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of radioligand therapy (RLT) in first-line setting, showed that 
[¹⁷⁷Lu]Lu-DOTATATE plus octreotide LAR significantly 
improved progression-free survival (PFS) and the objective 
response rate (ORR) compared to high-dose octreotide LAR 
alone in patients with newly diagnosed advanced G2 and G3 
GEP-NETs. There is increasing prospective evidence that 
[177Lu]Lu-DOTA-Octreotate is more effective compared to 
other treatments including sunitinib (OCCLURANDOM) 
[3] and comparative trials in progress include COMPETE 
(NCT03049189) and COMPOSE (NCT04919226) stud-
ies. Whilst [177Lu]Lu-DOTA-Octreotate is likely superior 
to other treatments, the NETTER-1 trial [1] showed that 
only 18% of patients achieved an objective response rate, 
with the majority having stabilisation of disease. Hence, 
new strategies are needed to increase the efficacy of PRRT 
and to overcome therapy resistance, especially with differ-
ent radioligands and combination therapies. Consequently, 
these methods will shape the future patient-specific treat-
ment methods in NETS.

This editorial discusses our overview of recent advance-
ments in nuclear medicine, with the results of the clinical 
studies and the ongoing clinical trials with promising results 
expected, for the future of personalized and patient-specific 
treatments in NETs, and remark on the potential of new 
radioligands to further improve the imaging and diagnosis. 
While current guidelines must recommend routine methods 
for imaging and PRRT, recently published data with new 
theragnostic agents have brought about exciting potential 
additions and combinations. The new radiopharmaceuticals 
and radioisotopes are expected to improve therapy options 
and patient outcomes. Can Jedi Knights through the Force 
help clinical teams to improve the care of patients with 
NETs?

Introduction

In the Star Wars series, Jedi knights bring balance to the 
galaxy, improving life for the many people in the Galactic 
Republic. Metaphorically, multiple established and novel 
radioligands may act like modern-day midi-chlorians, the 
medians of the Force for Jedi knights, that leverage the 
potential to target and illuminate neuroendocrine tumours 
(NETs). An increasing number of radioligands are bring-
ing new insights to diagnosing and treating neuroendocrine 
tumours (NETs). The new era is precision medicine and tar-
geted therapy in disease management.

The Star Wars series is an apt metaphor for these advance-
ments in nuclear medicine. Somatostatin receptor (SSTR) 
imaging with SPECT and PET/CT imaging, and peptide 
receptor radionuclide therapy (PRRT) have become estab-
lished in a central position with level 1b evidence in therapy 
practice from NETTER-1 clinical trial and further progress-
ing with the NETTER-2 trial [1, 2]. The initial results of 
NETTER-2 trial, which is the first randomized clinical study 
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Advancements in NET imaging

Current NET imaging relies heavily on the availability of 
radioligands and nuclear medicine practices. Most well-dif-
ferentiated GEP-NETs express SSTR, making SSTR imag-
ing part of gold standard care, particularly in grade 1 and 
2 tumours. Multiple international and national guidelines 
from NANETS, ENETS, ESMO, and NCCN recommend 
the use of SSTR agonist PET in the initial staging algo-
rithm for patients newly diagnosed with GEP-NETs [4–7]. 
[68Ga]Ga-DOTA-TATE, [68Ga]Ga-DOTA-TOC and [68Ga]
Ga-DOTA-NOC are routinely used for the assessment of 
patient suitability for PRRT.

The use of SSTR agonists labelled with other radioiso-
topes has been investigated by various international groups. 
Comparative studies of DOTA peptides labelled with Cu64 
and Zr89, rather than Ga68, have shown various advantages 
in imaging GEP-NETs. Some groups demonstrated that 
[64Cu]Cu-DOTATATE provides higher quality imaging with 
improved tumour uptake over Ga68, allowing for clearer 
visualization of GEP-NETs and recently received FDA 
approval [8]. In a small study, [64Cu]Cu-SARTATE was 
shown to be a safe PET radioligand with excellent imag-
ing qualities. The image quality and lesion-to-liver ratio of 
[64Cu]Cu-SARTATE imaging showed a potential advantage 
for therapeutics and suitability for prospective dosimetry for 
[67Cu]Cu-SARTATE PRRT [9].

[18F]F DOPA is particularly effective for imaging cer-
tain types of NET-related tumours, such as pheochromo-
cytomas and paragangliomas, due to its involvement in 
catecholamine metabolism [10]. The commonest 18F agent 
is, nevertheless, Fluro-deoxyglucose (FDG), with uptake 
more commonly associated with high-grade NETs, and 
can be useful in indicating de-differentiation and tumour 
aggressiveness. High-grade tumours may still exhibit SSTR 
positivity and preliminary data on newer 18F-labeled SSTR 
agonists, specifically [18F]AlF-NOTA-octreotide and [18F]
SiFAlin-TATE, show promising results in large trials, offer-
ing logistical and biodistribution advantages due to their 
longer half-life [11, 12]. We will see how these new agents 
interact with the more common[68Ga]Ga-DOTA peptides 
and bring the advantage of 18F imaging to SSTR PET 
imaging.

SSTR antagonists, rather than the more common DOTA 
peptide agonists have shown superior imaging quality 
due to more binding sites on SSTR. [68Ga]Ga-OPS202 
(NODAGA-JR11) PET has demonstrated high recep-
tor affinity and low background activity in a small group 
of GEP-NET patients [13]. According to Lin et al., SSTR 
antagonists offer better sensitivity and image quality with 
higher target-to-background ratios than agonists. These 

higher detection rates may impact clinical management for 
certain patient subgroups [14].

Imaging insulinomas remains challenging since only 
about 50% express SSTR 2, although this may be underes-
timated. Targeting glucagon-like peptide-1 receptors (GLP-
1R) with the specific ligand Exendin-4 has proven to be a 
superior method for imaging benign insulinomas compared 
to conventional techniques. The higher tumour-to-pancreas 
ratio and strong binding affinity for GLP-1R provide a 
significant advantage for localizing even small tumours, 
important in this challenging rare condition [15, 16].

Last but not least, Fibroblast activation protein inhibitor 
(FAPI) is one of the most promising agents in PET oncology 
imaging with FAP expression, Cancer-associated fibroblasts 
(CAFs) and FAPI binding related to clinical outcomes in 
multiple tumour types with potential for “pan-tumour imag-
ing”. Early findings from FAPI studies show intermediate to 
high 68Ga-FAPI uptake with favourable biodistribution in 
GEP-NETs [17, 18]. Variable FAPI uptake is seen in mul-
tiple tumour types but appears generally favourable with 
currently limited evidence for GEP-NETs. Can this “midi-
chlorian” find a place in modern GEP-NET imaging or 
therapy? Further clinical studies are needed to determine its 
potential value in the clinical management of GEP-NETs.

Recent developments in NET management

NETs have often reached an advanced stage by the time of 
diagnosis, with metastasis spread across various organs. 
Disease spread diminishes the efficacy of curative surgery 
and elevates the role of medical therapies in managing these 
tumours. SSA is known to control hormone secretion and 
tumour growth [19, 20]. Leading health authorities, includ-
ing the European Neuroendocrine Tumour Society, North 
American Neuroendocrine Society, and National Com-
prehensive Cancer Network, advocate for initiating SSA 
therapy in patients with inoperable, symptomless, well-dif-
ferentiated NETs with substantial tumour load. This recom-
mendation is supported by evidence from the PROMID [21] 
and CLARINET [20] trials.

However, when patients do not respond to SSAs, other 
options including molecular targeted therapies, PRRT, and 
chemotherapy are considered. The mTOR inhibitor evero-
limus, endorsed for G1/G2 pancreas NET treatment by the 
European Society of Medical Oncology, showed efficacy 
in the RADIANT-4 trial [22]. Combination therapy with 
everolimus and SSAs has shown added benefits over mono-
therapy in advanced, metastatic pancreas NETs (pan-NETs). 
Nevertheless, chemotherapy is an option for patients with 
high-volume disease. Chemotherapy (e.g. capecitabine and 
temozolomide, CAPTEM) is recommended for patients 
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with G1-G2 higher volume pancreatic-NETs. Also, 
CAPTEM [23] or sunitinib [24] may be offered to SSTR-
negative patients with G1-G2 pan-NETs. Carbozantinib led 
to delay in disease progression in patients with progressive 
NET in the CABINET trial [25]. Looking ahead, a better 
understanding geno- and phenotypes of NETs is paving the 
way for personalized treatment options. PD-1 expression 
and abundance of tumour-infiltrating lymphocytes hint at 
the potential efficacy of immunotherapies, especially PD-1 
inhibitors, in combination with anti-vascular endothelial 
growth factor (bevacizumab) in managing these tumours. 
Carbozantinib in combination with atezolizumab was asso-
ciated with high disease control rates in patients with lung 
NET and G1-3 GEP-NET in the CABATEN basket trial 
[26].

PRRT stands out as a promising option for metastatic 
G1-G2 NETs, with the NETTER-1 trial showing a notable 
PFS improvement in patients treated with [177Lu]Lu-DOT-
ATATE and SSA over SSA alone. This evolving treat-
ment landscape underscores the importance of ongoing 
research and clinical trials in advancing the management 
of pan-NETs, offering hope for more effective and tailored 
therapeutic strategies. Radiolabeled somatostatin receptor 
antagonists like [177Lu]Lu-DOTA-LM3 with higher tumour 
uptake and tumour-to-background ratio have demonstrated 
a safe and potential alternative to agonists in patients with 
less SSTR agonist binding [27, 28]. Furthermore, alpha-
labelled SSTR-based analogues recently gained more clini-
cal interest with higher energy and less penetration range. 
This demonstrated a great advantage for the tumours espe-
cially resistant to standard methods of PRRT with beta par-
ticles. [225Ac]Ac-labeled somatostatin receptor analogues 
like [225Ac]Ac-DOTATATE or [161Tb]Tb-labeled SSTR 
antagonist LM3 combined with [177Lu]Lu-DOTATOC and 
the new SSTR ligand [211Pb]Pb-DOTAMATE are still under 
investigation with clinical trials [29–31].

The heterogeneity of the NETs and resistance to RLT 
underlines the need for other complex strategies like 
combination therapies that are mostly still investigated 
with ongoing clinical trials. Regarding this, several ret-
rospective studies have used concomitant chemotherapy 
including infusional 5FU, oral capecitabine (32–33), or 
capecitabine + temozolomide (CAPTEM) [34] with favour-
able responses for patients with metastatic NEN of G1-2 
or unclassified grade NET. These chemotherapeutic agents 
have both single-agent efficacy in NET and radiosensitizing 
characteristics, making them logical choices for combina-
tion use, particularly in the context of disease heterogene-
ity. The long-term outcome data of 104 patients treated in 
four separate phase 2 clinical trials with 177Lu-based PRRT 
mostly in combination with chemotherapy, reported durable 
responses with median PFS 37 months, overall survival 

(OS) 71 months, and PFS at 10 years of 21% [35]. A ’sand-
wich’ chemo-PRRT approach has also shown encouraging 
results for selected patients with SSTR and FDG-avid dis-
ease, where a study of 38 patients who received CAPTEM 
between 2 cycles of [¹⁷⁷Lu]Lu-DOTA-Octreotate showed 
ORR in 45%, disease control rate (DCR) of 84%, and PFS 
72.5% and OS of 80.4% at 36 months [36].

There have only been two reported randomised controlled 
trials (RCTs) evaluating the use of chemotherapy concurrent 
with PRRT [37, 38]. The first study with [¹⁷⁷Lu]Lu-DOTA-
Octreotate and capecitabine appears to be safe and is associ-
ated with a trend toward longer PFS [37]. The next reported 
Phase II RCT (CONTROL NETS, NCT02358356) evalu-
ated CAPTEM combined with [¹⁷⁷Lu]Lu-DOTA-Octreotate 
relative to control in patients with midgut NETs (PRRT 
control) and pancreatic NETs (CAPTEM control) [38]. 
PRRT + CAPTEM combined appears to be safe and associ-
ated with a higher response rate than PRRT alone in mid-
gut NET, and CAPTEM alone for pancreatic NET (pNET) 
which has the greatest benefit. However, a larger compara-
tive Phase III RCT in pNET and longer-term follow-up will 
be essential to determine the overall benefit and any delayed 
toxicities.

Another novel technique is considered for a combination 
approach with a DNA-repair modifying agent that could 
further enhance radiation efficacy. Pre-clinical data supports 
that PARP inhibitor (PARPi) combined with PRRT signifi-
cantly enhances NET cell death and prolonged animal sur-
vival compared to [¹⁷⁷Lu]Lu-DOTA-Octreotate alone [39, 
40]. This combination reduces the efficacy of single-strand 
DNA-break repair and thereby enhance tumour control 
[39, 40]. An Australian Phase 1 study is evaluating [¹⁷⁷Lu]
Lu-DOTA-Octreotate with talazoparib for patients with 
metastatic Grade 2 GEP NET (NCT05053854). Two current 
Phase I prospective trials are evaluating ¹⁷⁷Lu-PRRT with 
olaparib (NCT04086485, NCT05870423).

There is preclinical evidence using epigenetic modifiers 
to induce SSTR2 upregulation and targeting [41], includ-
ing the inhibitor of DNA methyltransferase decitabine as 
well as the inhibitors of histone deacetylase tacedinaline 
and romidepsin [42]. Valproic acid, a histone deacetylase 
(HDAC) inhibitor may suppress proliferation and was 
observed to stimulate the expression of SSTR2 [43, 44]. 
These interesting combination approaches may improve 
PRRT efficacy, particularly relevant for NET with low 
SSTR expression. However, a prospective evaluation of 
efficacy and safety is needed. A prospective Phase 1 study 
is in progress to evaluate the epigenetic modification of 
SSTR-2 using ASTX727 (cedazuridine + decitabine) to 
improve therapeutic outcomes with Lutathera in patients 
with metastatic NET Ki67 < 55% with no or mild uptake on 
[68Ga]Ga-DOTA-TATE imaging (NCT05178693).
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Jedi, marks a significant leap in diagnosing and treatment. 
This progress improved diagnostic accuracy, better patient 
stratification, and integrated therapeutic options, leading 
to more effective and personalized care. Further research 
and clinical trials will continuously validate the efficacy of 
these novel radioligands, promising further improvements 
in the diagnosis and treatment of NETs, aiming for a future 
with better outcomes and an improved quality of life for all 
patients. May the Force be with us all!
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