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Abstract
Purpose  [68Ga]Ga-FAPI-46 has shown promise for urothelial cancer (UC) detection. This study evaluates its diagnostic 
value versus contrast-enhanced CT (ceCT) and 2-[18F]FDG PET in the largest bi-centric cohort to date.
Methods  Patients with metastatic UC undergoing [68Ga]Ga-FAPI-46 PET at University Hospitals Munich or Essen were ret-
rospectively reviewed. Detection rates were compared with ceCT on a regional basis (primary, lymph nodes, visceral organs, 
bone). SUVmax and SUVmean of two index lesions were recorded. In a sub-cohort, [68Ga]Ga-FAPI-46 and 2-[18F]FDG PET 
were compared on a lesion basis. Clinical follow-up and/or histopathology served as reference.
Results  Thirty-four patients underwent [68Ga]Ga-FAPI-46 PET/CT and ceCT, including 10 (29%) with additional 2-[18F]
FDG PET/CT. Across 98 lesions (n = 65 regions), [68Ga]Ga-FAPI-46 PET detected n = 96 (98%) and ceCT n = 88 (90%), with 
mismatch findings in eight lymph nodes (PET positive/ceCT negative) and two visceral organs (ceCT positive/PET nega-
tive). In the subgroup comparison, 78 lesions were detected in total ([68Ga]Ga-FAPI-46: n = 72 (92%); 2-[18F]FDG: n = 78 
(100%)). Tumour uptake was comparable (SUVmax [68Ga]Ga-FAPI-46 PET vs. 2-[18F]FDG: 10.2 (IQR, 1.9) vs. 8.0 (IQR, 
3.3), p = 0.249), whereas [68Ga]Ga-FAPI-46 provided higher tumour-to-background ratios (Tumour-to-liver: 12.7 (IQR, 
10.3) vs. 3.8 (IQR, 1.9), p = 0.046; tumour-to-spleen: 8.4 (IQR, 6.6) vs. 4.6 (IQR, 0.6), p = 0.016).
Conclusion  [68Ga]Ga-FAPI-46 PET demonstrated higher regional detection rates than ceCT in UC patients, particularly for 
lymph node metastases. Compared to 2-[18F]FDG, it provided superior tumour-to-background contrast but detected slightly 
fewer lesions. [68Ga]Ga-FAPI-46 PET may complement established imaging in selected scenarios, although its role in rou-
tine UC staging remains investigational.
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Introduction

Urothelial cancer (UC), the 10th most common malignancy 
worldwide, is associated with smoking and other risk factors 
such as exposure to aromatic amines and ionising radiation 
[1, 2]. Most UC cases represent bladder cancer (BC), while 
upper urinary tract UC (UTUC) accounts only for 5–10% 
[3]. Standard treatment for muscle-invasive BC included 
radical cystectomy with pelvic lymph node dissection, often 
after neoadjuvant chemotherapy. Accurate staging is essen-
tial, as the risk of lymph node metastases increases propor-
tionally with advancing local tumour stage, and the number 
of lymph nodes involved is significantly associated with 
increased cancer-specific mortality [4–6].

Current guidelines recommend contrast-enhanced com-
puted tomography (ceCT) of the thorax, abdomen, and 
pelvis, or a combination of abdominal/pelvic MRI with 
thoracic ceCT [1]. However, discrepancies between imag-
ing- and histopathology-based staging are common, lead-
ing to postoperative upstaging in approximately 20–25% [7, 
8]. 2-[18F]FDG positron emission tomography/computed 
tomography (PET/CT), though highly specific (81–100%), 
shows variable sensitivity for nodal staging (23–89%), lim-
iting its clinical adoption [8, 9]. Thus, there is an unmet 
need for accurate imaging for initial staging, allowing the 
selection of the most effective treatment option and reduc-
ing the number of unnecessary therapies performed.

A promising candidate is [68Ga]Ga-FAPI-46, a radioli-
gand targeting fibroblast activation protein (FAP), which is 
predominantly expressed by cancer-associated fibroblasts 
(CAFs) within the tumour microenvironment of various 
malignancies [10]. In UC, FAP expression correlates with 
tumour stage and promotes tumour invasion [11]. Previ-
ous publications have already demonstrated that [68Ga]
Ga-FAPI-46 PET has the potential to outperform ceCT and 
2-[18F]FDG PET in (lymph node) staging, albeit primarily 
shown in small cohorts [12–14].

Here, we aimed to evaluate [68Ga]Ga-FAPI-46 PET in 
the largest UC cohort to date, comparing its detection effi-
cacy with ceCT and 2-[18F]FDG PET, and to assess semi-
quantitative uptake characteristics.

Materials & methods

Patients

Patients with metastatic UC who underwent [68Ga]Ga-
FAPI-46 PET/CT between December 2020 and Decem-
ber 2022 at the Departments of Nuclear Medicine at LMU 
University Hospital Munich and University Hospital Essen 
were retrospectively analysed.

All patients provided written informed consent for [68Ga]
Ga-FAPI-46 PET/CT in accordance with the German Phar-
maceuticals Act § 13(2b) at both sites. In addition, patients 
were enrolled either in a prospective observational study 
at University Hospital Essen (NCT04571086) or a registry 
study at LMU University Hospital Munich (IRB 24–0255). 
Patients were referred for additional imaging by their treat-
ing urologist/oncologist.

As part of routine clinical practice, all patients also 
underwent ceCT and/or 2-[18F]FDG PET/CT, the latter 
exclusively at University Hospital Essen according to insti-
tutional standard.

This analysis was conducted in accordance with the Dec-
laration of Helsinki and its subsequent amendments and 
approved by the respective institutional ethics committees at 
LMU University Hospital Munich (IRB 24–0255) and Uni-
versity Hospital Essen (20–9485-BO/20–9777-BO) [15].

Radiopharmaceuticals/radiosynthesis

According to the regulations of the German Pharmaceuticals 
Act § 13(2b), FAPI-labelling was supervised by the apply-
ing physician. FAPI-46 was provided by SOFIE (21000 
Atlantic Blvd., Ste 730, Dulles, VA 20166). The radiolabel-
ling was conducted as described previously [12, 16].

Image acquisition

[68Ga]Ga-FAPI-46 PET/CT

A median activity of 207.5 MBq (interquartile range (IQR), 
58.5; Munich) and 110.5 MBq (IQR, 26.0; Essen) was 
injected intravenously. Patients at LMU Munich addition-
ally received furosemide (Furosemid-ratiopharm 20 mg/2 
mL injection solution, ratiopharm GmbH, Ulm, Germany) 
for radiation protection and to reduce urinary activity in the 
renal pelvicalyceal system, provided there were no medical 
contraindications [17]. No fasting was required for [68Ga]
Ga-FAPI-46 PET protocols. PET imaging was performed 
using a Siemens Biograph mCT Flow or Siemens Biograph 
64 (Siemens Healthineers, Erlangen, Germany) in Munich 
and Biograph Vision 600 (Siemens Healthineers, Erlangen, 
Germany) in Essen. PET scans were conducted at a median 
time of 60.0 min (IQR, 7.5; Munich) and 20.5 min (IQR, 
22.7; Essen) after tracer injection (Munich: 2.5 min per bed 
position; Essen: 1,2 mm/sec (abdomen) and 0.7 mm/sec con-
tinuous-bed-motion speed). For attenuation correction, a low-
dose CT was acquired. Image reconstruction was performed 
iteratively using the TrueX algorithm (Munich: 3 iterations, 
21 subsets; Essen: 4 iterations, 5 subsets) and Gaussian post-
reconstruction smoothing (Munich: 2 mm full width at half-
maximum; Essen: 4 mm full width at half-maximum).
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Contrast-enhanced CT

All patients underwent ceCT either as part of the PET/CT 
scan (FAPI: 8/34; FDG: 4/34) or as a separate scan (22/34). 
In patients with separate ceCT, the median time interval 
between [68Ga]Ga-FAPI-46 PET and ceCT was 7 days 
(IQR, 13; Munich) and 5 days (IQR, 12; Essen).

2-[18F]FDG PET/CT

An additional 2-[18F]FDG PET/CT scan was performed 
in a subset of n = 10 patients (26.3%) at University Hos-
pital Essen. Fasting was required for at least 4 h prior to 
the scan [18]. The median injected activity of 2-[18F]FDG 
was 339 MBq (IQR, 53), and the median time from injec-
tion to acquisition was 72 min (IQR, 26). PET scans were 
performed on a PET/CT system (Siemens Biograph mCT 
or Vision, Erlangen, Germany). Additionally, intravenous 
contrast was administered in n = 5 patients (50%). The PET 
protocol followed current guidelines [18].

Image analysis

Detection efficacy

Due to the high tumour burden in the study population, a 
region-based comparison of [68Ga]Ga-FAPI-46 PET/CT 
and ceCT scans was performed to assess detection efficacy. 
Four anatomical regions were defined for assessment: pri-
mary tumour site (P), lymph nodes (LN), visceral organs 
(VO), and bone (B).

For each region, the two lesions demonstrating the high-
est [68Ga]Ga-FAPI-46 uptake (as measured by maximum 
standardised uptake value (SUVmax)) were selected for anal-
ysis. Additionally, all scans were systematically reviewed 
for discordant findings, including ceCT positive but PET 
negative lesions, and [68Ga]Ga-FAPI-46 PET positive but 
ceCT negative lesions.

On [68Ga]Ga-FAPI-46 PET/CT scans, areas with 
increased focal uptake above the background level were 
considered positive, provided they were not attributable to 
non-malignant findings. In ceCT scans, lymph nodes >1 cm 
in short diameter, with features suggestive of malignancy 
(e.g., contrast enhancement, round shape) were classified as 
positive [19]. Furthermore, morphologically delineated or 
hyperarterialized organ lesions on ceCT were regarded as 
suggestive of malignancy. The standard of truth was estab-
lished using follow-up imaging (ceCT or PET/CT), clinical 
data, and/or histopathological confirmation.

In addition to [68Ga]Ga-FAPI-46 PET scans, all patients 
at University Hospital Essen also underwent 2-[18F]FDG 
PET scans as part of routine clinical practice. The median 

time interval between [68Ga]Ga-FAPI-46 PET and 2-[18F]
FDG PET was 1 days (IQR, 4). Due to the lower number 
of patients who received both imaging modalities, and the 
relatively small tumour burden, a lesion-based analysis was 
conducted to compare the two PET modalities. Therefore, 
each detected lesion was considered positive, irrespective 
of the imaging modality used. Areas with increased focal 
uptake above the background level were considered positive 
if they were not attributable to physiological findings. Clini-
cal follow-up imaging (ceCT or PET/CT), clinical data, and/
or histopathological confirmation were used as the reference 
standard.

[68Ga]Ga-FAPI-46 and 2-[18F]FDG PET readings were 
performed by one nuclear medicine physician with inter-
mediate experience in [68Ga]Ga-FAPI-46 PET/CT inter-
pretation (30–300 reads, as defined by Mei et al. [20], and 
with approximately five years of experience in 2-[18F]FDG 
PET/CT reporting. Ambiguous findings were reviewed and 
resolved in consensus with a second experienced reader.

Semiquantitative parameter analysis of [68Ga]Ga-FAPI-46 
PET

Semiquantitative parameters, including maximum and 
mean standardised uptake values (SUVmax and SUVmean), 
were evaluated for the entire cohort. For each region (P, LN, 
VO, B), the lesion with the highest uptake was assessed to 
determine the SUVmax value. The SUVmean value was deter-
mined in a lesions volume of interest (VOI) using a 50% 
isocontour threshold of the SUVmax. The average SUVmean 
of the two lesions per region (LN, VO, B) with the highest 
uptake, as well as the primary were selected for analysis. 
Furthermore, the tumour-to-liver ratio (TLR), tumour-to-
spleen ratio (TSR), and tumour-to-blood pool ratio (TBPR) 
were calculated by dividing the respective regional uptake 
(SUVmax and SUVmean) by the SUVmean of the liver, spleen 
and blood pool. Background activity was determined using 
spherical VOI placed in standard locations: a 3 cm VOI 
in the liver and spleen, and a 1 cm VOI in the blood pool 
(descending aorta).

Subgroup analysis comparing semiquantitative parameters 
of 2-[18F]FDG PET and [68Ga]Ga-FAPI-46 PET

A comparative analysis of the semiquantitative parameters 
(SUVmax and SUVmean) of [68Ga]Ga-FAPI-46 and 2-[18F]
FDG PET scans was performed on a per-patient and per-
region basis for both radiotracers. Due to the small number 
of osseous metastases, these were grouped with visceral 
metastases under the category distant metastases. Further-
more, TLRs, TSRs and TBPRs, derived from the above 
parameters, were compared.
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Results

Patient characteristics

A total of 34 patients with known metastatic UC were 
included, comprising 9 females (26.5%) and 25 males 
(73.5%), with a median age of 72 years (IQR, 14) (see 
Table 1). As part of the subgroup analysis, 10 of 34 (29.4%) 
patients underwent additional 2-[18F]FDG PET/CT at Uni-
versity Hospital Essen. At the time of imaging, two patients 
were receiving systemic therapy (n = 1 immunotherapy, n = 1 
chemotherapy). Two additional patients had undergone mul-
tiple previous lines of systemic treatment, including chemo-
therapy and immunotherapy, with a treatment-free interval 

Statistical analysis

Data analysis was performed using Microsoft Excel (Excel 
2019, Microsoft, Redmond, WA, USA), SPSS Statistics 
(version 27.0; IBM), and GraphPad Prism (Version 9.5.0 
(730)). Continuous variables were tested for normal distri-
bution using the Shapiro–Wilk test. As most variables were 
not normally distributed, all data are presented as median 
and IQR for consistency. The Wilcoxon test was employed 
to compare semiquantitative parameters between [68Ga]
Ga-FAPI-46 and 2-[18F]FDG PET on a per-patient and per-
region basis. A p-value < 0.05 was considered statistically 
significant.

Table 1  Patient characteristics
Pat. ID Sex Age (years) Site Initial Diagnosis Primary

in situ
Metastases if VO Current therapy

1 M 70 LMU Bladder no LN, VO* H
2 M 76 LMU Bladder no LN
3 F 56 LMU Bladder yes LN, VO, B H
4 M 83 LMU Bladder yes LN, VO L
5 F 79 LMU UTUC no LN, VO L
6 F 81 LMU UTUC yes B
7 M 60 LMU Bladder yes LN
8 M 65 LMU Bladder no LN, B
9 M 78 LMU Bladder no LN, VO L
10 M 87 LMU UTUC no LN, VO H
11 F 72 LMU UTUC no B, VO*
12 M 84 LMU Bladder yes LN
13 M 64 LMU Bladder yes LN, VO H, L, P
14 M 63 LMU UTUC yes LN, VO H
15 F 65 LMU Bladder yes LN
16 M 80 LMU Bladder no LN, B
17 M 80 LMU UTUC yes LN
18 M 81 LMU Bladder no LN, VO H
19 M 70 LMU Bladder no
20 F 66 LMU Bladder yes LN, B, VO P
21 M 76 LMU UTUC yes LN, B
22 M 81 LMU UTUC yes LN, B, VO L
23 M 74 LMU UTUC no LN
24 M 73 LMU Urethra yes B, VO L
25 F 70 UK-Essen Bladder no
26 M 47 UK-Essen Bladder no LN, VO AG, P
27 M 73 UK-Essen Bladder no
28 F 76 UK-Essen Bladder no B IO
29 F 65 UK-Essen Bladder no LN, VO P
30 M 72 UK-Essen Bladder no
31 M 67 UK-Essen UTUC no LN
32 M 57 UK-Essen Bladder no LN
33 M 59 UK-Essen Bladder no CTx
34 M 57 UK-Essen Bladder yes LN, B
AG adrenal gland, CTx chemotherapy, F female, H hepatic, IO immune therapy, L lung, LN lymph node, M male, B bone, P peritoneal, UTUC 
Upper tract urinary cancer, VO visceral organ; *ceCT morphologic positive, but PET negative
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Ga-FAPI-46 PET and 88/98 (89.8%) lesions on ceCT. Mis-
match findings ([68Ga]Ga-FAPI-46 positive/ceCT negative) 
were observed in n = 8 lymph node lesions (Fig. 2). In con-
trast, ceCT positive/[68Ga]Ga-FAPI-46 negative metastases 
were found in n = 2 visceral lesions (n = 1 liver, n = 1 lung), 
both confirmed by histopathology and follow-up imaging 
(Fig. 3). Non-specific [68Ga]Ga-FAPI-46 uptake in joints 
and muscles was observed in eight patients (23.5%), most 
likely attributable to inflammatory processes.

of at least two months prior to imaging. The majority of 
patients, however, underwent [68Ga]Ga-FAPI-46 PET/CT 
as part of initial staging or postoperative restaging follow-
ing tumour resection. Histopathological confirmation was 
available in 6 of 10 patients from the Essen cohort, whereas 
in the Munich cohort metastatic status was primarily deter-
mined by concordant findings on ceCT and follow-up imag-
ing. The primary diagnosis of urothelial carcinoma was 
histopathological confirmed in all patients. Median follow-
up was 6 months (IQR, 22 months).

Detection efficacy

A total of 65 regions showed metastases or primary in situ. 
On a per-region basis, primary tumours were identified in 
n = 14 (41.2%) patients, lymph node metastases in n = 25 
(73.5%), visceral metastases in n = 15 (44.1%) and osseous 
metastases in n = 11 (32.3%). Figure 1 illustrates an example 
of an 81-year-old patient with [68Ga]Ga-FAPI-46 positive 
lymph node and bone metastases.

The region-based analysis (two lesions per region with 
the highest SUVmax) detected 98 lesions using both imaging 
modalities. 96/98 (98.0%) lesions were positive on [68Ga]

Fig. 2  [68Ga]Ga-FAPI-46 PET/
CT of a 84-year-old male patient 
with metastatic UC (LN). The 
arrow highlights a left sided para-
aortic FAP-positive lymph node 
(SUVmax 16.6), The ceCT imag-
ing showed no suspicious lymph 
node according to common CT 
criteria (short axis diameter: 0.8 
cm)

 

Fig. 1  [68Ga]Ga-FAPI-46 PET/
CT of an 81-year-old male patient 
with metastatic UC (LN, B). The 
arrows point to a paraaortic FAP-
positive lymph node metastasis 
with a short axis diameter of 1.5 
cm (SUVmax 45.4; upper row) 
and an osteoblastic lesion of the 
right acetabulum (SUVmax 18.7; 
lower row)

 

Fig. 3  [68Ga]Ga-FAPI-46 PET/CT of a 72-year-old female patient with 
metastatic UC (B, ST, VO). The CT imaging shows multiple intrapul-
monary lesions (arrows) without increased [68Ga]Ga-FAPI-46 uptake. 
Pulmonary metastases were confirmed by histopathology
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scans. No statistically significant differences were observed 
in either parameter on a per-patient basis (median SUVmax 
(IQR): 10.2 (1.9) for [68Ga]Ga-FAPI-46 vs. 8.0 (3.3) for 
2-[18F]FDG, p = 0.249; median SUVmean (IQR): 6.2 (1.2) for 
[68Ga]Ga-FAPI-46 vs. 4.8 (2.3) for 2-[18F]FDG, p = 0.249). 
Further details are provided in Supplemental Fig. 1.

In addition, a region-based analysis of SUVmax and 
SUVmean of the two radiotracer was performed, stratified by 
lymph nodes and distant metastases (Supplemental Fig. 2). 
Due to the limited number of primary tumours, these were 
excluded from the comparative analysis. Within the analysed 
subgroups, there were no significant differences in SUVmax 
(lymph nodes: 10.0 (2.2) for [68Ga]Ga-FAPI-46 vs. 8.6 (2.9) 
for 2-[18F]FDG, p = 0.893; distant metastases: 10.2 (3.3) vs. 
9.0 (1.2), p = 0.273) or SUVmean (lymph nodes: 6.0 (1.5) vs. 
5.4 (1.9), p = 0.893; distant metastases: 6.2 (2.1) vs. 5.5 (0.6), 
p = 0.273) between the two radiotracer. Supplemental Fig. 3 
illustrates a representative case of a 60-year-old patient with 
lymph node and bone metastases showing comparable radio-
tracer uptake across both imaging modalities.

TBPR, TLR and TSR were compared between [68Ga]
Ga-FAPI-46 and 2-[18F]FDG PET. TLR and TSR showed a 
significant difference in favour of [68Ga]Ga-FAPI-46 (TLR 
(IQR): 12.7 (10.3) vs. 3.8 (1.9), p = 0.046, TSR (IQR): 8.4 
(6.6) vs. 4.6 (0.6), p = 0.016). Details are reported in Table 3 
and Supplemental Fig. 4.

Discussion

This study confirms higher detection rates of [68Ga]Ga-
FAPI-46 PET compared with ceCT in the largest UC 
cohort analysed to date, consistent with previous studies 

A subgroup analysis on a per-lesion basis was performed 
in n = 10 patients who underwent [68Ga]Ga-FAPI-46 and 
2-[18F]FDG PET imaging. Across both imaging modali-
ties, n = 78 single lesions were detected, with n = 72 lesions 
(92.3%) on [68Ga]Ga-FAPI-46 PET and n = 78 lesions 
(100.0%) on 2-[18F]FDG PET. N = 3 local tumours (in one 
patient) and n = 3 lymph node metastases (in one patient) 
were positive on 2-[18F]FDG PET and negative on [68Ga]
Ga-FAPI-46 PET. The local tumours were confirmed via 
histopathological workup, while the lymph node metasta-
ses were proven by a 2.5-years imaging follow-up. Figure 4 
illustrates an example of a 72-year-old male patient with BC 
and local tumour lesions, positive on 2-[18F]FDG PET and 
negative on [68Ga]Ga-FAPI-46 PET.

Semiquantitative uptake

Semiquantitative parameters of [68Ga]Ga-FAPI-46 PET

The median SUVmax was 11.3 and the SUVmean 7.1 for all 
regions examined on [68Ga]Ga-FAPI-46 PET. Lymph node 
metastases demonstrated the highest uptake with a median 
SUVmax/SUVmean of 11.6 (IQR, 7.9)/7.6 (IQR, 5.2) followed 
by osseous metastases with a median SUVmax/SUVmean of 
11.3 (IQR, 7.4)/7.9 (IQR, 5.4). Visceral metastases dem-
onstrated a median SUVmax/SUVmean of 8.2 (IQR, 3.5)/5.2 
(IQR, 2.1) (Table 2).

Subgroup analysis comparing semiquantitative parameters 
of 2-[18F]FDG PET and [68Ga]Ga-FAPI-46 PET

In a subgroup of n = 10 patients, SUVmax and SUVmean were 
compared between [68Ga]Ga-FAPI-46 and 2-[18F]FDG PET 

Table 2  Region-based [68Ga]Ga-FAPI-46 PET-derived SUVmax and SUVmean
Visceral organs Lymph nodes Bone
SUVmax SUVmean SUVmax SUVmean SUVmax SUVmean

Median 8.2 5.2 11.6 7.6 11.3 7.9
IQR 3.5 2.1 7.9 5.2 7.4 5.4
The values presented represent the cohort-wide median SUVmax and SUVmean. Abbreviations: IQR interquartile range

Fig. 4  72-year-old male patient with local bladder cancer at the level 
of the trigonum vesicae, negative on ceCT (A), negative on [68Ga]Ga-
FAPI-46 PET (B), and positive on 2-[18F]FDG PET (C). Histopatho-

logical confirmation of the urothelial carcinoma of the bladder was 
obtained within one month of imaging during a radical cystoprostatec-
tomy with pelvic lymphadenectomy
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2-[18F]FDG in the analysed subgroup. Previous studies 
have shown that FAP expression may decline as a result of 
treatment, potentially reducing tumoral [68Ga]Ga-FAPI-46 
uptake at restaging. This effect may also have influenced 
[68Ga]Ga-FAPI-46 uptake in our subgroup, as two patients 
were receiving systemic therapy and two additional patients 
had undergone prior treatment lines. Although not directly 
observed in our data, both tracers are known to produce 
false-positive results in inflammatory conditions, poten-
tially leading to misinterpretation—particularly in assess-
ing lymph node involvement. However, [68Ga]Ga-FAPI-46 
PET has demonstrated higher specificity in previous studies 
[24, 25], likely attributable to its superior tumour-to-back-
ground contrast (evoked by lower background uptake), as 
confirmed in our findings. Therefore, in challenging cases 
with equivocal imaging findings, [68Ga]Ga-FAPI-46 PET 
may offer added value for accurate disease staging. Nev-
ertheless, given the increasing clinical use of both tracers, 
further prospective head-to-head studies are warranted to 
delineate their respective diagnostic performance and to 
clarify which tracer is most suitable for imaging metastatic 
UC, a question of considerable relevance in the field of 
nuclear medicine.

There are notable differences in the [68Ga]Ga-FAPI-46 
PET/CT versus 2-[18F]FDG PET/CT application protocols. 
While patients must fast prior to 2-[18F]FDG PET, with a 
tracer uptake time of approximately 60 min [18], no fast-
ing is required for [68Ga]Ga-FAPI-46 PET, and imaging is 
feasible as early as 10 min post-injection [26]. Therefore, 
[68Ga]Ga-FAPI-46 PET/CT might offer increased patient 
comfort, for example, for pain-stricken patients.

It is noteworthy that both radiotracers are excreted via the 
kidneys [26, 27], which consequently limits the assessment 
of primary tumours in the urinary tract due to reduced con-
trast between lesions and urinary activity. However, novel 
FAP-directed tracers, such as [18F]F-FAPI-74, are available. 
This fluorinated compound is primarily excreted via the bil-
iary system [28], potentially allowing for improved delinea-
tion of primary tumours within the urinary tract.

Interestingly, [68Ga]Ga-FAPI-46 PET may be a valu-
able tool in therapeutic decision-making, as evidenced by 

[12–14]. These findings underscore its potential as a com-
plementary imaging modality, particularly for patients 
with inconclusive findings or suspected nodal involve-
ment. In a small exploratory subgroup of ten patients, 
[68Ga]Ga-FAPI-46 PET provided superior background 
contrast compared with 2-[18F]FDG PET but detected 
fewer lesions (72 vs. 78).

[68Ga]Ga-FAPI-46 has shown promising results com-
pared to ceCT in (lymph node) staging and 2-[18F]FDG 
PET/CT in smaller cohorts [12, 13]. In the present cohort, 
some PET positive regions/lesions were unsuspicious on 
ceCT. This is consistent with previous retrospective studies 
[12, 13], in which [68Ga]Ga-FAPI-46 PET demonstrated 
an advantage in identifying lymph node metastases. This 
finding is of particular importance, as the total number 
of lymph node metastases, together with the pathological 
tumour stage, significantly correlates with disease-spe-
cific mortality [1]. Nevertheless, two cases in our cohort 
demonstrated ceCT positive/[68Ga]Ga-FAPI-46 negative 
visceral metastases (in the liver and lungs), which must 
be considered given that accurate stage IV classification 
is crucial for treatment decision-making [1]. The small 
size of these tumour lesions and the corresponding spatial 
resolution may explain the absence of [68Ga]Ga-FAPI-46 
PET uptake in these metastases. Beyond these technical 
factors, biological mechanisms - particularly intratumoral 
heterogeneity and variable stromal composition between 
primary and metastatic sites – may also account for the 
lack of tracer uptake [21]. Furthermore, the observed 
false-positive findings in [68Ga]Ga-FAPI-46 PET were 
likely attributable to inflammatory or fibrotic processes 
[22, 23].

In a lesion-based, exploratory subgroup analysis, a 
direct comparison between [68Ga]Ga-FAPI-46 and 2-[18F]
FDG PET/CT revealed a higher lesion detection rate for 
2-[18F]FDG (78 vs. 72 lesions), contrasting with prior find-
ings [13]. Given the small sample size (n = 10) and the 
absence of a predefined power calculation, this head-to-
head comparison should be regarded as exploratory, yet 
it provides valuable preliminary insights. Tumour uptake 
values of [68Ga]Ga-FAPI-46 were comparable to those of 

Table 3  Tumour-to-Background ratios
Visceral organs Lymph nodes Bone
SUVmax SUVmean SUVmax SUVmean SUVmax SUVmean

TLR Median 9.6 6.7 12.6 8.0 13.5 8.5
IQR 7.3 5.4 14.9 11.7 3.4 3.7

TBPR Median 4.4 2.8 6.1 4.0 6.0 4.2
IQR 2.3 1.1 4.2 2.8 3.9 2.9

TSR Median 9.3 5.9 12.7 8.2 12.4 8.6
IQR 4.2 1.9 8.0 5.2 8.0 5.9

TLR Tumour-to-liver ratio, TBPR Tumour-to-blood pool ratio, TSR Tumour-to-spleen ratio, IQR interquartile range
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several studies indicating that FAP-directed imaging may 
serve as an (early) predictor of treatment response in vari-
ous tumour types, including gastric and pancreatic ductal 
adenocarcinoma [29, 30]. It is also conceivable that patients 
with localized muscle-invasive UC undergoing neoadju-
vant chemotherapy may benefit from this imaging modality 
in the future. However, robust conclusions in this regard 
require prospective trials to evaluate [68Ga]Ga-FAPI-46 
PET in this specific patient population. The data indicate 
that, with regard to FAP-directed radioligand therapy, fur-
ther improvements in radioligand design are needed before 
this treatment can be considered viable for UC.

Our study comes with limitations. The retrospective 
design and bi-centric approach of this study resulted in a 
heterogeneous population. Furthermore, the imaging pro-
tocols for [68Ga]Ga-FAPI-46 PET/CT differed between 
centres. Nonetheless, both time points for imaging have 
been shown to be feasible and equivalent in detection 
efficacy [26, 31]. When comparing SUV values between 
centres, however, such differences in acquisition timing 
should be taken into account. In Munich, furosemide 
was administered prior to [68Ga]Ga-FAPI-46 PET/CT 
to reduce urinary tracer activity and improving lesion 
delineation near the bladder. However, as this study pri-
marily focused on metastatic rather than local disease, 
the diagnostic impact of furosemide was likely limited. 
Another notable limitation is the relatively small num-
ber of patients (n = 10) who underwent both [68Ga]Ga-
FAPI-46 and 2-[18F]FDG PET/CT, which underlines the 
exploratory nature of this comparative analysis and limits 
the generalisability of these findings.

Conclusion

In this bi-centric retrospective study, [68Ga]Ga-FAPI-46 
PET demonstrated higher regional detection rates than 
ceCT in patients with metastatic UC, particularly for lymph 
node metastases. In a small exploratory subgroup, 2-[18F]
FDG PET detected slightly more lesions, while [68Ga]Ga-
FAPI-46 PET provided superior tumour-to-background 
contrast. These findings support the feasibility of [68Ga]Ga-
FAPI-46 PET as a complementary imaging tool in selected 
clinical scenarios, especially when conventional imaging 
remains inconclusive. However, its role in routine staging of 
UC remains investigational. Prospective, adequately pow-
ered head-to-head studies are required to define whether 
[68Ga]Ga-FAPI-46 PET can translate into clinically mean-
ingful improvements in patient management.
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