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Abstract 

Purpose:  This study compares inter- and intraobserver agreement between [18F]
AlF-NOTA-octreotide ([18F]AlF-OC) and [68Ga]Ga-DOTA-somatostatin analogues (SSAs) 
in PET/CT imaging for neuroendocrine neoplasm (NEN) patients.

Materials and methods:  This is a secondary endpoint analysis from our multicenter 
trial (clin trial.gov identifier: NCT04552847) including 75 NEN patients who received 
both [68Ga]Ga-DOTATATE (n = 56) or [68Ga]Ga-DOTA-NOC (n = 19) and [18F]AlF-OC PET 
imaging. Five readers assessed lesion detection and characterization across multiple 
organs, scoring lesions by number and conspicuity using a 5-point Likert scale. Agree-
ment was measured using Gwet’s agreement coefficient.

Results:  Results demonstrated nearly perfect interobserver agreement for lesion 
characterization across all organs for both tracers (0.921 for [18F]AlF-OC; 0.934 
for [68Ga]Ga-DOTA-SSA). Similar agreement was observed for the number of lesions 
across organs (0.736 for [18F]AlF-OC and 0.749 for [68Ga]Ga-DOTA-SSAs). Organ-specific 
analysis revealed strong agreement for bone and liver lesions, with slightly lower agree-
ment for lymph nodes. Both tracers also showed excellent agreement in determin-
ing Krenning scores (0.925 for [18F]AlF-OC and 0.927 for [68Ga]Ga-DOTA-SSAs). While 
mean lesion conspicuity was similar between tracers, [18F]AlF-OC had a higher global 
image quality score (4.22 vs. 3.86, p < 0.0001). Intraobserver agreement was consistent 
between tracers for lesion characterization (> 0.95 for both readers) and lesion count 
(> 0.80 for both readers).

Conclusion:  [18F]AlF-OC and [68Ga]Ga-DOTA-SSAs demonstrate comparable 
and excellent inter- and intraobserver agreement, reinforcing the clinical interchange-
ability of [18F]AlF-OC PET/CT with [68Ga]Ga-DOTA-SSAs in routine practice.
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Introduction
Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors character-
ized by an overexpression of the somatostatin receptor (SSTR) (Bozkurt et al. 2017). 
Positron emission tomography/computed tomography (PET/CT) imaging with soma-
tostatin analogues (SSAs) targeting the somatostatin receptor SSTR is a cornerstone 
in the clinical management of NEN patients. While [68Ga]Ga-DOTA-SSA PET/
CT imaging, the current gold standard in routine clinical practice, has revolution-
ized the detection and management of NENs, it does have several limitations. These 
include high cost and limited availability of germanium-68/gallium-68 generators, a 
short tracer half-life (67.6 min), limited production output (averaging 2–4 patients 
per batch), as well as a high positron energy resulting in a relatively long average posi-
tron range, which could impact spatial resolution. In recent years, fluorine-18-labeled 
PET tracers targeting the SSTR have garnered increasing attention for their poten-
tial advantages compared with gallium-68 (Pauwels et  al. 2018). Fluorine-18 can be 
produced with a cyclotron and has a higher production yield (up to 15 patients per 
batch), a more favorable half-life (109.8 min) and lower average positron range (Leupe 
et al. 2023). These properties allow centralized production and distribution to distant 
PET centers without an on-site cyclotron or germanium-68/gallium-68 generator.

[18F]AlF-NOTA-octreotide (or [18F]AlF-OC) in particular has shown promising 
results in clinical trials. This [18F]AlF-labeled SSTR agonist offers the advantages of 
fluorine-18 over gallium-68 and can be synthesized using a good-manufacturing-
practice (GMP)–compliant, chelator-based, automated radiolabeling method (Tshiba-
ngu et  al. 2020). Initial clinical trials comparing [18F]AlF-OC PET/CT with [68Ga]
Ga-DOTA-SSA PET/CT demonstrated similar safety profiles, biodistribution and 
dosimetry (Pauwels et al. 2019, 2020; Hou et al. 2021; Haeger et al. 2023). To validate 
these results, Pauwels et al. conducted a prospective multicenter analysis of the diag-
nostic efficacy of [18F]AlF-OC versus [68Ga]Ga-DOTATATE or [68Ga]Ga-DOTANOC 
in 75 patients with histologically confirmed NENs (Pauwels et al. 2023). They found 
a significantly higher detection ratio for [18F]AlF-OC (91.1%) compared to [68Ga]
Ga-DOTA-SSAs (75.3%), illustrating diagnostic superiority, especially for the detec-
tion of liver metastases (Pauwels et al. 2023). Moreover, a secondary endpoint anal-
ysis on the collected data from this multicenter trial by our group showed that the 
use of [18F]AlF-OC did not impact TNM staging or clinical management in the large 
majority of these NEN patients (86.7%), further validating the potential for routine 
clinical use of [18F]AlF-OC PET/CT (Leupe et al. 2024; Hou et al. 2024).

This current study aims to validate the clinical interchangeability of [18F]AlF-OC 
and [68Ga]Ga-DOTA-SSA by comparing their inter- and intraobserver agreement in 
PET/CT imaging in NEN patients based on a read-out by five readers. This analysis, 
conducted as prespecified part of the larger multicenter trial (Pauwels et  al. 2023), 
assesses lesion characterization, lesion number, lesion conspicuity, overall image 
quality and Krenning score, providing valuable insights for clinical adoption and read 
out of these PET tracers. Acquisition protocols were designed based on the clinical 
guidelines for [68Ga]Ga-DOTA-SSA tracers and aimed to maximize the benefits of 
PET/CT imaging with fluorine-18-labeled SSA tracers, which offer higher production 
yield and a longer half-life.
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Materials and methods
Study population and image acquisition

This study is a post-hoc analysis of the PET/CT images acquired in our previously pub-
lished prospective multicenter trial (Pauwels et al. 2023). In this cohort, 75 NEN patients 
underwent both a [18F]AlF-OC PET/CT and a routine clinical [68Ga]Ga-DOTA-SSA 
PET/CT, either [68Ga]Ga-DOTATATE (n = 56) or [68Ga]Ga-DOTA-NOC (n = 19), within 
a three-month window of each other (median interval of 7 days and a maximum of 32 
days). A detailed description of acquisition and reconstruction parameters (Pauwels et al. 
2023) can be found in our previously published multicenter trial (Pauwels et al. 2023). 
Briefly, [18F]AlF-OC was synthesized following an automated, GMP-compliant radiola-
beling method outlined by Tshibangu et al. (2020), using an AllInOne® synthesis mod-
ule (Trasis, Belgium). Similar to our current standardized operating procedure (SOP) for 
SSTR PET/CT imaging with [18F]AlF-OC in UZ Leuven, patients received an intrave-
nous injection of 4 MBq/kg of [18F]AlF-OC, followed by a whole-body PET/CT scan, 
conducted at 2 h post-administration, using either a GE Discovery MI 4-ring PET/CT 
system (GE Healthcare, WI, USA) at 3 min. PET acquisition per bed position or a Sie-
mens Biograph 40 Truepoint system (Siemens Medical, Germany) at 4 min. PET acqui-
sition per bed position. The mean administered activity (± standard deviation) of [18F]
AlF-OC was 295 (± 60) MBq. Following intravenous injection of either [68Ga]Ga-DOTA-
TATE (UZ Leuven; n = 56; 45–60 min post-injection) or [68Ga]Ga-DOTANOC (UZ Ant-
werp; n = 19; 60–90 min post-injection), a whole-body PET/CT scan was performed in 
accordance with the guidelines outlined by EANM (Bozkurt et al. 2017). Patients from 
UZ Antwerp underwent scanning using a GE Discovery MI 4-ring or MI 3-ring PET/
CT system at 2.5 min. PET acquisition per bed position. The mean administered activ-
ity for [68Ga]Ga-DOTATATE was 139 ± 27 MBq, while for [68Ga]Ga-DOTANOC, it was 
114 ± 20 MBq. All patients were advised to refrain from long-acting SSAs for a period of 
four to six weeks prior to the scan, irrespective of the tracer administered. The choice 
of a higher administered activity for [18F]AlF-OC was based on the advantages offered 
by 18F-labeling via a cyclotron, which allows for higher production yield of the tracer. 
Furthermore, the imaging time point of 2 h post-injection was selected based on find-
ings from Pauwels et al. (2020), which demonstrated improved lesion detection at 3 h 
compared to 2 and 1 h post-injection. As a compromise between clinical feasibility and 
diagnostic performance, a 2-h post-injection time was chosen. Additionally, the longer 
half-life of fluorine-18 and the higher available activity make extended scanning dura-
tions without significant signal loss possible, allowing for prolonged acquisition times to 
optimize image quality.

Visual PET/CT image analysis

[18F]AlF-OC PET/CT and [68Ga]Ga-DOTA-SSA PET/CT images were analyzed using 
a dedicated software platform for multimodal image analysis (MIM version 7.3; MIM 
Software Inc., Cleveland, OH, USA). The data included standard Digital Imaging and 
Communications in Medicine (DICOM) files of computed tomography (CT) and 
attenuation-corrected positron emission tomography (PET) images. Clinical informa-
tion related to the patient and the used radiopharmaceutical was eliminated from the 
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DICOM headers. Since [68Ga]Ga-DOTA-SSAs have higher physiological salivary gland 
uptake compared to [18F]AlF-OC (Pauwels et al. 2020; Hou et al. 2021), an independ-
ent operator masked the head region of all PET datasets. For each patient, a total of 19 
organs (liver, bone, lymph nodes, small intestine, pancreas, peritoneum, heart, lung, 
pleura, oesophagus, stomach, colon, anorectum, kidney, spleen, adrenal gland, bone, 
muscle and breast) were evaluated for the presence of SSTR-positive lesions. Lymph 
node assessment was categorized as supradiaphragmatic, infradiaphragmatic and all 
lymph nodes. SSTR-positive lesions were considered as any lesion with [18F]AlF-OC 
PET/CT or [68Ga]Ga-DOTA-SSA uptake above the respective physiological uptake in 
the organ.

A randomized read-out of the masked images from both tracers was performed by 
5 readers: 4 board-certified nuclear medicine physicians (KG, SJ, BVdB and NAB) and 
one nuclear medicine physician in training (HL). Readers were divided into two groups 
based on their experience: 2 highly experienced readers (‘experienced’, KG and SJ with 
17 and 13 years of experience in interpreting SSTR PET, respectively) and 3 readers with 
relatively low experience (‘less experienced’, BvdB, NAB and HL with 8, 7 and 1 year(s) 
of experience in interpreting SSTR PET, respectively). Each year of experience correlates 
with 50–100 SSTR PET read-outs. The read-outs were performed independently from 
each other and blinded to clinical information and the tracer used.

The PET/CT scans were evaluated using a methodology similar to the one used in an 
interobserver study by Lens et al. (2023). All SSTR PET/CT scans were evaluated and 
rated for lesion characterization per organ using a 5-point Likert scale (1 = benign, 
2 = probably benign, 3 = equivocal/indeterminate, 4 = probably malignant, 5 = malig-
nant). If lesions within an organ had varying characterization scores, the highest score 
was recorded. The number of lesions corresponding to the assigned characterization 
score was determined for each organ. Regarding number of lesions per organ, lesions 
with characterization scores 1, 2 and 3 were grouped, as well as lesions with scores 4 
and 5. Six bins were used to categorize the number of lesions (0, 1, 2–5, 6–10, 11–20 
and > 20/diffuse/uncountable). Initially, > 20 and diffuse/uncountable were scored as sep-
arate bins, but were afterwards combined into a single category based on reader feed-
back regarding the ambiguous distinction between these groups. Furthermore, lesion 
conspicuity or visibility in contrast to surrounding tissue uptake (background uptake) 
was scored for malignant lesions (characterization 4 or 5) per organ using a 5-point 
Likert scale (1 = no increased uptake, 2 = barely visible, 3 = uptake higher than back-
ground, 4 = certainly detectable/uptake visually 2 × higher than background, 5 = clearly 
visible/uptake higher than all organs including the spleen). If lesions within an organ 
had varying conspicuity scores, the highest score was recorded. Additionally, each PET/
CT scan received a visual global image quality score (5-point Likert scale: 1 = non-diag-
nostic, 2 = bad, 3 = average, 4 = good, 5 = excellent) and a global modified Krenning score 
based on the lesion with the highest uptake (1 = uptake much lower than liver, 2 = uptake 
slightly less than or equal to liver, 3 = uptake greater than liver, 4 = uptake greater than 
spleen) (Hope et al. 2019). All readers were trained on the read-out methodology prior 
to starting image analysis.

To evaluate intraobserver agreement, two readers (NAB and HL) reevaluated the PET/
CT images from both tracers after a minimum interval of one month to minimize recall 
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bias. This reevaluation was conducted on a randomly selected subset of 20 patients, cat-
egorized by the number of lesions observed in the initial [68Ga]Ga-DOTA-SSA PET/CT 
read-out: 5 patients with 0–25 lesions, 5 with 25–50 lesions, 5 with 50–75 lesions, and 5 
with more than 75 lesions.

Statistical analysis

The Gwet’s agreement coefficient (AC) 2 statistic was determined as a measure of agree-
ment on ordinal scores. The Gwet’s AC1 statistic was applied in case of binary ratings 
as a measure of agreement on categorical scores. Gwet’s approach is applicable to two 
or more raters, and additionally handles missing data (Gwet 2001). Similar to the Kappa 
statistic, it is a chance-corrected measure of agreement, taking values from − 1 up to 1 
with higher values indicating better agreement, though it usually falls between 0 and 1. 
The analyses were performed using the SAS MAGREE macro version 3.91 of SAS soft-
ware (version 9.4 for Windows). Gwet’s AC2 and Gwet’s AC1 statistics are reported with 
their 95% confidence intervals and differences are interpreted upon clinical relevance. 
The Gwet’s AC statistic is most commonly analyzed in a similar way to Fleiss’ Kappa 
using the interpretation guidelines proposed by Landis and Koch and is summarized as 
follows (Landis and Koch 1977): < 0.0 = poor agreement; 0.0–0.20 = slight agreement; 
0.21–0.40 = fair agreement; 0.41–0.60 = moderate agreement; 0.61–0.80 = substantial 
agreement; 0.81–1.0 = almost perfect agreement. Descriptive statistics were used to 
compare lesion conspicuity, Krenning score and global image quality.

For the statistical analysis of lesion characterization, results were dichotomized in 
benign (lesion characterization score 1, 2 or 3) versus malignant (lesion characterization 
score 4 or 5) to perform an additional sub-analysis for binary lesion characterization. For 
the statistical analysis of lesion count, only malignant lesions (characterization score 4 or 
5) were considered. Additionally, a sub-analysis was conducted to compare lesion char-
acterization and lesion count between experienced and less experienced readers.

Results
Patient characteristics

Patient characteristics are summarized in Table 1. The median age was 65 years (range 
37–84 years). The primary tumors were mainly from intestinal (45/75 patients) or pan-
creatic (18/75 patients) origin. Organ involvement was determined based on the evalu-
ation of all PET/CT images, and an organ was considered involved if at least one reader 
scored the presence of at least one lesion in that organ as either 4 (probably malignant) 
or 5 (definitely malignant). In total, 830 PET/CT observations were acquired: 750 (75 
patients × 2 tracers × 5 readers) from the interobserver agreement and an additional 80 
(20 patients × 2 tracers × 2 readers) from intraobserver agreement.

Interobserver agreement

Substantial to almost perfect interobserver agreement was observed for lesion charac-
terization within individual organs using both ordinal (characterization scores 1 vs. 2 
vs. 3 vs. 4 vs. 5) and binary analyses (characterization scores 1 + 2 + 3 vs. 4 + 5) (Table 2, 
Fig. 1a). When considering all organs collectively, the agreement was almost perfect and 
highly comparable between the two analysis methods (Fig. 1b). For the ordinal analysis 
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over all organs, the agreement coefficients were 0.918 (95% CI 0.899–0.937) for [68Ga]
Ga-DOTA-SSAs and 0.908 (95% CI 0.892–0.927) for [18F]AlF-OC. Similarly, for the 
binary analysis, the agreement coefficients were 0.934 (95% CI 0.923–0.946) for [68Ga]
Ga-DOTA-SSAs and 0.921 (95% CI 0.904–0.937) for [18F]AlF-OC.

Furthermore, interobserver agreement on the number of malignant lesions (char-
acterization score 4 or 5) categorized in bins was substantial to almost perfect within 
individual organs (Supplemental Table 1, Fig. 2a). A slightly lower agreement was found 
for lymph nodes (0.537 and 0.502) and peritoneal/omental lesions (0.530 and 0.642) for 
[68Ga]Ga-DOTA-SSAs and [18F]AlF-OC, respectively. Agreement for all organs showed 
substantial agreement, with Gwet’s AC2 agreement coefficients of 0.749 (95% CI 0.656–
0.843) for [68Ga]Ga-DOTA-SSAs and 0.736 (95% CI 0.654–0.818) for [18F]AlF-OC 
(Fig. 2b).

Table 1  Patient and clinical characteristics (n = 75)

*In the G1 group, 2 patients with Ki67% index < 5% were included

Characteristic Number (%) of patients or median (range)

Age (y) 65 (37–84)

Sex

 Male 46 (61.3%)

 Female 29 (38.7%)

Primary tumor

 Intestine 45 (60.0%)

 Pancreas 18 (24.0%)

 Lung 7 (9.3%)

 CUP 4 (5.3%)

 Paraganglioma 1 (1.3%)

Tumor grade

 G1* 37 (49.3%)

 G2 34 (45.3%)

 G3 2 (2.7%)

 NA 2 (2.7%)

Ki-67 (%) 2.5 (0.4–29)

Organ involvement (≥ 1 reader) [68Ga]Ga-DOTA-SSA [18F]AlF-OC

 Lymph nodes 73 (97.3%) 75 (100.0%)

 Liver 60 (80.0%) 58 (77.3%)

 Bone 56 (74.7%) 56 (74.7%)

 Pancreas 44 (58.7%) 48 (64.0%)

 Peritoneum/omentum 35 (46.7%) 38 (50.7%)

 Lung 27 (36.0%) 38 (50.7%)

 Small intestine 18 (24.0%) 18 (24.0%)

 Pleura 16 (21.3%) 31 (41.3%)

 Prostate 17 (22.7%) 18 (24.0%)

 Muscle 8 (10.7%) 14 (18.7%)

Total number of lesions (highest number of both tracers)

 1–25 30 (40.0%)

 25–50 12 (16.0%)

 50–70 10 (13.3%)

 > 75 23 (30.7%)
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We found no clinically meaningful differences between the mean lesion conspicuity 
per organ for [68Ga]Ga-DOTA-SSAs and [18F]AlF-OC (Fig. 3a, Supplemental Table 4). 
Global image quality was significantly higher with [18F]AlF-OC than with [68Ga]
Ga-DOTA-SSAs (mean score 4.22 (95% CI 3.85–4.58) vs 3.86 (95% CI 3.50–4.23), 
p < 0.0001; Figs. 3b, 4). Agreement on Krenning score was almost perfect for both trac-
ers, with Gwet’s AC2 agreement coefficients of 0.927 (95% CI 0.886–0.969) for [68Ga]
Ga-DOTA-SSAs and 0.925 (0.886–0.964) for [18F]AlF-OC (Fig. 3c).

Intraobserver agreement

Analysis of intraobserver agreement in two readers showed high reproducibility in 
terms of lesion characterization per organ and across all organs (Fig. 5a, b, Supplemental 
Table 5), with Gwet’s AC2 values of 0.910 or higher across all organs for both readers 
and both tracers. Similarly, no clinically relevant differences were found between both 
tracers in terms of lesion count, both at an organ level and across all organs (Fig. 5c, d, 
Supplemental Table 6). Gwet’s AC2 values for intraobserver lesion number scoring were 
0.899 and 0.909 for reader 1, and 0.791 and 0.866 for reader 2 for [68Ga]Ga-DOTA-SSAs 
and [18F]AlF-OC, respectively.

Experience level

The sub-analysis based on reader experience showed no clinically meaningful differ-
ences between experienced readers and less experienced readers (Fig. 1c–e). Similar 
to lesion characterization, the sub-analysis based on reader experience showed no 

Table 2  Comparison of ordinal and binary interobserver agreement in lesion characterization of 
[68Ga]Ga-DOTA-SSA and [18F]AlF-OC PET/CT across individual and all organs

Gwet’s AC2 = agreement coefficient for ordinal ratings by multiple raters. Gwet’s AC1 = agreement coefficient for categorical 
rating by multiple raters; LN = lymph nodes

Lesion characterization

Ordinal (1,2,3,4,5) Binary (1 + 2 + 3 vs. 4 + 5)

[68Ga]Ga-DOTA-SSA [18F]AlF-OC [68Ga]Ga-DOTA-SSA [18F]AlF-OC

Location AC2 (95% CI) AC2 (95% CI) AC1 (95% CI) AC1 (95% CI)

Per organ

Bone 0.770 (0.674–0.866) 0.788 (0.654–0.921) 0.778 (0.658–0.899) 0.799 (0.665–0.932)

Heart 0.966 (0.933–0.999) 0.960 (0.925–0.995) 0.960 (0.919–1.000) 0.952 (0.904–1.000)

Liver 0.818 (0.714–0.923) 0.902 (0.831–0.974) 0.815 (0.697–0.932) 0.929 (0.852–1.000)

Lung 0.881 (0.806–0.955) 0.809 (0.715–0.903) 0.892 (0.816–0.969) 0.828 (0.735–0.922)

LN (all) 0.601 (0.452–0.750) 0.717 (0.566–0.868) 0.626 (0.444–0.808) 0.754 (0.598–0.910)

LN (infradiaphragmatic) 0.686 (0.550–0.823) 0.700 (0.575–0.825) 0.701 (0.533–0.869) 0.712 (0.579–0.846)

LN (supradiaphrag-
matic)

0.646 (0.517–0.775) 0.605 (0.429–0.781) 0.708 (0.579–0.836) 0.650 (0.452–0.847)

Muscle 0.962 (0.928–0.996) 0.932 (0.885–0.978) 0.959 (0.920–0.998) 0.924 (0.863–0.984)

Pancreas 0.718 (0.583–0.853) 0.639 (0.489–0.789) 0.751 (0.597–0.906) 0.637 (0.491–0.782)

Peritoneum/omentum 0.744 (0.560–0.929) 0.661 (0.462–0.861) 0.702 (0.467–0.938) 0.614 (0.378–0.850)

Pleura 0.919 (0.844–0.995) 0.842 (0.711–0.972) 0.909 (0.814–1.000) 0.823 (0.681–0.964)

Prostate 0.926 (0.853–0.999) 0.905 (0.814–0.997) 0.995 (0.980–1.000) 0.986 (0.963–1.000)

Small intestine 0.898 (0.844–0.953) 0.894 (0.820–0.968) 0.898 (0.831–0.965) 0.887 (0.805–0.968)

All organs 0.918 (0.899–0.937) 0.908 (0.890–0.927) 0.934 (0.923–0.946) 0.921 (0.904–0.937)
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clinically meaningful differences between experienced readers and less experienced 
readers (Fig.  2c–e). With both tracers, agreement on lesion count was somewhat 
lower for lymph nodes and peritoneal/omental lesions in the experienced group 
compared to the less experienced group.

Fig. 1  Comparison of interobserver agreement (Gwet’s AC1) in binary lesion characterization (score 1 + 2 + 3 
vs. 4 + 5) for [68Ga]Ga-DOTA-SSA PET/CT and [18F]AlF-OC PET/CT: analysis across individual organs (a) and 
all organs (b) and comparison between experienced versus less experienced readers across individual (c, e) 
and all organs (d). The error bars in the graphs represent the lower and upper limit of the 95% confidence 
intervals, whereas the square/circle represent the Gwet’s AC value. The horizontal dotted line represents the 
cut-off between substantial and almost perfect agreement
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Discussion
In this study (Leupe et al. 2023, 2024; Pauwels et al. 2023), we conducted a compre-
hensive evaluation of inter- and intraobserver agreement for the use of [18F]AlF-OC 
and [68Ga]Ga-DOTA-SSAs in PET/CT imaging of NEN patients. Interobserver agree-
ment analysis is crucial for assessing a PET/CT tracer’s reliability, consistency, and 
accuracy across different observers. We chose the Gwet’s AC statistic to evaluate 
observer agreement because it is applicable to two or more raters and it handles miss-
ing data better than the Kappa statistic. To the best of our knowledge, this is the first 

Fig. 2  Comparison of interobserver agreement (Gwet’s AC2) in malignant lesion count (characterization 
score 4 or 5) for [68Ga]Ga-DOTA-SSA PET/CT and [18F]AlF-OC PET/CT: analysis across individual organs (a) and 
all organs (b) and comparison between experienced versus less experienced readers across individual (c, e) 
and all organs (d). The error bars in the graphs represent the lower and upper limit of the 95% confidence 
intervals, whereas the square/circle represent the Gwet’s AC value. The horizontal dotted line represents the 
cut-off between substantial and almost perfect agreement
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study to directly compare inter- and intraobserver agreement between [18F]AlF-OC 
and [68Ga]Ga-DOTA-SSAs, based on image evaluations by five readers.

Our results demonstrated an almost perfect interobserver agreement for lesion char-
acterization across all organs for both tracers, with Gwet’s AC1 agreement coefficients 
of 0.934 for [68Ga]Ga-DOTA-SSAs and 0.921 for [18F]AlF-OC for the binary analysis 
(benign vs. malignant). This high level of agreement underscores the reliability of both 
[18F]AlF-OC and [68Ga]Ga-DOTA-SSAs in the assessment of NEN lesions. Furthermore, 
no clinically meaningful differences were found when comparing the experienced with 
the less experienced readers. This consistency underscores the robustness of lesion char-
acterization across different levels of reader expertise for both tracers.

These results are in line with previous studies. A prospective study by Fendler et al. 
involving 50 [68Ga]Ga-DOTATATE PET/CT scans in NEN patients demonstrated high 
interobserver reliability between seven readers (350 observations) in terms of organ 
involvement (κ = 0.70) and number of organs affected (ICC = 0.84), even when images 
were interpreted by less experienced observers (Fendler et  al. 2017). Additionally, 

Fig. 3  Comparison of mean lesion conspicuity per organ for the most commonly affected organs (30 
observations or more for all readers combined based on [68Ga]Ga-DOTA-SSA PET/CT) (a), mean global image 
quality (*p < 0.0001) (b) and Gwet’s AC1 for Krenning score (c) for [68Ga]Ga-DOTA-SSA PET/CT and [18F]AlF-OC 
PET/CT. The error bars in the graphs represent the lower and/or upper limit of the 95% confidence intervals, 
whereas the square/circle represent the Gwet’s AC value
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Deppen et  al. reported almost perfect reproducibility (k = 0.82) between two blinded 
observers and one non-blinded observer in interpreting [68Ga]Ga-DOTATATE PET/
CT images of 78 NEN patients (234 observations) (Deppen et al. 2016). Ruf et al. also 
found substantial agreement for PET (κ = 0.77) but only fair to moderate agreement for 
CT (κ = 0.48) in the assessment of [68Ga]Ga-DOTATOC PET and CT images of 51 NEN 
patients by two readers (102 observations) (Ruf et al. 2011). This emphasizes the supe-
rior reliability of PET imaging over traditional CT scans for NEN evaluation, consist-
ent with our high interobserver agreement results. Our study, with 830 observations, is 
the largest study on inter- and intraobserver variability for SSTR PET and the first one 
assessing two different PET tracers in the same study in NEN patients.

Organ-specific analysis revealed almost perfect agreement for most organs, including 
bone and liver lesions in both tracers, which are critical sites for NEN metastases. How-
ever, there was a notable discrepancy in the agreement for lymph node and peritoneum/
omentum assessment, where both tracers showed slightly lower agreement in the num-
ber of lesions compared to other organs. The lower agreement for lymph nodes lesions 
can be attributed to a discrepancy in the lesion number scoring of malignant lymph 
nodes by two readers in patients with diffuse lymph node involvement (Supplemental 
Fig. 1) of both tracers. Additionally, in patients with diffuse peritoneal/omental involve-
ment, counting separate lesions can be challenging due to the confluence of different 
lesions. Furthermore, the differentiation between lymph nodes and peritoneal/omental 
lesions can be challenging with SSTR PET imaging without contrast-enhanced CT, as 

Fig. 4  Comparison of image quality between [18F]AlF-OC and [68Ga]Ga-DOTATATE PET/CT maximal intensity 
projection (MIP) images from the same patient (65-year-old female with a NET of unknown primary origin, 
Ki67 index 12%, and metastases in the bone, liver, and lymph nodes). The overall image quality of [18F]AlF-OC 
PET/CT was rated higher, with an average score of 4.6 on a 5-point Likert scale by five readers, compared to 
an average score of 3.4 for [68Ga]Ga-DOTATATE PET/CT. Note: the head region was removed from the PET/CT 
images to account for differences in tracer uptake in the salivary glands (Pauwels et al. 2020; Hou et al. 2021), 
ensuring a blinded PET/CT readout
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was the case in this study. Differences in the number of patients with pleural or lung 
involvement between the two tracers were influenced by several cases where at least 
one reader detected a single lesion or oligometastatic disease on [18F]AlF-OC PET/CT, 
whereas [68Ga]Ga-DOTA-SSA PET/CT did not. Lung lesions were confirmed by review-
ing the corresponding CT-images. The superiority of [18F]AlF-OC PET/CT in detecting 
lung lesions was also demonstrated in our multicenter trial (Pauwels et al. 2023).

The intraobserver agreement analysis, based on a reevaluation of 20 patients by two 
readers also highlighted the reproducibility of lesion characterization and counting 
using both tracers. The consistency in intraobserver agreement supports the robustness 
of [18F]AlF-OC in routine clinical use, as it indicates that individual readers can reliably 
interpret scans from this tracer over multiple assessments.

Both tracers showed similar mean lesion conspicuity across all organs, suggesting 
that the visibility and contrast of lesions are highly comparable between [18F]AlF-
OC and [68Ga]Ga-DOTA-SSAs. However, [18F]AlF-OC demonstrated a higher mean 
global image quality score, which can be at least partially explained by higher injected 
activity, longer scan time and longer injection-scan interval. The reproducibility of 
Krenning score was also almost perfect for both tracers, which is important in the 

Fig. 5  Comparison of intraobserver agreement on lesion characterization, both per organ (a) and across all 
organs (b) and malignant lesion count (characterization 4 or 5) per organ, both per organ (c) and across all 
organs (d). *For [18F]AlF-OC, all ratings by reader 2 were identical in bone, so no statistics on variability could 
be computed. Only organs for which an intraobserver agreement coefficient could be calculated are shown. 
The error bars in the graphs represent the lower and upper limit of the 95% confidence intervals, whereas 
the square/circle represent the Gwet’s AC value. The horizontal dotted line represents the cut-off between 
substantial and almost perfect agreement
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clinical decision making and more specifically in selecting patients for peptide recep-
tor radionuclide therapy (PRRT) (Bidakhvidi et al. 2022).

Our study’s findings have important clinical implications. Interobserver agreement 
plays a crucial role in the evaluation of new PET tracers, ensuring that the results 
are reliable and reproducible across different clinicians (Cummings and Kinney 2022; 
Food and Drug Administration 2018). High interobserver agreement indicates that a 
tracer provides consistent diagnostic information, regardless of the observer’s expe-
rience level, which is essential for its clinical adoption. For [18F]AlF-OC, achieving 
strong agreement across multiple readers reinforces its reliability in detecting lesions, 
matching or exceeding the performance of established tracers like [68Ga]Ga-DOTA-
SSAs. This consistency across readers is key to validating [18F]AlF-OC as a PET tracer 
for accurate imaging in NEN patients. Moreover, the higher global image quality asso-
ciated with [18F]AlF-OC may improve diagnostic confidence and accuracy, potentially 
leading to better patient outcomes. The findings further support the interchangea-
bility of [18F]AlF-OC and [68Ga]Ga-DOTA-SSAs, establishing [18F]AlF-OC as a vali-
dated SSTR PET tracer for routine clinical use.

The use of long axial field-of-view (LAFOV) scanners would likely yield results in 
line with the current study: we expect excellent lesion detection and high inter and 
intra-observer reproducibility. Due to their higher sensitivity and spatial resolution, 
LAFOV scanners could provide more comparable results between the tracers used. 
LAFOV scanners with > 1m axial FOV warrant an camera-specific optimized imag-
ing protocol, where lower injected activities (e.g. 2 or even 1 MBq/kg can be con-
sidered). Additionally, the shorter positron range of fluorine-18 used in [18F]AlF-OC 
might offer an advantage in detecting small lesions, similar as observed from [64Cu]
Cu-DOTATATE (Johnbeck et al. 2017). On these cameras, the theoretical advantages 
of fluorine-18 might emerge more clearly than on classical PET cameras.

While the study provides robust evidence showing reliable read-out, supporting the 
use of [18F]AlF-OC, some limitations should be acknowledged. Firstly, evaluation of 
intraobserver agreement was performed based on a reevaluation of only two read-
ers, who were both categorized as less experienced readers (HL and NAB). Given that 
there is no significant difference in terms of intraobserver agreement for both read-
ers, we hypothesize similar or even better results for experienced readers. Secondly, 
our analysis was not powered to show statistically significant differences in agreement 
coefficients between both tracers. This was not the primary endpoint of our trial, 
which was powered to demonstrate non-inferiority in lesion detection. Additionally, 
differences in injected activity and post-injection acquisition time between the two 
tracers can influence our study outcomes. However, they reflect distinct protocols for 
SSTR PET/CT imaging that were developed to optimize imaging based on the pro-
duction routes, yields and physical characteristics of the radionuclides used. These 
protocols were designed based on the clinical guidelines for [68Ga]Ga-DOTA-SSA 
tracers applicable at the time of study conduct and aimed to maximize the benefits 
of PET/CT imaging with fluorine-18-labeled SSA tracers, which offer higher produc-
tion yield and a longer half-life. Our study aimed to compare imaging protocols rather 
than the tracers themselves, with differences in protocols driven by the differences in 
the radionuclides and where each one is used in its optimal setting. We acknowledge 
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that this was not a comparison in terms of absolute tracer performance but rather an 
evaluation of distinct imaging protocols.

Conclusion
In conclusion, [18F]AlF-OC demonstrates comparable inter- and intraobserver agree-
ment to [68Ga]Ga-DOTA-SSAs in PET/CT imaging of NEN patients, with the added 
benefits of slightly higher image quality and practical advantages in production and 
distribution. These findings contribute to the growing body of evidence supporting the 
use of [18F]AlF-OC alongside [68Ga]Ga-DOTA-SSAs in the imaging and management of 
NEN patients, establishing [18F]AlF-OC as a validated SSTR PET tracer for routine clini-
cal use.
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