,6]. In addition, 18F-
rhPSMA-7.3 (Supplementary material [Supplementary
Fig. A1]), a high-affinity PSMA-PET radiopharmaceutical, is
in development as a diagnostic imaging agent for PCa. Clin-
ical data [7] show 18F-rhPSMA-7.3 to have lower average
urinary excretion than 18F-DCFPyL and 68Ga-PSMA-11,
which may facilitate improved imaging in the pelvic region.
Furthermore, retrospective data from routine clinical use in
Germany show that 18F-rhPSMA-7.3 has superior diagnostic
performance to morphological imaging for primary N stag-
ing [8].

Herein, we report the first data on the diagnostic perfor-
mance and safety of 18F-rhPSMA-7.3 from the phase 3
LIGHTHOUSE study (NCT04186819) investigating 18F-
rhPSMA-7.3 in men with newly diagnosed PCa planned to
undergo radical prostatectomy (RP) with pelvic lymph node
(LN) dissection (PLND). The study enrolled patients with
UIR to VHR disease to address its use in a broad range of risk
classifications.
2. Patients and methods

Prior to study initiation, the study protocol (Supplementary material)

was approved by each study site’s institutional review board/indepen-

dent ethics committee. The study was conducted in accordance with

the Declaration of Helsinki and the International Council on Harmoniza-

tion Guidelines for Good Clinical Practice. All patients provided written

informed consent.

2.1. Patients

Men (>18 yr) with biopsy-proven adenocarcinoma of the prostate and

UIR-to-VHR disease classification who were scheduled to undergo RP

with PLND were enrolled from 31 sites across the USA and Europe (Sup-
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plementary material). The Supplementary material provides the disease

risk definitions, enrolment criteria, and details of the baseline

assessments. Patients received standard-of-care imaging (bone scan

[99mTc-HDP and 99mTc-MDP], abdominal/pelvic CT or MRI, or chest CT

as per institutional preference) as part of the baseline assessment at

least 24 h before 18F-rhPSMA-7.3-PET/CT.
2.2. Imaging with 18F-rhPSMA-7.3-PET/CT

Patients received a target activity of 296±20% MBq 18F-rhPSMA-7.3 as an

intravenous bolus, with PET/CT conducted 50–70 min later. The CT

acquisition was performed without intravenous contrast for anatomic

localisation and attenuation correction purposes only.

This was an open-label study, and all images were evaluated initially

by study site–based readers to determine whether N1 or M1 disease was

detected and to inform subsequent standard-of-truth (SoT) activities. For

the determination of study endpoints, all 18F-rhPSMA-7.3-PET/CT images

were sent to the imaging core laboratory for interpretation by three

independent central PET readers (all board-certified nuclear medicine

physicians with >15 yr of experience) who were blinded to all clinical

information, including the local site conventional imaging and PET reads.

All local and central readers received specific training on interpreting
18F-rhPSMA-7.3 images.
2.3. Standard-of-care treatment

Patients received standard-of-care treatment for PCa within 60 d after
18F-rhPSMA-7.3-PET/CT if the onsite read did not detect M1 disease. If

M1 disease was identified by PET, verification (additional conventional

imaging, biopsy, or surgery) was attempted before treatment. In patients

with verified M1 disease, external beam radiation therapy could be per-

formed instead of surgery (as per the standard of care) if deemed prefer-

able by the patient and physician.

The regional PLND included, at a minimum, resection of lymphatic

tissue for a histological analysis from the following nodal groups:

hypogastric (internal iliac), external iliac, and obturator LNs. An

extended LN dissection (to include presacral, perirectal, and/or common

iliacs) could be performed, depending on the site standard of care. The

location of the dissected material was marked to allow matching with

its anatomical origin (left/right hemipelvis). Dissected LNs were sec-

tioned and analysed by a study-site pathologist for the presence or

absence of PCa according to the site’s standard of care.
2.4. Standard of truth

For the assessment of endpoints related to pelvic nodal involvement,

histopathology of surgically removed lymphatic tissue was the SoT.

The presence of at least one PET-positive pelvic LN and one histopatho-

logically proven LN on the same side of the pelvis was consiered a true

positive (TP) at the patient level, as described in the Supplementary

material (protocol Table 6).

For suspected M1 lesions, histopathology, or confirmatory conven-

tional imaging (CT, bone scan, or MRI) was used. Confirmatory imaging

of suspected M1 disease was read centrally by a panel of three SoT read-

ers who were provided limited clinical information (age at screening,

date of initial diagnosis, tumour-node-metastasis staging, Gleason Score,

most recent prostate-specific antigen [PSA] level, and procedure list with

start/end dates). The SoT panel reviewed all available conventional

imaging and reached consensus on the nature of the PET-positive M1

lesions.
2.5. Efficacy measures

The coprimary endpoints were patient-level sensitivity and specificity of
18F-rhPSMA-7.3 for the detection of pelvic LN metastases, where

sensitivity = TP/(TP + FN) and specificity = TN/(TN + FP).

The secondary endpoints included the following:

1. Patient-level positive predictive value (PPV) of 18F-rhPSMA-7.3-PET/

CT findings (as determined by the central blinded image evaluation

[BIE]) for detecting pelvic LN metastases (compared with

histopathology), where PPV = TP/(TP + FP)

2. Patient-level negative predictive value (NPV) for the detection of pel-

vic LN metastases compared with histopathology. For this particular

analysis, a false-negative (FN) patient was defined as having one or

more FN regions (right or left hemipelvis), regardless of any coexist-

ing true negatives (TNs), where NPV = TN/(TN + FN)

3. Patient-level 18F-rhPSMA-7.3-PET/CT verified detection rate (VDR)

for M1 disease (as determined by BIE), where VDR = (TP)/(TP + FP

+ BIE negative)

4. Patient-level 18F-rhPSMA-7.3-PET/CT PPV (as determined by BIE) for

M1 lesions (compared with histopathology or confirmatory imaging)

5. Safety assessments

Further subgroup analyses of the endpoints were conducted with

patients stratified by PCa risk category and International Society of Uro-

logical Pathology (ISUP) grade group (GG).
2.6. Safety

All patients were monitored for the frequency of adverse events (AEs),

graded according to Common Terminology Criteria for Adverse Events

version 5 [9], from informed consent until last visit. Vital sign monitor-

ing was conducted at screening and also before and after 18F-rhPSMA-

7.3-PET/CT.
2.7. Statistical analysis

Both coprimary endpoints were summarised as a percentage and two-

sided exact 95% confidence interval (95% CI) for each of the three readers

and for the majority read interpretation (agreement of two or more read-

ers). The TP, false-positive (FP), TN, and FN regions were categorised

using the right and left hemipelvis regional classification method

detailed in the protocol. For the primary analysis, patients with one TP

region were categorised as TP. The primary analysis included patients

as FN if they had only one positive region by histopathology and it

was missed by PET.

Performance goals for the lower bound of the 95% CI of 22.5% for sen-

sitivity and 82.5% for specificity were selected based on the low sensitiv-

ity but high specificity of other PSMA-PET ligands used for N staging. A

total sample size of �375 patients was planned in order to obtain 300

evaluable patients for the primary endpoint. This assumed sensitivity

of 40% for detecting N1 disease [10]; a sample size of 75 positive cases

would, therefore, provide 90% power to reject the 22.5% performance

goal. Assuming specificity of 90%, a sample size of 225 negative cases

would provide 90% power to reject the 82.5% performance goal. The

analyses for sensitivity and specificity were performed using one-sided

0.025 exact binomial tests.

The safety analysis evaluated all patients who received 18F-rhPSMA-

7.3. The efficacy population comprised all patients who underwent 18F-

rhPSMA-7.3-PET/CT and subsequent RP and PLND, and was used to

assess the coprimary endpoints. An extended population comprising

all patients who underwent 18F-rhPSMA-7.3-PET/CT irrespective of sub-

sequent surgery was used to analyse M1-related efficacy.



Fig. 1 – STARD flow diagram of study participants. CT = computed tomography; EBRT = external beam radiation therapy; ICF = informed consent form;
LN = lymph node; PET = positron emission tomography; PLND = pelvic lymph node dissection; RP = radical prostatectomy.
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3. Results

As shown in Figure 1, 372 patients were screened between
March 2020 and March 2021. Table 1 presents the baseline
characteristics for both the efficacy population (n = 296) and
the extended population (n = 352).

Pelvic LN and metastatic findings by 18F-rhPSMA-7.3
were broadly consistent by local site read and BIE (Table 2).

3.1. Pelvic LN sampling

Pelvic LN sampling data were recorded for 295/296 patients
in the efficacy population. One patient underwent PLND,
but the number of LNs sampled was not recorded. A median
of 16 (interquartile range, 9–23) LNs were sampled per
patient. Overall, 70 patients (24%) had at least one positive
pelvic LN on histopathology.

3.2. Detection of pelvic LN metastases

3.2.1. Sensitivity
Patient-level sensitivity among the efficacy population
(n = 296) ranged across readers from 23% to 30% (majority
read, 24%; Table 3). The lower bound 95% CI ranged from
13.7% to 19.6%, not exceeding the prespecified statistical
threshold (p = 0.09–0.5). In a subgroup with UIR disease
(n = 99), the sensitivity ranged from 16% to 21% (majority
read, 16%) and was higher (24–33%; majority read, 27%)
among patients with high-risk or VHR disease (n = 197).

Patient-level sensitivity was higher among patients with
ISUP GG 5 (38–52% across readers) than among those with
lower GG (Supplementary material). Sensitivity remained
broadly consistent across PSA ranges (Supplementary
material).
3.2.2. Specificity
Patient-level specificity ranged from 93% to 97% across
readers (majority read, 96%), with the lower bound 95% CI
ranging from 88.8% to 93.7%, exceeding the prespecified sta-
tistical threshold for all three readers (p < 0.001) and meet-
ing the coprimary endpoint (Table 3). Specificity ranged
from 94% to 99% (majority read, 98%) in the UIR subgroup
and from 92% to 96% (majority read, 95%) among the
patients with high-risk/VHR disease.

Specificity was broadly high irrespective of GG or base-
line PSA (Supplementary material).
3.2.3. PPV and NPV
Among the efficacy population, the patient-level PPV (com-
pared with surgical histopathology) was 57–70% across



Table 1 – Patients’ baseline characteristics and 18F-rhPSMA-7.3-PET/
CT details

Extended population (for
M1 efficacy; N = 352)

Efficacy
population
(N = 296)

Age (yr)
Median 65 65
IQR 60–70 60–70

Time since initial
diagnosis (mo)
Median 1 1
IQR 0–2 0–2

Grade group, n (%)
1 6 (1.7) 5 (1.7)
2 50 (14) 42 (14)
3 108 (31) 91 (31)
4 86 (24) 78 (26)
5 102 (29) 80 (27)

cT1 stage, n (%)
T1 144 (41) 121 (41)
T2 131 (37) 112 (38)
T3 54 (15) 45 (15)
T4 2 (0.6) 1 (0.3)
TX or missing 21 (6.0) 17 (5.7)

PSA at last
measurement
(ng/ml)
Median 8.8 8.5
IQR 6.0–15.8 5.8–14.7

Risk stratification,
n (%)
Unfavourable
intermediate

114 (32) 99 (33)

Baseline
conventional
imaging a

N = 351 N = 295

Pelvic LN, n (%)
Positive 21 (6.0) 12 (4.1)

M1 (extrapelvic
site), n (%)
Positive 20 (5.7) 14 (4.7)

18F-rhPSMA-7.3-
PET/CT
Administered
activity (MBq)
Median 307.3 308.0
IQR 296.0–321.9 296.7–322.0

CT = computed tomography; IQR = interquartile range; LN = lymph node;
MRI = magnetic resonance imaging; PET = positron emission tomography;
PSA = prostate-specific antigen.
a Data missing for one patient. In the extended population, 272
patients had a bone scan, 211 had a CT scan, and 150 had MRI. In the
efficacy population, 225 patients had a bone scan, 175 had a CT scan,
and 134 had MRI.

Table 2 – Findings of 18F-rhPSMA-7.3 by local site read and blinded imag

Local read Blinded im

Reader 1

Extended population (n = 352) N0 = 276 N0 = 291
N1 = 76 N1 = 61
M0 = 289 M0 = 296
M1 = 63 M1 = 56

Efficacy population (n = 296) N0 = 250 N0 = 259
N1 = 46 N1 = 37
M0 = 263 M0 = 268
M1 = 33 M1 = 28
M1a = 10 M1a = 7
M1b = 17 M1b = 16
M1c = 6 M1c = 5
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readers (majority read, 65%). NPV ranged from 80% to 81%,
with a majority read of 80% (Table 4).

3.3. Detection of M1 lesions

Extrapelvic lesions were documented among an extended
population comprising all patients who had 18F-rhPSMA-
7.3-PET/CT irrespective of surgery (n = 352). Figure 2
presents images of extrapelvic lesions detected with
18F-rhPSMA-7.3-PET/CT. As detailed in the Supplementary
material, extrapelvic M1 lesions were found in 56–98
(16–28%) patients, resulting in an M1 VDR of 9.9–14% and
patient-level PPV of 51–63%, using predominantly confir-
matory conventional imaging as the gold standard.

3.4. Safety data

Overall, 28 of the 356 patients in the safety population
(7.9%) experienced a total of 33 treatment-emergent AEs,
none of which were serious. Nine (2.5%) patients experi-
enced a total of ten treatment-emergent AEs possibly
related to 18F-rhPSMA-7.3. Injection site pain was experi-
enced by three (0.8%) patients. Peripheral swelling, diar-
rhoea, nausea, hyperkalaemia, arthralgia, dysgeusia, and
hypertension were each reported for one (0.3%) patient.

4. Discussion

LIGHTHOUSE evaluated the diagnostic performance and
safety of the novel PSMA-targeting radiopharmaceutical
18F-rhPSMA-7.3 in a large, diverse population of men with
newly diagnosed UIR-to-VHR PCa. Consistent with previous
studies of 18F-rhPSMA-7.3, no significant safety signals were
identified [7,11,12].

The coprimary endpoint of patient-level specificity for
the detection of N1 disease was met, as the prespecified sta-
tistical success threshold was exceeded by each of the three
independent PET readers (p < 0.001) and for the majority
read (p < 0.001). The prespecified statistical threshold for
sensitivity was not exceeded by the readers, and thus the
coprimary sensitivity endpoint was not met.

Sensitivity is a known challenge for the existing PSMA-
PET agents [10,13], particularly for lesions <5 mm, which
can be under the test’s detection limit [14–16]. Lesions
are considered positive on histopathology irrespective of
size. Thus, since PET will always be less sensitive than the
e evaluation

age evaluation

Reader 2 Reader 3 Majority read

N0 = 301 N0 = 308 N0 = 305
N1 = 51 N1 = 44 N1 = 47
M0 = 254 M0 = 289 M0 = 291
M1 = 98 M1 = 63 M1 = 61
N0 = 263 N0 = 273 N0 = 270
N1 = 33 N1 = 23 N1 = 26
M0 = 231 M0 = 258 M0 = 263
M1 = 65 M1 = 38 M1 = 33
M1a = 4 M1a = 6
M1b = 55 M1b = 27
M1c = 6 M1c = 5



Table 3 – Patient-level sensitivity and specificity for the detection of pelvic LN metastases in the efficacy population

Reader 1 Reader 2 Reader 3 Majority read

Sensitivity
All patients (n = 296) 30% (21/70) 27% (19/70) 23% (16/70) 24% (17/70)
95% CI 19.6–42.1% 17.2–39.1% 13.7–34.4% 14.8–36.0%
p value 0.09 0.2 0.5 0.4

UIR (n = 99) 21% (4/19) 16% (3/19) 21% (4/19) 16% (3/19)
95% CI 6.1–45.6% 3.4–39.6% 6.1–45.6% 3.4–39.6%

High risk or VHR (n = 197) 33% (17/51) 31% (16/51) 24% (12/51) 27% (14/51)
95% CI 20.8–47.9% 19.1–45.9% 12.8–37.5% 15.9–41.7%

Specificity
All patients (n = 296) 93% (210/226) 94% (212/226) 97% (219/226) 96% (217/226)
95% CI 88.8–95.9% 89.8–96.6% 93.7–98.7% 92.6–98.2%
p value <0.001 <0.001 <0.001 <0.001

UIR (n = 99) 94% (75/80) 95% (76/80) 99% (79/80) 98% (78/80)
95% CI 86.0–97.9% 87.7–98.6% 93.2–100.0% 91.3–99.7%

High risk or VHR (n = 197) 92% (135/146) 93% (136/146) 96% (140/146) 95% (139/146)
95% CI 86.9–96.2% 87.8–96.7% 91.3–98.5% 90.4–98.1%

95% CI = 95% confidence interval; UIR = unfavourable intermediate-risk disease; VHR = very high risk.

Table 4 – Patient-level PPV and NPV for the detection of pelvic LN metastases

Reader 1 Reader 2 Reader 3 Majority read
N = 296 N = 296 N = 296 N = 296

Patient-level PPV for the detection of pelvic LN metastases
Number of patients with PET-positive finding in pelvic LN (TP + FP) 37 33 23 26
True positive 21 (57%) 19 (58%) 16 (70%) 17 (65%)
False positive 16 (43%) 14 (42%) 7 (30%) 9 (35%)
PPV 57% (21/37) 58% (19/33) 70% (16/23) 65% (17/26)
[95% CI] [39.5–72.9%] [39.2–74.5%] [47.1–86.8%] [44.3–82.8%]
Patient-level NPV for the detection of pelvic LN metastases
Number of patients with PET-negative finding in pelvic LN (TN + FN) 284 287 289 287
True negative 231 (81%) 232 (81%) 231 (80%) 230 (80%)
False negative 53 (19%) 55 (19%) 58 (20%) 57 (20%)
NPV 81% (231/284) 81% (232/287) 80% (231/289) 80% (230/287)
[95% CI]a [76.3–85.7%] [75.8–85.2%] [74.8–84.4%] [75.0–84.6%]

95% CI = 95% confidence interval; FN = false negative; FP = false positive; LN = lymph node; NPV = negative predictive value; PET = positron emission
tomography; PPV = positive predictive value; TN = true negative; TP = true positive.
a For the evaluation of NPV, an FN patient was defined as having at least one FN region (right or left pelvis), regardless of any coexisting TN findings.
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histopathology SoT, some degree of FN results is inevitable
in trials of this type because of the lack of consideration of
a size threshold to define a positive lesion that should be
detectable by 18F-rhPSMA-PET. As the size of lesions identi-
fied or missed by 18F-rhPSMA-7.3-PET/CT was not captured
routinely in the present study, future studies should be con-
ducted to determine the lower limit of detection.

The LIGHTHOUSE study enrolled patients across a broad
range of disease risk stratifications that resembled a real-
world population of primary PCa patients who would be
candidates for surgery, with one-third of all enrolled
patients having UIR disease. Moreover, only 4.1% of the effi-
cacy population had baseline conventional imaging that
was positive for pelvic LN metastases. In contrast, the PSMA
phase 3 registration trials to date have focused on high-risk
patients; OSPREY [10] recruited only high-risk patients and
the 68Ga-PSMA-11 trial [13] recruited just 18% of
intermediate-risk patients in the surgery cohort, with rela-
tively higher rates of enrolled patients with positive base-
line conventional imaging for N1/M1 disease in OSPREY
[17,18]. Commensurate with the risk category and known
correlation of PSMA expression with disease aggressiveness
[19], lower-risk patients are expected to have smaller
lesions expressing lower levels of PSMA, potentially below
the resolution of PET, which would have affected the end-
points. Indeed, when considering data from patients with
only high-risk or VHR disease, sensitivity increases to 27%
relative to the 16% observed in patients with UIR disease.
Further support is added from the observation that sensitiv-
ity is meaningfully higher in patients with GG 5 than in
other groups.

Despite the low sensitivity, patient-level NPV was
broadly high across all readers, suggesting that clinicians
can have a good level of confidence in a negative scan.
NPV is comparable with other agents [10,13] despite the
noted differences in patient populations. Nonetheless, it is
important to note that negative PSMA-PET in this popula-
tion is not intended to change the current risk-based
standard-of-care approach of conducting PLND with RP.
Currently, for CT and MRI, 8–10 mm is considered the size
threshold for pathological LNs [4]. Microscopic metastatic
deposits in pelvic LNs below this size can be identified by
a histopathological examination only, and therefore, the
current risk-based approach used by urologists to decide
whether to perform PLND will necessarily continue. The
use of PSMA-PET in this population can help inform accu-
rate preoperative patient counselling, and the identification
of any PSMA-positive nodes not seen on conventional imag-



Fig. 2 – Images captured from a patient in LIGHTHOUSE. (A and B) Fused 18F-rhPSMA-7.3-PET/CT images and (C) MIP (SUV 0–10) of a 66-yr-old patient initially
presenting with unfavourable intermediate-risk PCa (Gleason 4 + 3, PSA 11.0 ng/ml, cT2), upstaged by findings of 18F-rhPSMA-7.3–avid pelvic LN (Fig. 2A,
yellow arrow) and multiple bone metastases, for example, in the sacrum (Fig. 2B, red arrows) and T10 vertebra (Fig. 2C, midline above the liver). The bone
metastases were subsequently verified as true positive on CT. CT = computed tomography; LN = lymph node; MIP = maximum intensity projection;
PCa = prostate cancer; PET = positron emission tomography; PSA = prostate-specific antigen; SUV = standardised uptake value.
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ing that are outside the planned surgical field could allow
adjustment of the field prior to surgery.

Patient-level N1 PPV was moderately high but was
impacted by a degree of FP lesions. One explanation is that
LNs identified on 18F-rhPSMA-7.3-PET were not part of the
standard nodal dissection at surgery. This was anticipated
to a degree, given the known variability in practice of PLND
extent, propensity of LN metastases to be missed during
PLND [20,21], the minimum study stipulation for regional
PLND, and flexibility afforded to sites to otherwise proceed
with dissection extent as per the standard of care.

Although the prevalence of M1 lesions among this newly
diagnosed population, one-third of which had UIR disease,
was expected to be low, 16–28% of patients had 18F-
rhPSMA-7.3–positive M1 lesions. This conferred a VDR of
9.9–14% and a moderately high PPV of 51–63%. The skeletal
system is the most common site of distant metastatic
spread in PCa [22], and our data showing bone to be the
most frequent site for 18F-rhPSMA-7.3 M1 detections
(M1b detection rate, 13%) agree with this. However, high
uptake of PSMA-targeted PET radiopharmaceuticals in vari-
ous benign bone pathologies, such as healing fractures
[23,24], Paget’s disease [25–27], and fibrous dysplasia
[28], can lead to FP findings that mimic PCa metastases.
Although verification of M1 lesions as TPs was predomi-
nantly by conventional imaging (85% [29/34] by majority
read), which likely led to a number of ‘‘false FPs’’, our data
show that 50% of 18F-rhPSMA-7.3–avid bone lesions were
verified as TPs. Thus, by majority read, 18F-rhPSMA-7.3
identified a TP bone lesion in 6.3% of patients. The identifi-
cation of confirmed distant metastatic disease prior to RP
and PLND may spare such patients undergoing surgery that
might be futile in favour of a switch to multimodality and/
or systemic treatments.

The utility of PSMA-PET agents can be limited by high
urinary bladder activity, resulting in poor delineation of
the local tumour and some pelvic LNs [29–31]. As the
average urinary excretion of 18F-rhPSMA-7.3 is lower than
that of the currently approved agents [7], a potential exists
for improved imaging in the pelvic region and basal pros-
tate. Data from a retrospective analysis of the clinical use
of 18F-rhPSMA-7.3 show good distinction between the pri-
mary tumour and background bladder activity [8], as is
noted visually in the images here and from the SPOTLIGHT
study of patients with recurrent PCa [12]. A further dis-
tinction of 18F-rhPSMA-7.3 from existing PSMA-PET agents
is the rhPSMA platform’s potential for the development of
true theranostics, through labelling with 18F for diagnostic
imaging or with alpha- or beta-emitters for therapeutic
use [32]. Thus, as these have similar chemical structures
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to the therapeutic agents, rhPSMA diagnostic agents may
be ideally suited to identify patients who are suitable for
radioligand therapy with any future rhPSMA therapeutics.
Phase 1/2 trials of rhPSMA radioligand therapy are cur-
rently underway (NCT05413850), and recent preclinical
data show 177Lu-labelled rhPSMA to perform favourably,
with a markedly improved tumour:kidney uptake ratio
and suppression of tumour growth relative to 177Lu-
PSMA-I&T [33].

There are a number of limitations to the present study.
Firstly, as LIGHTHOUSE was not designed to compare 18F-
rhPSMA-7.3-PET with existing PSMA-PET agents, and in
the absence of head-to-head comparisons, caution should
be applied in drawing comparisons based on individual trial
data owing to the impact that differing patient populations,
scanning procedures, readers, and the differences in SoT
protocols have on reported outcomes. Furthermore, as
histopathology data from pelvic LN sampling show, the
prevalence of N1 disease is fairly low at 24% in this popula-
tion, which might have affected the PPV estimates. Addi-
tionally, as expected, the prevalence of M1 lesions among
this newly diagnosed population, one-third of whom had
UIR disease, was low, impacting the estimates of M1 VDR
and PPV. Lastly, while 18F-rhPSMA-7.3-PET may provide
high specificity for N1 disease and provide useful data on
the presence of M1 disease in these newly diagnosed
patients, which could inform future treatment, outcomes
were not measured and the impact of this on patients is
unknown.
5. Conclusions

In this phase 3 study comprising the broadest population of
primary PCa patients in its class, 18F-rhPSMA-7.3 was well
tolerated. The specificity endpoint was met, with high
specificity noted across all risk stratifications. The copri-
mary endpoint of sensitivity was not met. However, lower
sensitivity is common within the class of PSMA-targeted
diagnostic radiopharmaceuticals and likely related to the
enrolled population. Overall, 18F-rhPSMA-7.3-PET/CT pro-
vides clinically useful information regarding the identifica-
tion of both N1 and M1 disease prior to surgery.
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