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ABSTRACT
Objectives: Recently, a standardized framework system for interpreting somatostatin receptor
(SSTR)-targeted PET/CTs, termed SSTR-Reporting and Data System (RADS) 1.0, has been
introduced providing reliable standards and criteria for SSTR-targeted imaging. We determined
the interobserver reliability of SSTR-RADS for interpretation of

68Ga-DOTATOC

PET/CT scans

in a multicentric, randomized setting.
Methods: A set of 51 randomized

68Ga-DOTATOC

PET/CT scans was independently assessed

by four blinded readers with different levels of experience (2 experienced readers (ER) and 2
inexperienced readers (IR)) trained with SSTR-RADS 1.0 criteria (based on a 5-point scale (from
1 = definitively benign to 5 = high certainty that neuroendocrine neoplasia is present)). Per scan,
SSTR-RADS scores were assigned to a maximum of 5 target lesions (TL). An overall scan
impression based on SSTR-RADS was indicated, and interobserver agreement rates on a TLbased, on an organ-based, and on an overall SSTR-RADS score-based level were computed.
Readers were also asked to decide whether peptide receptor radionuclide therapy (PRRT)
should be considered based on the assigned RADS scores.
Results: Among the selected TL, 153 were chosen by at least 2 individual observers (all 4
readers selected the same TL in 58 of 153 [37.9%] instances). The interobserver agreement for
SSTR-RADS scoring among identical TL was good (intraclass correlation coefficient [ICC] for 4,
3, and 2 identical TL, ≥0.73, respectively). For lymph node and liver lesions, excellent
interobserver agreement rates were derived (ICC, 0.91 and 0.77, respectively). Moreover, the
interobserver agreement for an overall scan impression based on SSTR-RADS was excellent
(ICC, 0.88). Decision for PRRT based on SSTR-RADS also demonstrated an excellent
agreement with an ICC of 0.80. No significant differences between ER and IR for an overall scan
and TL-based SSTR-RADS scoring were observed (p≥0.18, respectively), thereby suggesting
that SSTR-RADS seems to be readily applicable even for less experienced readers.
Conclusions: SSTR-RADS-guided assessment demonstrated a high concordance rate, even
among readers with different experience, supporting the adoption of SSTR-RADS for trials,
clinical routine or outcome studies.

Keywords: SSTR-RADS, reporting and data system, RADS, neuroendocrine tumor, somatostatin
receptor, peptide receptor radionuclide therapy, PRRT
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INTRODUCTION
The theranostic concept in patients afflicted with neuroendocrine neoplasms (NEN) is based on
somatostatin receptor (SSTR)-directed imaging followed by systemic radiation with β-emitting
radionuclides linked to the identical amino acid peptide used for imaging (1-5). Of note, the
recent Food and Drug Administration approval of the most commonly used theranostic twin
68Ga-/177Lu-DOTATATE

will most likely lead to an increased initiation of SSTR-targeting peptide

receptor radionuclide therapies (PRRT) all over the U.S. (6). As such, it is anticipated that
endoradiotherapy for NEN will experience an increasing use (7,8). Accurate scan interpretation,
however, is of utmost importance to triage patients for theranostic interventions (9), to guide the
referring oncologist to handle challenging cases or to recommend appropriate work-up (e.g.
biopsy of non-NEN malignant lesions) (10). With the rapid adoption and growth of SSTRdirected PET, numerous pitfalls have been described in recent years, such as radiotracer-avid
structures in bone, which are degenerative in nature, accumulation in inflammatory diseases or
intense SSTR expression in a large variety of non-NEN tumors exhibiting discernible radiotracer
uptake, e.g. meningioma, breast cancer or hemangioendothelioma (10-12). As such, a
standardized framework system that increases the reader’s confidence in separating pathologic
from physiological findings and identifying putative sites of disease, that may require further
evaluation, would be of significant value. Thus, in analogy to other Reporting and Data Systems
(RADS) for specific organs such as LI-RADS for liver, TI-RADS for thyroid or BI-RADS for breast
(13-15), SSTR-RADS as a novel RADS classification for SSTR-targeted PET/CT has been
recently introduced (16). As a generalizable harmonization system, SSTR-RADS should tackle
the afore-mentioned issues of a thorough scan interpretation, thereby increasing the reader’s
level of confidence and easing communication between nuclear medicine specialists and
referring oncologists to initiate appropriate workup (16). Most importantly, it should help the
interpreting physician to identify the right patient for the right theranostic intervention at the right
time (10). However, prior to a more widespread adoption in clinical routine or implementation in
larger clinical trials, the reproducibility of such standardized reporting systems must be proven
(9,17), which has been recently demonstrated for other theranostic radiotracers (18-20). Thus, in
the present study, we aimed to determine the interobserver reliability of SSTR-RADS for
interpretation of SSTR-targeted PET/CT scans in a “real-world“ scenario mimicking the clinical
workflow in a busy molecular imaging center.
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MATERIAL AND METHODS
Patient Population.
In total, 51 patients (Table 1) who had undergone SSTR-directed PET/CT were recruited over a
time interval of 6 months and evaluated in this retrospective, multicentric study. Parts of this
cohort have been described previously (without assessment of inter-rater reliability) (21). At the
time of imaging, all patients had signed written informed consent to the medical examination and
to the retrospective use of the anonymized data. Requirement for additional approval was
waived by the local ethics committee due to the retrospective character of this study.
Imaging Procedure.
All subjects underwent

68Ga-DOTATOC

PET/CT in a single center as previously described (21).

Imaging was performed in accordance to current guidelines (12,22). Integrated PET/CT using a
Siemens Biograph 64 (Siemens Medical Solution, Erlangen, Germany) operating in 3D emission
mode with CT attenuation correction was performed in all patients.

68Ga-DOTATOC

(median,

119 MBq [3.21 mCi]) was injected intravenously. PET emission data were acquired in 3D-mode
with a 200 × 200 matrix with 2 min emission time per bed position from the vertex of the skull to
the proximal thighs. Consecutively, transmission data were acquired using contrast-enhanced
spiral CT (dose modulation with a quality reference of 180 mAs, 120 kV, a 512 × 512 matrix, 5mm slice thickness, increment of 30 mm/s, rotation time of 0.5 s, and pitch index of 1.4). PET
data were reconstructed iteratively (3 iterations, 24 subsets, Gaussian filtering of 2.0 mm full
width at half maximum) with attenuation correction using dedicated standard software (HD. PET,
Siemens Esoft, Siemens Healthineers, Erlangen, Germany).
Imaging Interpretation.
PET images were analyzed using XD3 Software (Mirada Medical, Oxford, U.K.), InterviewFusion
(Mediso Medical Imaging, Budapest, Hungary) or syngo.via (V10B; Siemens Healthcare,
Erlangen, Germany). Imaging interpretation was conducted as previously described (18). In
brief, PET, CT, and PET/CT images were assessed for all individuals. Two experienced readers
(two board-certified nuclear medicine physicians with >10 years experience of reading PET/CTs
[ER 1, 2]) and 2 inexperienced readers (two residents [IR 1, 2] with <1 y of experience in reading
PET/CTs), blinded to the clinical status of the patients evaluated all scans independently. Before
beginning the independent reads, readers underwent a training session with 5 additional cases
to gain familiarity with the workstations. SSTR-RADS 1A lesions are benign and have no
4
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abnormal radiotracer uptake, while SSTR-RADS-1B involves previous conventional imaging or
histologic diagnosis. As such, SSTR-RADS-1A and -1B were subsumed under SSTR-RADS-1 in
the present blinded analysis, as described in (18). No other changes to the SSTR-RADS system
were implemented in this study. A complete summary of the SSTR-RADS scoring system (from
SSTR-RADS-1 to -5) can be found in (16), which also explains the three-point qualitative
assessment scoring for defining the uptake level in a SSTR-avid lesion (level 1: ≤ bloodpool;
level 2: uptake > bloodpool but ≤ physiological liver uptake; level 3: uptake > physiological liver
uptake). In addition, the following rules were set to comply with SSTR-RADS. First, a maximum
of 5 target lesions (TL) was selected by the readers. SSTR-RADS suggests that TL be those
that are largest or have the most intense radiotracer uptake and a maximum of 3 lesions per
organ can be included. The following organ compartments were defined: lymph nodes (LNs),
skeleton, soft tissue (other than LNs), liver, and lung (23). A SSTR-RADS score had to be
assigned to every TL (16). Additionally, all involved organ compartments were identified by the
readers, and an overall scan score was assigned (the highest SSTR-RADS score of any of the
individual TL) (16). Various general parameters were assessed by each observer in a binary
fashion (18): overall scan result (positive in cases of suggestive radiotracer uptake above the
background level), organ involvement, and LN involvement (18). Additionally, the number of
organs affected, the number of organ metastases, the number of LN regions, and the number of
LNs had to be indicated on a 5-point scale (from 1 to ≥5 organ metastases, LNs, or number of
organs/LN areas affected). The following LN areas were defined: cervical, thoracic/axillary,
retroperitoneal, (pre)sacral, and pelvic (23,24). In addition, SSTR density on SSTR-PET/CT was
assessed on a three-point scale (none, 0; low, 1; intermediate, 2; or high, 3) as previously
described (24). Moreover, all readers had to decide in a binary fashion whether PRRT based on
SSTR-RADS should be considered (with SSTR-RADS-4 / -5 TL guiding the interpreting
specialist towards endoradiotherapy) (16).
Statistical Analysis.
Continuous data are presented as mean ± SD. The categoric variables are presented as
frequency and percentage. The degrees of agreement were assessed using intraclass
correlation coefficients (ICCs) and their 95% confidence intervals (CIs) based on a mean-rating,
single-measure, consistency model. According to Cicchetti, an ICC of less than 0.4 indicates
poor interobserver agreement, 0.4–0.59 indicates fair agreement, 0.6–0.74 indicates good
agreement, and 0.75–1 indicates excellent agreement (25). A detailed description of performed
statistics can also be found in (18). Statistical analysis was performed using MedCalc statistical
software (version 18.2.1; Med-Calc Software bvba). The statistical significance level was set at a
5
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P value of less than 0.05.

RESULTS
Detailed patient’s characteristics are displayed in Table 1.
General Parameters.
Considering main findings, the ICC was excellent for an overall scan result (0.76 [0.66 – 0.84])
and LN involvement (0.82 [0.74 – 0.88]), whereas for organ involvement, a good interreader
agreement was found (0.62 [0.50 – 0.74]). Moreover, number of LN metastases, number of LN
areas affected, and number of organ metastases showed an excellent concordance rate
between readers (ICC, 0.77 [0.68 – 0.85], 0.78 [0.69 – 0.86], and 0.85 [0.78 – 0.90],
respectively). For the number of affected organs, a lower interobserver agreement with a good
concordance was achieved (ICC, 0.62 [0.50 – 0.74]).
TL- and Compartment-based Interobserver Agreement.
Among the selected TL, 153 were chosen by at least 2 individual observers and were assigned
to the following compartments: soft tissues (49/153 [32.0%]), LN (44/153 [28.8%]), liver (42/153
[27.5%]), skeleton (12/153 [7.8%]) and lung (6/153 [3.9%]).
Identical TL included by four readers. The identical TL was included by 58/153 (37.9%)
instances, with a balanced distribution among the investigated compartments (soft tissue, 19/58
[32.8%]; LN, 17/58 [29.3%]; liver 14/58 [24.1%]; skeleton 6/58 [10.3%], and lung 2/58 [3.5%]).
The interobserver agreement for SSTR-RADS scoring among identical TL was excellent with an
ICC of 0.83 (0.76 – 0.89). On an organ-based compartment level for all four readers selecting
the same LN, soft tissue, or liver lesion, the interobserver agreement was also excellent (ICC,
0.91 [0.82 – 0.96], 0.81 [0.67 – 0.91], and 0.77 [0.58 – 0.91], respectively). Table 2 and Figure 1
provide an overview of the distribution of the SSTR-RADS score for 4 identical TL.
Identical TL included by three readers. In 50/153 (32.7%), three readers identified the
identical TL. Again, the distribution among indicated compartments was balanced (soft tissue,
18/50 [36%]; liver, 16/50 [32%]; LN, 13/50 [26%]; lung, 3/50 [6%]). Similar to identical TL
included by four readers, an excellent ICC of 0.77 (0.66 – 0.85) was achieved. However, this
result was mostly driven by a high agreement on soft tissue lesions (ICC, 0.74 [0.53 – 0.88]),
while for LN and liver lesions, the agreement rate was poor (ICC, 0.36 [0.02 – 0.70], 0.08 [-0.18
– 0.44]).
6
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Identical TL included by two readers. In 45/153 (29.4%), two readers identified the identical TL
(LN, 14/45 [31.1%]; soft tissue and liver lesions, 12/45 [26.7%], respectively; skeleton, 6/45
[13.3%]; lung, 1/45 [2.2%]). The ICC was 0.73 (0.56 – 0.85).
Taken together, a good interrater agreement was achieved on a TL-based level with an ICC of
0.73 – 0.83, independently whether identical TL have been chosen by two, three or four
observers.
Overall SSTR-RADS score.
An excellent agreement rate of 0.88 (0.82 – 0.92) was derived, with the vast majority of scans
being rated with an Overall SSTR-RADS score of either 4 or 5. Table 2 and Figure 2 give an
overview of the distribution of the Overall SSTR-RADS score among all readers.
Decision for PRRT.
The interobserver agreement rate for considering PRRT based on the assigned SSTR-RADS
scores was excellent (ICC, 0.80 [0.72 – 0.87]). ER 1 recommended a PRRT in 37/51 (72.5%),
ER 2 in 35 of 51 instances (68.7%), IR 1 in 34 of 51 cases (66.7%) and IR 2 in 40/51 (78.4%).
These findings were further confirmed by a high interobserver rate on SSTR density with an ICC
of 0.80 (0.71–0.87). Figure 3 shows the distribution on recommending PRRT among all four
readers.
Experienced vs. Inexperienced Readers.
For an Overall SSTR-RADS score, the ICC among both ER (0.85 [0.75 – 0.91]) and both IR
(0.89 [0.82 – 0.94]) was excellent, with no significant differences between both groups (P=0.18).
Similar findings were derived for a comparison of ER vs. IR on a TL-based level (identical
lesions identified by all 4 readers, ICC, ER, 0.83 [0.73 – 0.90] vs IR, 0.89 [0.82 – 0.94]; P=0.29).
When comparing the SSTR-RADS based decision for PRRT, significance was reached between
both groups (ICC, ER, 0.91 [0.85 – 0.95] vs IR, 0.73 [0.58 – 0.84]; P=0.02). Figure 4 and
Supplementary Figure 1 show two cases in whom the different levels of experience may had an
impact on SSTR-RADS scoring.

DISCUSSION
The randomized NETTER-1 trial has reported on markedly improved outcome in patients
afflicted with midgut neuroendocrine tumors and treated with PRRT (2), even across a spectrum
of different tumor sizes (26). As such, the Food and Drug Administration recently granted
7
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approval for the diagnostic agent

68Ga-DOTATOC

and its therapeutic counterpart

177Lu-

DOTATATE (6,27). Thus, the theranostic concept for NEN is expected to evolve from an orphan
treatment restricted to centers specialized in molecular endoradiotherapies mainly outside the
U.S. to a nationwide standardized diagnostic and therapeutic procedure (28). In this regard, an
accurate scan interpretation of all available components (PET, CT and PET/CT) is of utmost
importance to triage patients for such a theranostic intervention (1). However, given the
increasing number of patients screened to determine their eligibility for PRRT, a large variety of
pitfalls and normal variants in interpreting SSTR-PET/CTs have been reported in recent years
(10,11,17,29). Such misinterpretation can lead to false-positive recommendations for PRRT or
trigger inappropriate work-up, which may be also caused by a large variability of terminology in
written reports (17,24). For instance, in conventional radiology, the level of clinically significant
errors has been tabulated from 2% to 20% (30) and thus, the American College of Radiology
has established numerous RADS system to enable standardized reporting on imaging findings in
a large variety of diagnostic settings (13-15). In this regard, a RADS reporting system has also
been recently introduced for SSTR-directed imaging and this standardized framework may help
to navigate certain pitfalls in scan interpretation, provide the foundation to initiate molecularimaging based treatment strategies on a lesion-by-lesion level and ultimatively, tailor theranostic
approaches to individual patient needs (16). However, prior to implementation in clinical routine
and larger trials, further confirmatory data on a high interobserver reproducibility of SSTR-RADS,
preferably in a “real-world” scenario mimicking the workflow of a busy molecular imaging center,
is needed .
In the present analysis, the ICC for the overall SSTR-RADS score was excellent (ICC, 0.88),
with high interobserver agreement rate for both IRs and ERs (ICC, ≥0.85, respectively), thereby
suggesting that SSTR-RADS seems to be readily applicable even for less experienced readers.
This is in line with a report of Fendler et al. describing an excellent agreement rate when
evaluating the overall scan result of SSTR-PET/CTs in a binary fashion in less trained observers
(κ = 0.80) (24). In neuroendocrine liver lesions, contrast-enhanced CT acquisitions revealed only
a substantial concordance rate on a visual assessment among junior vs. senior abdominal
radiologists when using a non-standardized approach (κ = 0.62) (31). Of note, SSTR-PET/CT
enables for a non-invasive whole-body readout and thus, may be associated with a higher
degree of complexity as it is not restricted to one single organ but allows for investigation of
every putative site of disease (32). Given the markedly higher agreement rates achieved in the
present analysis, such differences in interobserver concordance rates may emphasize the need
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for standardization in interpreting imaging findings in complex tumor entities, such as of
neuroendocrine origin (33).
On an overall scan impression level, the majority of PET studies were assigned to SSTRRADS-4 or -5 score by all readers (Table 2) and thus, in a manner similar to PSMA-RADS for
PSMA-PET/CT (18), one may speculate that this observation derives from the high accuracy of
SSTR-directed radiotracers (29,34). Apart from overall scan results assessed with RADS, the
concordance rate was also good on a TL-based level (ICC ≥ 0.73), independently whether
identical TL have been chosen by two, three or four observers. Of note, when applying SSTRRADS to liver lesions, the interobserver rate exhibited a large range from ICC of 0.08 (in case of
three readers) to 0.77 for identical liver lesions identified by four readers. In comparison to
magnetic resonance imaging (MRI), the diagnostic superiority of SSTR-PET/CT for assessing
carcinoid liver lesions is still a matter of debate, with studies showing a lower sensitivity for
SSTR-directed imaging (74% vs. MRI, 88%) (35). Thus, SSTR-PET/MRI appears to be more
sensitive than PET/CT to assess hepatic metastases in NEN patients, thereby suggesting that
future studies should also validate SSTR-RADS on such novel hybrid devices.
Optimized risk stratification to select individuals which will most likely benefit from treatment is
of utmost importance (1). To date, current established strategies for selecting appropriate
candidates is assessing the SSTR density on pretherapeutic SSTR-directed SPECT or PET,
mainly by using the Krenning Score. Although a reliable imaging metric, its predictive efficacy is
rather limited, as only 60% of the subjects with substantial radiotracer accumulation (Krenning
score grade 4) will show a minor or complete remission (1,36). As a possible explanation, the
Krenning Score, which has been initially developed for an OctreoScan®, only considers
liver/spleen-versus-tumor uptake on functional imaging. This is in contradistinction to a
standardized framework system like SSTR-RADS, which takes all available imaging components
(PET, CT and hybrid imaging) into account and thus, may provide a more elaborated
assessment of the entire tumor burden (16). For instance, the Krenning Score may miss certain
lesions, such as SSTR-RADS(-) lesions, which are exclusively visible on the CT component
(SSTR-RADS-3D). However, if a substantial SSTR expression can be still visualized in all other
lesions, the patient may better benefit from a combined treatment approach of PRRT together
with a locoregional procedure, such as selective internal radiation therapy (37). Second, if there
would be an increasing number of dedifferentiated lesions with the majority of the remaining
metastases still being SSTR(+), a combination of chemotherapy and PRRT would be also
feasible (38). Nonetheless, outcome studies as conducted with the Krenning Score are still
lacking for SSTR-RADS and future studies must show the efficacy of structured reporting in
9
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response prediction. However, as a preliminary step, readers with varying levels of experience
should agree on the imaging-based appropriateness for PRRT. Of note, recent reports showed
that such recommendations for or against a theranostic intervention significantly vary among
multiple observers (κ = 0.64) when no standardized framework for reporting is applied, while in
the present study an excellent interobserver rate was seen (ICC, 0.80) (24). Although a
significant difference between IR vs ER for deciding on PRRT was observed, less experienced
readers still achieve a higher ICC (0.58 – 0.84) when using SSTR-RADS compared to a nonstandardized approach (κ = 0.41 – 0.68), thereby suggesting that SSTR-RADS may be a useful
tool to recommend theranostic interventions. SSTR intensity on SSTR-directed diagnostic
procedures is still considered as the gold standard in selecting PRRT candidates, but the
intrinsic heterogeneity of radiotracer accumulation in putative sites of disease has led to the
development of additional molecular tools for outcome prediction (1,39). For instance, patientspecific multigene genomic signature testing is currently penetrating the clinical arena and has
already demonstrated a high accuracy in predicting PRRT response (40). However, combining
such innovative biomarker with SSTR-RADS applied to routinely conducted PET/CTs may
further reduce the number of patients with suboptimal outcome or radioresistance.
This study has several limitations. First, histopathological comparisons validating each TL is
not feasible. Second, all readers were blinded to the clinical status and unrestricted access to
clinical data may further influence the herein observed ICC values and impact on the
concordance rate of recommending PRRT. Nonetheless, we aimed to investigate the robustness
of SSTR-RADS as an imaging-finding-driven construct (18) and future studies should definitely
assess the impact on agreement rates when providing clinical information such as Ki67, grading
or previous therapies. A substantial proportion of SSTR-RADS-4 or -5 rated scans were not
considered eligible for PRRT and thus, a more sophisticated approach of applying SSTR-RADS
for treatment recommendation should be implemented in future versions, e.g. by taking the
entire tumor burden into account (in particular in cases with heterogeneous receptor
expression). Nonetheless, current inclusion and exclusion criteria should still apply if patients are
considered for PRRT (41,42). Moreover, a further increase in interobserver reliability could have
been derived by stricter advice on selecting TL instead of randomly selected lesions, e.g. by
providing a detailed list of every organ or LN of interest (written guide to imaging interpretation)
(24). In this regard, SSTR-RADS 1.1 should also provide a more suitable characterization of TL,
which in turn will ensure that readers from different study sites will choose the identical lesions.
Moreover, SSTR-RADS is based on imaging findings and thus, its informative value is also
limited by technical aspects, such as system resolutions or partial volume effects (21). Apart
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from that, further studies could also evaluate the performance of inexperienced readers versus a
reference standard established by a consensus read of several experienced readers and should
preferably include a higher number of interpretors.

CONCLUSIONS
In the present analysis validating the structured reporting system SSTR-RADS for SSTRPET/CT, a high concordance rate, even among readers with different experience, was
demonstrated. As such, SSTR-RADS is nearing readiness to be implemented in larger trials or
clinical routine.
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KEY POINTS
QUESTION: Will SSTR-RADS as a standardized reporting system for interpreting SSTRPET/CTs achieve a high interobserver agreement rate, even for less experienced readers?
PERTINENT FINDINGS: In a cohort study evaluating 51 SSTR-targeted PET/CTs, four readers,
blinded to the clinical status, achieved a high interobserver agreement rate on a target-lesion
and overall scan impression level, independently of previous experience in reading SSTRPET/CTs. Readers with varying levels of experience also showed a high concordance rate on
the imaging-based appropriateness for PRRT when applying SSTR-RADS, thereby suggesting
that standardized reporting may be a useful tool to recommend theranostic interventions.
IMPLICATIONS FOR PATIENT CARE: Given the high interobserver agreement rates, SSTRRADS can be implemented in the collection of data for large prospective trials or in clinical
routine, which in turn may minimize the risk of communication errors between molecular imaging
experts and referring treating oncologists.
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Figure 1. Target Lesion (TL) assessment (identical TL included by all four readers).
SSTR-RADS-1A and -1B were subsumed under SSTR-RADS score 1, as previously described
(18). ER = experienced reader, IR = inexperienced reader.
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Figure 2. Overall SSTR-RADS scoring assessment (for all four readers). SSTR-RADS-1A
and -1B were subsumed under SSTR-RADS score 1, as previously described (18). ER =
experienced reader, IR = inexperienced reader.
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Figure 3. Decision for peptide receptor radionuclide therapy (PRRT) based on SSTRRADS among all four readers (16). ER = experienced reader, IR = inexperienced reader.
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Figure 4. Example of different SSTR-RADS classifications of experienced (ER) vs.
inexperienced readers (IR). Images from a 49-year-old female patient undergoing restaging
for a pancreatic neuroendocrine neoplasia. (A) 68Ga-DOTATOC whole body maximum intensity
projection demonstrated intense radiotracer uptake in the thyroid (red arrowhead), liver lesions
(double thin red arrows), in a celiac (red arrow) and mesenteric lymph node (LN, red star). (B)
Axial CT, (C) axial

68Ga-DOTATOC

PET and (D) axial

68Ga-DOTATOC

PET/CT showed

intense SSTR-expression in the left lobe of the thyroid (red arrowhead), which was rated as
SSTR-RADS-3C by the ER and SSTR-RADS-1 by the IR. SSTR-RADS-3C describes lesions
with intense radiotracer accumulation in sites highly atypical for NEN and thus, these lesions
are suggestive of an SSTR-expressing, non-NEN benign tumor. Fine needle aspiration biopsy
of the nodule revealed no abnormality. (E) axial CT, (F) axial
axial

68Ga-DOTATOC

68Ga-DOTATOC

PET and (G)

PET/CT demonstrate intense uptake in liver lesions (double thin red

arrows) and a celiac LN (red arrow), with no corresponding finding on CT. These lesions were
rated as SSTR-RADS-4 by all readers. (H) axial CT, (I) axial 68Ga-DOTATOC PET and (J) axial
68Ga-DOTATOC

PET/CT show intense uptake in a mesenteric LN (red star). Given the

corresponding finding on CT, this lesion was classified SSTR-RADS-5 by all observers. All
readers recommended PRRT.
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TABLES
Parameter

Characteristic

Age
(median ± SD, in years)

Data
64 ± 12

Sex

Female
Male

26/51 (51%)
25/51 (49%)

Indication for SSTRPET/CT

Staging
Restaging

15/51 (29.4%)
36/51 (70.6%)

Prior therapies

Primary

Grading *

Ki67
(median ± SD, in %)

4 ± 13
G1
G2
G3
GEP-NET, in total
Ileum/Jejunum/Mesenterial
Pancreas
Rectum
Colon
Non-GEP-NET, in total
Lung
CUP

Prior therapies, in total
Surgery
“Cold“ SSA
PRRT
CTx
Locoregional Procedures
TKI

23/48 (47.9%)
22/48 (45.8%)
3/48 (6.3%)

41/51 (80.4%)
25/41 (61%)
11/41 (26.8%)
3/41 (7.3%)
2/41 (4.9%)
10/51 (19.6%)
5/10 (50%)
5/10 (50%)

43/51 (84.3%)
30/43 (69.8%)
23/43 (53.5%)
15/43 (34.9%)
10/43 (23.3%)
3/43 (7%)
1/43 (2.3%)

Table 1. Detailed patients’ characteristics. SD = standard deviation, SSTR = somatostatin
receptor, GEP = gastroenteropancreatic, CUP = cancer of unknown primary, SSA =
somatostatin analogues, PRRT = peptide receptor radionuclide therapy, CTx = chemotherapy,
TKI = tyrosine kinase inhibitor. * available in 48/51 (94.1%).
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4 identical TL

Overall
SSTR-RADS
Score

SSTRRADS

1#

2

3A

3B

3C

3D

4

5

ER1

3/58
(5.2)

1/58
(1.7)

4/58
(6.9)

1/58
(1.7)

2/58
(3.4)

3/58
(5.2)

13/58
(22.4)

31/58
(53.5)

ER2

2/58
(3.4)

1/58
(1.7)

5/58
(8.6)

4/58
(6.9)

2/58
(3.4)

2/58
(3.4)

42/58
(72.4)

IR1

2/58
(3.4)

3/58
(5.2)

4/58
(6.9)

3/58
(5.2)

13/58
(22.4)

33/58
(56.9)

IR2

2/58
(3.4)

2/58
(3.4)

2/58
(3.4)

1/58
(1.7)

2/58
(3.4)

3/58
(5.2)

4/58
(6.9)

42/58
(72.4)

ER1

3/51
(5.9)

4/51
(7.8)

1/51
(2)

3/51
(5.9)

2/51
(3.9)

1/51
(2)

37/51
(72.5)

ER2

3/51
(5.9)

2/51
(3.9)

1/51
(2)

1/51
(2)

2/51
(3.9)

35/51
(68.6)

IR1

7/51
(13.7)

1/51
(2)

1/51
(2)

2/51
(3.9)

11/51
(21.5)

29/51
(56.9)

IR2

5/51
(9.8)

3/51
(5.9)

2/51
(3.9)

2/51
(3.9)

38/51
(74.5)

7/51
(13.7)

1/51
(2)

Table 2. Distribution of SSTR-RADS Score for 4 identical Target Lesions (TL, n=58) and for the Oveall SSTR-RADS Score
(scans, n=51) among all four readers. ER = Experienced Reader, IR = Inexperienced Reader. # SSTR-RADS-1A and -1B were
subsumed under SSTR-RADS score 1, as previously described (18). Values in brackets indicate percentage.
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SUPPLEMENTARY FIGURE
Supplementary Figure 1. Example of different SSTR-RADS classifications of experienced
(ER) vs. inexperienced readers (IR). Images from a 76-year-old female patient undergoing
restaging for a neuroendocrine tumor (NET) of the lung. (A)

68Ga-DOTATOC

whole body

maximum intensity projection demonstrates faint radiotracer uptake in the primary (red
arrowhead) and a photopenic area in the liver (double thin red arrows). (B) axial CT, (C) axial
68Ga-DOTATOC

PET and (D) axial

68Ga-DOTATOC

PET/CT demonstrate mild radiotracer

uptake in the primary tumor. An IR rated this finding SSTR-RADS-3A, while an ER classified it
SSTR-RADS-3D (i.e. high likelihood for malignant lesion, but negative on SSTR-PET). SSTRRADS-3A describes low-level uptake in soft-tissue sites typical for NET metastases with normal
findings on CT. However, the mild uptake in the space-occupying lung lesion renders a
dedifferentiated NET highly likely. (E) axial CT, (F) axial 68Ga-DOTATOC PET and (G) axial 68GaDOTATOC PET/CT reveal a photopenic liver lesion (double thin red arrows). Similar findings
were derived in a bone lesion in the left iliac bone with (H) axial CT representing a lesion highly
suggestive of being malignant, with lack of uptake in (I) axial 68Ga-DOTATOC PET and (J) axial
68Ga-DOTATOC

PET/CT (red star). Liver and bone lesions were rated SSTR-RADS-3D by all

readers, with follow-up

18F-FDG

PET/CT demonstrating increased glucose metabolism in the

SSTR-negative hepatic lesions. None of the readers recommended PRRT.

Supplementary Figure 1.

