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Noteworthy points: 

1. SSTR-PET can be used to reliably assess SSTR expression both visually and semi-quantitatively. 

(p10) 

2. SSTR-PET is essential for the proper assessment of eligibility for PRRT. (p11) 

3. SSTR expression is both a prognostic (correlates with outcome regardless of the therapy) and 

predictive (correlates specifically with response to PRRT) parameter for NENs. (p13) 
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ABSTRACT 

A new era of precision diagnostics and therapy for patients with neuroendocrine neoplasms began 

with the approval of somatostatin receptor (SSTR) radiopharmaceuticals for positron emission 

tomography (PET) imaging followed by peptide receptor radionuclide therapy (PRRT). With the 

transition from SSTR-based gamma scintigraphy to PET, the higher sensitivity of the latter raised 

questions regarding the direct application of the planar scintigraphy-based Krenning score for 

PRRT eligibility. Also, to date, the role of SSTR-PET in response assessment and predicting 

outcome remains under evaluation. In this comprehensive review article, we discuss the current 

role of SSTR-PET in all aspects of neuroendocrine neoplasms including its relation to conventional 

imaging, selection of patients for PRRT, and the current understanding of SSTR-PET based 

response assessment. We also provide a standardized reporting template for SSTR-PET with a 

brief discussion. 
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INTRODUCTION 

Neuroendocrine neoplasms (NENs) are rare, heterogeneous, and typically slow-growing, 

accounting for ~0.5% of all diagnosed malignancies. Originating from the secretory cells of the 

neuroendocrine system at almost any anatomic site, their site of origin is often linked to disease 

biology. For example, tumors of the ileum typically have a high malignant potential, although 

metastatic lesions tend to have an indolent course. Gastric and rectal tumors have a low metastatic 

potential but can grow aggressively once metastatic (1). Gastro-entero-pancreatic, pulmonary, and 

thymic NENs are among the most-commonly diagnosed (2). The term NENs encompasses both 

well-differentiated neuroendocrine tumors (NETs) and poorly differentiated neuroendocrine 

carcinomas (NECs). Whereas NECs are high grade by default, NETs are classified further 

according to histologic grade and degree of differentiation, with site-specific parameters (cut-offs). 

Grading for gastro-entero-pancreatic NETs, for example, is based on proliferation using either the 

Ki-67 index or mitotic count per 10 high-power-fields (HPFs). Grade-1 (G1 or low-grade) refers 

to Ki-67 of <3% and <2 mitoses/10HPF, G2 refers to Ki-67 of 3-20% or 2-20 mitosis/10HPF, and 

G3 refers to Ki-67 of >20% or >20 mitoses/10HPF (3). Based on the degree of differentiation they 

are categorized as either well-differentiated or poorly differentiated tumors. Most NENs are 

sporadic, although some arise in the setting of inherited syndromes such as Multiple Endocrine 

Neoplasia, Tuberous Sclerosis, Von-Hippel-Lindau disease, or Neurofibromatosis (1). 

 

NENs typically have increased expression of somatostatin receptors (SSTRs), G-protein 

coupled receptors modulating cellular proliferative and secretory activity. This forms the basis of 

functional imaging with SSTR targeting radiopharmaceuticals and treatment with somatostatin 
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analogues (SSAs) including octreotide and octreotate. There are five sub-types of SSTRs with sub-

types 2, 3 and 5 most commonly expressed (4). 111Indium- diethylenetriamine pentaacetate 

(DTPA)-conjugated octreotide (111In-pentetreotide/ OctreoScan) was the first agent to receive 

United States Food and Drugs Administration (FDA) approval in 1994 for functional imaging of 

NENs with planar scintigraphy or single-photon emission computed tomography (SPECT) (5). 

99mTc-labeled somatostatin analogs, including the commercially available 99mTc-

Ethylenediaminediacetic acid Hynic-[D-Phe1, Tyr3-Octreotide] (99mTc-EDDA-Hynic-TOC), were 

also developed to improve image quality with lower radiation absorbed dose (6). Newer 68Ga- or 

64Cu- tetraxetan (DOTA)-conjugated SSAs for positron emission tomography (PET) have shown 

superior diagnostic performance compared to 111In-pentetreotide and are the current modality of 

choice for functional imaging (5,7). Different DOTA-peptides exist and have varying affinity for 

the SSTR subtypes (Table 1). 

 

Management of NENs is based on the grade, subtype, distribution, and extent of disease. 

Anatomic imaging with computed tomography (CT) and magnetic resonance imaging (MRI) is 

standard practice to assess disease location and extent, although radiopharmaceutical development 

has led to improvements in imaging and therapy (together termed theranostics). Initially, high dose 

111In-pentetreotide was used for therapy (8), via Auger electrons, although the efficacy was limited 

(9). The use of 177Lutetium or 90Yttrium (beta-emitters), conjugated to SSAs with DOTA has been 

more effective (10). Specifically, 177Lu-DOTA-Tyr3-octreotate (DOTATATE) based PRRT studied 

in a phase 3, multicenter, randomized control trial (NETTER-1) in patients with inoperable or 

advanced and progressive midgut NENs, showed superior outcomes in comparison to standard-of-
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care therapy (10). 

 

This paper reviews the current status and advances in imaging of NENs, with a focus on 

the use of SSTR-PET with respect to PRRT. 

 

 

THE ROLE OF CONVENTIONAL IMAGING  

CT is commonly the initial imaging modality for evaluation of a suspected NEN. The 

detection rate of primary small bowel NENs is ~50% (11,12). Metastatic mesenteric nodes are 

typically larger than the primary itself and are often calcified. When a small bowel NEN is known 

or suspected, a negative oral contrast (methylcellulose, polyethylene glycol, or water) is preferred 

over conventional radiopaque contrast, to avoid masking the primary enhancing lesion on the 

bowel wall (13,14). Primary pancreatic NENs (pNENs) have a detection rate of ~80-100% on CT 

(15). It is important to obtain an abdominal multiphase CT with IV contrast, since most pNENs 

and their hepatic metastases are arterially enhancing and occult on a single portal venous phase 

(11,14,16) (Figure 1). Around 22% of pNENs are arterially hypo-enhancing, where the portal 

venous and delayed phases can help in detection (11,17). 

 

MRI is superior to CT for detecting hepatic metastases (18,19). As with CT, multiphase 

MR imaging with IV contrast is recommended since most primary and metastatic NENs show 

arterial enhancement. Additionally, Diffusion Weighted Imaging (DWI) and delayed post-contrast 

phase using Gadoxetic acid (hepato-specific paramagnetic contrast agent) are useful for detection 
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of hepatic metastases. Hepatic metastases typically show high signal on DWI (combination of T2 

shine-through and true diffusion restriction), which makes them more conspicuous; this tool is 

especially helpful in patients with severe renal failure where IV gadolinium is contraindicated 

(19,20). The most sensitive tool for detection of hepatic metastases is the 20-minutes post-contrast 

delayed phase after IV administration of Gadoxetic acid (Figure 2), which is retained in 

hepatocytes but not in metastases, creating a high lesion-to-background contrast on the delayed 

image. In addition to having high sensitivity for lesion detection, the 20-minute delayed phase 

allows for more accurate and reproducible measurement of baseline and follow-up lesion 

dimension on imaging (20-23). 

 

Findings on anatomic imaging associated with higher grade tumors, which apply to both 

CT and MRI include: large tumor size (≥2 cm), ill-defined margins, low/ moderate arterial hyper-

enhancement, dilatation of the main pancreatic duct, vascular invasion, and presence of nodal/ 

distant metastases; findings specific to MRI include non-intense T2 signal, and most importantly, 

high diffusion restriction (24,25). Several studies show that ADC values inversely correlate with 

mitotic-count and Ki-67 index. A significant difference in ADC values has been observed between 

G1 and G2 tumors and between G1/G2 and G3 tumors, with suggested cutoff ADC values below 

0.95×10−3 to 1.19×10−3 mm2/s for G3 tumors (18,19). 

 

PET RADIOPHARMACEUTICALS  

Introduced in 2001, 68Ga-DOTATOC (DOTA-Tyr3-octreotide) was the first PET-SSA 

ligand (26). As opposed to the SSTR2-selective DOTATATE, DOTATOC retains an octreotide-
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like affinity profile (Table-1) (27). A comparison of 68Ga-DOTATOC to 68Ga-DOTATATE PET/CT 

in the same patients showed a similar diagnostic accuracy, despite potential advantages for 68Ga-

DOTATOC in the total number of detected lesions and a higher Standardized Uptake Value 

maximum (SUVmax) (28). Today, 68Ga-DOTATOC and 68Ga-DOTATATE are the most commonly 

used radiopharmaceuticals for imaging NENs, with no clear superiority of either one of these 

compounds. 

 

One of the main disadvantages of 68Ga-SSA-based imaging is the high liver background 

and short radiopharmaceutical half-life. For the latter, newer SSTR radiopharmaceuticals, such as 

Copper-64 (64Cu) labeled-SSA (FDA-approved in September 2020) may provide an advantage. 

Figure 3 shows the same patient imaged with the two different radioisotopes. Potential advantages 

of 64Cu include its longer half-life (12.7 hours versus 68 minutes for 68Ga) and resultant higher 

target-to-background ratios on delayed imaging, as well as shorter positron range in tissue (mean 

0.6 mm versus 3.5 mm for 68Ga). These factors may result in better imaging characteristics, 

especially at later times (3-24 hrs post-injection) (29). Conversely, 64Cu has a significantly lower 

positron branching-ratio(0.17) than 68Ga (0.89) which may degrade image quality or at least 

require a longer acquisition time. A prospective head-to-head comparison of 64Cu-DOTATATE and 

68Ga-DOTATOC PET/CT in 59 subjects with NENs showed 64Cu-DOTATATE to be advantageous, 

detecting 83% of the true-positive lesions which were discordant between the 

radiopharmaceuticals (30). However, dual time-point imaging with 64Cu-DOTATATE in 35 

patients showed similar accuracy for 1-hour and 3-hour imaging (31), suggesting that the improved 

detection rate seen in the previous study was due to factors other than the target-to-background 
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ratio. Notably, 64Cu-DOTA is prone to demetallation and transchelation in vivo, and better results 

may be expected with new sarcophagine based chelators (32). 

 

The SSAs discussed thus far are SSTR-agonists, resulting in activation and internalization 

of the receptor upon binding. Radiolabeled SSTR antagonists, such as 68Ga-DOTA-JR11, are 

characterized by a lack of internalization, rapid blood-pool clearance, and greater tumor uptake, 

aiding detection of metastases (33). A prospective head-to-head comparison between 68Ga-

NODAGA-JR11, a SSTR antagonist, and 68Ga-DOTATOC PET/CT in 12 patients of NENs 

demonstrated that the favorable biodistribution of the antagonist resulted in a higher detection rate 

of hepatic metastases and a significantly greater lesion-based overall sensitivity (94% vs. 59%) 

(34). 

 

In cases where SSTR imaging is suboptimal, other PET agents have been developed to 

target different receptors overexpressed by the NENs, including the GLP-1 (Glucagon-like-Peptide 

1) receptor ligand 68Ga-DOTA-Exendin-4, which may facilitate the detection of benign 

insulinomas (frequently SSTR-negative) (35,36). The CXCR-4 ligand 68Ga-Pentixafor seems 

superior to conventional SSTR imaging for G3 NETs, but its role relative to 18F-FDG PET remains 

to be determined (37). SSTR-PET typically shows high uptake in well-differentiated or low-grade 

lesions, and lower uptake in poorly differentiated or high-grade lesions. In the latter scenario, 18F-

FDG PET is complementary in that it detects aggressive, poorly differentiated disease with higher 

grade and worse prognosis (Figure 4, Supplementary Figures 1, 2). Around 40% of patients or less 

with G1 disease are thought to have 18F-FDG- uptake, while almost all patients with G3 disease 
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have 18F-FDG uptake (38-41). Since NENs are vastly heterogeneous and it would be impossible 

to sample all lesions in the body, the combination of SSTR and 18F-FDG PET provides a non-

invasive understanding of disease heterogeneity and likelihood of PRRT response (42).  

 

Currently, 18F-FDG PET is used for staging G3 disease and can be used to complement 

SSTR-PET when Ki-67 is 10% or more (41). Also, a positive 18F-FDG PET may be used to 

reconsider PRRT for a patient. Specifically, the combination of high SSTR, and low 18F-FDG 

avidity, increases the likelihood of benefit from PRRT; however, the ratio of differentiated to de-

differentiated disease at which PRRT ceases to be useful, remains to be determined. In fact, it 

seems possible that in the event of marked uptake on SSTR-PET with limited sites of 18F-FDG-

avid disease a combination of PRRT and targeted external radiation to the 18F-FDG avid lesions 

may prolong survival. Ultimately, a combination of SSTR- and 18F-FDG PET will likely provide 

a synergistic pictorial road-map of disease for determining when to use PRRT, combination PRRT 

and targeted external radiotherapy versus an alternative therapy (43-45).     

 

TUMOR QUANTIFICATION, CURRENT GUIDELINES AND THE KRENNING SCALE 

SSTR-PET can be used to assess SSTR expression visually and semi-quantitatively. Cell 

membrane–based SSTR2 expression on immunohistochemistry (IHC) in NENs correlates with the 

SUVs on 68Ga-DOTATOC PET/CT (46). Some cases considered negative on IHC demonstrated 

mild uptake on SSTR-PET possibly due to SSTR-5 binding or tumor heterogeneity. Campana (47) 

suggested that the SUVmax correlated with clinico-pathologic features of NENs and could serve 

as a prognostic index, alongside anatomic location, primary tumor grade and Ki-67 status. Velikyan 
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(48) reported that kinetic modeling parameters, rather than SUV, reflected receptor density more 

accurately based on absence of a linear correlation between SUV and net uptake rate in tumors 

with high SSTR expression. Specifically, SUVs correlated with receptor density at low values, 

with a non-linear relationship thereafter leading to underestimation of receptor expression. While 

this might reflect plasma peptide availability as a limiting factor for tracer uptake in patients with 

high SSTR expression and high tumor burden, an alternative explanation could be related to 

receptor saturation.  

 

More recently, volumetric parameters have been evaluated in well differentiated NENs 

(49). Specifically, the concept of SSTR Expressing Tumor Volume (SRETV), representing the 

volume of tumor with > 50% SUVmax uptake, and Total Lesion SSTR Expression (TLSSTRE) 

calculated as SRETV x SUVmean in the volume of interest have been defined. A sum of each of 

these volumetric parameters can be calculated; the literature suggests there may be a significant 

correlation between whole-body cumulative SRETV and PFS following PRRT. Nevertheless, 

estimation of tumor volume based on uptake will likely remain problematic given the intrinsic 

heterogeneity in tumoral SSTR expression.  

 

Recent guidelines formulated under the auspices of the European Association of Nuclear 

Medicine recommend the use of 68Ga-labelled somatostatin analogues in combination with CT or 

MRI for diagnosis, staging, restaging after surgery, following progression and for known or 

suspected NETs (50). The National Comprehensive Cancer Network guidelines recommend 

SSTR-PET prior to PRRT for advanced NENs (51). While a few studies using 68Ga-DOTATOC 
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have suggested that SUVmax thresholds be used to determine eligibility for PRRT e.g. SUVmax 

cut-off 17.9 (52) and 16.5 (53), differences between scanners and imaging technique may produce 

slight variations which make SUVmax problematic to use. An alternative is to use a tumor:liver 

ratio of 2.2 (53). The American College of Radiology practice parameters suggest visually assessed 

tumor uptake equal to/ more than liver as an eligibility criteria for PRRT (54). 

   

The Krenning score was developed using 111In-pentetreotide scintigraphy (8) and has been 

extrapolated to SSTR-PET (‘Modified’ Krenning score). A 5-point scale has been proposed based 

on a qualitative assessment of lesion uptake relative to blood pool and hepatic activity where: 0-

no uptake, 1-very low uptake, 2-uptake ≤ liver, 3-uptake > liver, and 4-uptake > spleen (55). 

However, the relationship between the Krenning score from 111In-pentetreotide scintigraphy and 

the modified Krenning score from SSTR-PET is limited (56). Disease on SSTR-PET has a bias 

toward higher scores as compared to 111In-pentetreotide scintigraphy (Supplementary Figure 3). 

Part of this is due to differences in equipment (higher sensitivity of PET versus planar-

scintigraphy/ SPECT) and imaging time points (111In-pentetreotide scintigraphy–24 hrs post-

injection; SSTR-PET–1 hr post-injection). 

 

While there is little formal data to support the use of SSTR-PET over 111In-pentetreotide 

scintigraphy, SSTR-PET has become the standard for pre-PRRT patient selection because of its 

higher sensitivity, faster imaging times, and lower radiation dose. For lesions >2 cm, it is 

appropriate to use the modified Krenning Score and PRRT should be considered with a score of 

3/4. Caution should be used before treating patients with lesions measuring <2 cm with a modified 
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Krenning Score of 3/4, as these patients are unlikely to have fulfilled criteria if imaged with 111In-

pentetreotide. This is to emphasize that the current data does not provide sufficient evidence for 

the use of SSTR-PET in this setting. PRRT should not be considered when lesions show no or low 

uptake on SSTR-PET. 

 

REPORTING SSTR-PET  

There is a need for standardized interpretation of SSTR-PET given that findings on 

baseline imaging in-part determine treatment success with radioligand therapies (57). The report 

(Supplementary Figure 4) should include a concise clinical history, including NEN subtype, tumor 

grade and differentiation, and prior treatments (medical/ surgical). The imaging parameters, in 

terms of the specific radiopeptide and its administered activity, uptake time, duration of imaging 

(time per-bed position) and area imaged, should be documented. Comparison and correlation with 

any prior SSTR-imaging, 18F-FDG PET, and other anatomic imaging should be performed. 

Findings should detail the site and size of the lesion(s) (the latter if seen on corresponding CT/ 

MRI) and uptake intensity, which can be expressed semi-quantitatively (commonly as SUVmax). 

The pattern of tracer uptake (intra-lesional heterogeneity) and assessment of lesion resectability 

(i.e. relation with vascular and major structures) may be helpful to further guide management. The 

conclusion should provide the modified Krenning score and additional diagnostic examinations or 

follow-up can be suggested.  

 

The “NETPET” score is a grading system that combines findings on SSTR and 18F-FDG 

PET with a single parameter (58). This scoring system has been developed as a prognostic 
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biomarker. Although rarely included in reports since SSTR and 18F-FDG PET are not routinely 

performed together, this may change in future.  

 

The SSTR-reporting and data systems (RADS) has also been introduced as part of the 

umbrella molecular imaging (MI) RADS, a 5-point scale (from 1- no evidence of disease and 

definitely benign to 5- high certainty for NEN) indicating both disease site and radiotracer avidity 

(55). SSTR-RADS entails a 3-point qualitative assessment scoring of uptake level, where up to 

five target (largest, most avid) lesions can be identified, with overall score defined as the highest 

scored lesion. A summed RADS score, including all 5 target lesions, has also been suggested (59). 

Future validation of this framework is warranted, including inter- and intra-observer agreement 

studies and histopathology correlation. 

 

Disease Burden, Outcome Prediction and Response Assessment 

SSTR expression is both a prognostic (correlates with outcome regardless of therapy) and 

predictive (correlates specifically with response to PRRT) parameter for NENs. (60). The current 

literature suggests that higher baseline SUVs on SSTR-PET predict better post-PRRT outcomes. 

Oksuz (52) reported high pre-therapy primary tumor uptake suggested a good response to PRRT; 

Kratochwil (53) reported high pre-therapy uptake in liver metastases suggested a good response; 

and Ambrosini (60) reported better outcomes in patients with high baseline SUVs. To avoid 

scanner related variations, parameters such as tumor-to-liver (T/L) and tumor-to spleen ratios may 

be used. It has been reported that a T/L>2.2 is predictive of a favorable response. It has, however, 
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been demonstrated that a high uptake (e.g. Krenning grade 4) is associated with response to PRRT 

only in 60% of patients (61). 

 

The literature on response evaluation is more variable, and we are still beginning to 

understand how post-therapy SSTR-PET correlates with end points such as time to progression 

(TTP), progression-free (PFS) and overall survival (OS). Haug et al. (62) studied SUVmax and 

T/S ratio for prediction of TTP and clinical outcome following a 1st PRRT cycle in well-

differentiated NENs. The authors found that reduced uptake post-therapy predicted TTP and 

correlated with clinical improvement. Further, interval change in the T/S ratio was superior to 

interval change in SUVmax. Meanwhile, Gabriel (6) reported essentially random SUV fluctuations 

following PRRT. The question remains: Does diminishing tumoral radiotracer uptake reflect true 

disease improvement or is there a higher degree of tumor de-differentiation with loss of SSTR 

expression? Accordingly, the recently updated appropriate use criteria (63) for SSTR-PET notes 

that response assessment should be assessed by the disappearance of known lesions or 

development of new lesions, rather than changes in SUVs. 

 

Monitoring response to PRRT with SSTR-PET and attempting to interpret the biologic 

significance of tumor uptake change is challenging. One study evaluated 46 patients with advanced 

NENs treated with 2-7 cycles of PRRT and compared the results from the post-therapy 68Ga-

DOTATATE PET to CT/ MRI with RECIST. The authors found little advantage of SSTR-PET over 

conventional imaging for response assessment (6). In another study of 66 patients, 68Ga-

DOTATOC and 18F-FDG PET was done at baseline, at 3 months, and again at 6-9 months following 
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completion of PRRT. The authors concluded that uptake on 18F-FDG PET at baseline and follow-

up had a stronger correlation with the outcome than SSTR-PET, and that combination imaging 

with both radiopharmaceuticals might be advisable across all tumor grades (43). 

 

Also, a high overall tumor burden and tumor heterogeneity on SSTR-PET, is likely to be 

associated with worse prognosis. SSTR-PET helps in assessing the heterogeneity of NENs that 

exists at the inter-patient, intra-patient, inter-lesional level at a specific time point or longitudinally 

at different time points. This heterogeneity implies a variety of cells displaying variable 

characteristics in terms of metabolism, proliferation, metastatic potential, and therapy response. 

Distinct metastases may harbor different cellular clones with varying SSTR expression. The 

primary tumor and its metastases may also differ. Indeed, this may impact the chance of PRRT 

success and explains why cure is rarely possible with systemic metastatic disease. In a study by 

Graf et al (64), only patients with at least 90% of metastases positive for SSTR were treated with 

PRRT. Positive lesions were viewed in 3 dimensions and a lesion that had a change in score from 

3/4 to 2, or from 2 to 1 that persisted over >5 mm in any plane was defined as heterogeneous. Only 

the solid portion of a necrotic lesion was assessed. If >50% of lesions were deemed heterogeneous, 

the patient was labeled as heterogeneous. This study confirmed that heterogeneity had a negative 

impact on OS and TTP following PRRT. Indeed, heterogeneity surpassed Ki-67 as prognostic 

marker, especially related to PRRT, reinforcing the suspicion that PRRT may target the less 

aggressive, SSTR-positive cells, sparing the rest. Thus, even when decreased tumor size suggests 

response by RECIST criteria, the more aggressive cells might remain viable. These observations 

highlight an intrinsic flaw of using quantitative parameters such as SUVmax alone, which do not 
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account for the intralesional variation of SSTR expression. Interestingly, some authors have 

observed that, following PRRT, heterogeneous lesions may become more homogeneous. In future, 

use of textural characteristics such as entropy and skewness may prove superior to our current 

methodology for lesion analysis.  

 

Recently, a prospective study in 158 patients divided in three independent 177Lu-PRRT 

cohorts demonstrated that specific circulating tumor transcripts (mRNA) specifically predict the 

outcome of PRRT and therefore represent a marker of radiosensitivity (65), while the circulating 

transcript signature NETest allows accurate monitoring of the course of disease during treatment 

and integrates with imaging (66). 

 

The primary site of the tumor, which can often be elucidated with SSTR-PET, is a 

prognostic factor and should be incorporated in the decision algorithm for PRRT. Midgut and 

pNENs are included in the FDA approved indications for PRRT. Bronchial NENs represent a 

special category with typical tumors considered more appropriate for PRRT due to higher SSTR 

expression. In the case of a pheochromocytoma or paraganglioma, the current recommendation 

reserves PRRT for MIBG negative tumors only, where 131I-MIBG treatment is precluded. The 

distribution and extent of disease, ideally evaluated with SSTR-PET, also affects management. In 

general, caution is needed in tumors with extensive mesenteric and peritoneal involvement, since 

PRRT may increase complication risk from a desmoplastic reaction. As the tumors metastasize, 

the total tumor burden may play a role depending on the primary site of disease. For example, 

pancreatic NENs with >25% liver involvement and bone metastases have worse prognosis, while 
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gastric NENs show no significant difference in outcome based on distribution (67). In general, 

tumor burden is termed limited if <5 lesions are detected at one site; moderate if >5 lesions, at two 

sites; and extensive if >2 sites are involved, and this affects the treatment approach (Figure 5). 

Most gastro-entero-pancreatic NENs present with hepatic metastases at diagnosis despite low Ki-

67 and the presence of hepatic metastases profoundly decreases OS. PRRT may be helpful for non-

resectable hepatic metastases and indeed may render the lesions resectable. In liver dominant 

disease, intra-arterial PRRT is being investigated.  

 

CONCLUSION 

SSTR-PET is the preferred imaging modality at initial diagnosis of low- and intermediate-

grade NENs especially for localization of the primary tumor and determining disease extent. It is 

essential for selecting patients for PRRT, while its role in response monitoring is still being 

evaluated. While SSTR expression can be assessed visually and semi-quantitatively, with various 

suggested thresholds, a modified Krenning score is used in current clinical practice.  
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Tables 

Table 1: In-vitro affinity (IC50 in nmol*) of DOTA-peptides for common SSTR sub-types (5) 

Radiopeptide† SSTR-2 SSTR-3 SSTR-5 

111In-DOTANOC 2.9 8 11.2 

111In-DOTATATE 1.5 >1000 547 

111In-DOTATOC 4.6 120 130 

68Ga-DOTANOC 1.9 40 7.2 

68Ga-DOTATATE 0.2 >1000 377 

68Ga-DOTATOC 2.5 613 73 

*Lower values represent higher affinity. †DOTANOC – DOTA-[1-Nal3]octreotide; DOTATATE – 

DOTA-[Tyr3]octreotate; DOTATOC – DOTA--[Tyr3]octreotide.  
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Figure 1. Pancreatic NEN with hepatic metastases. A - Abdominal CECT showing two small 

arterially enhancing left hepatic lesions. B - corresponding portal venous phase, where the lesions 

are more inconspicuous. C - trans-axial PET images showing 68Ga-DOTATATE avidity in the same 

lesions. 
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Figure 2. Abdominal CEMRI (with Gadoxetate disodium) in a patient with pancreatic NEN with 

hepatic metastases. Arterial phase (A) and 20-minute delayed-phase (B) images: the two metastatic 

lesions (arrows) show arterial enhancement and contrast washout on the delayed phase. Arterial 

phase (C) and delayed-phase (D) images showing the increased size of the previous lesions on an 

18-month follow-up MRI. The lesions are better delineated on the delayed phase facilitating 

accurate size measurements. 
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Figure 3. 68Ga-DOTATATE (A) and 64Cu-DOTATATE (B) PET imaging of metastatic NEN 

showing similar findings on the maximum intensity projection images. Both the studies were 

performed as part of PET/MRI, with uptake times for 68Ga-DOTATATE, and 64Cu-DOTATATE 

being 113 minutes, and 118 minutes, respectively (3 minutes/ bed position for both). 
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Figure 4. Maximum intensity projection images of a patient with metastatic Grade-1 (Ki67 <2%) 

NEN from a small-bowel primary. 68Ga-DOTATATE PET (A) shows prominent uptake in the 

primary tumor, lymphadenopathy, and liver metastases. 18F-FDG PET (B) shows no abnormal 

uptake (arrow - incidentally noted fractured rib).  
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Figure 5. 60-year-old woman with small bowel NET on Octreotide therapy. 68Ga-DOTATATE 

PET/CT (A-MIP, trans-axial PET–B, CT–C, fused PET/CT-D) shows prominent uptake in the 

tumor sites. This would make her eligible for PRRT but the overall limited extent of disease in the 

liver and retroperitoneum favors surgical resection over PRRT. 
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Supplementary Figure 1. MIP and trans-axial PET and fused PET/CT images of a patient with 

metastatic Grade-3 (Ki67 50%) well-differentiated pancreatic NET. 68Ga-DOTATATE PET (left) 

shows prominent uptake in the primary tumor and extensive liver and osseous metastases. 18F-

FDG PET (right) shows mild-to-moderate uptake in the primary tumor and liver metastases, with 

no uptake in additional liver and extensive osseous metastases. A right ovarian metastasis (arrow) 

shows uptake with both tracers.  
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Supplementary Figure 2. MIP and trans-axial PET and fused PET/CT images of a patient with 

metastatic high-grade large-cell pulmonary neuroendocrine carcinoma. 68Ga-DOTATATE PET 

(left) shows no abnormal uptake. 18F-FDG PET (right) shows uptake in the primary lung tumor as 

well as nodal, liver, and splenic metastases.  
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Supplementary Figure 3. Comparison of 68Ga-DOTATATE PET and 111In-Pentetreotide. The 

higher resolution of PET (A) allows for visualization of additional lesions than planar scintigraphy 

(C) or SPECT/CT (B). This may result in smaller lesions having a higher Krenning score. 

However, as this example shows, all imaging modalities show an overall Krenning score of 5 for 

this patient. Reprinted with permission from JNM. Hope TA et al. J Nucl Med. 2019;60:1266-

1269. 
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Supplementary Figure 4. Standardized reporting for 68Ga-DOTATATE PET in a patient with 

NET. 


