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Abstract
Background  Positron emission tomography/computed tomography (PET/CT) using prostate-specific membrane 
antigen (PSMA)-targeted radiotracers labeled with zirconium-89 (89Zr; half-life ~ 78.41 h) showed promise in localizing 
biochemical recurrence of prostate cancer (BCR) in pilot studies.

Methods  Retrospective analysis of 38 consecutive men with BCR (median [minimum–maximum] prostate-specific 
antigen 0.52 (0.12–2.50 ng/mL) undergoing [89Zr]Zr-PSMA-617 PET/CT post-negative [68Ga]Ga-PSMA-11 PET/CT. PET/
CT acquisition 1-h, 24-h, and 48-h post-injection of a median (minimum–maximum) [89Zr]Zr-PSMA-617 tracer activity 
of 123 (84–166) MBq.

Results  [89Zr]Zr-PSMA-617 PET/CT detected altogether 57 lesions: 18 local recurrences, 33 lymph node metastases, 
6 bone metastases in 30/38 men with BCR (78%) and prior negative conventional PSMA PET/CT. Lesion uptake 
significantly increased from 1-h to 24-h and, in a majority of cases, from 24-h to 48-h. Tumor-to-background ratios 
significantly increased over time, with absolute increases of 100 or more. No side effects were noted. After [89Zr]
Zr-PSMA-617 PET/CT-based treatment, prostate-specific antigen concentration decreased in all patients, becoming 
undetectable in a third of patients. Limitations: retrospective, single center design; infrequent histopathological and 
imaging verification.

Conclusion  This large series provides further evidence that [89Zr]Zr-PSMA-617 PET/CT is a beneficial imaging 
modality to localize early BCR. A remarkable increase in tumor-to-background ratio over time allows localization of 
tumor unidentified on conventional PSMA PET/CT.

Keywords  Biochemical recurrence, Localization, Positron emission tomography/Computed tomography (PET/CT), 
Prostate cancer, Prostate-specific membrane antigen (PSMA), Zirconium-89 (89Zr)
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Background
In men with biochemical recurrence of prostate cancer 
(BCR), identifying the location and extent of disease is 
essential for optimizing treatment plans [1]. Presently, 
the preferred procedure for this purpose is prostate-
specific membrane antigen (PSMA)-targeted positron 
emission tomography/computed tomography (PET/CT). 
Current tracers rely on the short-lived radionuclides gal-
lium-68 (68Ga; half-life: ~67.7  min) or fluorine-18 (18F, 
half-life ~ 110.8  min) [2–9]. With these tracers, lesions 
with only weak PSMA expression and slowly increas-
ing uptake may not or only insufficiently be visualized 
[10–16]. Additionally, the requirement that images be 
obtained relatively shortly post-administration limits 
time for radiotracer clearance from non-target tissue, 
potentially contributing to an insufficient tumor-to-back-
ground ratio, i.e., poor contrast [16].

Use of tracers incorporating zirconium-89 (89Zr) may 
represent a promising avenue to address these limitations 
of radiopharmaceuticals with short-lived radionuclides. 
The relatively protracted half-life of 89Zr, ~ 78.41 h, per-
mits much later imaging than is possible with 68Ga or 18F, 
namely, scanning at ≥ 24-h post-injection. We and oth-
ers have demonstrated in single cases and small series of 

patients with BCR that PET/CT at ≥ 24-h post-injection 
with different 89Zr-labeled PSMA-targeted radiotracers 
frequently reveals lesions suspicious for prostate cancer 
that were undetected with conventional PSMA-targeted 
PET/CT [10–16]. Our group also has used 89Zr-based 
late scanning to provide insight into the suspiciousness of 
indeterminate findings on conventional PSMA-targeted 
scans [12, 17].

Our encouraging preliminary results led us to retro-
spectively analyze the use of [89Zr]Zr-PSMA-617 PET/
CT in a larger sample of patients with BCR and recent 
prior negative [68Ga]Ga-PSMA-11 PET/CT. Our goals 
were to further verify the detection efficacy of [89Zr]
Zr-PSMA-617 PET/CT, and to gather more data on the 
lesion uptake kinetics of the novel tracer.

Methods
Study design and endpoints
The primary endpoint of this study was to determine the 
detection efficiency of [89Zr]Zr-PSMA-617 PET/CT with 
respect to suspicious lesions in a larger cohort of patients 
with BCR and negative conventional PSMA PET/CT.

Secondary endpoints were the magnitude of lesion 
uptake of [89Zr]Zr-PSMA-617 and contrast to back-
ground over time, as well as a comparison of values of 
related PET variables with each other and with those of 
[68Ga]Ga-PSMA-11 in the conventional scan for sites 
of positive [89Zr]Zr-PSMA-617 PET/CT findings. The 
remaining secondary endpoints were near-term safety 
of [89Zr]Zr-PSMA-617 PET/CT, i.e. adverse events or 
vital sign abnormalities observed during or shortly after 
the procedure that we considered to be related to [89Zr]
Zr-PSMA-617 PET/CT and the follow-up after [89Zr]Zr-
PSMA-617 PET/CT-based treatment (e.g. radiotherapy 
or surgical resection of the metastasis) including serum 
PSA levels and imaging (e.g. follow up PSMA PET/CT).

Patients and ethics
The cohort comprised 38 consecutive men with BCR, 
defined as increasing prostate-specific antigen (PSA) 
following primary (curative-intent) treatment, who 
from 25 October 2021–8 May 2023, underwent [68Ga]
Ga-PSMA-11 PET/CT with negative findings, and then, 
within a short period [89Zr]Zr-PSMA-617 PET/CT. All 
imaging took place at Saarland University Medical Cen-
ter. To be included, patients also had to have unaltered 
prostate cancer treatment during the interval between 
the conventional scan and the experimental scan. None 
of the patients showed clinical progression between 
[68Ga]Ga-PSMA-11 or [89Zr]Zr-PSMA-617 PET/CT.

Table  1 summarizes patient and imaging character-
istics of the study sample. This cohort was middle-aged 
to elderly, with Gleason stage 7 disease in approximately 
2/3. The PSA levels obtained at the time of [89Zr]

Table 1  Patient and imaging characteristics of 38 consecutive 
men with BCR and negative recent prior [68Ga]Ga-PSMA-11 PET/
CT
Characteristic Value
Age [yr]
  Median (min.–max.) 69 (53–82)
PSA [ng/mL], median (min.-max.)
  At [68Ga]Ga-PSMA-11 PET/CT 0.47 (0.08–2.49)
  At [89Zr]Zr-PSMA-617 PET/CT 0.52 (0.11–2.50)
PSA doubling time category, % (n)
  <3 mo. 21% (8)
  3–6 mo. 26% (10)
  7–12 mo. 18% (7)
  >12 mo. 34% (13)
Gleason Score category, % (n)
  6 5% (2)
  7a 26% (10)
  7b 34% (13)
  8 18% (7)
  9 16% (6)
Primary treatment, % (n)
  Prostatectomy 100% (38)
Additional salvage treatments% (n)
  Radiation therapy 34% (13)
  ADT 18% (7)
  Lymphadenectomy 5% (2)
Because of rounding, percentages may not add up to 100% for certain 
characteristics

ADT, androgen deprivation therapy; max., maximum; min., minimum; PSA, 
prostate-specific antigen; SD, standard deviation
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Zr-PSMA-617 PET/CT were low (median [minimum–
maximum] 0.52 [0.11–2.50] ng/mL). Primary treatment 
included prostatectomy in all patients. The analysis con-
formed to the Declaration of Helsinki and received ethics 
approval from the Institutional Review Board of the Ärz-
tekammer des Saarlandes/Saarbrücken (approval num-
ber: 170/22, 13 September 2022). All patients provided 
written informed consent for [89Zr]Zr-PSMA-617 PET/
CT and allowed publication of de-identified patient data.

[68Ga]Ga-PSMA-11 PET/CT
[68Ga]Ga-PSMA-11 scans were acquired using a median 
(minimum–maximum) 148.5 (111–184) MBq of radio-
tracer. PET/CT was performed ~ 1  h post-infusion, fol-
lowing standard procedures [18]. Findings were classified 
visually by consensus among three nuclear medicine phy-
sicians who were experienced PET/CT readers (SE, FK, 
FR); medical histories and prior images were available to 
aid interpretation. Negative scans were defined as those 
lacking pathological uptake.

[89Zr]Zr-PSMA-617 PET/CT
[89Zr]Zr-PSMA-617 PET/CT took place a median (mini-
mum–maximum) 38 (5–126) d after [68Ga]Ga-PSMA-11 
PET/CT. Scans with the novel tracer were performed 
1-h, 24-h, and 48-h post-administration. The 1-h scan 
was acquired to allow direct comparison with the prior 
conventional scan. The 24-h and 48-h scans evaluated 
imaging that would be expected to yield appropriate 
images with the long-lived radionuclide. After intrave-
nous infusion of a median (minimum–maximum) 123 
(84–166) MBq of [89Zr]Zr-PSMA-617, immediately fol-
lowed by 500 mL of NaCl 0.9%, whole-body PET/CT 
images, extending from the vertex to the mid-femur, 
were obtained using a Biograph mCT 40 system (Siemens 
Medical Solutions, Knoxville, TN, USA). PET acquisition 
time was 3 min/bed position for the 1-h scan, 4 min/bed 
position for the 24-h scan, and 5  min/bed position for 
the 48-h scan. For attenuation correction and anatomical 
localization, low-dose CT was performed at a 120-keV 
x-ray tube voltage. Tube current modulation with CARE 
Dose4D software (Siemens Healthineers, Erlangen, Ger-
many) was employed, with 30 mAs as the reference. A 
soft tissue kernel (B31f/Be32) and a slice thickness of 
5  mm (increment: 2–4  mm) were used to reconstruct 
data, which also were corrected for decay, randoms, and 
scatter. To reconstruct PET images, an iterative 3-dimen-
sional ordered-subset expectation maximization algo-
rithm (3 iterations; 24 subsets) was applied, and Gaussian 
filtering was carried out to a transaxial resolution of 
5 mm at full width at half maximum. Respective matrix 
and pixel sizes were 200 × 200 and 3.0  mm. [89Zr]Zr-
PSMA-617 PET/CT was performed on a compassionate 
use basis per the German Pharmaceutical Act § 13 (2b). 

Attending nuclear medicine specialists oversaw the pro-
cedure, including requisitioning the radiopharmaceuti-
cal, which was manufactured in-house [12].

[89Zr]Zr-PSMA-617 PET/CT image analysis
[89Zr]Zr-PSMA-617 PET/CT findings also were classi-
fied visually by consensus, by the same readers as with 
the conventional scans. Again, since interpretation was 
made within everyday practice, medical history and 
prior images were accessible. Lesions were deemed to 
be suspicious for prostate cancer if they were discernible 
on the 24-h scan and/or the 48-h scan in typical sites of 
pathologic uptake of PSMA-targeted tracers. Scans were 
deemed to be negative if no pathologic foci were seen.

For each scan (1-h, 24-h, 48-h post-injection), key 
PET variables reflecting radiotracer uptake and contrast 
were determined for each suspicious lesion on [89Zr]
Zr-PSMA-617 PET/CT. To assess uptake, the maximum 
standardized uptake value (SUVmax) was measured using 
SyngoVia Enterprise VB 60 software (Siemens Health-
ineers, Erlangen, Germany). For comparison, uptake was 
measured at the corresponding site in the early imaging 
of [89Zr]Zr-PSMA-617 and [68Ga]Ga-PSMA-11 PET/CT, 
even though no lesion could be clearly identified at this 
site.

To characterize contrast, the tumor-to-muscle ratio 
(TMR), tumor-to-liver ratio (TLR), tumor-to-contralat-
eral region ratio (TCR), and tumor-to-background ratio 
(TBR) were calculated. These variables were defined 
as the SUVmax of the lesion divided by the mean SUV 
(SUVmean) of the respective comparator. SUVmean was 
determined in spherical volumes-of-interest in the com-
parator location, i.e., gluteal muscle for TMR, central 
liver for TLR, the contralateral region for TCR, and the 
directly surrounding region for TBR.

Statistics
Data are presented as descriptive statistics includ-
ing, as appropriate, median (minimum–maximum), 
mean ± standard deviation (SD), and number (percent-
age) or vice versa. To compare uptake and contrast, 
Wilcoxon signed-rank testing was applied, using Prism 
version 9.0.0 (GraphPad Software, San Diego, CA, USA). 
A p value ≤ 0.05 was considered to be significant.

Monitoring for potential adverse events
Adverse events and material vital signs abnormalities 
reported by health care professionals, patients, or both 
during imaging and up to ~ 4wk afterwards were docu-
mented. During the first visit post-imaging, and/or in 
telephone calls made shortly post-discharge, patients 
were queried regarding their experiences of specific side 
effects and, in open-ended fashion, regarding side effects 
in general.
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Follow-up
Follow-up data were acquired from July 2022 until April 
2024. For those patients who underwent a treatment after 
[89Zr]Zr-PSMA-617 PET/CT, we collected PSA levels 
and analyzed their change from the time of experimen-
tal scanning. We compared biochemical response in sub-
groups based on their type of therapy. Where available, 
post-treatment imaging and histopathology, including 
immunohistochemistry, also were analyzed.

Results
[89Zr]Zr-PSMA-617 PET/CT visual findings
Lesions suspicious for prostate cancer were discernible in 
[89Zr]Zr-PSMA-617 PET/CT in 30 of 38 patients (78%); 
8 men (22%) had consistently negative imaging (Table 2). 
PSA ranged from 0.13 ng/mL to 2.5 ng/mL (median 0.52 
ng/mL) in men with positive imaging, and 0.11 ng/mL to 
1.33 ng/mL (median 0.53 ng/mL) in those with negative 
findings.

In total, 57 lesions (minimum–maximum 1–4/
patient) were visualized in patients with positive [89Zr]
Zr-PSMA-617 PET/CT. Sixteen patients had only one 

finding (10 in prostate bed, 4 in lymph nodes, 2 in the 
skeleton), 7 had 2 findings, 5 had 3, and 2 had 4 lesions.

Of the 57 foci, 18 were seen in the prostate bed, 33 in 
lymph nodes, and 6 in the skeleton. Representative 48-h 
[89Zr]Zr-PSMA-617 PET/CT images of each type of 
lesion are compared with corresponding (1-h) [68Ga]Ga-
PSMA-11 PET/CT images of the same sites in Figs. 1, 2 
and 3.

PET variables
[89Zr]Zr-PSMA-617
Statistics of SUVmax in suspicious lesions over time are 
presented in Fig.  4a. For all lesions, SUVmax increased 
markedly from 1-h to 24-h imaging (1 h, 5.1 ± 3.3; 24 h, 
11.6 ± 13.7) and slightly further from 24-h to 48-h imag-
ing (24  h, 11.6 ± 13.7, 48  h, 13.5 ± 16.0). Both increases 
were significant (p < 0.0001 and p = 0.0021). Figure  4b–d 
shows SUVmax values over time for all lesion categories 
(former prostate bed, lymph node and bone).

In distinction with SUVmax findings, all four variables 
reflecting lesion contrast, namely TMR, TLR, TCR, and 
TBR, were significantly greater on average in 24-h ver-
sus 1-h images, as well as in 48-h versus 24-h images (all 

Table 2  SUVmax and lesion contrast (TMR, TLR, TCR, and TBR) variables
[68Ga-PSMA-11 PET/CT [89Zr]Zr-PSMA-617n PET/CT
1-h scan 1-h scan 24-h scan 48-h scan p

SUVmax

All lesions 3.7 ± 2.2 5.1 ± 3.3 11.6 ± 13.7 13.5 ± 16.0 0.0001, < 0.0001, 0.0021
Local recurrence 5.0 ± 2.4 6.3 ± 4 14.2 ± 20.3 16.8 ± 24.2 0.0396, 0.0987, 0.12
Lymph node metastasis 3.2 ± 1.9 4.5 ± 2.3 9.4 ± 6 10.6 ± 6.9 0.0049, < 0.0001, 0.07
Bone metastasis 2.2 ± 0.9 4.7 ± 5.3 15.8 ± 19.4 18.8 ± 21 0.19, 0.0312, 0.0312
TMR
All lesions 8.6 ± 4.6 8.3 ± 5.3 51.1 ± 51.5 118.8 ± 144 0.18, < 0.0001, 0.0001
Local recurrence 10.9 ± 4.8 9.9 ± 6.6 53.8 ± 70.6 140.4 ± 179.7 0.20, < 0.0001, 0.0003
Lymph node metastasis 7.9 ± 4.2 7.5 ± 3.8 40.6 ± 27.1 100.6 ± 122.8 0.35, < 0.0001, 0.0019
Bone metastasis 5.1 ± 1.9 7.7 ± 7.9 100.5 ± 65.8 153.9 ± 143.6 > 0.99, 0.0312, 0.56
TLR
All lesions 1.0 ± 1.1 1.5 ± 1 8.6 ± 9.1 17.8 ± 17.7 < 0.0001, 0.0001, < 0.0001
Local recurrence 0.9 ± 0.5 1.9 ± 1.3 10.9 ± 13.4 21.7 ± 26.9 0.0432,< 0.0001 < 0.0001
Lymph node metastasis 0.6 ± 0.4 1.4 ± 0.6 6.6 ± 4.3 15.3 ± 9.4  < 0.0001,< 0.0001< 0.0001
Bone metastasis 0.4 ± 0.1 1.4 ± 1.7 12.7 ± 11.7 19.9 ± 20.2 0.0312, 0.0312, 0.22
TCR
All lesions 3.5 ± 3.9 3.9 ± 4.9 32.4 ± 49.2 73.6 ± 105.8 0.66, < 0.0001, 0.0001
Local recurrence 1.8 ± 1.1 3.1 ± 4.9 10.9 ± 17.7 48.1 ± 102.7 0.32, 0.0003, 0.0001
Lymph node metastasis 4.2 ± 4.6 3.5 ± 2.3 39.9 ± 58.4 77.9 ± 87.2 0.62, < 0.0001, < 0.0001
Bone metastasis 4.3 ± 3.7 8.6 ± 11 54.9 ± 40.1 126.5 ± 187.3 0.44, 0.0312, 0.31
TBR
All lesions 3.9 ± 3.8 3.4 ± 2.7 35.4 ± 50.7 107 ± 129.8 0.99, < 0.0001, 0.0001
Local recurrence 5.5 ± 6.1 2.7 ± 1.6 28.1 ± 45 55.3 ± 42 0.2462, < 0.0001, 0.0047
Lymph node metastasis 3.0 ± 1.5 3.1 ± 1.8 30.8 ± 38.5 131.1 ± 25.8 1.00, < 0.0001, < 0.0001
Bone metastasis 3.7 ± 2.7 6.9 ± 5.9 82.2 ± 97.5 129 ± 167.4 0.06, 0.0312, 0.16
p values in bold type were statistically significant at p ≤ 0.05

SD, standard deviation; SUVmax, maximum standardized uptake value; TBR, tumor-to-background ratio; TLR, tumor-to-liver ratio; TMR, tumor-to-gluteal-muscle 
ratio; TCR, tumor-to-contralateral tissue ratio
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Fig. 2  Maximum intensity projection (MIP) and transversal slices from a 48-h p.i. [89Zr]Zr-PSMA-617 PET/CT scan of a BCR patient (PSA level 2.50 ng/mL; 
gleason score 7a) that was positive for a suspicious lymph node lesion (red arrow), compared with corresponding prior negative 1-h p.i. [68Ga]Ga-PSMA-11 
PET/CT images (PSA level 2.49 ng/mL; 13 days between both PET/CT). The patient received a [89Zr]Zr-PSMA-617-guided radiotherapy with a follow-up 
PSA level of 0.19 ng/mL

 

Fig. 1  Maximum intensity projection (MIP) and transversal slices from a 48-h post-injection (p.i.) [89Zr]Zr-PSMA-617 PET/CT scan of a BCR patient (PSA 
level 0.28 ng/mL; gleason score 7a) that was positive for a suspicious lesion in the right former prostate bed (blue arrow), compared with corresponding 
prior negative 1-h p.i. [68Ga]Ga-PSMA-11 PET/CT images (PSA level 0.20 ng/mL; 82 days between both PET/CT). The patient received a [89Zr]Zr-PSMA-
617-guided radiotherapy with a follow-up PSA level becoming undetectable (< 0.07 ng/mL)
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p ≤ 0.0001), with some increases exceeding 100 over time 
(Fig. 5).

Comparison with [68Ga]Ga-PSMA-11
A slight but significant difference in SUVmax was 
observed between the prior [68Ga]Ga-PSMA-11 PET/
CT scan and the 1-h [89Zr]Zr-PSMA-617 PET/CT scan 
(3.7 ± 2.2 versus 5.1 ± 3.3, p < 0.0001). This pattern also 
was seen for TLR (p < 0.0001), but not for TMR, TCR, or 
TBR (all p > 0.18). Detailed values of SUVmax and lesion 
contrast are summarized in Table 2.

Safety
No adverse events, including material vital signs abnor-
malities, that were deemed to be related to [89Zr]Zr-
PSMA-617 PET/CT were noted during the procedure or 
the ~ 4 weeks thereafter.

Follow-up
After positive findings on [89Zr]Zr-PSMA-617 PET/
CT, 29 of 30 patients started treatment, including PET-
guided radiation therapy, surgical intervention, or andro-
gen deprivation therapy (ADT). One patient (3%, with 
prior history of radiotherapy) chose to stay on active 
surveillance. In 24/30 men (80%, 3 with prior history of 
radiotherapy, 3 with ADT), [89Zr]Zr-PSMA-617-guided 

radiotherapy was performed and all these patients’ PSA 
levels decreased (mean decrease: 82% ± 28%), becom-
ing undetectable (< 0.07 ng/mL) in 10 patients. In total, 
14 suspicious lesions in 7 patients were radiographi-
cally confirmed by [89Zr]Zr-PSMA-617 PET/CT after 
local therapy. Examples of follow-up imaging after local 
therapy are depicted in Fig. 6. In 4 patients (13%, 2 with 
prior history of radiotherapy), ADT was initiated, and 
afterwards, their PSA levels decreased by a mean 92% ± 
7%. One patient (3%, with prior history of radiotherapy) 
underwent lymphadenectomy with a subsequent PSA 
decrease of 90%. Histopathological workup confirmed 
prostate cancer metastasis in this case (Fig. 6C).

Discussion
Here we report an analysis from a 38-patient cohort 
regarding the ability of [89Zr]Zr-PSMA-617 PET/CT 
to effectively localize prostate cancer in men with early 
BCR in whom prior conventional imaging with [68Ga]
Ga-PSMA-11 failed to detect the culprit lesion(s). We 
capitalized on favorable properties of this [89Zr]-labelled 
PSMA-targetedradiotracer, i.e., ability to attain delineat-
ing uptake in prostate cancer lesions with a remarkable 
increase in contrast in late scans.

This analysis, to our knowledge the largest yet pub-
lished of PET/CT using a 89Zr-labelled PSMA-targeted 

Fig. 3  MIP and transversal slices from a 48-h p.i. [89Zr]Zr-PSMA-617 PET/CT scan of a BCR patient (PSA level 0.85 ng/mL; gleason score 9) that was positive 
for a suspicious bone lesion (green arrow), compared with corresponding prior negative 1-h p.i. [68Ga]Ga-PSMA-11 PET/CT images (PSA level 0.72 ng/mL; 
34 days between both PET/CT). Subsequent magnet resonance imaging confirmed the suspicious bone lesion. The patient received a [89Zr]Zr-PSMA-
617-guided radiotherapy with a follow-up PSA level becoming undetectable (< 0.07 ng/mL)
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radiotracer in the BCR setting, confirms and extends effi-
cacy results in that setting that were previously reported 
by our group and others [11–13, 15, 16]. Our patient-level 
detection rate of 79% (30/38) aligns with that previously 
reported by our team in subgroups of the present cohort 
(78%, 18/23) [16]. In addition, our detection rate appre-
ciably exceeded the high rate reported by Dietlein et al., 
57% (8/14), using a different radiotracer, 89Zr-PSMA-Df, 
at 24–72-h post-injection in a cohort with prior negative 

conventional scanning [14]. Our analysis reveals a dra-
matic increase of uptake, especially lesion contrast over 
time when compared to the standard conventional imag-
ing timepoint. This increase explains the high detection 
rate of [89Zr]Zr-PSMA-617 PET/CT in recurrence not 
detected by conventional PET imaging and demonstrates 
the superiority of PSMA-PET/CT with long-lived PET 
tracers, which allow for delayed imaging after injection. 

Fig. 4  SUVmax (mean ± SD) of (A) all suspicious lesions, referred as (B) local recurrence (C) lymph node metastasis, and (D) bone metastasis by scan type 
and scan time
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This applies to local recurrences, lymph node metastases 
as well as distant metastases.

The clinical relevance of successful localization of oth-
erwise undetected lesions/disease is strongly implied by 
the experience of our patients with positive  [89Zr]Zr-
PSMA-617 scans and subsequently successful local ther-
apy (mainly imaging-guided radiation) or a switch from 
local to systemic therapy because of previously occult 

multifocal / disseminated disease. Further follow-up in a 
larger cohort should be able to additionally demonstrate 
the outcome benefits from optimized treatment based on 
successful localization of previously undetected disease. 
These benefits could include longer PSA recurrence-free 
survival resulting from PET-targeted/adapted radia-
tion therapy protocols, or the application of metastasis-
directed therapy in general, often only possible, or at 

Fig. 5  Mean lesion contrast, i.e., (A) TMR, (B) TLR, (C) TCR, and (D) TBR by scan type, scan time, and lesion type
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least facilitated, by accurate detection of disease site and 
extent. In our cohort, the clinical course following 89Zr-
based imaging and subsequent local or systemic therapy 
strongly suggested that findings seen on PET/CT with 
89Zr-labeled radiopharmaceuticals indeed correspond 
to prostate cancer, regarding the results of biochemical, 
imaging and histopathological follow-up.

The present work also confirms the near-term safety 
of [89Zr]Zr-PSMA-617 PET/CT. There were no appar-
ent side effects of the procedure during scanning or the 
weeks thereafter. Nonetheless, additional, prospective, 
and longer-term safety observations would be desirable. 
In the meanwhile, the lack of longer-term side effects 
in the literature to date regarding patients with prostate 
cancer, and the good safety and tolerability of zirconium-
labeled radiopharmaceuticals in other settings [19] sup-
port our safety findings.

Besides infrequent histopathological confirmation 
and lack of long-term safety data, our analysis had the 
limitations of being retrospective, observational, and 
single center. These characteristics reduce strength-of-
evidence and generalizability. Multicenter, prospective 
studies of this imaging modality should be undertaken. 
Another limitation is the interval of up to 126 days 
between the [68Ga]Ga-PSMA-11 PET/CT and the [89Zr]
Zr-PSMA-617  PET/CT. During this period, it cannot 
be ruled out that previously unidentified lesions would 
not have been faintly or clearly visible on a later [68Ga]

Ga-PSMA-11 PET/CT or that new tumor foci would 
have appeared. Additionally, [89Zr]Zr-PSMA-617 PET/
CT itself has the disadvantage of an ~ 2.5 times higher 
radiation exposure compared to conventional PSMA 
PET/CT [12]. However, in the present analysis, the sub-
stantial if not complete biochemical response seen in 
many patients given radiotherapy following positive 
[89Zr]Zr-PSMA-617 PET/CT suggests that this imaging 
procedure may provide outcome-altering information, 
which would appear to justify its incremental radiation 
exposure. Notably, with median PSA concentrations 
of 0.52 ng/mL, our cohort appeared to have early-stage 
BCR. At that crucial juncture, lesion localization may 
facilitate choice of appropriate treatments before recur-
rence becomes extensive. Unsurprisingly, in light of the 
nature of the disease, confirmation of scan accuracy and 
benefit of 89Zr-based imaging-guided therapy predomi-
nantly relied on biochemical response to treatment fol-
lowed by post therapeutic imaging (in 7 patients) rather 
than on histopathology (in 1 patient); however, verifica-
tion without histopathology is an usual methodology 
in - even prospective multicenter - PSMA PET studies 
[7, 20]. Histopathological confirmation of all [89Zr]Zr-
PSMA-617 PET/CT findings of course would be optimal 
from a scientific point of view but would inflict unethical 
interventional burden on the patient.

Fig. 6  A, B Transversal slices from a 48-h p.i. [89Zr]Zr-PSMA-617 PET/CT scan that was positive for local recurrence (blue arrow), compared with a 48-h p.i. 
[89Zr]Zr-PSMA-617 PET/CT follow-up scan after radiation therapy, respectively. C Transversal slice from a 48-h p.i. [89Zr]Zr-PSMA-617 PET/CT scan that was 
positive for a suspicious lymph node lesion (red arrow), with post-surgical histological work-up with H.E.- and PSA staining confirming prostate cancer 
metastasis

 



Page 10 of 11Burgard et al. Cancer Imaging          (2024) 24:132 

Conclusions
Our data in this large series provide further evidence 
that [89Zr]Zr-PSMA-617 PET/CT offers an impressive 
improvement of PSMA imaging to localize disease early 
in BCR. Disruptive increases of tumor-to-background 
ratio over time – in the order of 100 - allow tumor local-
ization in a large majority of cases (positivity rate of 79% 
in our cohort), that were unidentified on conventional 
PSMA PET/CT, e.g., with [68Ga]Ga-PSMA-11 PET/CT.

Abbreviations
18F	� Fluorine-18
68Ga	� Gallium-68
89Zr	� Zirconium-89
ADT	� Androgen deprivation therapy
CT	� Computed tomography
max	� Maximum
min	� Minimum
MIP	� Maximum intensity projection
PET	� Positron emission tomography
p.i	� Post-injection
PSA	� Prostate-specific antigen
PSMA	� Prostate-specific membrane antigen
SD	� Standard deviation
SUVmax	� Maximum standardized uptake value
SUVmean	� Mean standardized uptake value
TBR	� Tumor-to-background ratio
TCR	� Tumor-to-contralateral tissue ratio
TLR	� Tumor-to-liver ratio
TMR	� Tumor-to-gluteal muscle ratio

Acknowledgements
We thank Dr. Elke Eltze (Institute of Pathology Saarbrücken Rastpfuhl/
Germany) for providing histopathological images.

Author contributions
FR, CB, EL, JL and SE designed and conducted the analysis and interpreted the 
data. FR, CB, EL, FK, AS-S, SM, SP, MB, and SE performed the imaging reported 
on herein and/or collected and calculated the analyzed data. CB, FR and RJM 
wrote the first draft of the manuscript, and prepared subsequent drafts. All 
authors read and edited all drafts of the manuscript and read and approved 
the final version.

Funding
Open Access funding enabled and organized by Projekt DEAL. Nothing to 
disclose.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
All procedures performed in the patients described herein were in accordance 
with the ethical standards of the Institutional and/or National Research Ethics 
Committees and with the 1964 Helsinki Declaration and its later amendments, 
or with comparable ethical standards. This analysis was approved by the 
Institutional Review Board of the Ärztekammer des Saarlandes/Saarbrücken 
(approval number: 170/22, approval date: 13 September 2022). This report 
does not include any animal studies. Written informed consent was obtained 
from all participants. Certain such data regarding 23 of the 38 patients in the 
present series were reported previously [11, 12, 15, 16].

Consent for publication
All patients have given written consent to publication.

Competing interests
The authors declare no competing interests.

Received: 3 July 2024 / Accepted: 23 September 2024

References
1.	 Grunig H, Maurer A, Thali Y, Kovacs Z, Strobel K, Burger IA, et al. Focal 

unspecific bone uptake on [18F]-PSMA-1007 PET: a multicenter retrospective 
evaluation of the distribution, frequency, and quantitative parameters of a 
potential pitfall in prostate cancer imaging. Eur J Nucl Med Mol Imaging. 
2021;48:4483–94.

2.	 Afshar-Oromieh A, da Cunha ML, Wagner J, Haberkorn U, Debus N, Weber 
W, et al. Performance of [68Ga]Ga-PSMA-11 PET/CT in patients with recur-
rent prostate cancer after prostatectomy-a multi-centre evaluation of 2533 
patients. Eur J Nucl Med Mol Imaging. 2021;48:2925–34.

3.	 Fendler WP, Eiber M, Beheshti M, Bomanji J, Calais J, Ceci F, et al. PSMA PET/
CT: joint EANM procedure guideline/SNMMI procedure standard for prostate 
cancer imaging 2.0. Eur J Nucl Med Mol Imaging. 2023;50:1466–86.

4.	 Bagguley D, Ong S, Buteau JP, Koschel S, Dhiantravan N, Hofman MS, et al. 
Role of PSMA PET/CT imaging in the diagnosis, staging and restaging of pros-
tate cancer. Future Oncol. 2021;17:2225–41.

5.	 Perera M, Papa N, Roberts M, Williams M, Udovicich C, Vela I, et al. Gallium-68 
prostate-specific membrane Antigen Positron Emission Tomography in 
Advanced prostate Cancer-updated diagnostic utility, sensitivity, specific-
ity, and distribution of prostate-specific membrane Antigen-avid lesions: a 
systematic review and Meta-analysis. Eur Urol. 2020;77:403–17.

6.	 Pienta KJ, Gorin MA, Rowe SP, Carroll PR, Pouliot F, Probst S, et al. A phase 2/3 
prospective multicenter study of the diagnostic accuracy of prostate specific 
membrane antigen PET/CT with 18F-DCFPyL in prostate cancer patients 
(OSPREY). J Urol. 2021;206(1);2–61.

7.	 Morris MJ, Rowe SP, Gorin MA, Saperstein L, Pouliot F, Josephson D, et al. 
Diagnostic performance of 18F-DCFPyL-PET/CT in men with biochemically 
recurrent prostate Cancer: results from the CONDOR Phase III, Multicenter 
Study. Clin Cancer Res. 2021;27(13):3674–82.

8.	 Calais J, Czernin J, Fendler WP, Elashoff D, Nickols NG. Randomized prospec-
tive phase III trial of 68Ga-PSMA-11 PET/CT molecular imaging for prostate 
cancer salvage radiotherapy planning [PSMA-SRT]. BMC Cancer. 2019;19:18.

9.	 Giesel FL, Hadaschik B, Cardinale J, Radtke J, Vinsensia M, Lehnert W, et al. F-18 
labelled PSMA-1007: biodistribution, radiation dosimetry and histopathologi-
cal validation of tumor lesions in prostate cancer patients. Eur J Nucl Med 
Mol Imaging. 2017;44:678–88.

10.	 Prive BM, Derks YHW, Rosar F, Franssen GM, Peters SMB, Khreish F, et al. 89Zr-
labeled PSMA ligands for pharmacokinetic PET imaging and dosimetry of 
PSMA-617 and PSMA-I&T: a preclinical evaluation and first in man. Eur J Nucl 
Med Mol Imaging. 2022;49:2064–76.

11.	 Rosar F, Bartholoma M, Maus S, Prive BM, Khreish F, Franssen GM, et al. Zr-
PSMA-617 PET/CT may reveal local recurrence of prostate Cancer unidenti-
fied by 68Ga-PSMA-11 PET/CT. Clin Nucl Med. 2022;89:47:435–6.

12.	 Rosar F, Schaefer-Schuler A, Bartholoma M, Maus S, Petto S, Burgard C, et al. 
[89Zr]Zr-PSMA-617 PET/CT in biochemical recurrence of prostate cancer: first 
clinical experience from a pilot study including biodistribution and dose 
estimates. Eur J Nucl Med Mol Imaging. 2022;49:4736–47.

13.	 Vazquez SM, Endepols H, Fischer T, Tawadros SG, Hohberg M, Zimmermanns 
B, et al. Translational Development of a Zr-89-Labeled inhibitor of prostate-
specific membrane Antigen for PET imaging in prostate Cancer. Mol Imaging 
Biol. 2022;24:115–25.

14.	 Dietlein F, Kobe C, Vazquez SM, Fischer T, Endepols H, Hohberg M, et al. An 
89Zr-Labeled PSMA Tracer for PET/CT imaging of prostate Cancer patients. J 
Nucl Med. 2022;63:573–83.

15.	 Rosar F, Burgard C, Linxweiler J, Wagner M, Ezziddin S. Histologically 
confirmed testicular metastasis revealed by [89Zr]Zr-PSMA-617 PET/CT in 
a patient with biochemical recurrence of prostate Cancer and negative 
conventional PSMA PET/CT imaging. Diagnostics (Basel). 2023;13:1352.

16.	 Rosar F, Khreish F, Marlowe RJ, Schaefer-Schuler A, Burgard C, Maus S, et al. 
Detection efficacy of [89Zr]Zr-PSMA-617 PET/CT in [68Ga]Ga-PSMA-11 PET/
CT-negative biochemical recurrence of prostate cancer. Eur J Nucl Med Mol 
Imaging. 2023;50:2899–909.

17.	 Rosar F, Burgard C, Larsen E, Khreish F, Marlowe RJ, Schaefer-Schuler A, et 
al. [89Zr]Zr-PSMA-617 PET/CT characterization of indeterminate [68Ga]Ga-
PSMA-11 PET/CT findings in patients with biochemical recurrence of prostate 
cancer: lesion-based analysis. Cancer Imaging. 2024;24:27.



Page 11 of 11Burgard et al. Cancer Imaging          (2024) 24:132 

18.	 Fendler WP, Eiber M, Beheshti M, Bomanji J, Ceci F, Cho S, et al. 68Ga-PSMA 
PET/CT: Joint EANM and SNMMI procedure guideline for prostate cancer 
imaging: version 1.0. Eur J Nucl Med Mol Imaging. 2017;44:1014–24.

19.	 Yoon JK, Park BN, Ryu EK, An YS, Lee SJ. Current perspectives on 89Zr-PET 
imaging. Int J Mol Sci. 2020;21.

20.	 Hofman MS, Murphy DG, Williams SG, Nzenza T, Herschtal A, Lourenco, et al. 
(A prospective randomized multicentre study of the impact of gallium-68 
prostate‐specific membrane antigen (PSMA) PET/CT imaging for staging 

high‐risk prostate cancer prior to curative‐intent surgery or radiotherapy 
(proPSMA study): clinical trial protocol. BJU Int. 2018;122:783–93.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Outstanding increase in tumor-to-background ratio over time allows tumor localization by [﻿89﻿Zr]Zr-PSMA-617 PET/CT in early biochemical recurrence of prostate cancer
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and endpoints
	﻿Patients and ethics
	﻿[﻿68﻿Ga]Ga-PSMA-11 PET/CT
	﻿[﻿89﻿Zr]Zr-PSMA-617 PET/CT
	﻿[﻿89﻿Zr]Zr-PSMA-617 PET/CT image analysis

	﻿Statistics
	﻿Monitoring for potential adverse events

	﻿Follow-up
	﻿Results
	﻿﻿[﻿﻿﻿89﻿﻿﻿Zr]Zr-PSMA-617 PET/CT visual findings﻿
	﻿PET variables
	﻿[﻿89﻿Zr]Zr-PSMA-617


	﻿Comparison with [﻿68﻿Ga]Ga-PSMA-11
	﻿Safety


