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A B S T R A C T   

Objectives: 68Ga-PSMA11 PET/CT is excellent for evaluating biochemically recurrent prostate cancer (BCR PC). 
Here, we compared the positivity rates of dual-time point imaging using a PET/CT scanner (DMI) with silicon 
photomultiplier (SiPM) detectors and a PET/CT scanner (D690) with photomultiplier tubes (PMT), in patients 
with BCR PC. 
Methods: Fifty-eight patients were prospectively recruited and randomized to receive scans on DMI followed by 
D690 or vice-versa. Images from DMI were reconstructed using the block sequential regularized expectation 
maximization (BSREM) algorithm and images from D690 were reconstructed using ordered subset expectation 
maximization (OSEM), according to the vendor’s recommendations. Two readers independently reviewed all 
images in randomized order, recorded the number and location of lesions, as well as standardized uptake value 
(SUV) measurements. 
Results: Twenty-eight patients (group A) had DMI as first scanner followed by D690, while 30 patients (group B) 
underwent scans in reversed order. Mean PSA was 30±112.9 (range 0.3–600.66) ng/mL for group A and 41.5 ±
213.2 (range 0.21–1170) ng/mL for group B (P = 0.796). The positivity rate in group A was 78.6% (22/28 
patients) vs. 73.3% (22/30 patients) in group B. Although the performance of the two scanners was equivalent on 
a per-patient basis, DMI identified 5 additional sites of suspected recurrent disease when used as first scanner. 
The second scan time point did not reveal additional abnormal uptake. 
Conclusions: The delayed time point in 68Ga-PSMA11 PET/CT did not show a higher positivity rate. SiPM-based 
PET/CT identified additional lesions. Further studies with larger cohorts are needed to confirm these results.   

Introduction 

Prostate cancer (PC) is the most diagnosed cancer and has the second 
highest mortality in the US [1]. Biochemical recurrence (BCR) is seen 
within 10 years in 20 – 40% of patients after initial treatment with 
radical prostatectomy (RP) and in 30 – 50% after radiation therapy (RT) 
[2]. A rising prostate specific antigen (PSA) level in patients with 
recurrent disease does not indicate the location of relapse. Differentia-
tion of local, regional or systemic recurrence is of utmost importance for 
further disease management [3]. Despite development in anatomical 
imaging, there are still considerable limitations dependent on the size 
and site of relapse, especially in the early stage of BCR with low PSA 
values. For local disease detection, sensitivity ranges between 25% and 
54% for transrectal ultrasound or contrast-enhanced computed tomog-
raphy (CT) and is moderately improved by functional magnetic 

resonance imaging (MRI) techniques [3–6]. For detection of lymph node 
metastases, sensitivity ranges between 30% and 80% for CT or MRI [7]. 

Positron emission tomography/computed tomography (PET/CT) 
plays a significant role in the detection of recurrent PC by combining 
morphological and functional information, especially with radiotracers 
targeting the prostate-specific membrane antigen (PSMA). While 18F- 
FDG has limited use in PC and may localize the site of disease in a small 
fraction of men with biochemical failure and negative conventional 
imaging [8], PSMA is overexpressed in more than 90% of cases [9]. 
Therefore, PSMA-targeting radiopharmaceuticals can be used from bi-
opsy guidance to diagnose PC [10], to pre-surgical staging [11], to 
biochemical recurrence [12]. 68Ga-PSMA11 binds to the extracellular 
domain of PSMA, followed by internalization into the cell and high 
accumulation in PC cells [13–15]. Despite the short half-life of 68Ga, 
delayed imaging has been suggested in several studies for improved 
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lesion detection due to higher tumor to background contrast over time 
[16–18]. 

Technical improvements in PET/CT scanners enhance diagnostic 
accuracy with better image quality and higher spatial resolution. The 
Discovery MI (DMI) (GE Healthcare, Waukesha, WI, USA) is a PET/CT 
scanner with detectors that combine lutetium-based scintillator crystal 
arrays with a silicone photomultiplier (SiPM) bloc design. It allows for a 
new reconstruction method, the block sequential regularized expecta-
tion maximization (BSREM) (Q.Clear, GE Healthcare, Waukesha, WI, 
USA). The most commonly used reconstruction method for PET imaging 
is the ordered subset expectation maximization (OSEM) which uses 2 to 
4 iterations since with every iteration, noise will increase thus 
decreasing image quality. BSREM is able to suppress the noise at higher 
iteration rates by introducing a noise penalty function, the β value, 
which controls the noise by voxel [19]. We previously showed the su-
periority of SiPM-based PET/CT against photomultiplier tubes 
(PMT)-based PET/CT (D690) in cancer patients undergoing 18F-FDG 
imaging using OSEM as reconstruction method for both scanner systems. 
At the time of that study, the DMI PET/CT had not been approved by the 
Food and Drug Administration; therefore, the standard scanner was al-
ways used first, followed by SiPM-based PET/CT [20]. 

Here we evaluated the impact of SiPM- or PMT-based scanners used 
in randomized order, as well as dual-time point imaging, on positivity 
rates in BCR PC patients following a single injection of 68Ga-PSMA11. 

Material and methods 

Participants 

Patients with histo-pathologically proven prostate adenocarcinoma 
and rising PSA after initial definitive therapy with RP or RT were 
enrolled in this prospective study approved by the local institutional 
review board. BCR was diagnosed after prostatectomy with or without 
adjuvant radiotherapy at a PSA level of 0.2 ng/mL or greater, with a 
second confirmatory PSA level of at least 0.2 ng/mL [21]. For patients 
who had RT as initial treatment, BCR was diagnosed as rise of PSA of at 
least 2 ng/mL over the nadir [22]. Written informed consent was ob-
tained from all included patients. 

Participants were randomized to receive the first scan on either the 
DMI or D690 after a single injection of 68Ga-PSMA11. The first PET/CT 
was performed 60 minutes after tracer injection according to guidelines 
[23], while the second scan was obtained immediately after the first 
scan. No specific patient preparation was required before the PET/CTs. 

D690 PET/CT protocol 

The CT scan was obtained for attenuation correction and anatomical 
localization using 120 kV, “smart” modulating mA and a 512×512 
matrix size. Thereafter, a whole-body (vertex to mid-thighs) PET scan 
was acquired in 3D mode with time-of-flight (ToF) enabled. D690 has an 
axial field of view of 15.7 cm. Each field of view contains 47 slices (3.27 
mm) and the overlap between bed positions was set to 11 slices (23%). 
PET data were corrected using the segmented attenuation data of the CT 
scan and reconstructed using the vendor-recommended reconstruction 
protocol with OSEM with 2 iterations and 24 subsets. 

DMI PET/CT protocol 

The CT scan was obtained for attenuation correction and anatomical 
localization using 120 kV, “smart” modulating mA and a 512×512 
matrix size. Thereafter, a whole-body (vertex to mid-thighs) PET scan 
was acquired in 3D mode with ToF enabled. DMI has an axial field of 
view of 20 cm. Each field of view contains 71 slices (2.79 mm) and the 
overlap between bed positions was set to 17 slices (24%). PET data were 
corrected using the segmented attenuation data of the CT scan and 
reconstructed using the BSREM algorithm with a β value, the noise 

penalizing determining factor in BSREM, of 800 for its best performance 
[24]. 

When DMI or D690 were performed as second scan, a low-dose CT 
(10 mA) was obtained for attenuation correction and anatomic locali-
zation in order to minimize radiation exposure to participants. 

Image analysis 

Images were reviewed and analyzed independently in random order 
by two experienced readers (LB and HD, with 8 and 12 years of expe-
rience, respectively), using Advantage Workstation (GE Healthcare, 
Waukesha, WI, USA). Any focal uptake of 68Ga-PSMA11 higher than the 
background and not associated with physiologic uptake was ruled as 
suspicious for malignancy [25]. Any disagreements were resolved by 
consensus read. Number and location of each detected lesion was 
recorded. Region-of-interests (ROI) of the same size were placed upon 
the area with the highest uptake for both studies to measure the 
maximum and mean standardized uptake value (SUVmax - SUVmean) at a 
threshold of 42%. To determine the background activity, ROIs were 
placed on liver and gluteal fat, in areas of normal uptake. Impact on 
patient’s disease management was recorded from patient chart review. 

Statistical analysis 

Statistical analysis was performed with Stata v15.1 (Stata CorpLLC 
College Station, Texas). Continuous data are presented as mean ±
standard deviation (SD), minimum (min) - maximum (max) values. A P- 
value of <0.05 was considered significant. 

The participants were divided into two groups according to their 
scan sequence. Group A had imaging on the DMI first, followed by the 
D690. Group B was scanned on the D690 first, followed by the DMI. In 
order to normalize the SUVs measured from both scanners at different 
time points, the DMI and D690 had to be correlated to each other. We 
used an intraclass correlation which was calculated through a mixed 
effect model with clustering within patients based on the background 
organs liver and gluteal fat while taking the different acquisition time 
points into account. The same calculation method was applied when 
comparing lesion SUVmax and SUVmean of DMI and D690 scaled to the 
background organs and time of scan. 

Comparison of positivity rates between PSA levels was assessed by 
the Cochran-Mantel-Haenszel Test. For additional correlation with PSA, 
PSA doubling time and PSA velocity, an unpaired Wilcoxon rank-sum 
test was used. PSA doubling time and PSA velocity per month and 
year were obtained with the calculator provided by Memorial Sloan 
Kettering Cancer Center. 

Results 

Fifty-eight patients with BCR PC referred for 68Ga-PSMA11 PET were 
prospectively enrolled in this study and randomized to be imaged on the 
DMI scanner first, followed by D690 or vice-versa. 

The DMI-first followed by D690 patient group (group A, n = 28) had 
a mean age of 72.4 ± 6.6 (range 63 - 87) years vs. 69.6 ± 6.4 (range 59 - 
90) years in the D690-first followed by DMI group (group B, n = 30). 
Initial definitive treatment was RP in 17/28 (60.7%) and RT in 11/28 
patients (39.3%) in group A vs. 24/30 (80%) and 6/30 (20%) patients in 
group B. 

Group A scans were acquired 57.7 ± 11.6 (range 44.5 - 82.8) minutes 
after injection of 146.5 ± 16.7 (range 111 – 200) MBq of 68Ga-PSMA11 
using DMI, followed by imaging on D690 at 83.4 ± 17 (range 66.8 - 
139.8) minutes. The delay was 25.7 ± 7.7 (range 19 - 49.9) minutes. 
Group B scans were acquired 55.8 ± 8 (range 41.9 - 68.5) minutes post 
injection (pi) of 141 ± 16.3 (range 107.3 - 177.6) MBq 68Ga-PSMA11 
using D690 followed by DMI imaging at 86.8 ± 11.5 (range 72.3 - 114.9) 
minutes. The delay was 31 ± 8.6 (range 23 - 56.7) minutes. 

Patients’ characteristics are shown in Table 1. 
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PSA level and lesion detectability 

Mean PSA level at the time of 68Ga-PSMA11 PET/CT was 30 ± 112.9 
(range 0.3 – 600.66) ng/mL vs. 41.5 ± 213.2 (range 0.21 - 1170) ng/mL, 
for groups A and B, respectively (P = 0.796). Both groups had a single 
outlier each (group A: 600.66 ng/mL and group B: 1170 ng/mL). In 
group A, 22/28 (78.6%) patients had a positive scan vs. 22/30 (73.3%) 
patients in group B. 

As expected, the positivity rate increased with higher PSA levels. 
Patients with negative scans had a significantly lower PSA (mean PSA 
pos. vs. neg. scan: 6.2 ± 13.5 vs.1.6 ± 2.6, P = 0.013). For PSA <1.0 ng/ 
mL, positivity rate was 57% for group A and 59% for group B. For PSA 
≥1.0 ng/mL, positivity increased to 86% and 92%, respectively. The 
positivity rate per PSA level for the group A cohort was: 57% (PSA <1), 
50% (1 ≤ PSA < 2), 100% (2 ≤ PSA < 5), and 85% (PSA ≥ 5), and for 
group B, 59% (PSA < 1), 100% (1 ≤ PSA < 2), 75% (2 ≤ PSA < 5), and 
100% (PSA ≥ 5), respectively. The positivity rates were not significantly 
different between group A and group B within the different PSA levels (P 
= 0.63). 

68Ga-PSMA11 PET positivity rate per PSA doubling time was 60%, 
89%, 40% and 100% and 100%, 60% 63% and 80% for group A and 
group B, respectively, for doubling time of 0–3 month, 3–6 months, 6–12 
months and >12 months. 

Patients with positive scans had significantly higher PSA velocity per 
month (P = 0.001) and per year (P = 0.001), but not significantly higher 
doubling time per month (P = 0.288), nor per year (P = 0.358). These 
findings are summarized in Table 2. 

The overall sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) with 95% confidence interval (CI) 
were similar for both scanners, as indicated in Table 3. Sensitivity, 
specificity, PPV and NPV of DMI and D690 were additionally stratified 
to PSA groups of 0.2 to < 0.5, 0.5 to < 1.0, 1.0 to < 2.0, 2.0 to < 5.0, and 
≥ 5.0. DMI was superior in the low PSA group while D690 showed 
higher specificity and PPV in the PSA 2.0 to < 5.0 group. All data are 
shown in Supplemental Table S1. 

Sites of disease detection 

The inter-scanner correlation based on the background organs 
showed that both scanners were positively correlated, more for liver 
(ICC 0.764, 95% CI 0.590 - 0.879) than gluteal fat (ICC 0.183, 95% CI 
0.031 - 0.609) (Table 4a). 

In group A, 77 lesions were detected: 12 in the prostate bed; 17 in 
pelvic, 12 in paraaortic, and 9 in mediastinal lymph nodes; 25 osseous 
and 2 lung lesions. Five sites of suspected recurrent disease were only 
seen on DMI PET/CT when performed as first scan: 2 bilateral prostate 
bed lesions and 1 left internal iliac lymph node in one patient; 1 lung 
lesion in a second patient (Fig. 2); 1 pelvic lymph node in a third patient. 

In group B, 49 lesions were recorded. All were identified on both 
PET/CT systems: 10 in the prostate bed; 15 in pelvic, 10 in paraaortic, 6 
in mediastinal lymph nodes, and 8 in the skeleton. 

No additional findings were seen in the delayed images, neither on 
DMI nor D690. 

Table 1 
Patient characteristics for both groups.   

Group A, n = 28 Group B, n = 30 
Parameter Value Value 

Age (years) 72.4 ± 6.6 (range 63 - 
87) 

69.6 ± 6.4 (range 59 - 90) 

Gleason Score 7.6 ± 0.9 (range 6 - 9) 7.4 ± 1 (range 6 - 9) 
Initial Cancer Stage   
I 0% 6.7% 
II 65.4% 36.6% 
III 30.8% 36.6% 
IV 3.8% 20% 
Initial therapy   
RPE 17/28 patients 

(60.7%) 
24/30 patients (80%) 

RT 11/28 patients 
(39.3%) 

6/30 patients (20%) 

Median PSA (ng/mL)   
at the time of scan 30 ± 112.9 (range 0.3 

– 600.66) 
41.5 ± 213.2 ng/mL (range 
0.21 - 1170) 

PSA doubling time   
per month 9.8 ± 12.3 26.3 ± 97.9 
per year 0.8 ± 1 2.2 ± 8.1 
PSA velocity   
per month (ng/mL/month) 0.8 ± 1.5 8.1 ± 41.4 
per year (ng/mL/year) 7.3 ± 12.9 97.8 ± 497.1 
Mean 68Ga-PSMA11 

activity (MBq) 
146.5 ± 16.7 (range 
111 – 200) 

141 ± 16.3 (range 107.3 - 
177.6) 

Time to acquisition of 1st 
scan (mins) 

57.7 ± 11.6 (range 
44.5 - 82.8) 

55.8 ± 8 (range 41.9 - 68.5) 

Time to acquisition of 2nd 
scan (mins) 

83.4 ± 17 (range 66.8 
- 139.8) 

86.8 ± 11.5 (range 72.3 - 
114.9) 

Delay time between scans 
(mins) 

25.7 ± 7.7 (range 19 - 
49.9) 

31 ± 8.6 (range 23 - 56.7)  

Table 2 
Positivity rates of 68Ga-PSMA11 PET/CT groups A and B, based on PSA level 
(ng/mL), PSA doubling time (months) and PSA velocity/month (ng/mL).  

Group A Positive PET 
(n) 

Negative PET 
(n) 

Percentage positive 
scan 

PSA < 1 4 3 57% 
1 ≤ PSA < 2 1 1 50% 
2 ≤ PSA < 5 6 0 100% 
PSA ≥ 5 11 2 85% 
Total 22 6 79% 
PSA Doubling time 

(months)    
0 - 3 3 2 60% 
3 - 6 8 1 89% 
6 - 12 2 3 40% 
> 12 5 0 100% 
PSA velocity/month 

(ng/mL)    
0 – 0.5 12 5 74% 
0.5 - 1 2 0 100% 
1 - 5 3 0 100% 
> 5 2 0 100% 
Group B Positive PET 

(n) 
Negative PET 
(n) 

Percentage positive 
scan 

PSA < 1 10 7 59% 
1 ≤ PSA < 2 3 0 100% 
2 ≤ PSA < 5 3 1 75% 
PSA ≥ 5 6 0 100% 
Total 22 8 73% 
PSA Doubling time 

(months)    
0 - 3 8 0 100% 
3 - 6 3 2 60% 
6 - 12 5 3 63% 
> 12 4 1 80% 
PSA velocity/month 

(ng/mL)    
0 – 0.5 17 7 71% 
0.5 - 1 1 0 100% 
1 - 5 2 0 100% 
> 5 1 0 100%  

Table 3 
The overall sensitivity, specificity, positive predictive value (PPV) and negative 
predictive value (NPV) with 95% confidence interval (CI) for DMI and D690.   

Sensitivity Specificity Positive predictive 
value 

Negative predictive 
value 

DMI 100% 
(93.7, 
100) 

83.5% 
(74.6, 
90.3) 

78.1% 
(66.9, 86.9) 

100% 
(95.5, 100) 

D690 100% 
(89.7, 
100) 

88.1% 
(80.9, 
93.4) 

70.8% 
(55.9, 83) 

100% 
(96.5, 100)  

H. Duan et al.                                                                                                                                                                                                                                   



Translational Oncology 15 (2022) 101293

4

In group A, mean SUVmax was 12.4 ± 11.7 (range 1.6 - 63.9) for DMI 
vs. 8.9 ± 8.9 (range 1.4 - 40.1) for D690. In group B, SUVmax from DMI 
was 18.7 ± 14.6 (range 3.7 - 70.3) vs. D690 11.2 ± 10.4 (range 3.3 - 
47.2). For statistical analysis, SUVmax values were corrected for the time 
of scan and scaled to the respective scanner and background organs and 
showed no statistically significant difference (scaled to liver: P = 0.098; 
scaled to gluteal fat P = 0.275). Data is shown in Table 4b. When 
comparing the uncorrected mean SUVmax and SUVmean, lesion SUVmax 
from the DMI were significantly higher than from the D690 regardless of 
whether performed as first (P = 0.029) or second scan (P = 0.003). 
SUVmean was not significantly different for both PET/CT systems (group 
A: 0.694, group B: 0.599). All uncorrected SUV data are shown in 
Table 5. 

Discussion 

The role of PET/CT in oncology is indispensable. Recent technical 

developments in hybrid PET/CT have resulted in better image quality, 
thus leading to optimized treatment options. The National Electrical 
Manufacturers Association (NEMA) has characterized sensitivity, spatial 
resolution, scatter fraction, noise-equivalent counting rate, counting 
rate accuracy and image quality in its NEMA NU2 2012 standards. The 
DMI PET/CT scanner has high sensitivity due to its lutetium-based 
scintillator crystal arrays combined with a SiPM bloc design [26]. In 
this prospective study of 68Ga-PSMA11 PET imaging of BCR PC, we 
evaluated the positivity rate of the PET/CT scanner using SiPM detectors 
compared to a standard of care PMT-based PET. Alberts et al. reported 
on 68Ga-PSMA11 PET using digital vs. analog PET from a different 
vendor [27] but used matched patient cohorts. In this study, the same 
patients underwent scanning with both type of scanners. Due to the 
different scanners and the different acquisition time points, we had to 
normalize the obtained lesion SUVmax and SUVmean to the background 
organs, scanners and correct for the time of scan. When mean SUVmax 
values from the DMI and D690 systems were compared, they were 

Table 4 
Inter-scanner agreement analysis.  

a) DMI vs. D690 based on SUVmax and SUVmean of the background organs, liver and gluteal fat, are positively correlated  
SUVmax SUVmean 

Location ICC 95% CI ICC 95% CI   
Liver 0.764 0.590–0.879 0.814 0.655–0.910   
Gluteal fat 0.183 0.031–0.609 0.088 0.037–0.196   
b) Comparison of lesions SUVmax and SUVmean of both scanners, scaled to background organs, liver and gluteal fat, and corrected for the time of scan.  

SUVmax SUVmean 

Liver coef P 95% CI coef P 95% CI 
Lesion SUV 0.765 0.098 0.556–1.051 1.016 0.582 0.961–1.074 
Gluteal fat coef P 95% CI coef P 95% CI 
Lesion SUV 0.828 0.275 0.590–1.162 0.846 0.059 0.712–1.007 

ICC = Intraclass Correlation. 
Coef = Coefficient. 
CI = Confidence interval. 

Fig. 1. 68-year-old patient with BCR PC (PSA 6.2 ng/mL) after initial radiation therapy. 68Ga-PSMA11 DMI images (A, maximum intensity projection - MIP; B1-B4, 
axial PET and fused PET/CT images) show focal uptake bilateral in the prostate bed and a sub-centimeter left internal iliac lymph node (arrows), which are not seen 
on images from D690 scanner (C1–4, axial PET and fused PET/CT images; D, MIP). Prostate biopsy revealed prostate adenocarcinoma in the medial base, medial apex 
and lateral mid, only on the right side and benign tissue in the left prostate, with radiation effect. Subsequently, androgen deprivation therapy and proton beam 
therapy to the right pelvic and right iliac nodes as the disease burden was located on the right side. Therefore, we have no correlation for whether the left internal 
iliac lymph node might be false positive. PSA decreased to undetectable level within 6 months after 68Ga-PSMA11 imaging. 
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statistically not significant on a per-patient analysis. Uncorrected, 
SUVmax of the DMI was generally higher whether used as first or second 
scanner. Even when D690 was performed as second scan with delayed 
increased uptake attributing to higher SUVs, mean SUVmax in the SiPM 
PET/CT group was still higher. This is consistent with previously pub-
lished data reporting on significantly higher SUV for patients scanned 
with 18F-FDG on a digital PET/CT as compared to an analog scanner [28, 
29]. We believe that the consistently higher mean SUVmax values from 
the DMI resulted from the detector technology as the conversion of 
photons into a digital signal leads to higher sensitivity, expressed by 
higher SUVmax [20,28-31]. 

The overall sensitivity, specificity, PPV and NPV were similar for 

both scanners. However, in PSA sub-analyses, DMI was superior at low 
PSA values while D690 showed higher specificity and PPV at higher 
PSA. As 68Ga-PSMA11 PET imaging is limited at very low PSA values, 
imaging with the new generation digital PET/CT scanner might give 
more certainty in diagnosing PC lesions at BCR. In a recently published 
retrospective analysis, Alberts et al. showed similar results, again in a 
matched pair cohort of patients undergoing digital or analog PET/CT in 
PC patients after RP or RP combined with RT [32]. 

As expected, higher PSA values showed higher detectability rates. 
The positivity rate was lower for low PSA values: 57% and 59% for PSA 
<1 ng/ml, increased for PSA >1 ng/ml to 86% and 92% in groups A and 
B, respectively. These findings are consistent with previous studies 

Fig. 2. 87-year-old patient with BCR PC (PSA 0.9 ng/mL) after initial radiation therapy. 68Ga-PSMA11 DMI images (A, MIP; B1-B3, axial PET, CT and fused PET/CT 
images, respectively) show focal uptake in a 10 mm lung nodule (arrow), not seen in the D690 scan (C1-C3, axial PET, CT and fused PET/CT images, respectively; D, 
MIP). This lesion has been previously diagnosed by 68Ga-PSMA11 PET/CT and ADT was initiated 4 months prior to recent 68Ga-PSMA11 imaging which showed a 
decrease in size as response to treatment as well as a decrease in PSA. We therefore ruled the lung nodule as PC metastasis. 

Fig. 3. 69-year-old patient with BCR PC (PSA 4.2 ng/mL) after initial radical prostatectomy. 68Ga-PSMA11 DMI images (A, MIP; B1-B3, axial PET, fused PET/CT 
images and CT, respectively) show focal uptake in a 4 × 3 mm left pelvic lymph node (arrow), which was missed in images from D690 scanner (C1–3, axial PET, fused 
PET/CT images and CT, respectively; D, MIP). This lesion was also seen in a previous research 68Ga-RM2 PET/MRI. Disease management did not change as the patient 
refused recommended RT. 
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[33–35]. A higher PSA velocity was also positively correlated to a higher 
positivity rate, but not PSA doubling time. Previous studies have shown 
that PSA velocity is a more useful predictor for PC aggressiveness [36, 
37]. D’Amico et al. demonstrated that a PSA velocity of >2 ng/mL/y is 
associated with a decreased time to PC-specific and all-cause mortality 
as opposed to 2.0 ng/mL/y or less [38]. Our results on PSA velocity are 
consistent with our previous findings evaluating 68Ga-RM2 PET/MRI in 
BCR PC with negative conventional imaging [39]. If further, larger 
studies confirm these results, PSA velocity might be a good tool in 
prediction of scan positivity. Additionally, an elevated PSA with low PSA 
velocity and negative 68Ga-PSMA11 imaging might carry a benign 
prognosis as opposed to an elevated PSA with high PSA velocity and 
positive PET/CT findings. 

In imaging with PSMA tracers, multiple authors [16,40,41] reported 
that delayed imaging is beneficial in primary and BCR PC especially in 
the interpretation of equivocal findings as it improves the 
tumor-to-nontumor ratio. However, Schmuck et al. [41] found in 
68Ga-PSMA I&T that despite the higher contrast in delayed imaging, it 
did not lead to overall higher detection rates. Afshar-Oromieh et al. [16] 
showed high detection rate of PC lesions 1 h after 68Ga-PSMA11 injec-
tion, but delayed imaging at 3 h pi revealed additional findings. Other 
authors reported that early imaging at 5 min pi [42] and 20 min pi [43] 
lead to as favorable detection rates as standard imaging at 1 h pi. In our 
study, additional findings were exclusively seen on the DMI when used 
as first scanner. Delayed imaging did not result in identification of 
additional lesions. 

We followed up patients up to 24 months using chart review. His-
topathological correlation was only available in a minority of patients 
(10/58). Therefore, a limitation of this study is that we report positivity 
rates, not detection rates. However, published guidelines indicate that 
uptake above background should be considered positive for disease until 
proven otherwise given the high sensitivity and accuracy of 68Ga- 
PSMA11 [44]. Another limitation is that the DMI images were recon-
structed with BSREM while images from the D690 were reconstructed 
with OSEM. We previously showed the superiority of DMI versus D690 
in imaging with 18F -FDG where images from both scanners were 
reconstructed using OSEM. 

Conclusion 

Both standard PMT- and the new generation SiPM-based PET/CT 
systems showed high positivity rates using 68Ga-PSMA11 in BCR PC. 
However, SiPM-based DMI identified a small number of additional le-
sions compared to PMT-based D690 and showed higher sensitivity, 
specificity at low PSA range. Delayed imaging did not contribute to 

higher positivity rates in our cohort. 
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