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Abstract
Purpose  Several prostate-specific membrane antigen (PSMA) radiopharmaceuticals have been used for the treatment of 
metastatic, castration-resistant prostate cancer (mCRPC). In an attempt to improve the tumour accumulation, new PSMA 
ligands were developed with an albumin-binding entity to enhance the blood circulation and, hence, tumour accumulation. 
In preclinical studies, [177Lu]Lu-SibuDAB, a radiopharmaceutical with moderate albumin-binding properties, outperformed 
[177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-I&T. The aim of this study was to evaluate the dosimetry of [177Lu]Lu-SibuDAB 
in patients diagnosed mCRPC.
Methods  Seventeen patients (median age 72 years, range 63‒83) diagnosed with progressive disease of mCRPC were 
included in this prospective study after exhausting all available treatment options. They were injected with 5.3 ± 0.5 GBq 
(mean ± standard deviation) [177Lu]Lu-SibuDAB as a first treatment cycle. Sixteen of these patients underwent sequential 
whole-body SPECT/CT and activity determination in venous blood samples for dosimetry purposes. Absorbed doses to 
the salivary glands, liver, spleen, kidneys, and red marrow as well as selected tumour lesions were calculated in OLINDA/
EXM™ and compared to published values for previously established PSMA radiopharmaceuticals.
Results  Absorbed dose coefficients (ADC) to tumours (9.9 ± 5.4 Gy/GBq) were about 2-fold higher than those reported 
for clinically approved PSMA radiopharmaceuticals. ADC to salivary glands, liver, spleen, kidneys and red marrow were 
higher (0.5 ± 0.2, 0.2 ± 0.05, 0.2 ± 0.1, 1.8 ± 0.6, 0.1 ± 0.04 Gy/GBq, respectively) than for [177Lu]Lu-PSMA-617 and [177Lu]Lu- 
PSMA-I&T, but lower than for [177Lu]Lu-PSMA-ALB-56, a previously investigated long-circulating PSMA radiopharmaceuti-
cal. The tumour-to-kidneys, tumour-to-red marrow, tumour-to-salivary glands ADC ratio were 6.6, 102, 33.1. These ratios 
were comparable to those of [177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-I&T for kidneys and red-marrow, but higher for 
salivary glands.
Conclusion  [177Lu]Lu-SibuDAB showed a prolonged blood circulation time and, hence, a significantly increased absorbed 
tumour dose, while tumour-to-organ ADC ratios were similar to conventional PSMA radiopharmaceuticals. Further clinical 
investigations to evaluate the efficacy and safety of [177Lu]Lu-SibuDAB are, thus, warranted.
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Introduction

Prostate cancer is the most frequently diagnosed type of can-
cer in men and the second most common neoplastic cause of 
premature death [1]. The prostate-specific membrane antigen 
(PSMA) is expressed in the healthy prostate secretory aci-
nar epithelium and overexpressed in the plasma membrane 
of prostate cancer cells. It has been reported that PSMA 

expression correlates positively with high-grade, metastatic, 
and castration-resistant disease [2–4]. Therefore, PSMA 
has been proven to be a valid target for radiopharmaceuti-
cal therapy (RPT) of metastatic, castration-resistant pros-
tate cancer (mCRPC) [5, 6]. The positive outcome of 177Lu-
based RPT applied over the last decade [7–11] and a Phase 
III clinical trial (VISION; NCT03511664) [12] resulted in 
the approval of [177Lu]Lu-PSMA-617 (Pluvicto™, Novartis) 
by the Food and Drug Administration and the European 
Medicines Agency [12].

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-025-07102-8&domain=pdf


2432	 European Journal of Nuclear Medicine and Molecular Imaging (2025) 52:2431–2443

Recent preclinical efforts have been focused on the devel-
opment of novel PSMA radiopharmaceuticals functionalised 
with a p-iodophenyl-entity which binds with high affinity 
to serum albumin [13]. The rationale of this concept was to 
prolong the blood circulation time and, thus, increase the 
tumour uptake of the otherwise rapidly excreted radiophar-
maceuticals [14–16]. Indeed, the tumour accumulation was 
significantly improved, however, these promising findings 
were overshadowed by overly high blood activity levels 
and increased renal retention of activity. [177Lu]Lu-PSMA-
ALB-56 was the first PSMA radiopharmaceutical modified 
with a p-tolyl-entity [15], which binds with over 10-fold 
lower affinity to serum albumin than the p-iodophenyl-
entity [13]. The favourable distribution profile of [177Lu]Lu- 
PSMA-ALB-56 in preclinical mouse models translated in 
considerably enhanced therapeutic efficacy as compared to 
that of [177Lu]Lu-PSMA-617 [15]. In a prospective study 
conducted at the Center for Nuclear Medicine, Positronmed 
in Santiago de Chile, Chile, [177Lu]Lu-PSMA-ALB-56 was 
administered with an average activity of 3.4 ± 0.4 GBq per 
treatment cycle to patients with progressive mCRPC and no 
other treatment options [17]. It was well tolerated, and no 
severe adverse events were observed. Although the tumour 
absorbed dose was considerably enhanced, the activity level 
in the blood was about one order of magnitude higher than 
for [177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-I&T, result-
ing in considerably increased bone marrow absorbed dose. 
The kidney absorbed dose was also unfavourably increased, 
however, the salivary glands dose was similar to that of 
established radiopharmaceuticals resulting in tumour-to-
salivary gland absorbed dose coefficient (ADC) ratios that 
were almost doubled as compared to those of conventional 
radiopharmaceuticals [17].

Aiming at further optimization of the radioligand 
design, a new generation of PSMA radiopharmaceuti-
cals was established with (S)-ibuprofen as an albumin-
binding entity [18]. Preclinical studies have shown that 
the enantiopure [177Lu]Lu-(S)-Ibu-DAB-PSMA is a 
promising candidate in terms of tumour-to-normal-organ 
ADC ratios, which outperformed those of the enantio-
pure [177Lu]Lu-(R)-Ibu-DAB-PSMA with R-ibuprofen, 
the racemic [177Lu]Lu-Ibu-DAB-PSMA, and [177Lu]Lu- 
PSMA-ALB-56. In a therapy study with mice bearing 
PSMA-positive PC-3 PIP tumour xenografts, [177Lu]Lu- 
(S)-Ibu-DAB-PSMA had a significant therapeutic advantage 
over [177Lu]Lu-PSMA-617 and a favourable safety profile 
over [177Lu]Lu-PSMA-ALB-56 [19]. The enantiopure 
[177Lu]Lu-SibuDAB, modified with (S)-ibuprofen, demon-
strated more favourable tumour-to-kidney ADC ratios and 
was, thus, selected for further development [20, 21].

The present study with [177Lu]Lu-SibuDAB was aimed 
at determining the dosimetry in patients diagnosed with 
mCRPC and no other treatment option. Additionally, the 

safety profile was assessed by recording adverse events and 
monitoring blood parameters before and after treatment with 
[177Lu]Lu-SibuDAB.

Material and methods

Study design and ethical approval

This prospective open-label single-arm investigator-initiated 
trial was designed to evaluate the biodistribution, dosim-
etry (primary objectives), preliminary safety and efficacy 
(secondary objectives) of [177Lu]Lu-SibuDAB in patients 
with mCRPC, as well as changes in quality of life and pain 
scores (additional objectives). The study was approved by 
the regional ethics committee in Santiago de Chile, Chile. 
All patients gave written informed consent, and all reported 
investigations were conducted in accordance with the Dec-
laration of Helsinki and local regulations.

Recruitment and inclusion criteria

Suitable candidates were recruited from the Hospital Clínico 
San Borja Arriarán of the University of Chile and refer-
ring hospitals within the greater area of Santiago de Chile. 
Patients with mCRPC were considered for participation in 
the study if (i) the disease was confirmed by PET/CT using 
[18F]PSMA-1007, (ii) the levels of prostate-specific antigen 
(PSA) were rising according to Prostate Cancer Working 
Group 3 criteria [22–24] and (iii) no other available treat-
ment options were available. Formal inclusion and exclusion 
criteria and the imaging protocol are listed in the Supple-
mentary material.

Preparation of [177Lu]Lu‑SibuDAB

Good Manufacturing Practices-grade SibuDAB (Diverchim 
CDMO, Roissy-en-France, France) and non-carrier-added 
lutetium-177 (Isotope Technologies Munich SE, Garch-
ing, Germany) were used for the preparation of [177Lu]Lu- 
SibuDAB. The radiolabelling was performed on an auto-
mated radiosynthesis module (Gaia V2 and Luna, Elysia-
Raytest, Straubenhardt, Germany) with cassettes and reagent 
kits for 177Lu-labeling (Advanced biochemical compounds 
ABX, Radeberg, Germany). Details on the radiosynthesis 
are given in the Supplementary material.

Treatment with [177Lu]Lu‑SibuDAB

Enrolled patients received up to 4 cycles of 5‒6 GBq [177Lu]Lu- 
SibuDAB as intravenous injection with an interval of 8‒10 
weeks between each cycle. Dosimetry was carried out during 
the first treatment cycle. To assess the association between 
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the administered mass of SibuDAB and the absorbed dose 
to normal organs and tumours, patients initially received 
a randomly assigned formulation of [177Lu]Lu-SibuDAB 
containing one of three ligand mass levels (80 µg, 200 µg,  
400 µg). Subsequent administrations contained 200 µg 
SibuDAB ligand mass.

Dosimetry

Whole-body (top of the skull to mid-thigh) SPECT/CT 
images were acquired on a Siemens Symbia SPECT/CT 
system (Siemens Healthineers, Erlangen, Germany) at nomi-
nal timepoints 1.5, 6, 24, 48, 168 h post-injection (p.i.) of 
[177Lu]Lu-SibuDAB. The main acquisition parameters were: 
45 stops (90 projections per energy window) over 360° (4° 
sampling) with 25 s dwell time per stop. Medium energy low 
penetration collimators were used, the main energy window 
was set as 187–229 keV, with upper and lower scatter win-
dows. SPECT images were reconstructed iteratively with 
the system manufacturer’s implementations (4.8 x 4.8 mm 
matrix, Flash 3D reconstruction, 8 iterations, 9 subsets, no 
post-reconstruction filtering) and corrected for scattered 
(triple energy windows) and attenuated photons (CT-based 
attenuation correction). Whole-body CT was acquired in a 
low-dose setting (80 mAs effective, 130 kVp, CareDose4D: 
on). Calibration factors were determined from a phantom 
acquisition under identical acquisition and reconstruction 
settings. Reconstructed SPECT and CT data were uploaded 
to a Hermia workstation (Hermes Medical Solutions, Stock-
holm, Sweden) for analysis.

Dosimetry was carried out based on sequential whole-
body SPECT/CT imaging and venous blood sampling 
according to the principles outlined by the European Asso-
ciation of Nuclear Medicine dosimetry committee [25] 
using the implementation of OLINDA/EXM™ available in 
Hermes. Briefly, co-registration of SPECT and CT images 
was examined per timepoint for correctness and adapted if 
necessary. Sequential SPECT/CT datasets were loaded into 
the Hybrid Dosimetry application and co-registered. Ana-
lysed organs and tissues included the salivary glands (left 
and right parotid and submandibular glands), liver, spleen, 
kidneys (left and right), total body, and up to three tumour 
lesions per patient selected by the investigators. Volumes of 
interest around organs and tumour lesions were manually 
defined guided by CT and propagated to all SPECT images 
and were drawn to include also activity spilled out from the 
CT defined organ boundaries to compensate for the partial 
volume effect. Total activity in the patient was derived from 
the sum of all counts in the reconstructed SPECT. The mass 
of regions was independently determined on the CT images 
(24 h timepoint) for kidneys (medulla and cortex only), liver, 
spleen, and tumours. The total body mass was taken from 
the most up-to-date weight measurements for the respective 

patient. The individual mass of salivary glands was obtained 
by scaling the salivary gland mass of the adult male standard 
phantom (ICRP89 [26]) to the weight of each respective 
patient since direct volumetric measurement was impossible 
due to streak-artifacts in the low-dose CT images caused by 
dental implants. The mass of the red marrow was obtained 
in an equivalent fashion.

Venous blood samples (n = 3 for each timepoint) were 
drawn from the cubital vein at nominal timepoints 5, 15, 
30 min, and 1.5, 6, 24, 48, 168 h p.i. The activity in the 
samples was measured using a calibrated γ-spectrometer 
(Elysia-Raytest, Mucha). The activity concentration (kBq/
gram) was obtained by weighing the blood samples.

Time activity‑curves (TACs) and time‑integrated activity 
coefficients (TIACs)

Time-activity curves (TACs) and time-integrated activity 
coefficients (TIACs) for salivary glands, liver, spleen, kid-
neys, total body, and tumour lesions were directly obtained 
from the Hermes Hybrid Dosimetry application by fitting 
either bi-exponential or mono-exponential functions.

TACs for red marrow were obtained using the blood-spe-
cific activity and extrapolating to activity in the entire red 
marrow by multiplication with the red marrow mass. Thus, 
it was assumed that the activity concentration in red marrow 
is equal to the activity concentration in blood (red marrow to 
blood ratio = 1) [27]. Bi-exponential functions were fitted to 
non-decay corrected uptakes in GraphPad Prism (GraphPad 
Software LLC, version 10.1.2).

TIAC for organs, total body and tumour lesions were 
obtained by integration of TACs within either Hermes or 
GraphPad Prism.

Calculations of the absorbed dose

Obtained TIACs were used as input in the kinetics tab in 
OLINDA software (version 2.2.3, Hermes Medical Solu-
tions, Stockholm, Sweden). The adult male standard phan-
tom (ICRP89 [26]) was selected for the calculation of the 
absorbed dose and ADCs. The dose conversion factors in 
OLINDA were scaled by organ masses based on volumetric 
measurements as implemented in the software. The masses 
of all structures/organs that were not determined indepen-
dently on imaging were scaled to the actual patient weight.

Additionally, the ADC for red marrow, assuming iden-
tical activity concentration in red marrow and blood and 
without any cross-irradiation from other sources was calcu-
lated separately. The latter has been termed red marrow self, 
while the absorbed dose including cross-irradiation from 
other sources was termed red marrow total. The spherical 
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model of OLINDA was applied for calculations of ADC to 
tumours.

Statistical analysis

Descriptive statistics are provided in the format (arithmetic 
mean) ± (standard deviation [SD]) or as median value and 
interquartile range where indicated. The association between 
variables was either assessed by a Kruskal-Wallis test for com-
paring the absorbed doses in the three different peptide mass 
groups or by Pearson correlation analysis for the dependence 
of absorbed dose on total tumour uptake. In general, two-sided 
p-values of less than a significance level of α = 0.05 were con-
sidered statistically significant with Bonferroni adjustment 
for multiple testing. Association analyses were carried out in 
GraphPad Prism (GraphPad Software LLC, version 10.1.2).

Preliminary safety after first treatment cycle

Safety was evaluated by blood biomarker analysis and record-
ing of adverse events by the principal investigator accord-
ing to Common Terminology Criteria for Adverse Events 
v5.0 guidelines (published by National Institutes of Health, 
National Cancer Institute, Cancer Therapy Evaluation Pro-
gram). Efficacy was assessed by pre- and post-therapeutic 
PET/CT imaging using [18F]PSMA-1007 based on RECIP 
criteria [28], blood biomarker analysis and considering clini-
cal parameters. In addition, a retrospective analysis of total 
tumour uptake on PET was performed, according to Unter-
rainer et al. [29], as also briefly described in Supplementary 
material. Herein, only the safety data covering the period after 
administration of the RPT until (excluding) the second treat-
ment cycle will be reported. Further information on safety and 
efficacy will be shared in a follow-up publication.

Results

Patients and treatment regimen

Seventeen patients diagnosed with mCRPC (median serum 
PSA level 49.2 ng/mL, median standardised uptake value 
(standardised to body weight) (SUVMean−bw) of 7.4, median 
total tumour volume of 225.5 mL) were included in the study 
(Table 1). Up to 4 cycles of [177Lu]Lu-SibuDAB were admin-
istered between June 2021 and January 2023 at the Center for 
Nuclear Medicine, Positronmed in Santiago de Chile, Chile. 
Data of sixteen patients were used for dosimetry assessment 
at the first treatment cycle while one patient was unable to 
undergo the necessary γ-camera acquisitions due to tumour 

Table 1   Baseline information of patients treated with [177Lu]Lu-SibuDAB

a Ethnic information was not recorded for patients. n = 17 unless specified
b n = 17, information of precursor mass was recorded at dosing, only 
16 patients underwent dosimetry assessment
c Information on previous treatments for one patient was not available
d Apalutamide, enzalutamide – pembrolizumab
ARAT  Androgen receptor axis-targeted, ADT  Androgen deprivation 
therapy, IQR  Interquartile range, RPT  Radiopharmaceutical ther-
apy, SUV  Standardised uptake value (standardised to body weight), 
SUV*mL Standardised uptake value multiplied by tumour volume

Patient characteristicsa

Median age (IQR) [years] 72 (63‒83)
Median pre-treatment PSA value (IQR) [ng/mL] 49.2 (4.8‒87.4)
Median total tumour uptake (IQR) [SUV*mL] 2,084.00 

(590.50‒10,957.75)
Disease sites
  Bone 16/17
  Lymph nodes 11/17
  Viscera 6/17
  Prostate 11/17

Median injected activity (IQR) [GBq] 5.4 (5.1‒5.6)
Median cycles of treatment (IQR) 3 (1‒4)
Precursor massb

  80 µg 5/17
  200 µg 6/17
  400 µg 6/17

Previous lines of therapyc

  0 1/16
  1 2/16
  2 7/16
  3 2/16
  4 4/16

Types of previous lines of therapyc

  Chemotherapy
    Docetaxel 12/16
    Cabazitaxel 5/16
    Docetaxel and Cabazitaxel 4/16
  ARAT/ADT agentsc

    Enzalutamide 4/16
    Abiraterone 9/16
    Bicalutamide 3/16
    Otherd 2/16
  RPT ([177Lu]Lu-PSMA-617, 4x) 1/16

Other previous treatmentsc

  Surgery Yes: 5; No: 11
  Radiotherapy (all) Yes: 13; No: 3
    Curative RT (alone) Yes: 1; No: 15
    Brachytherapy Yes: 2; No: 14
    Adjuvant RT Yes: 4; No: 12
    Palliative RT Yes: 8; No: 8
  Hormone blockade therapyc Yes: 16; No: 0
    First line ARAT​ Yes: 8; No: 8
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associated back pain. The administered activity for the treat-
ment cycle with dosimetry was 5.3 ± 0.5 GBq of [177Lu]Lu- 
SibuDAB.

Pharmacokinetics of [177Lu]Lu‑SibuDAB

On visual assessment, [177Lu]Lu-SibuDAB exhibited a bio-
distribution pattern common to most small-molecule PSMA 
radiopharmaceuticals to date (Fig. 1a).

The highest uptake was observed in tumour lesions at ~ 24 h  
after injection of [177Lu]Lu-SibuDAB, it was 9.2 ± 6.3 * 
10−2% IA/g, which was lower than the 13.4 ± 17.4 * 10−2% 
IA/g reported for [177Lu]Lu-PSMA-ALB-56 [17]. The 
uptake at ~ 24 h in the kidneys was 2.1 ± 0.6 * 10−2% IA/g 
and in the salivary glands it was 0.6 ± 0.2 * 10−2% IA/g, 
lower than for tumours and lower than for [177Lu]Lu-PSMA-
ALB-56 [17] (kidneys 2.3 ± 0.6 * 10−2% IA/g, salivary 
glands 1.1 ± 0.5 * 10−2% IA/g).

2h 24h 96h 168h

Fig. 1   a Maximum-intensity projections of SPECT images of [177Lu]Lu- 
SibuDAB patient #5 (medium total tumour uptake) and patient #2 (low 
total tumour uptake), windowing at all timepoints was adjusted so that 
bottom (white) is 0 counts and top (black) is 1000 counts; b TACs for 
tumours and kidneys, expressed as percent injected activity per gram 

(% IA/g) for patient #5; c TACs for salivary glands, liver, spleen and red 
marrow (blood) (% IA/g) for patient #5. For better visualization, the ini-
tial peak of blood TAC is not shown. P = patient, p.i. = post injection; 
TAC = Time-activity curve
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The activity concentration in the blood was 1.4 ± 0.4 * 
10−2% IA/g at 15 min post injection, 1.0 ± 0.3 * 10−2% IA/g 
at 30 min, 0.3 ± 0.2 * 10−2% IA/g at 6 h, 0.1 ± 0.1 * 10−2% 
IA/g at 24 h and 0.009 ± 0.005 * 10−2% IA/g at 7 days.

While the activity concentration in blood for the first time-
point was only slightly lower than for ALB-56 [17] (1.6 ± 0.5 * 
10−2% IA/g at 15 min), it was considerably lower at later time-
points (ALB-56: 0.5 ± 0.2 * 10−2% IA/g at 6 h and 0.04 ± 0.01 
* 10−2% IA/g at 7 days), compatible with a faster clearance of 
[177Lu]Lu-SibuDAB.

The TACs for tumour lesions, kidneys (both Fig. 1b) 
and blood, liver, spleen, salivary glands (all Fig. 1c) of 
one representative patient are provided.

Organ dosimetry

ADCs for [177Lu]Lu-SibuDAB are given in Table 2. In non-
tumour tissue, the highest ADC was observed for the kid-
neys with 1.84 ± 0.64 Gy/GBq (range 0.97‒3.54 Gy/GBq), 
followed by salivary glands, spleen, liver, and red marrow 
total with 0.46 ± 0.18 Gy/GBq (range 0.08‒0.7 Gy/GBq), 
0.22 ± 0.09 Gy/GBq (range 0.11‒0.45 Gy/GBq), 0.20 ± 0.05 
Gy/GBq (range 0.15‒0.33 Gy/GBq), and 0.10 ± 0.04 Gy/
GBq (range 0.04‒0.17 Gy/GBq), respectively. The ADC for 
red marrow self was 0.05 ± 0.02 Gy/GBq (range 0.02‒0.12 
Gy/GBq).

Tumour dosimetry

The ADC of 38 tumour lesions in 15 patients was deter-
mined (Table  3). In one patient (patient #13), tumour 
lesions could not be clearly distinguished from background 
in the SPECT/CT and were, thus, omitted for evaluation, 
the maximum-intensity-projections of PET and SPECT 
acquisitions of this patient are provided in Supplemen-
tal Fig. 1. The tumour doses showed a strong variation 

between individual lesions. The overall average ADC in 
tumour lesions was 9.9 ± 5.4 Gy/GBq (range: 0.8‒27.6 Gy/
GBq). The tumour-to-kidneys, tumour-to-salivary glands 
and tumour-to-red marrow ADC ratios were 6.7 ± 4.8, 
33.1 ± 34.1, and 102 ± 81, respectively.

Association between injected ligand mass 
and absorbed dose coefficients

No significant differences between a particular SibuDAB 
ligand mass (Table 2) and the ADC for salivary glands, 
liver, spleen, kidneys, and tumours were found based on 
Kruskal-Wallis test and a multiple testing adjusted signifi-
cance level of α = 0.0071. The ADC for red marrow self was 
significantly different between the three ligand mass groups 
(p = 0.0016). An additionally performed Mann-Whitney test 
revealed that the 400 µg ligand mass group had a lower ADC 
for red marrow self (0.03 ± 0.01 Gy/GBq) as compared to 
the ADC for the 200 µg (0.07 ± 0.02 Gy/GBq) and 80 µg 
(0.05 ± 0.02 Gy/GBq) groups.

Association between total tumour uptake 
and absorbed dose coefficients

The total tumour uptake of [18F]PSMA-1007 was deter-
mined in the pre-therapeutic PET/CT scans for each patient 
(Table 4 below; further details on PET/CT scan described 
in Supplementary material). Statistical significance 
(p = 0.0004) was found for the linear correlation (Pearson 
correlation analysis) of ADC to salivary glands and the 
total tumour uptake. Other tested associations between total 
tumour uptake and ADC to liver, spleen, kidneys, red mar-
row total, red marrow self, and tumours did not reach the 
multiple-testing adjusted significance level of α = 0.0071. 
Scatter plots between total tumour uptake and ADC of sev-
eral organs were prepared using the results of the Pearson 
correlation analysis (Fig. 2).

Table 2   Injected ligand mass and absorbed dose coefficients [Gy/GBq] for normal organs

n.a. not available

Organ Patient Mean ± SD

Patient ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Ligand mass [µg] 200 200 200 200 200 200 400 400 400 400 80 80 80 80 80 400
Kidneys 1.54 1.53 2.04 2.23 1.76 1.22 1.99 1.15 0.97 1.75 2.40 1.26 2.57 1.84 3.54 1.64 1.84 ± 0.64
Salivary glands 0.25 0.58 0.70 0.58 0.58 0.15 0.50 0.08 0.31 0.50 0.4 0.4 0.58 0.63 0.57 0.55 0.46 ± 0.18
Red marrow total 0.13 0.12 0.13 0.11 0.16 0.17 0.07 0.14 0.13 0.09 0.11 n.a. 0.07 0.06 0.08 0.04 0.10 ± 0.04
Red marrow self 0.1 0.06 0.07 0.07 0.07 0.05 0.04 0.03 0.02 0.04 0.07 n.a. 0.04 0.04 0.06 0.02 0.05 ± 0.02
Liver n.a. 0.2 0.33 0.19 0.20 0.18 0.19 0.18 0.17 0.19 0.15 0.24 0.26 0.21 0.17 0.16 0.20 ± 0.05
Spleen 0.13 0.2 0.37 0.45 0.18 0.16 0.18 0.26 0.32 0.19 0.11 0.26 0.17 0.17 0.22 0.11 0.22 ± 0.09
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Safety of the first treatment cycle of [177Lu]Lu‑ 
SibuDAB

The administration of [177Lu]Lu-SibuDAB was safe and 
well tolerated by all patients. There were no adverse events 
or significant changes in vital signs on the day of the 
administration. During the follow-up until the second cycle 
of treatment (excluding), 7/17 patients (41%) developed or 
experienced an aggravation of an existing myelosuppres-
sion (including anaemia, thrombocytopenia, leukopenia, 
pancytopenia, among others). For two of these patients 
(12%) serious adverse events were recorded. One patient 
developed grade 3 anaemia and thrombocytopenia after an 
epistaxis event which was not related to the study drug. The 
second patient experienced grade 3 anaemia and grade 2 
thrombocytopenia from grade 2 at baseline. Further non-
severe adverse reactions included nausea (5/17), fatigue 
(5/17), and disease-related pain (5/17) due to extensive 
bone metastasis.

Discussion

Compared to other therapeutic PSMA radiopharmaceuticals, 
the ADC obtained for [177Lu]Lu-SibuDAB were promising 
(Table 4), although a direct comparison was limited by the 
small sample sizes, heterogeneous instrumentation, and the 
inherent inaccuracies of dosimetry studies [30]. In line with the 
increased tumour uptake observed in preclinical studies, the 
tumour ADC was considerably higher for [177Lu]Lu-SibuDAB 
(9.9 Gy/GBq) than for [177Lu]Lu-PSMA-617 (3.6–4.2 Gy/
GBq) [31] and [177Lu]Lu-PSMA-I&T (2.9–4.1 Gy/GBq) [31]. 
Mean tumour-to-kidney ADC ratios of [177Lu]Lu-SibuDAB 
(6.6) were in a similar range to those of [177Lu]Lu-PSMA-617 
(6.2–7.2) and [177Lu]Lu-PSMA-I&T (4.1–5.8) (Table 5).

Importantly, a substantially improved tumour-to-salivary 
gland ADC ratio was obtained for [177Lu]Lu-SibuDAB 
(33.1) when compared to other previously translated PSMA 
radiopharmaceuticals, such as [177Lu]Lu-PSMA-617 
(4.3–5.7) and [177Lu]Lu-PSMA-I&T (4.6–9.5) (Table 5).

Fig. 2   Scatter plot for the association between total tumour uptake 
and absorbed dose coefficients for kidneys, red bone marrow (self), 
salivary glands, and tumours. The solid line represents the best line 
of fit and the dashed lines the 95% prediction interval.  n.s. = not 

significant; SUV = Standardised uptake value (standardised to body 
weight); SUV*mL = Standardised uptake value multiplied by tumour 
volume
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Considering that xerostomia (grade 1 + 2) was observed 
as a frequent adverse event of [177Lu]Lu-PSMA-617 
therapy [35] and the severity is increasing for [225Ac]Ac-
radiolabelled PSMA-targeting, small-molecule inhibi-
tors [36], this could be of clinical relevance in view of the 
clinical application of SibuDAB due to a high tumour-
to-salivary gland ADC ratio. Consequently, SibuDAB 
labelled with terbium-161 (NCT06343038) and 225Ac 
(ACTRN12624001123538) are currently being tested or 
planned to be tested in clinics.

Still, the exact mechanism for the higher tumour-to-sal-
ivary glands ratio is unclear. This could be due to higher 
tumour uptake for [177Lu]Lu-SibuDAB over [177Lu]Lu-
PSMA-617 and [177Lu]Lu-PSMA-I&T, a lower salivary 
gland uptake, an increased tumour sink effect due to the 
higher tumour uptake, or a combination of multiple factors. 
For example, one could hypothesize that the larger size of 
[177Lu]Lu-SibuDAB as compared to [177Lu]Lu-PSMA-617 
and [177Lu]Lu-PSMA-I&T reduces uptake in salivary 
glands, as for large PSMA-radioimmunoconjugates, no or 
only very low salivary gland uptake was reported [34].

As a result of the albumin-binding properties of [177Lu]Lu- 
SibuDAB, the red bone marrow ADC dose was increased 

over that of [177Lu]Lu-PSMA-617. Together with the 
increased tumour ADC for [177Lu]Lu-SibuDAB this lead-
ing effectively to a slightly lower tumour-to-red marrow 
ADC ratio of 102 compared to 119–139 for [177Lu]Lu- 
PSMA-617 (Table 5). In the present investigation, how-
ever, the red bone marrow-to-blood ratio was arbitrar-
ily set to the most conservative assumption of 1.0, while 
other studies used lower factors such as 0.36 [34, 37–39] 
or even 0.32 [32]. The estimates of the present study may, 
thus, overestimate the dose received by the red bone mar-
row and the potential clinical impact. Still, [177Lu]Lu-
SibuDAB clearly has a slower clearance from blood than 
does [177Lu]Lu-PSMA-617. At 24 h and 7 d post injec-
tion, the activity concentration in blood was 14% and 
0.9% of its value at 30 min post injection for [177Lu]Lu- 
SibuDAB, whereas it was reported to be 7% at 24 h  
and 0.4% at 6 d post injection for [177Lu]Lu-PSMA-617 
[40]. It should be noted that the topic of correct red bone 
marrow dosimetry for PSMA is discussed controversially, 
since many publications still rely on blood-based methods 
(e.g. Herrmann et al. [40]) and others apply image based 
techniques. To remain consistent with most literature and 

Table 5   Comparison of dosimetry data for different PSMA-targeting radiopharmaceuticals, currently under clinical investigation

Absorbed doses are presented as mean (SD) values
a not directly available in reference, range calculated based on values in this table
b mean value reported, confidence intervals are available in reference
ADC absorbed dose coefficient, n.a. not available in the respective reference

[177Lu]Lu-
SibuDAB

[177Lu]
Lu-PSMA-
ALB-56

[177Lu]Lu-EB-
PSMA-617

[177Lu]Lu-
LNC1003

[177Lu]Lu-
PSMA-617

[177Lu]
Lu-PSMA-I&T

[177Lu]Lu-J591

Reference this report Kramer et al. 
[17]

Zang et al. [32] Zang et al. [33] Ells et al. [31] Ells et al. [31] Vallabhajosula 
et al. [34]

ADC Kidneys 
(Gy/GBq)

1.84
(0.64)

2.54
(0.94)

2.38
(0.69)

2.24
(0.081)

0.58b 0.71b 1.41
(0.35)

ADC Red mar-
row (Gy/GBq)

0.10
(0.04)

0.29
(0.07)

0.054 (0.006) 0.22
(0.04)

0.03b 0.03b 0.32
(0.10)

ADC Salivary 
glands (Gy/
GBq)

0.46
(0.18)

0.86
(0.42)

6.41
(1.40)

3.61
(2.83)

Parotid: 0.84b

Submandib.: 
0.74b

Parotid: 0.43b

Submandib.: 
0.64b

n.a.

ADC Tumour 
(Gy/GBq)

9.9
(5.4)

14.3
(25.2)

n.a. Bone: 8.52 
(4.20)

Lymph node: 
9.51 (2.02)

Bone: 3.57b

Soft tissue: 
4.19b

Bone: 4.10b

Soft tissue: 
2.94b

n.a.

Tumour-to-
kidneys ADC 
ratio

6.6 5.6 n.a. 3.8‒4.2a 6.2‒7.2a 4.1‒5.8a n.a.

Tumour-to-red-
marrow ADC 
ratio

102 49.3 n.a. 38.7‒43.2a 119‒139a 98‒137a n.a.

Tumour-to-
salivary glands 
ADC ratio

33.1 16.6 n.a. 2.3‒2.6a 4.3‒5.7a 4.6‒9.5a n.a.
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previous work of the investigators [17], we opted for the 
blood-based approach.

In comparison to [177Lu]Lu-PSMA-ALB-56 [15], [177Lu]Lu- 
SibuDAB showed mostly improved pharmacokinetics, indicat-
ing that modulating the albumin-binding affinity to fine-tune 
the in vivo properties is a valid strategy for the development 
of radiopharmaceuticals. The mean absorbed dose to tumours 
and kidneys, respectively, was 31% and 28% lower after 
injection of [177Lu]Lu-SibuDAB than after using [177Lu]Lu- 
PSMA-ALB-56 [15, 17] resulting in similar tumour-to-kidney 
ADC ratios of 6.6 and 5.6 for the two radiopharmaceuticals 
(Table 5). The red bone marrow ADC was 66% lower for 
[177Lu]Lu-SibuDAB than for [177Lu]Lu-PSMA-ALB-56 
resulting in a substantially improved tumour-to-red marrow 
ADC ratio of 102 for [177Lu]Lu-SibuDAB versus 49.3 for 
[177Lu]Lu-PSMA-ALB-56 (Table 5). These data are in line 
with the expectations based on preclinical data [15, 20, 21], 
demonstrated by good concordance of the preclinical TIACs 
of organs and clinical ADC (Table 6).

Previous attempts of translating PSMA-targeting radiop-
harmaceuticals with a longer blood plasma half-life to clin-
ics refer to [177Lu]Lu-EB-PSMA-617 [32] and [177Lu]Lu- 
LNC1003 [33], both modified with Evans blue as an albumin-
binding entity and the radioimmunoconjugate, [177Lu]Lu- 
J591 [34]. A direct comparison of the data of the present 
study with those of [177Lu]Lu-EB-PSMA-617 was not feasi-
ble due to the lack of tumour dosimetry data for the latter [32]. 
[177Lu]Lu-SibuDAB, however, outperformed [177Lu]Lu- 
LNC1003 based on available data of tumour-to-red marrow, 
tumour-to-kidney, and tumour-to-salivary gland ADC ratios. 
However, [177Lu]Lu-J591 outperformed [177Lu]Lu-SibuDAB 
regarding dosimetry data for the kidneys [34]. This can be 
ascribed to the fact that radioimmunoconjugates are not 
cleared through kidneys due to their large size [41]. On the 
other hand, [177Lu]Lu-SibuDAB did not show the intense 
liver uptake that was seen after injection of [177Lu]Lu-J591 
in line with the hepatobiliary excretion of the latter. Impor-
tantly, the mean absorbed dose to the red marrow was about 
3-fold lower for [177Lu]Lu-SibuDAB (0.10 Gy/GBq) than 

for [177Lu]Lu-J591 (0.32 Gy/GBq) [34], which is favourable, 
given the substantial myelosuppression observed in patients 
treated with [177Lu]Lu-J591 [42].

In the present study, the choice of the injected activity 
was based on the previous experience with [177Lu]Lu- 
PSMA-ALB-56 and [177Lu]Lu-PSMA-617. Up to 24 GBq 
of [177Lu]Lu-SibuDAB were administered and generally 
well tolerated. A detailed analysis of the safety data in this 
cohort will be published after collection of all data and 
adequate follow-up after last administration of [177Lu]Lu- 
SibuDAB. Formal dose escalation studies will be neces-
sary to determine the maximum tolerated activity for clin-
ical routine, possibly aided by individual dosimetry [43].

Besides red marrow self doses, statistical analysis did 
not reveal significant differences in ADC between the three 
groups treated with different precursor masses. Hypotheti-
cally, an increased precursor mass could lead to saturation 
of PSMA-binding sites as it was demonstrated in preclinical 
studies [44]. The differences in red marrow dose between 
different ligand mass observed in the present study were, 
however, small and inconsistent in direction as the highest 
radiation doses were found in the intermediate ligand mass 
group.

The hypothesis that a varying extent of the tumour 
sink effect was a confounding factor, potentially interfer-
ing with consistency of data for specific precursor mass 
groups, was evaluated by determining tumour uptake in 
the pre-therapeutic [18F]PSMA-1007 for PET/CT data 
since a large variation in total tumour uptake was detect-
able in the different precursor mass groups (Table 2). 
An extensive tumour burden and related uptake of the 
PSMA radiopharmaceutical may result in decreased off-
target accumulation, an effect also known as “sink effect” 
[45, 46]. As observed in Fig. 2, there is a visual trend of 
decreasing ADC for kidneys, red marrow, and salivary 
glands for increasing total tumour uptake in the patient, 
compatible with a tumour sink effect. Only the linear 
regression between salivary gland ADC and total tumour 
uptake reached the required, multiple testing adjusted, 

Table 6   Comparison of biodistribution (TIAC) and dosimetry data (ADC) for different, albumin-binding PSMA-targeting radiopharmaceuticals 
and in different species

ADC absorbed dose coefficient, TIAC time-integrated activity coefficients

Kidneys Blood/Red Marrow Tumours

Mouse TIAC
[% IA/g*h]

Human ADC
[Gy/GBq]

Mouse TIAC
[% IA/g*h]

Human ADC
[Gy/GBq]

Mouse TIAC
[% IA/g*h]

Human ADC
[Gy/GBq]

[177 Lu]Lu-
PSMA-ALB-56

809 2.54 341 0.29 8491 14.3

[177 Lu]Lu-
SibuDAB

433 1.84 78.55 0.1 6931 9.9

Change −46% −28% −77% −66% −18% −31%
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statistical significance level. For PSMA-avid tumours, 
one expects a positive correlation between uptake of  
[18F]PSMA-1007 in the lesions and lesion absorbed dose 
of the 177Lu-based PSMA radiopharmaceutical, as already 
previously reported [47]. This trend is as well visually 
evident (Fig. 2), but the linear correlation analysis did not 
reach the required statistical significance level. Still, due 
to the visually apparent trends for all analysed regions, 
it cannot be ruled out that the imbalance of total tumour 
uptake between the three different ligand mass groups 
potentially confounded the detection of a clear influence 
of ligand mass on absorbed doses. Clearly, larger cohorts 
of patients would be necessary to finally conclude on the 
most favourable ligand mass to be used for follow-up clini-
cal studies.

Conclusion

This study demonstrated the generally favourable biodistribu-
tion profile of [177Lu]LuSibuDAB in mCRPC patients with 
increased absorbed tumour doses while tumour-to-organ ADC 
ratios for kidneys and red bone marrow were in a similar range 
as for conventionally employed PSMA radiopharmaceuticals. 
Most relevant was the improved tumour-to-salivary gland 
ADC ratio as compared to that of [177Lu]Lu-PSMA-617. 
[177Lu]Lu-SibuDAB is a promising novel radiopharmaceuti-
cal with potential for further development in clinical trials.
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