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Combined use of peptide receptor radionuclide therapy
and metronomic chemotherapy in neuroendocrine tumors:
a possible choice driven by nuclear medicine molecular imaging
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Dear Sir,
Neuroendocrine tumors (NETs) are relatively rare tumors
mainly originating from gastro-entero-pancreatic (GEP) areas
and can produce bioactive amines and hormones. NETs are
often slow-growing and if non-secretive usually asymptomatic and diagnosed in a metastatic stage. GEP NETs are pathologically classified according to their Ki67 proliferation index
or mitotic rate [1]. Pathological characterization of GEP NETs
is mandatory to confirm the diagnosis, recognize grade, and
select the appropriate therapy. Treatment is multidisciplinary
and should be individualized according to the tumor type,
burden, and symptoms. Therapeutic tools include surgery, interventional radiology, medical treatments such as somatostatin analogues, interferon, chemotherapy, targeted drugs (everolimus, sunitinib), and radiolabelled somatostatin analogues or
particles for selective internal radiotherapy. Peptide receptor
radionuclide therapy (PRRT) using radiolabelled somatostatin
analogues has been used for more than 20 years in an increasing number of centers, mainly in GEP NETs with high somatostatin receptor II (SSTR) expression. Dosimetric studies
demonstrated that [90Y]- and [177Lu]DOTA-conjugates can
deliver high radiation doses to SSTR expressing tumors and
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low doses to normal organs. With the NETTER trial, a prospective randomized study, it could show that both the progression free (PFS) and overall survival is significantly higher
for [ 1 77 Lu]DOTATATE compared with long-acting
octreotide with a PFS of 65.2 vs. 10.8% at 20 months [2].
Side effects, mainly involving kidney and bone marrow, are
limited in incidence and usually transient and mild, especially
for [177Lu]-labeled peptides. Renal protection is used to further minimize the risk of a late decrease in renal function [3].
Therefore, recently EMA approved [177Lu]oxodotreotide
(®Lutathera) for the treatment of adult patients harboring
SSTR-positive, progressive, non-removable, or metastatic
well-differentiated (G1 and G2) GEP-NETs. Nevertheless,
NETs are rather heterogeneous tumors [4], ranging from
slow-growing tumors highly expressing SSTRs to aggressive
lesions with scant or absent SSTR expression. This heterogeneity may characterize different lesions in the same patient,
the same lesions at different time points, or even both. One
focal biopsy is therefore unable to map and fully depict the
tumor heterogeneity. Nuclear Medicine imaging can overcome such limitations: when clinically required, [18F]FDG
PET information may integrate SSTR imaging. Based on their
glucose uptake, [18F]FDG PET can reveal aggressiveness of
lesions [5] and provide prognostic information [6–8].
Interestingly, prognostic stratification based on FDG PET
classifies patients better than pathology [8] and integration
with SSTR imaging data may provide an accurate evaluation
of biological characteristics of lesions along a continuum from
SSTR-positive and FDG-negative lesions to SSTR-negative
and FDG-positive lesions [9].
The study by Nicolini et al. highlights the capability of
nuclear medicine imaging using both [18F]FDG PET and
radiolabeled somatostatin analogs imaging to drive therapeutic choices in GEP NET patients, representing a great example
for stratification of patients based on molecular imaging [10].
They analyzed combined metronomic chemotherapy-PRRT
treatment, using [177Lu]DOTATATE, in metastatic patients
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with widely different pathological grading (G1-G3, Ki67 <
55%) in combination with capecitabine (pro-drug of 5-fluorouracil) [10]. Key for patient inclusion was to select subjects
showing lesions with a high uptake on SSTR PET (grade 3 or
4 according to Krenning score) and at least one documented
lesion positive on FDG PET (with SUV max >2.5). These
rigorous inclusion criteria are the strength of the study, since
they allow testing this combined therapy in patients showing
characteristics that suggest limited effectiveness of PRRT
alone. The rationale to apply the use of a radiosensitizer in
patients with an expected poorer prognosis is to enhance the
biological effect of relatively penetrating beta negative particles on metabolically active malignant cells by increasing the
likelihood of cell death due to the added damage caused by
capecitabine. Compared with previous studies evaluating
PRRT alone in patients with FDG positive NET tumors, the
results of Nicolini et al. showed an improved PFS with a
similar performance in terms of disease control rate and side
effects. In fact, toxicity was mainly mild and transient, and
only a limited percentage of patients had to discontinue the
combined [177Lu]DOTATATE–metronomic capecitabine
treatment. This supports the rationale to use radiosensitizers
to improve PRRT efficacy in a subgroup of patients identified
by molecular imaging. This positive phase II study and previous results in the field [10, 11] support the need for randomized comparative studies.
Some clinical trials combining PRRT and the use of capecitabine, 5-fluorouracil, temozolomide, or everolimus with
different schedules are growing worldwide and supportive
results are expected from the Scientific Community; moreover, new therapeutic approaches are being tested in a preclinical setting [12–14]. Many open issues remain in the treatment
of NETs, such as best sequencing of different treatments, use
of combined treatments and their schedule, best PRRT radiopharmaceutical, personalized dosimetric evaluation versus
standard dosing, therapy response assessment, artificial intelligence application, and so on. In our opinion, the paramount
issue is still the need for improved stratification of patients in
terms of prognosis and biological characteristics of their disease, aiming to select the best fitting approach with the best
efficacy and reduced toxicity and cost (precision medicine).
Standardization of patients’ stratification mainly based on biological characteristics revealed by molecular imaging should
represent a pivotal clinical instrument in addressing therapies.
In this field, NETs represent the paradigm for the successful
use of nuclear medicine theragnostics towards personalized
therapies.
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