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A B S T R A C T

Background: Fibroblast Activation Protein (FAP) has emerged as a pan-tumoral target for diagnostic and thera
peutic radiopharmaceuticals. Gallium-68-labelled OncoFAP ([68Ga]Ga-OncoFAP), a small organic radioligand 
with high affinity for human FAP, has shown promising properties in preclinical experiments. In this prospective 
Phase I study we aimed to assess the safety, the dosimetry, pharmacokinetics, and preliminary imaging findings 
of [68Ga]Ga-OncoFAP.
Methods: In this multicenter Phase I clinical trial (NCT05784597), patients with breast, esophageal, pancreatic, or 
colorectal cancer were eligible. After a single administration of 250 (225–275) MBq [68Ga]Ga-OncoFAP, we 
acquired three sets of PET/CT scans (0–30, 60, and 120 min) using 68Ga EARL-accredited scanners. We collected 
blood and urine samples up to 120 min post injection. Safety was assessed up to 1 week post scan. Adverse events 
were graded according to Common Terminology Criteria for Adverse Events (CTCAE) v.5. Dosimetry was 
evaluated centrally. Pharmacokinetics was evaluated based on serial blood samples. Uptake in lesions and 
healthy organs was evaluated visually and by SUVmax, SUVmean, and tumour:organ ratio. Approval from 
competent authorities and ethics committees was obtained prior to study start.
Results: A total of 18 patients were enrolled. No adverse events related to [68Ga]Ga-OncoFAP were recorded. The 
whole-body effective dose was 16.6–24.6 mSv/GBq (mean 19.9 mSv/GBq, median 19.4 mSv/GBq). The elimi
nation of [68Ga]Ga-OncoFAP is predominantly kidney-mediated. All patients showed selective tumor uptake 
within <10 min after administration (SUVmax tumor lesions shortly after injection range 1.99–31.36), which 
remained stable up to 120 min post injection (SUVmax tumor lesions range 5.04–21.7).
Conclusions: [68Ga]Ga-OncoFAP was safe and well tolerated. The dosimetry profile is in line with other clinically 
used radiopharmaceuticals. [68Ga]Ga-OncoFAP showed optimal pharmacokinetics with rapid blood clearance 
and renal excretion. [68Ga]Ga-OncoFAP demonstrated promising in PET imaging of a range of solid tumors, 
providing the rationale for further studies to elucidate its full application.
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1. Introduction

Fibroblast Activation Protein (FAP) has emerged as an ideal pan- 
tumoral marker for the delivery of diagnostic radionuclides. FAP is a 
membrane-bound endopeptidase that is overexpressed in the stroma of 
more than 90 % of epithelial cancers including breast, gastrointestinal, 
and lung cancer [1]. Notably, high FAP expression is observed in many 
cancer types for which [18F]-fluorodeoxyglucose (FDG) positron emis
sion tomography (PET) and other available imaging modalities offer 
only suboptimal imaging quality, and which contribute a large propor
tion of the annual cancer-related deaths [2,3].

The development of FAP-targeting agents began in the late 1980s 
[4], but interest in these antibodies was initially limited due to chal
lenges related to biodistribution and sensitivity. In 2014, Jansen et al. 
revitalized interest in FAP-based imaging by introducing a new gener
ation of small-molecule ligands [5]. This first generation of FAP in
hibitors (FAPI) has demonstrated the applicability of FAP ligands for 
imaging of a broad range of cancer types with favorable results [6–8]. A 
recent systematic review of over 39 studies concluded that the pooled 
sensitivity of FAP PET/CT on a patient-based analysis was 99 % for the 
detection of primary tumor lesions, 91 % for nodal, and 99 % for distant 
metastases. FAP PET/CT was also found to have a higher sensitivity in 
the detection of primary, nodal, and metastatic lesions based on a paired 
analysis between FAP PET/CT and [18F]FDG PET/CT [9].

OncoFAP is a recently developed second-generation FAP ligand [10]. 
One of the advantages of this molecule is that in vivo it shows a very 
rapid, selective, and high uptake in FAP-expressing tumors and a rapid 
clearance from the blood and healthy tissues [10,11].

Based on the promising preclinical data and preliminary results in 
humans from individual patient treatment at the attending physician's 
discretion [11], a prospective Phase I diagnostic clinical trial of [68Ga] 
Ga-OncoFAP in patients with breast cancer, colorectal cancer, esopha
geal cancer, and pancreatic adenocarcinoma was conducted 
(PH-FAPGA-01/22, NCT 05784597). The primary objectives of the 
study were to evaluate safety and dosimetry of a single administration of 
[68Ga]Ga-OncoFAP. In addition, data on the uptake, biodistribution 
pharmacokinetics (PK), and preliminary PET imaging findings of [68Ga] 
Ga-OncoFAP were evaluated.

2. Materials and methods

2.1. Study design

A Phase I, multicenter, open-label diagnostic clinical trial was run in 
four centers in Italy (NCT05784597), in accordance with the Declaration 

of Helsinki and the International Conference on Harmonisation Good 
Clinical Practice guidelines. This study was approved by the Ethics 
Committee Comitato Etico Territoriale Lazio Area 5 (CTIS ID 931, 04/ 
10/2022) and national competent authorities. All patients signed an 
informed consent form.

Adult patients (18–75 years) with pathologically proven breast 
cancer, esophageal cancer, colorectal cancer, and pancreatic adenocar
cinoma were eligible if they had an indication for staging or restaging, 
agreed to appropriate contraception. Exclusion criteria included 
chronically impaired renal function as expressed by creatinine clearance 
<60 mL/min or serum creatinine >1.5 x ULN, active hepatitis, signifi
cant cardiac disorders (congestive heart failure, NYHA class III-IV, 
myocardial infarction within one year prior to study entry, uncon
trolled hypertension, or arrhythmia), pregnancy or breastfeeding, major 
trauma including major surgery (such as abdominal/cardiac/thoracic 
surgery) within 4 weeks of administration of the study drug, serious, 
non-healing wound, ulcer, or bone fracture as well as any anti-cancer 
therapy within 3 weeks before [68Ga]Ga-OncoFAP PET/CT scan.

Up to 20 patients were planned to be enrolled into two cohorts (A 
and B). Cohort A included three (3) female and three (3) male patients 
with a primary tumor only, while cohort B included up to 14 patients 
with a primary tumor or metastatic disease with or without primary 
tumor. Both cohorts were open in parallel, and patients were assigned to 
the respective cohort according to their disease extent and sex, with a 
priority for enrolling patients in cohort A, unless the number of patients 
of a given sex had already been enrolled in cohort A. Safety, pharma
cokinetics, and biodistribution were assessed in all patients (Cohort A 
and B). Dosimetry was evaluated in patients enrolled in Cohort A to 
assess healthy organs without the interference of uptake by metastatic 
lesions.

2.2. Radiolabeling and quality controls

OncoFAP-DOTAGA was radiolabeled with 68Ge/68Ga-generator- 
derived 68Ga at the radiopharmacy of the study centers using a 
disposable-cassette-based automatic labeling module. The product was 
then tested for quality to meet the specifications and acceptance criteria. 
Radiolabelling and quality controls have been performed as previously 
described [12].

2.3. Study procedures

Patients were scheduled to receive a single intravenous bolus injec
tion of 250 MBq (225–275 MBq) [68Ga]Ga-OncoFAP followed by a series 
of PET/CT scans. Patients in cohort An underwent a whole-body PET/CT 

List of abbreviations

AE Adverse Event
AUC Area under the curve
Cmax maximum concentration
CT Computed Tomography
CTCAE Common Terminology Criteria for Adverse Events
EANM European Association of Nuclear Medicine
EARL EANM Research GmbH
ECG Electrocardiogram
ECOG Eastern Cooperative Oncology Group
FAP Fibroblast Activation Protein
FDG Fluorodeoxyglucose
FWHM Full Width at Half Maximum
GBq Gigabecquerel [109 s− 1]
HCT hematocrit
IV intravenous

LLI Lower Large Intestine
mA milliampere
MBq Megabecquerel [106 s− 1]
mGy milligrey [10− 3 J/kg]
mSv millisievert [10− 3 J/kg]
NYHA New York Heart Association
PET Positron Emission Tomography
PK Pharmacokinetics
Pts patients
RMBLR Red marrow to blood ratio
SD Standard Deviation
SNMMI Society of Nuclear Medicine and Molecular Imaging
SUV Standardized Uptake Value
t1/2 half-life
TIA Time Integrated Activity
ULI Upper Large Intestine
ULN Upper Limit of Normal
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scan immediately after [68Ga]Ga-OncoFAP administration followed by a 
PET scan at 10 and 20 min post injection. Further whole-body PET/CT 
scans were acquired at 1 h and 2 h post administration. In addition, 
blood samples were collected prior to administration and at 1, 3, 5, 7, 
10, 15, 30, 45, 60, 75, and 120 min post injection. By contrast, patients 
enrolled in cohort B underwent a dynamic PET/CT scan from 0 to 30 min 
post injection over a single bed position covering the main tumor region. 
At 1 h post administration, a whole-body PET/CT scan was acquired. At 
2 h post injection, a 4-min PET/CT scan was performed on the same bed 
position as the dynamic scan. Blood samples were collected prior to 
administration, and at 1, 5, 10, 15, 20, 60, and 120 min post injection. In 
both cohorts, urine samples were collected before administration, at 
35–45, 55–60 (optional), 100–120, and 135–150 min post administra
tion. The study procedures are schematically depicted in Fig. 1.

2.4. PET/CT image acquisition and reconstruction

Images were acquired using 68Ga EARL-accredited PET/CT scanners 
(General Electric Discovery MI, General Electric Discovery 690, General 
Electric Discovery 710, Siemens Biograph mCT Flow). Low-dose CT was 
performed using 70–80 mA tube current and 120–140 kVp tube voltage. 
Image reconstruction was performed applying time-of-flight, iterative 
reconstruction (21 subsets, 3 iterations using Gaussian Filter, FWHM 4 
mm) and corrections for artifacts such as scatter according to site- 
specific procedures. Images were reconstructed using a 128 × 128 
matrix.

2.5. Safety assessment

Safety was assessed based on physical examination, vital signs, ECG, 
standard laboratory examinations and the collection of adverse events. 
Adverse events were graded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events (CTCAE) version 5.0. 
These assessments were performed at screening, before the injection of 
[68Ga]Ga-OncoFAP, after the last PET/CT scan and within 7 days from 

the administration of [68Ga]Ga-OncoFAP.

2.6. Dosimetry

Dosimetry calculations were performed using OLINDA/EXM 1.0 
[13]. Organ delineation at each imaging time point was performed with 
TotalSegmentator tool [14], an open-source tool able to segment over 
117 classes in CT images. To ensure accuracy, all organ delineations 
were manually reviewed and adjusted as necessary using PLANET® 
Dose (DOSIsoft) software. The activity was assessed using PLANET® 
Dose for each organ as segmented on the PET/CT scan. Activity was 
evaluated only in organs showing radiopharmaceutical uptake. For 
small organs with low uptake, a robust activity assessment was not 
feasible. Considering the uptake patterns, activity evaluation was 
focused on the following organs: brain, small intestine, stomach, heart, 
kidneys, liver, lungs, pancreas, spleen, and urinary bladder. For organs 
affected by tumors, the activity of the entire organ was assigned to the 
remainder of the body and the mean absorbed dose to the organ was not 
calculated to prevent overestimation in healthy tissues. The average 
volume of each organ was calculated based on the 3 CT scans acquired 
and used to derive the custom mass for each organ.

To evaluate the time integrated activity (TIA) for the healthy organs 
listed above (except urinary bladder) a mono- and bi-exponential fit was 
performed, and the best fit was chosen according to the Akaike criterion 
[15]. The TIA and residence time were subsequently calculated for all 
contoured organs.

The residence time to the urinary bladder was evaluated using the 
voiding bladder model, calculating pharmaceutical clearance based on a 
mono-exponential fit of the activity within the patient after excluding 
excreted urine activity. The actual voiding intervals were personalized 
for each patient based on the timepoints of urine collection, with an 
average of approximately 1 h.

The residence time to the red marrow was evaluated by integrating 
over time the activity concentration in blood after each sampling. For 
the integration, a trapezoidal fit of the concentration data with a 

Fig. 1. Schedule of study procedures. Top rows: Timepoints of PET/CT scans. Middle row: Timepoints of blood sampling. Bottom row: Timepoints of urine sampling.
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physical decay tail was used. The red marrow-to-blood ratio (RMBLR) 
was calculated based on the hematocrit values (HCT) of each patient 
evaluated at screening using the formula RMBLR = 0.19/(1-HCT) [16,
17]. The cumulated activity over time (Ã) was calculated by multiplying 
the cumulated activity over time per unit volume of the red marrow 
(Ã/mL) by the average mass of the red marrow (1120 g for men and 
1300 g for women [18]).

The remainder of the body activity was defined as total activity 
injected minus the activity present in healthy organs contoured, red 
marrow, and urinary bladder. Subsequently, as performed for the 
healthy organs, the TIA for the remainder of the body was calculated 
using both mono- and bi-exponential fitting models, with the best fit 
selected based on the Akaike criterion. The corresponding residence 
time was then derived accordingly. The mean absorbed dose was 
calculated based on the residence time and the custom mass using 
OLINDA/EXM 1.0 [13].

2.7. Pharmacokinetics

Pharmacokinetics of [68Ga]Ga-OncoFAP were analyzed based on 
serial blood sampling through a catheter in the opposite arm to the 
administration site. At each timepoint, approximately 1 mL of blood was 
drawn, and the activity was determined using a calibrated gamma 
counter. Blood count values obtained for each patient were decay cor
rected with respect to the sampling time and average values per 
collection timepoint for cohort A were used for PK curve fitting using the 
two-compartmental model for IV bolus injection of the PKSolver tool 
[19].

2.8. Biodistribution and preliminary imaging findings

Healthy organs and primary, nodal, and metastatic lesions were 
visually assessed at each timepoint. Areas of unexpected uptake were 
further investigated if management could be influenced according to 
clinical judgement. Additionally, semiquantitative evaluations were 
performed by means of SUVmax and SUVmean at all timepoints (i.e., 
immediately after the administration, and at 10, 20, 60, and 120 min 
post injection).

2.9. Image quality

To determine the optimal timepoint for image acquisition for future 
studies, we assessed lesion:reference organ ratio at each timepoint. As 
reference organs, heart as surrogate for the blood pool as well as muscle 
and healthy organs corresponding to the site of tumor lesions were 
considered. Reconstruction of the list mode datasets with an under
sampling of counts simulating lower administered activities (200, 150, 
100, and 50 MBq) was performed to evaluate if lower administered 
activities could yield suitable image quality for future applications. Each 
reconstructed dataset, as well as the original scan at the corresponding 
timepoint, have been evaluated according to the qualitative 5-points 
Likert scale, by two investigators (FG and MK) to assess: i) noise (1 no 
noise → 5 extremely noisy), ii) lesion to background contrast (1 excel
lent contrast → 5 no contrast between lesion and background), iii) 
diagnostic confidence (1 excellent diagnostic confidence → impossible 
to take a diagnostic decision).

3. Results

3.1. Patient characteristics

A total of 19 patients were screened, and 18 patients (12 female, 6 
male) were included in this study between November 2023 and April 
2024. All enrolled patients received a single administration of around 
250 MBq [68Ga]Ga-OncoFAP (mean activity: 239.7 ± 23.7 MBq, range 
178–274 MBq) and were therefore included in the safety evaluation. 

Patient age ranged from 45 to 76 years (median, 57 years). Three (3) 
male and three (3) female patients were enrolled in cohort A, while an 
additional nine female and three male patients were enrolled in cohort 
B. Details on the patient characteristics are depicted in Table 1.

3.2. Safety

No serious adverse events occurred during the study. Only one (1) 
patient out of 18 experienced a single adverse event, a transient Grade 1 
headache after the end of the last PET/CT scan. No action was taken due 
to the adverse event, and the headache resolved on the same day. The 
attending physician evaluated the adverse event as not related to the 
study drug but assessed tiredness as cause of the headache. Thus, no 
[68Ga]Ga-OncoFAP-related adverse events were reported. No clinically 
significant changes to serum chemistry, hematology, coagulation, vital 
signs, physical examination, and ECG were recorded in any of the pa
tients participating in this study. An overview of the number of adverse 
events (AEs), including serious adverse events, and treatment-related 
adverse events is depicted in Table 2.

3.3. Dosimetry

The dosimetry results for each organ as well as the effective dose are 
depicted in Table 3. The effective dose per patient ranged from 16.6 to 
24.6 mSv/GBq (mean 19.9 mSv/GBq, median 19.4 mSv/GBq). The or
gans absorbing the highest doses were the urinary bladder wall 
(70.1–132 mGy/GBq), kidneys (18.9–49.3 mGy/GBq) and small intes
tine (12.8–28.8 mGy/GBq). The effective dose was higher for female 
patients (20.2–24.6 mSv/GBq) than for male patients (16.6–18.6 mSv/ 
GBq), most likely due to uptake in the uterus (16.7–17.3 mGy/GBq) and 
ovaries (16.1–16.2 mGy/GBq), which were higher than the absorbed 
dose in the testes (10.3–11.6 mGy/GBq).

3.4. Pharmacokinetics

Maximum serum concentration (Cmax) was reached within 1 min for 
most patients, and the half-life of the alpha phase (t1/2α) is estimated to 
be 0.9 min, while the half-life of the beta phase (t1/2β) is around 36 min. 
The area under the curve (AUC0-t) is estimated to be 1013 kBq/mL*min. 
Average values for both cohorts and individual patients are depicted in 
Fig. 2 together with the curve fitting.

3.5. Biodistribution and preliminary imaging findings

Based on the imaging and dosimetry results, it was determined that 
the elimination of [68Ga]Ga-OncoFAP is predominantly kidney- 
mediated as a signal was observed in the renal pelvis and bladder 
shortly after administration, while no time-dependent accumulation in 
liver, bile duct, or intestines was seen (Fig. 4). Tumor uptake was 
observed shortly after administration, with median SUVmax equal to 
9.44, ranging from 1.99 to 31.36 in cohort A and median 9.4 (range, 
4.02–18.3) in cohort B. The biodistribution in terms of SUVmean in the 
tumor and healthy organs is shown in Fig. 3 at different timepoints. 
There was considerable variability between the lesions which is most 
likely related to the biology and size of the different lesions. In most 
healthy organs such as bone, brain, lungs, stomach, colon, and skin, low 
uptake was observed at all timepoints. By contrast, a reduction over time 
was observed in organs such as the heart, liver, kidneys, and small in
testine. There was a significant patient-to-patient variability in uptake in 
the normal pancreas. Uptake values at different timepoints are reported 
in the Supplementary Table 1–6.

Representative maximum intensity projections are depicted in Fig. 4. 
Overall, all previously known lesions were also detected during the 
[68Ga]Ga-OncoFAP PET/CT scan. For one treatment-naïve patient 
affected by upper outer quadrant breast cancer (cT1ccN0cM0), the 
[68Ga]Ga-OncoFAP PET/CT scan revealed an additional suspicious 
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nodule in the right breast (SUVmax = 22.14, SUVmean = 15.16, and T/B 
ratio = 6 at 60 min). The lesion was removed during the pre-planned 
surgery to remove the previously known lesion and subsequent histo
logical analysis confirmed the presence of infiltrating carcinoma in the 
upper quadrant of the right breast. In two additional patients, new 
suspected lesions were discovered based on the [68Ga]Ga-OncoFAP 
PET/CT, but these were not confirmed by histopathology as no change 
to the patient management was foreseen based on these additional le
sions. Representative images are shown in Fig. 5.

3.6. Image quality

The highest tumor:heart ratio was observed at 1 h post administra
tion and at this timepoint, the uptake in healthy organs such as colon, 
liver, lung, muscle, small intestine, and spleen also tended to be slightly 
lower than at earlier timepoints. Tumor uptake up to the 2 h timepoint 
was relatively stable. The assessments of image quality on images 
simulating lower administered activities (e.g., ca 200, 150, 100, and 50 
MBq), demonstrated good contrast, low level of noise, and good diag
nostic confidence for images with activities of 150 and 200 MBq.

4. Discussion and conclusion

The Phase I clinical trial described in this report is the first pro
spective study evaluating the safety and dosimetry of the novel 

diagnostic radiopharmaceutical [68Ga]Ga-OncoFAP in patients with 
cancer.

No serious adverse events or drug-related adverse events were 
observed in this study. The favorable safety profile of [68Ga]Ga-Onco
FAP in 18 patients receiving an administration of 178–274 MBq [68Ga] 
Ga-OncoFAP is in line with other diagnostic radiopharmaceuticals. Due 
to the low mass amount of tracer administered and the relatively low 
amount of radioactivity, adverse events for diagnostic radiopharma
ceuticals are rare. Accordingly, no treatment-related adverse events 
were recorded in this study.

The effective dose of around 20 mSv/GBq is within the typical range 
of the doses of other frequently used diagnostic radiopharmaceuticals 
and does not pose any concerns related to radiation protection [20]. The 
organs absorbing the highest doses were the urinary bladder wall 
(70.1–132 mGy/GBq) and kidneys (18.9–49.3 mGy/GBq), related to the 
urinary excretion of the radiopharmaceutical. Our results are consistent 
with previous studies that reported the median effective dose for the 
[68Ga]Ga-labelled and [18F]F-labelled radiopharmaceuticals of 0.0123 
mSv/MBq and of 0.0141 mSv/MBq, respectively, when using an activity 
of 100–200 MBq [21]. The effective dose was higher for female than for 
male patients (20.2–24.6 mSv/GBq and 16.6–18.6 mSv/GBq, respec
tively), most likely due to the higher uptake recorded in the uterus, 
which exhibits physiological FAP expression [22], and ovary, which 
summed was more than double the absorbed dose at the testes. There
fore, based on the safety signals and dosimetry evaluation, [68Ga] 
Ga-OncoFAP is considered safe for implementation in future clinical 
trials.

Based on preclinical findings [10] and results with similar tracers 
[21], [68Ga]Ga-OncoFAP showed a favorable biodistribution profile at 
early timepoints after administration. There was a significant 
patient-to-patient variability in uptake in the normal pancreas. We can 
speculate that this finding might be related to inflammatory changes, as 
already shown for other FAP-targeting compounds [23], which can lead 
to FAP expression in patients affected by pancreatic cancer (5/18 

Table 1 
Disposition of patients and baseline characteristics per cohort and overall.

Cohort A Cohort B Total

(n = 6) (n = 12) (N = 18)

Disposition of patients Enrolled 6 100 % 12 100 % 18 100 %
Safety Evaluable 6 100 % 12 100 % 18 100 %
Treated 6 100 % 12 100 % 18 100 %

Tumor type Pancreatic 3 50 % 2 17 % 5 28 %
Breast 1 17 % 7 58 % 8 44%
Esophageal 2 33 % 1 8 % 3 17 %
Colorectal 0 0% 2 17 % 2 11%

Indication Initial staging 5 ​ 4 ​ 9 50 %
Restaging 1 ​ 8 ​ 9 50 %

Age Mean ​ 64.2 ​ 59.8 ​ 61.3
SD ​ 12.46 ​ 11.32 ​ 11.53
Min ​ 48 ​ 45 ​ 45
Max ​ 76 ​ 76 ​ 76
Median ​ 69 ​ 56 ​ 57

Gender Female 3 50 % 9 75 % 12 67 %
Male 3 50 % 3 25 % 6 33 %

Weight (kg) Mean ± Sd 69.2 ± 21.1 61.5 ± 12.8 64.1 ± 15.8
[Min-Max] [55–110] [40–77.5] [40–110]
Median 60.5 61.5 61.5

ECOG1: 0 5 83 % 11 92 % 16 89 %
1 1 17 % 1 8 % 2 11 %

Prior anti-cancer chemotherapy Neo-adjuvant 0 0 % 3 25 % 3 17 %
Unknown 0 0 % 3 25 % 3 17 %
Metastatic 0 0 % 2 17 % 2 11%
Locally advanced 1 17 % 0 0 % 1 6%
Adjuvant 0 0% 3 25 % 3 17 %
Overall 1 17 % 8 67 % 9 50 %

Prior anti-cancer radiotherapy 0 0 % 4 33 % 4 22%
Prior anti-cancer surgery (incl. biopsy) 4 67 % 11 92 % 15 83 %

ECOG - Eastern Cooperative Oncology Group Performance Status Scale; SD – standard deviation.

Table 2 
Overview of adverse events.

Overall Grade 1 Grade 2 Grade 3 Grade 4

Serious adverse events 0 0 0 0 0
Drug-related adverse 

event
0 0 0 0 0

Adverse event 1 1 0 0 0
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patients in this study). Additionally, these results might be related to the 
high FAP expression in Langerhans islets [24], which might vary among 
patients.

For reproducibility of uptake evaluation, all centers used PET/CT 
scanners that received EARL accreditation with gallium-68 radioisotope. 
Currently, there is no consensus on the acceptable reference organs or on 
a qualitative uptake scale (mild, moderate, intense) [21]. In our cohort, 
tumor lesions were found with SUVmax ranging from 1.99 to 31.36, 4.16 
to 21.52, and 5.04 to 21.7 at the initial, 60 min, and 120 min scans, 
respectively. The most stable uptake over time was seen in bone, brain, 
lungs, stomach, colon, and skin. For future investigations, computing the 
lesion:reference organ ratio with respect to these organs might be 
considered. The choice between SUV and ratio evaluation should be 
further clarified in future clinical trials.

Since rapid and selective accumulation in tumor lesions as well as 
fast clearance from the circulation and healthy organs were observed, 
reasonably good imaging quality could be obtained shortly after 
administration (10–20 min post injection). However, the tumor:organ 
ratio was highest at 1–2 h after administration. Therefore, in the future, 
scans will most likely be acquired at around 1 h post administration. This 
uptake time, consistent with that reported for other FAP-targeting PET 
compounds labelled with gallium-68 in the procedural EANM/SNMMI 
guidelines [21], also aligns with that of other radiopharmaceuticals 
commonly used in clinical practice (e.g. [18F]FDG and 68Ga-labelled 

SSTR analogues). Based on simulations of lower administered activities 
at around 1 h post-administration, it could be concluded that an 
administered activity of around 150 MBq would be suitable for future 
applications. Timing and activity may be adjusted according to the 
clinical setting. Our results are in line with the procedural 
EANM/SNMMI guidelines that recommend an administered activity of 
100–200 MBq for gallium-68 compounds when using conventional PET 
cameras, and half of the advised activity for digital total-body scanners 
[21].

FAP-targeting diagnostic radiopharmaceuticals are promising new 
imaging modalities which may improve staging and restaging in 
different types of cancer [6–8]. [68Ga]Ga-OncoFAP seems to fit in this 
landscape as it showed very promising properties as diagnostic radio
pharmaceutical in terms of rapid and selective accumulation in tumor 
lesions and fast clearance from healthy organs. While this study was not 
designed and powered to evaluate the diagnostic performance in terms 
of sensitivity and specificity, encouraging initial results were obtained as 
all previously known lesions were detected by the [68Ga]Ga-OncoFAP 
PET/CT scan. This was expected since we enrolled patients with solid 
tumors characterized by intense desmoplastic reaction (pancreatic, 
colorectal, breast, and esophageal cancers), which highly express FAP 
[25–27]. Additionally, for three patients, previously unknown putative 
lesions were detected with [68Ga]Ga-OncoFAP PET/CT. For one of those 
patients, the new lesion was surgically removed and confirmed as true 

Table 3 
Individual dosimetry estimates for the three male and three female patients included in the dosimetry analysis (Cohort A). As five out of six patients had a lesion close to 
the pancreas, the values of only one patient were considered to calculate the dose to the pancreas. LLI = Lower Large Intestine, ULI = Upper Large Intestine.

Patient sex M M M F F F

Injected Activity [MBq] 234 192 239 274 240 258

Dose [mGy/GBq] Adrenals 12.3 11.9 10.6 15.6 15.9 15.9
Brain 2.2 2.39 2.19 4.03 3.72 3.53
Breasts 10.4 9.97 8.73 12.9 12.9 13.4
Gallbladder Wall 12.5 12.1 10.7 15.1 15.9 15.3
LLI Wall 13.4 13.1 12.2 15.9 16 16.5
Small Intestine 12.9 18.2 19.6 28.8 23.8 –
Stomach Wall 15.9 13.1 14.7 20 20.5 18.4
ULI Wall 12.7 12.4 11.2 15.7 15.8 15.9
Heart Wall 12.2 11.6 13.7 28.5 20.6 18.8
Kidneys 20.4 18.9 28.8 49.3 36.8 47.1
Liver 13.2 8.57 9.54 20.5 28.5 14.4
Lungs 25.1 23.9 23.5 52.4 32.9 35.6
Muscle 11.5 11 9.81 13.7 13.9 14.4
Ovaries – – – 16 16.1 16.5
Pancreas – – – – – 18.7
Red Marrow 10.9 10.7 10.2 14.1 12.8 14.5
Osteogenic Cells 17 16.4 14.8 23.4 22.5 24.6
Skin 10 9.61 8.42 11.9 12.1 12.6
Spleen 13.3 11.6 15.7 21.2 18.7 17.3
Testes 11.9 11.5 10.4 – – –
Thymus 11.6 11.2 9.89 14.7 14.6 15.1
Thyroid 11.4 11 9.5 13.1 13.4 14
Urinary Bladder Wall 70.1 98.5 132 108 106 69
Uterus – – – 16.9 17 17.4
Total Body 12.1 11.9 10.9 15.6 15.7 15.4

[mSv/GBq] Effective Dose 16.6 17.2 18.6 24.6 22.4 20.2

Fig. 2. Pharmacokinetics of [68Ga]Ga-OncoFAP (A) average values for cohort A and B as well as the curve fitting (B) individual patient data and the curve fitting.
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positive for breast cancer by histology. For the other two patients, the 
management would not be changed based on the identity of the newly 
discovered putative lesions and therefore no further investigations were 
carried out. Although preliminary and based on a small cohort, these 
findings suggest that [68Ga]Ga-OncoFAP could have a substantial clin
ical impact on management of oncologic patients, potentially upstaging 
the disease. Several studies with other diagnostic FAP ligands showed 
that these ligands have a superior diagnostic performance compared to 
standard of care modalities [6–8]. Even though this study was not 
powered to evaluate diagnostic performance, these findings are 
encouraging for future development. Moreover, FAP is overexpressed in 
fibroblasts activated in multiple non-oncological conditions, such as 
inflammation, wound healing, and fibrosis. Consequently, 
FAP-targeting PET has the potential to be applied in both oncological 
and non-oncological diseases [28].

We acknowledge some limitations of our study. We did not perform 
analyses to assess the diagnostic accuracy of the [68Ga]Ga-OncoFAP 
PET/CT nor a comparison with other radiopharmaceuticals PET/CT or 
conventional imaging modalities. However, these objectives were out of 
scope of the present phase I study. Future studies aimed at investigating 
the diagnostic performance of [68Ga]Ga-OncoFAP in defined clinical 
settings and to refine technical parameters are planned.

In conclusion, the results of the Phase I trial demonstrate a favorable 
safety profile of [68Ga]Ga-OncoFAP with an effective dose commensu
rate with that of other diagnostic radiopharmaceuticals. [68Ga]Ga- 
OncoFAP exhibited optimal pharmacokinetics and demonstrated 
promising PET imaging of a range of solid tumors. The rapid and se
lective accumulation of [68Ga]Ga-OncoFAP in tumor lesions supports 
imaging at early timepoints. Highest tumor:reference organ ratios were 

observed at 1 h, so imaging in this timeframe is also supported. Since the 
tumor:reference organ did not significantly change between 1 and 2 h, 
the optimal imaging timepoint is most likely 1 h due to convenience for 
patients and caregivers. Based on the results obtained in this study, 
activities of around 150 MBq were deemed suitable for future applica
tions. Preliminary efficacy results are also encouraging and warrant the 
conduct of future studies to explore the diagnostic performance of 
[68Ga]Ga-OncoFAP in defined settings.
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