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Abstract 

Background: PSMA PET/CT is the recommended imaging test in cases with prostate-specific antigen (PSA) recur-
rence after primary therapy of prostate cancer (PCa). However, imaging protocols remain a topic of active research. 
The aim of the presented study was to examine the impact of additional late scans of the pelvis in  [68 Ga]Ga-PSMA-I&T 
PET/CT of patients with rising PSA after prostatectomy.

Methods: A total of 297 patients (median PSA 0.35 ng/ml, interquartile range (IQR) 0.2–0.8) who underwent early 
whole-body  [68 Ga]Ga-PSMA-I&T PET/CT (median dose 141 MBq, IQR 120–163; median 86 min, IQR 56–107) and addi-
tional late scans of the pelvis (median 180 min, IQR 170–191) were investigated retrospectively. Early and late images 
were staged separately according to the PROMISE criteria and compared with a final consensus of both. Standardized 
uptake values were analyzed for early and late scans.

Results: One hundred and thirty-four (45.1%)  [68 Ga]Ga-PSMA-I&T PET/CT showed evidence of recurrent PCa 
(114/38.4% early, 131/44.1% late). Of 195 lesions, 144 (73.8%) were identified correctly on early scans. 191 (97.9%) 
lesions were detected on late imaging. The lesion SUVmax (median 3.4, IQR 0.4–6.5 vs. median 3.9, IQR 2.6–8.2) as well 
as the SUVmax to background ratio (median 9.4, IQR 1.7–19.1 vs. median 15.5, IQR 9.6–34.1) increased significantly 
between the imaging time points (p < 0.01, respectively). Compared to the final consensus, the miTNM-staging of 
early scans changed in 58 (19.5%) cases. Of these, 31 patients (10.4%) with negative early scans (T0 N0 M0) were 
upstaged. Twenty-seven (9.1%) patients with PCa characteristic lesions on early imaging (> T0 N0 M0) were up- and/or 
downstaged. In 4 (1.3%) cases, PCa-related lesions were only detectable on early PET/CT leading to upstagings of late 
imaging.

Conclusions: Additional late scans of the pelvis in  [68 Ga]Ga-PSMA-I&T PET/CT detected more lesions and an increas-
ing contrast compared to early imaging. This influenced the final miTNM-staging substantially.
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Background
Prostate cancer (PCa) is the most common cancer in 
men and the third most common cancer-related cause of 
death in the male population in Europe [1]. Rising pros-
tate-specific antigen (PSA) values after definitive treat-
ment occur frequently and represent an independent risk 
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factor for cancer-specific mortality [2–5]. However, an 
increasing PSA after prostatectomy or radiation therapy 
alone is not sufficient to determine the risk of distant 
metastasis. To offer the most adequate treatment options 
in this patient group, it is necessary to differentiate local 
recurrence, locoregional lymph node metastases, and dis-
tant metastases [6, 7]. In this context, 68 Ga-labeled pros-
tate-specific membrane antigen (PSMA) targeting PET/
CT has demonstrated to localize PCa-related lesions with 
high sensitivity significantly impacting clinical decision 
making [8–13]. Moreover, it is the recommended diag-
nostic test in cases of biochemical recurrence if patients 
are fit for curative treatment [6]. While a guideline by the 
SNMMI and EANM that addresses imaging protocols 
of 68  Ga-labeled PSMA PET/CT already exists [14], the 
topic remains a field of active research. For example, early 
scans in the first 10 min after radioligand injection may 
help to visualize pelvic lesions with pathological PSMA 
expression before urinary activity interferes with image 
interpretation [15, 16]. On the other hand, several studies 
have described an increasing PSMA ligand uptake from 
standard to late imaging in most PCa-related lesions 
[17–22]. This was often paralleled by a decreasing tracer 
uptake of the background tissue [17, 21, 23]. The result-
ing improvement of the tumor-to-background ratio may 
lead to higher detection rates on late scans. But data on 
the matter of additional late imaging are still discussed 
controversially [17, 21, 23, 24], and results regarding 
biphasic PET acquisition of the theranostic compound 
PSMA-I&T are scarce [24].

The aim of this study was to evaluate the impact of 
additional late scans of the pelvis in  [68  Ga]Ga-PSMA-
I&T PET/CT using the PROMISE criteria [25]. For this, a 
highly selected patient collective of men with rising PSA 
values after radical prostatectomy without neoadjuvant 
or adjuvant therapy was investigated.

Methods
Study population
Data of patients with rising PSA after primary ther-
apy who were referred to our institution for  [68  Ga]
Ga-PSMA-I&T PET/CT between April 2016 and Decem-
ber 2019 were analyzed retrospectively. Cases were 
excluded if they had received any other treatment than 
radical prostatectomy before PET/CT (i.e., external beam 
radiation, brachytherapy, focal therapy, androgen dep-
rivation therapy, chemotherapy) (Fig. 1). The final study 
cohort comprised 297 consecutive patients (median PSA 
0.35, interquartile range (IQR) 0.2–0.8). Patient charac-
teristics are summarized in Table 1.

The local institutional review board (IRB) approved this 
retrospective single-center study and waived the require-
ment for informed consent (PV7316).

Preparation of the PSMA ligand
[68  Ga]Ga-PSMA-I&T was produced and applicated 
according to §13 (2b) Arzneimittelgesetz (German drug 
law). It was synthesized using a GRP module (Scintom-
ics GmbH, Fürstenfeldbruck, Germany) connected to 
a  [68Ge]/[68  Ga] generator (50  mCi Gallia Pharma Gen-
erator, Eckert & Ziegler Radiopharma, Berlin, Germany) 
with a disposable cassette (ABX Scintomics, Radeberg, 
Germany). PSMA-I&T (Scintomics GmbH, Fürsten-
feldbruck, Germany) was used for labeling. Labeling 
efficiency was determined by instant thin-layer chroma-
tography and high-performance liquid chromatography. 
Gamma-count test, pH level testing, and endotoxin test-
ing were performed as quality assurance measures.

PET/CT imaging
A median dose of 141  MBq (IQR 120–163)  [68  Ga]
Ga-PSMA-I&T was injected intravenously. All patients 
were instructed to drink 1 L of water before PET acquisi-
tion. No diuretics were administered. Examinations were 
performed on a Gemini GXL10 scanner (n = 136, median 
PSA 0.35, IQR 0.2–0.8; Philips, Cleveland, Ohio, USA) or 
a Vereos scanner (n = 161, median PSA 0.35, IQR 0.2–
0.7; Philips, Cleveland, Ohio, USA).

The median uptake time from injection to early whole-
body scans was 86 min (IQR 56–107) and 180 min (IQR 
170–191) to late scans of the pelvis. First, a low-dose 
non-enhanced CT (120  kV, mA modulated) was per-
formed for attenuation correction. The following PET 
acquisition was conducted with 120  s per bed position 
for the head and thorax, 150 s for the abdomen, and 90 s 
for the lower extremities. Late scans of the pelvis were 
performed with 240 s per bed position. Transverse PET 
slices were reconstructed in a 144 × 144 matrix using an 
iterative three-dimensional line-of-response reconstruc-
tion algorithm (Gemini GXL 10) or a blob ordered-sub-
sets time-of-flight reconstruction with two iterations and 
eleven subsets (Vereos). If no contraindications against 
the intravenous application of CT contrast medium 
(i.e., manifest hyperthyroidism, allergy) were present, a 
contrast-enhanced CT from the skull base to the mid-
thigh was performed after early whole-body imaging. The 
scans were acquired in portal venous phase 100  s after 
the injection of 140 ml of Imeron 300 (Bracco Imaging, 
Konstanz, Germany) with 100–130  kV and an adaptive 
dose modulation (n = 285, 96%). The remaining patients 
(n = 12, 4%) only received a non-enhanced CT for attenu-
ation correction.

Image analysis and quantification of tracer uptake
All  [68  Ga]Ga-PSMA-I&T PET/CT scans were analyzed 
by one board-certified nuclear medicine physician and 
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one board-certified radiologist. Contrast-enhanced CT 
scans were used for morphological characterization of 
PSMA-positive lesions if available. Focal radioligand 
uptake above the background that could not be explained 
by physiological uptake was assessed as suspicious of 
malignancy. Foci that demonstrated low uptake on early 
scans and no uptake on late imaging without any ana-
tomical features suggesting malignancy (e.g., size, shape, 
contrast enhancement) were not regarded as PCa associ-
ated and excluded from the further analysis. All prostate 
cancer-related findings were categorized according to the 
PROMISE criteria including miTNM expression score 
(0 = no expression; 1 = low expression; 2 = intermediate 
expression; 3 = high expression) and staging (miTr = local 
recurrence; miN1 = single pelvic lymph node region with 
lymph node metastases; miN2 = lymph node metasta-
ses in > 1 pelvic lymph node region; miM1a = extrapel-
vic lymph node metastasis; miM1b = bone metastasis; 
miM1c = metastasis to other site) [25]. To improve the 
readability of the  [68  Ga]Ga-PSMA-I&T PET/CT stag-
ing results in the text and the illustrations, the prefix “mi” 

was left out from here on. Separate miTNM stagings 
were specified for early and late scans. Lesions outside 
the pelvis, seen only on early whole-body imaging, were 
included in both stagings. A final miTNM staging was 
derived from the joint information of early and late scans 
combined. All changes of the miTNM were regarded as 
relevant if no distant metastases were present (< Tx Nx 
M1).

Semiquantitative image analysis was conducted for 
up to five pelvic lesions that were regarded as charac-
teristic for PCa. The SUVmax, SUVmean, and SUVpeak 
were calculated from regions of interest drawn around 
each lesion with isocontours set at 40% of the maximum. 
The SUVmean of the background was measured in the 
gluteus muscle. The SUVmean of the blood-pool activ-
ity was calculated from regions of interest drawn in the 
distal abdominal aorta. If the aorta was not included in 
the scan volume of the pelvis on late imaging, the com-
mon iliac artery was used. In these individual cases, care 
was taken not to include the vessel wall into the meas-
urement by correlating the placement of the region of 

Fig. 1 Case selection flowchart
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interest with the contrast-enhanced high-resolution CT. 
The SUVmean of the urine was measured in the blad-
der. All measurements were conducted using the imaging 
processing package Fiji for Image Processing and Analy-
sis in Java, Version 1.53c [26, 27].

Follow‑up information
Clinical follow-up information was regarded as viable 
if  [68  Ga]Ga-PSMA-I&T PET/CT, PSA values, or histo-
logical results were available after localized therapy (i.e., 
radiotherapy of the prostatic fossa/pelvic lymphatics or 
salvage lymph node dissection; n = 26, 8.8%) or no treat-
ment (i.e., watchful waiting; n = 16, 5.4%). If a systemic 
therapy (e.g., androgen deprivation) had been initiated, 
no validation of the lesions with pathological radioligand 
uptake on  [68  Ga]Ga-PSMA-I&T PET/CT was possible 
(n = 72, 24.2%). No adequate follow-up was accessible in 
183 (61.6%) patients.

Statistical analysis
Continuous variables are described with median and 
IQR. Differences between continuous variables were 
evaluated with the Wilcoxon signed-rank test (paired 
samples) and the Mann–Whitney U test (unpaired sam-
ples). Binary logistic regression analysis was used to 
investigate potential influence factors regarding the 
change of case interpretation due to additional late imag-
ing of the pelvis. All p values of < 0.05 were considered 

statistically significant. Statistical analyses were con-
ducted with STATA® version 17.0 (STATA Corp, Col-
lege Station, Texas, USA). A Sankey diagram was created 
using SankeyMATIC [28].

Results
Of 297 PSMA PET/CT scans, 134 (45.1%) displayed 
PSMA-positive lesions suggestive of recurrent prostate 
cancer. Early scans were positive in 114 (38.4%) cases. 
Additional late imaging of the pelvis showed lesions char-
acteristic for PCa in 131 (44.1%) men. Scan results dif-
fered depending on the PSA value at the time of imaging 
and the scanner (Table 2). The employed PET/CT system 
did not have an influence on changes to the case inter-
pretation due to biphasic imaging (odds ratio 1.37, 95% 
confidence interval 0.78–2.42, p = 0.27).

The SUVmean of the background (early median 0.4, 
IQR 0.3–0.4 vs. late median 0.3, IQR 0.2–0.3) and the 
blood-pool (early median 1.1, IQR 1.0–1.4 vs. late 
median 0.7, 0.6–0.9) decreased from early to late imag-
ing (p < 0.01, respectively). The SUVmean of the urine 
increased between the two time points (early median 
15.0, IQR 9.4–24.2 vs. late median 19.1, IQR 12.0–34.4; 
p < 0.01).

Lesion analysis
One hundred and ninety-five PCa characteristic lesions 
were analyzed in the cohort. One hundred and forty-
four (73.8%) lesions were detected correctly on early 
images (Tr: 38, N: 85, M1b: 21). Seventeen foci (10.6%; 
Tr: 1, N: 16, M1b: 0) with low uptake on early scans, 
no uptake on late imaging, and no anatomical features 
suggesting malignancy were excluded from the final 
consensus. One hundred and ninety-one (97.9%) of the 
analyzed lesions were visible on late scans (Tr: 60, N: 
108, M1b: 23) including 51 that were not perceivable on 
early imaging (Tr: 24, N: 25, M1b: 2). Figure 2 shows a 
representative PET/CT of a pelvic lymph node metas-
tasis that only demonstrated relevant tracer uptake on 

Table 1 Clinical patient characteristics

IQR interquartile range; ISUP international society of urological pathology; LN 
lymph node; PSA prostate-specific antigen; and RP radical prostatectomy

Age (years) Median 69, IQR 64—73

PSA at RP (ng/ml) Median 8.1, IQR 5.6—12.6

pT-stage RP T2 126 (42.4%)

T3 170 (57.2%)

T4 1 (0.3%)

ISUP grade 1 11 (3.7%)

2 151 (50.8%)

3 99 (33.3%)

4 9 (3.0%)

5 27 (9.1%)

Resection margin R0 258 (86.9%)

R1 39 (13.1%)

pN-stage RP N0 224 (75.4%)

N1 50 (16.8%)

No LN dissected 23 (7.7%)

RP to PET (months) Median 37, IQR 15–75

PSA at PET/CT (ng/ml)  < 0.2 45 (15.2%)

0.2–0.5 148 (49.8%)

 > 0.5–1.0 41 (13.8%)

 > 1.0 63 (21.2%)

Table 2 PET/CT case positivity rate by PSA level and scanner

PSA prostate-specific antigen value at the time of PET/CT

PSA (ng/ml) PET/CT 
positive 
(n = 297) (%)

Gemini GXL 10 
positive (n = 136) 
(%)

Vereos positive 
(n = 161) (%)

 < 0.2 28.9 20.0 36.0

0.2–0.5 38.5 24.6 50.6

 > 0.5–1 53.7 38.9 65.2

 > 1 66.7 44.8 85.3

All 45.1 30.1 57.8
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Fig. 2 PET (a, b) and PET/CT fusion c, d images of the pelvis with increasing uptake of [.68 Ga]Ga-PSMA-I&T of a lymph node (arrows) in the deep 
internal iliac lymph node region on the right side (early scans: a and c; late scans: b and d)

Fig. 3 PSMA expression score according to PROMISE criteria [25] and number of PCa-characteristic lesions identified on early and late imaging with 
the corresponding prostate-specific antigen (PSA) values at the time of PET/CT
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late imaging. Four (2.1%) lesions regarded as character-
istic for PCa were only detectable on early scans (Tr: 2, 
N: 2, M1b: 0).

The miTNM expression score of lesions at the dif-
ferent imaging time points is depicted in Fig. 3. Scores 
of local recurrences (early median 1, IQR 0–3 vs. late 
median 3, IQR 2–3) and lymph node lesions of the pel-
vis (early median 2, IQR 1–3 vs. late median 3, IQR 
1–3) increased significantly (p < 0.01, respectively). 
Scores of bone lesions did not change (early median 2, 
IQR 2–3 vs. late median 3, IQR 1–3; p = 0.2).

A similar development was seen regarding the 
lesions’ SUV. In locally recurrent tumors and lymph 
node metastases, the SUVmax was significantly higher 
on late imaging than on early scans (p < 0.01, respec-
tively) but did not change in bone metastases (p = 0.1). 
Due to a more pronounced decrease in the background, 
the tumor-to-background ratio of all three categories 
increased significantly between the imaging time points 
(Table  3). The SUVpeak of local recurrences (early 
median 2.3, IQR 0.4–4.0 vs. late median 3, IQR 2.3–4.7) 
and lymph nodes (early median 2.2, IQR 1.3–4.2 vs. 
late median 2.8, IQR 1.7–5.7) increased significantly 
from early to late scans (p < 0.01, respectively). How-
ever, the SUVpeak of bone metastases did not change 

(early median 2.6, IQR 2.1–4.9 vs. late median 3.0, IQR 
2.0–5.6; p = 0.1).

Foci that were downstaged showed a lower SUV-
max (median 1.7, IQR 1.5–2.2; p = 0.01) and SUVpeak 
(median 1.5, IQR 1.2–1.8; p = 0.02) than lesions that were 
included in the final miTNM staging.

Changes of case interpretation and miTNM staging
Additional late imaging of the pelvis led to changes 
between the interpretation of early PET/CT scans alone 
and the final evaluation in 63 (21.2%) patients. Four 
(1.3%) patients showed lesions that were only positive 
on early imaging (Table  4, Additional file  1: Table  S1 
and Additional file 1: Table S2). None of the investigated 
clinical factors demonstrated a statistically significant 
association with the change of case interpretation due to 
additional late imaging of the pelvis (Table 5).

The resulting differences of the miTNM between 
early imaging vs. the final case evaluation and late 

Table 3 SUVmax and SUVmax to background values

BG background; IQR interquartile range

miTNM Early imaging 
median (IQR)

Late imaging 
median (IQR)

p value

Tr 3.0 (0.4–5.7) 3.9 (3.2–5.8)  < 0.01

Tr to BG 9.1 (1.2–15.4) 14.4 (10.2–29.0)  < 0.01

N 3.4 (1.4–6.9) 4.0 (2.3–9.4)  < 0.01

N to BG 9.9 (4.3–19.5) 16.0 (8.4–35.0)  < 0.01

M1b 3.5 (2.8–7.0) 4.7 (2.8–8.7) 0.1

M1b to BG 9.3 (6.4–21.6) 18.1 (11.1–37.2)  < 0.01

All 3.4 (0.4–6.5) 3.9 (2.6–8.2)  < 0.01

All to BG 9.4 (1.7–19.1) 15.5 (9.6–34.1)  < 0.01

Table 4 Cases with changes of lesion interpretation in biphasic imaging of the pelvis

Values in parentheses are percentages of row totals

PSA prostate-specific antigen value at the time of PET/CT

PSA (ng/ml) Upstaging on late 
imaging

Downstaging on late 
imaging

Up‑ and downstaging on 
late imaging

Lesion only visible on 
early imaging

No differences

 < 0.2 3 (6.7%) 2 (4.4%) 0 0 40 (88.9%)

0.2–0.5 23 (15.5%) 10 (6.8%) 2 (1.4%) 3 (2.0%) 110 (74.3%)

0.5–1 7 (17.1%) 1 (2.4%) 0 1 (2.4%) 32 (78.0%)

 > 1 13 (20.6%) 1 (1.6%) 1 (1.6%) 0 48 (76.2%)

All 46 (15.5%) 14 (4.7%) 3 (1.0%) 4 (1.3%) 230 (77.4%)

Table 5 Association of clinical variables and change in case 
interpretation due to additional late imaging of the pelvis

CI confidence interval; ISUP international society of urological pathology; OR 
odds ratio; pT pathological T-stage; PSA prostate-specific antigen; and RP radical 
prostatectomy

Variable OR 95% CI p value

PSA at RP 0.97 0.93–1.01 0.19

pT

pT2 Reference category

pT3 1.07 0.61–1.88 0.81

pT4 1 – –

ISUP grade

1 Reference category

2 1.11 0.23–5.44 0.89

3 1.14 0.23–5.69 0.87

4 1.29 0.14–11.54 0.82

5 2.25 0.4–12.67 0.36

Resection margin positive 0.79 0.33–1.89 0.59

Nodal status positive 0.89 0.42–1.91 0.77

PSA at PET/CT 0.91 0.76–1.08 0.26
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scans vs. the final miTNM are summarized in Fig.  4. 
Changes to the miTNM of early scans compared to the 
final evaluation were seen in 58 (19.5%) cases. Thirty-
one (10.4%) patients who were initially evaluated as T0 
N0 M0 on early whole-body imaging were upstaged 
because of the added information of additional late 
scans of the pelvis (Tr: 19; Nx: 12, M1b: 1) (Additional 
file  1: Table  S3). In 27 (9.1%) cases, late imaging led 
to up- and/or downstaging of patients with a posi-
tive early PET/CT result (> T0 N0 M0). This included 
5 men whose T-stage differed (T0 → Tr: 4; Tr → T0: 
1) and 21 cases with differences in their nodal status 
(N0 → Nx: 1; Nx → N0: 12; N1 ↔ N2: 8). Moreover, 
two patients with evidence of distant metastases were 
upstaged due to late scans (T0 N0 M1b → Tr N0 M1b 
and T0 N0 M1b → T0 N1 M1b).

Three patients with multiple positive pelvic lymph 
nodes in more than one lymph node region on early 
scans (N2) showed additional positive lymph nodes 
of the pelvis on late imaging. Two cases demonstrated 
simultaneous up- and downstaging of pelvic lymph 
nodes between early and late PET leaving the miTNM 
unchanged.

Lastly, 4 (2.1%) lesions in 4 (1.3%) patients were only 
identified on early images leading to an upstaging of the 
final miTNM compared to late scans (Additional file 1: 
Table S4).

Histopathological findings and follow‑up information
Sixteen (5.4%) patients received no treatment and 
demonstrated increasing PSA values in all but one 
case (PSA stable at 0.3 ng/ml for 1 year). In 11 of these 
patients, follow-up PSMA PET/CT was available (6 
with no change, 5 with progression).

Eleven (3.7%) patients underwent radiotherapy of the 
prostatic fossa (T0 N0 M0 or Tr N0 M0: 8) or radiation 
of the prostatic fossa and the pelvic lymphatics (T0 N2 
M0: 3). The PSA values decreased below 0.2 ng/ml in all 
of these cases after treatment.

On 15 (5.1%) patients, salvage lymphadenectomy 
was performed. Lymph node metastases were found in 
the locations described on prior PSMA PET/CT in 13 
patients. In 1 of these cases, 1 PSMA-positive lesion 
could not be identified during surgery. The PSA value, 
however, decreased below 0.1 ng/ml after surgery indi-
cating that this focus was probably false positive on 
imaging. Additional lymph node metastases that had 
not been PSMA-positive on prior PET/CT were identi-
fied in 3 patients. In 2 cases, no metastases were found 
during salvage surgery. PSA values increased in these 
patients, and pathological lymph nodes were identified 
on follow-up imaging (PET/CT or contrast-enhanced 
CT) at the same sites as on the initial PSMA PET/CT 
scans.

Fig. 4 Sankey diagrams of the miTNM staging differences of early [68 Ga]Ga-PSMA-I&T PET/CT versus the final miTNM staging (a) and of late 
[68 Ga]Ga-PSMA-I&T PSMA PET/CT versus the final miTNM staging (b). The number of changes is depicted by the strength of lines connecting the 
respective miTNM stagings
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Discussion
Additional late scans of the pelvis in  [68  Ga]Ga-PSMA-
I&T PET/CT showed more lesions and improved con-
trast compared to early imaging. This led to substantial 
changes of the final miTNM staging in recurrent pros-
tate cancer of patients who had only undergone radical 
prostatectomy.

Prospective trials have already shown that PSMA PET/
CT has a significant impact on treatment decisions in 
patients with biochemical recurrence [8–13] which, 
among others, has led to its recommendation in this sce-
nario [6]. Despite the central role of PSMA PET/CT in 
PCa, imaging protocols still vary between institutions 
potentially influencing patient care. The overall detec-
tion rate per patient of 45.1% in the presented cohort is 
lower than in other studies which investigated biphasic 
imaging with 68 Ga-labeled radioligands [17, 19, 21–24]. 
Possible reasons for this are the low initial tumor grade 
and considerably lower PSA value at the time of imag-
ing in this cohort. Further on, patients were imaged 
using two different PET/CT scanners, an analogue and a 
digital system. Due to an inferior sensitivity and signal-
to-noise ratio, analogue scanners were reported to have 
lower detection rates than digital PET/CT [29] reduc-
ing the overall number of positive scans in the presented 
cohort. Moreover, the analysis was conducted in a highly 
selected patient group after prostatectomy without pre- 
or postoperative treatments like radiation or androgen 
deprivation therapy. Comparable to other publications 
[17, 21, 23, 24], the lesion-to-background ratio increased 
for local recurrences, lymph node, and bone metastases. 
Also, the gain in the case detection rate on late imaging 
of 5.7% falls into the range of 0–10% reported in other 
publications [18, 19, 21, 22, 24]. However, the relation-
ship between imaging of a patient at two time points is 
often more complex than the comparison of positive vs. 
negative cases. Individual lesions of the same patient may 
demonstrate divergent uptake kinetics as reported by 
Afshar et al. [19]. This can lead to simultaneous upstag-
ings and downstagings. Further on, the clinical relevance 
of changes varies depending on the localization of the 
recurrent disease. Newly detected lesions outside the 
field of standard salvage therapy or signs of systemic dis-
ease have a large impact on case assessment. On the other 
hand, an additional metastasis in an otherwise already 
systemic disease spread seems less important. To address 
the relevance of these changes as good as possible, all 
scans were evaluated using the PROMISE criteria and 
miTNM classification proposed by Eiber et  al. [25]. To 
our knowledge, no other study that investigated bipha-
sic imaging used this approach to date. Unfortunately, 
most publications did not distinguish between pelvic 
and extrapelvic lymph node metastases [17, 19, 21–24]. 

Hoffman et  al. only found two additional extrapelvic 
lymph node metastases and one additional bone metas-
tasis on late abdominal imaging in a total of 554 lesions 
in 114 positive scans of 178 men. The additional lesions 
were seen in patients who already had other PCa-related 
manifestations [18]. In the presented cohort, 51 new 
lesions of the pelvis were detected on late scans only and 
17 foci that were regarded as suspicious on early images 
were downstaged in the final consensus. Most changes to 
the lesion interpretation occurred at a PSA of 0.2–0.5 ng/
ml (Table  4). The increasing SUVmax values of most 
lesions and the higher tumor-to-background ratio on 
late scans are two important reasons for the upstagings 
on late imaging, especially of lesions with a low PSMA 
expression. Changes of the miTNM occurred in about 
20% of patients. Differences between the results of Hoff-
mann et al. and the presented data may have arisen from 
different imaging protocols, the lower injected dose, and 
substantially lower PSA at imaging in our patient group. 
The same reasons can be responsible for the only minor 
impact of additional late scans described by Schmuck 
et al. who also used  [68 Ga]Ga-PSMA-I&T for imaging of 
patients with biochemical recurrence after prostatectomy 
or radiation therapy [24].

The upstagings from T0 N0 M0 in the investigated 
cohort included 18 cases with signs of local recurrences 
on late scans alone (Tr N0 M0). While this does not nec-
essarily change the decision to conduct salvage therapy 
or influence the standard field of radiotherapy, it may 
be seen as a prognostic factor. Emmett et  al. reported 
that the freedom from disease progression was signifi-
cantly longer in these patients compared to men with 
pelvic nodal or distant metastases [30]. All other upstag-
ings from T0 N0 M0 to positive lymph nodes of the pel-
vis can direct salvage radiotherapy (e.g., focal boost on 
the metastasis) or salvage lymph node dissection with/
without PSMA-radioguidance [31, 32]. The additional 
detection of a bone metastasis without other PSMA-
positive PCa-related lesions occurred in only one case. 
Nevertheless, it demonstrates potential weaknesses of 
monophasic imaging. Upstagings or downstagings in 
cases with lesions suggestive for PCa-recurrence already 
on early PSMA PET/CT (i.e., > T0 N0 M0) occurred in 
about half of all patients with staging differences due to 
additional late scans. Comparable to upstagings from 
T0 N0 M0, these changes may improve the accuracy of 
the assessment of the disease prognosis and direct clini-
cal decisions. Staging differences in patients with distant 
metastases on early imaging were only seen in two cases. 
These are usually of minor clinical significance reducing 
the impact of additional late scans in this patient sub-
group. Lesions that were exclusively positive on early 
scans occurred only in about 1% of cases. Even so, the 
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results of the current analysis do not support monophasic 
late imaging of patients with early PSA failure after pros-
tatectomy. The uptake dynamic, especially of local recur-
rences and pelvic lymph node metastases, is seen as an 
important factor in the lesion interpretation. Moreover, 
none of the investigated clinical factors showed a signifi-
cant association with the change of case interpretation 
due to additional late scans of the pelvis. Consequently, 
biphasic imaging of the pelvis in  [68  Ga]Ga-PSMA-I&T 
PET/CT of patients with early PSA relapse after radical 
prostatectomy should be considered in clinical routine.

Some limitations of the presented study should be 
acknowledged. Patients did not receive diuretics before 
imaging. The use of furosemide prior to PET acquisition 
was reported to potentially improve detectability of PCa-
related lesions by lowering the urine activity [33, 34]. The 
increasing urine activity between the imaging time points 
in the presented study is a drawback of the implemented 
protocol which might have masked lesions close to the 
ureter or bladder. However, 96% of patients received a 
contrast-enhanced CT demarcating the urinary tract on 
late imaging. This approach can help to identify ureter 
artifacts and mitigate the influence of the renal excre-
tion of  [68  Ga]Ga-PSMA-I&T on image interpretation. 
Second, clinical routine led to a relatively wide range of 
the early uptake time possibly influencing case inter-
pretation. Further on, almost half of all scans were con-
ducted with an analogue system that demonstrated lower 
detection rates on early and late imaging than the digital 
PET/CT scanner. The presented results may, therefore, 
underestimate the influence of additional late imaging of 
the pelvis on newer scanners. Particularly, the number of 
upstagings due to late imaging may be higher than in the 
investigated group (Additional file 1: Table S1 and Addi-
tional file 1: Table S2). However, a substantial number of 
changes in the case interpretation were seen in both sys-
tems implicating the potential for improvement of detec-
tion rates with biphasic imaging of the pelvis regardless 
of the scanner. Next, additional late scans were restricted 
to the pelvis potentially missing extrapelvic metasta-
ses that would only have been visible on late imaging. 
Although the risk seems to be very low in the investi-
gated cohort, distant metastases are possible even in low-
risk cases [35]. To reduce the chance of missing relevant 
visceral or bone metastases, contrast-enhanced full-dose 
CT scans were performed whenever possible. Moreo-
ver, these images facilitated the differentiation of lymph 
nodes and ganglia, a common pitfall in PSMA PET/CT 
[34]. The restriction of the scan volume to the pelvis on 
late imaging made it necessary to calculate SUVmean val-
ues of the blood-pool from regions of interest drawn into 
the common iliac artery if the aorta was not included. 
Accidental inclusion of the vessel wall due to the smaller 

diameter of the iliac arteries may have influenced the 
observed results. However, to reduce the chance of bias, 
the placement of the regions of interest was correlated 
with the contrast-enhanced CT scans if possible. Unfor-
tunately, follow-up information was not available in most 
cases. Nevertheless, the data of patients that were treated 
at our institution after  [68  Ga]Ga-PSMA-I&T PET/CT 
indicated that the applied protocol led to adequate lesion 
detection. Lastly, the impact of PSMA PET/CT on clini-
cal outcomes like progression-free survival is promising 
[32, 36]. Imaging protocols that improve lesion detection 
rates may thus have a positive impact on treatment plan-
ning and outcomes. But further investigations are needed 
to evaluate this topic as well as the influence of PSMA-
targeting imaging on PCa-related mortality which is still 
unknown.

Conclusions
Additional late scans of the pelvis in  [68  Ga]Ga-PSMA-
I&T PET/CT of men with PSA recurrence after radical 
prostatectomy without other prior treatments had a sub-
stantial impact on lesion detectability and miTNM stag-
ing. No clinical predictors were significantly associated 
with these findings. Routine additional late imaging of 
the pelvis should be considered in this particular patient 
group. However, further analyses are needed to evaluate 
the influence of biphasic imaging on clinical endpoints.
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