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Neuroendocrine tumours (NETs) constitute a diverse group 
of cancers characterized by heterogeneous biological hall-
marks and variable behaviour, from slow-growing and indo-
lent tumours to aggressive and rapidly fatal cancers [1].

Somatostatin analogues (SSAs) provide the first line of 
systemic treatment of the gastro-entero-pancreatic-NETs 
(GEP-NETs), through the expression of somatostatin recep-
tors (SSTRs) by NETs cells that bind the SSAs. The SSAs 
control the symptoms related to hormone hypersecretion in 
symptomatic GEP-NETs patients, inhibiting tumour angio-
genesis and consequently its growth. This improves both 
progression-free survival (PFS) and overall survival (OS) 
[2].

Another option for the treatment of advanced, metastatic, 
well-differentiated and SSTRs-positive NETs is given by the 
peptide receptor radionuclide therapy (PRRT), which has 
been successfully applied since the 1990s [1]. The treat-
ment for patients with progressive metastatic NETs, usu-
ally consisting of 4 cycles of 7.4 GBq (200 mCi) of  [177Lu]
DOTApeptide at 8 weekly intervals, has proven to be safe, 
effective and with low side-effects [1]. A number of studies 
have shown a significant clinical benefit in NETs patients 
following PRRT. Brabander et al. confirmed a promising 
therapeutic outcome in 443 metastatic NETs’ patients that 
expressed SSTRs [3]. The overall efficacy data showed good 
response rates, with, respectively, a PFS and OS of 29 and 
63 months (64 months of median follow-up time and range 
58–70 months).

Until now, however, the data on OS and PFS have been 
established only for either SSAs or PRRT treatment, while 
their synergistic effect has been highlighted only recently. 
In 2014, Ezzidin and colleagues reported on 74 metastatic 
GEP-NETs patients treated with PRRT, observing a PFS and 
OS of, respectively, 26 and 55 months [4]. In their protocol, 
short-acting somatostatin analogues needed to be paused for 
1 day before the administration of  [177Lu]Octreotate, while 
for long-acting analogues, the suspension lasted for a mini-
mum of 4 weeks before PRRT [4].

Furthermore, a better efficacy of  [177Lu]DOTATATE plus 
Octreotide-LAR (30 mg) vs. Ocreotide-LAR (60 mg) alone 
in the treatment of metastatic, progressive, and SSTRs-
positive GEP-NETs has been demonstrated by the Netter-1 
study [5].

In the [177Lu]DOTATATE therapy group, the patients 
continued receiving SSAs approximately 24 h after each 
 [177Lu]DOTATATE cycle, then monthly after fulfilment of 
all four treatments [5]. Crucially, the study reported a median 
PFS of 28.4 months in a combined treatment group vs. 8.5 
of a control group (follow-up period of about 40 months), 
while the median OS in the combined treatment group was 
not reached.

The effectiveness of the combined SSAs plus PRRT 
therapy was also confirmed in a 2017 study [6], addressing 
the survival rate of 79 patients with metastatic NET and 
positive SSTRs imaging. In addition, the SSAs’ administra-
tion was delivered 1 month after the last cycle of PRRT and 
then maintained during the follow-up, resulting in an OS of 
55 months, a PFS of 39 months, and an event-free survival 
of 33 months.

As a further development, a recent article by Yordanova 
[7] highlighted for the first time the concept of PRRT plus 
SSAs as “Combined and Maintenance Therapy”. Here, the 
patients achieved a 91 months OS when treated with PRRT 
plus SSAs as a combination and/or maintenance therapy; 
the median follow-up period was 43.5 months. In contrast, 
those treated with PRRT had only 47 months of OS. These 
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results reached high statistical significance (p < 0.001). 
Furthermore, results on PFS and death rate events were 
also better in the patients group treated with PRRT plus 
SSAs both as combined and maintenance therapy.

These results prove the principle that a more effective 
anti-tumour activity can be achieved with a combined 
treatment of PRRT plus SSAs, rather than by SSAs only 
[3–7]. Whilst the above evidence is undoubtedly remark-
able and encouraging, a question that still needs to be 
answered is how one can establish an optimal time sched-
ule of PRRT and SSAs as combined and maintenance 
therapy.

A procedure similar to that of Yordanova [7], although 
with a different timing of the SSAs therapy with respect 
to PRRT, has been tested: the SSAs’ LAR treatment was 
paused for 2 weeks before PRRT [8], instead of 4–6 weeks 
[7]. The patients were then eligible for another SSAs admin-
istration 2 weeks after PRRT, namely for two SSAs injec-
tions within the period separating two PRRTs. Finally, after 
the conclusion of PRRT, the SSAs were administered as 
a maintenance treatment for all the GEP-NETs patients 
(Fig. 1). This constitutes a novelty supported by literature 
data and by a favourable radiopharmaceutical biodistribution 
imaging (Fig. 2).

The procedure is based on the assumption that the two 
therapeutic procedures do not interfere negatively, i.e., first, 
no eventual saturation of SSTRs by SSAs, both unlabelled 
and labelled; second, no influence of the SSAs therapy on 
the uptake of the DOTATATE radiopharmaceutical, in both 
diagnostic and therapeutic models.

The SSTRs kinetics after an SSAs’ injection is well 
understood through experimental in vivo models: the bind-
ing of SSAs by SSTRs, highly expressed by NETs cells, 

induces a very fast internalization of the ligand–receptor 
complex within 2.5 min. In addition, the recycling process 
of internalized SSTRs is reversible, and the receptors are 
found again at the cell surface within 24 h [9]. This means 
that a continuous recycling of receptors seems to occur on 
the NETs’ cell membrane.

Accordingly, to reduce the hypothetical interfering effect, 
the joint EANM-SNNMI-IAEA PRRT-procedure recom-
mends a time interval of 4 weeks between SSAs and  [177Lu]
DOTApeptide administrations. At the same time, the guide-
line acknowledges that the effects of SSAs’ administration 
with respect to PRRT are yet to be characterized properly 
[1]. Moreover, a blocking effect in tumour tissue SSTRs 
could be appreciated after the administration of short-acting 
SSAs at a dose of 250 or 500 µg [10].

However, another recent study comparing the pharma-
cokinetics of several SSAs formulations (either long-acting 
or prolonged-release) found that the pharmacokinetic profile 
of the SSAs formulations demonstrated a blood  Cmax and 
 Cmean of the order of nanogram/millilitre 14 days after the 
administration [11].

According to the  LUTATHERA® product characteristics, 
the labelled peptide oxodotreotide amounts to about 10 μg/
mL [12]. At such a low dosage, the SSAs do not exert any 
clinically relevant pharmacodynamic effect; rather, they sim-
ply direct the  [177Lu]DOTApeptides therapy to the SSTRs 
expressed by NETs’ cancer cells.

In a previous study, in which an amount of radiolabelled 
peptide similar to that of the  LUTATHERA® dosage was 
used [8], there was no interference with the saturation of 
tumour SSTRs when the long-acting or prolonged-release 
SSAs administration was suspended 2 weeks before the 
PRRT. A post-therapy whole-body scan performed in all 

Fig. 1  Proposed withdrawal schedule for SSAs and PRRT 
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patients confirms indeed a favourable radiopharmaceutical 
biodistribution (Fig. 2).

The second point one should address is a possible influ-
ence of the SSAs’ therapy on the uptake of DOTATATE 
radiopharmaceutical. Several authors have demonstrated 
very clearly the benefits of a radiopharmaceutical-DOTA-
peptide administration when used in conjunction with SSAs 
(short- or long-acting formulation) [10, 13, 14]. Regarding 
the diagnostic procedure, a prior SSAs’ administration seems 
to produce a better image contrast between target lesions 
and normal tissue, together with a “tumour sink phenom-
enon” [15] that decreases the  [177Lu]DOTApeptide uptake 
in healthy organs.

Velikan et al. demonstrated indeed that injecting 50 μg 
of octreotide 10 min before  [68Ga]DOTATOC produced an 
uptake that increased in the metastases but decreased in the 
normal tissues (liver and spleen) [10]. Similar results were 
detected for the long-acting and prolonged-release SSAs.

In this regard, Cherk and colleagues proved that a chronic 
long-acting SSAs administration prior to  [68Ga]DOTApep-
tide imaging may improve the binding of the latter at the 
disease sites, also protecting the critical organs as a welcome 
additional effect [13].

Aalbersberg et al. have recently assessed the influence of 
Lanreotide administration on the  [68Ga]DOTATATE uptake 
in advanced NET patients, who were treated the previous 
day with prolonged-release SSAs [14]. In their prospective 
data, the SSAs injection does not interfere in the  [68Ga]

DOTApeptide-SSTRs binding. On the contrary, it positively 
affects the uptake of the lesion (increased uptake) as well 
as that of target organs such as thyroid, spleen, and liver 
(decreased uptake) [14].

The explanation of this phenomenon is likely based on 
the differences in internalization patterns in metastatic 
cells vs. normal tissue cells, together with the potential 
upregulation of the SSTRs expression of metastatic cells 
after SSAs’ administration [16]. Moreover, the literature 
evidence seems to suggest a potential “Rituximab effect”, 
namely the saturation of SSAs receptors also in healthy tis-
sues [13]. It was hypothesized indeed that the administra-
tion of LA-SSA therapy prior to PRRT may improve the 
PRRT anti-tumour activity in most patients, by saturating the 
physiological binding sites and by increasing the binding of 
 [177Lu]Dotapeptide-SSTRs in pathological sites, just like the 
administration of ‘cold’ Rituximab prior to administration 
of radiolabelled Rituximab in patients with CD20 + B-cell 
lymphoma [13].

The non-interference of SSAs (either short- or long-act-
ing) represents an advantage also for the patient, since it is 
not necessary to suspend the therapy for a long time, and 
is beneficial for the scheduling of admissions as well [14].

A study in a cohort of 40 metastatic and advanced GEP-
NETs patients enrolled for PRRT and subjected to this pro-
cedure has provided some preliminary results. The clinical 
data show that OS and PFS did not reach the median value. 
[8]. Moreover, the treatment has proven to be safe and effec-
tive: all patients had stable/improved carcinoid syndrome 
symptoms; few toxicities were observed; no safety issues 
were identified [8].

The above findings clearly show the necessity of estab-
lishing the most effective and beneficial time interval 
between SSAs and  [177Lu]DOTApeptides administrations.

To summarize, it was found in the NETTER-1 trials [5] 
and in a preliminary study [8] that the withdrawal of SSAs 
therapy with respect to PRRT may be reduced to 2 weeks 
without altering the efficacy of both  [177Lu]therapy and 
SSAs. At the same time, this approach allows also the use 
of two complementary treatments by exploiting their special 
synergies.

Additional investigations and clinical trials with larger 
number of patients are clearly needed. Interesting develop-
ments, however, could follow from the favourable half-life 
(6,65 days) of  [177Lu]DOTATATE, since the gamma-ray 
emission would allow subsequent sequential quantitative 
SPECT/CT scans aimed at targeting the main lesions. This 
would provide both a further understanding of the SSRs’ 
distribution pattern in the metastatic areas and of the phar-
macokinetic profile of  [177Lu]DOTApeptides in the lesions.

Fig. 2  p-NET male patient with metastatic lymph nodes and liver 
metastases. The post-therapy whole-body scan was performed 
approximately 24 h after PRRT 
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