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ABSTRACT

In the last few decades, the incidence and prevalence of neuroendocrine tumors has been increasing. The theragnostic approach, that allows
the diagnosis and treatment of different neoplasms with the same ligand, is a typical nuclear medicine tool. Applied for years, is also pivotal in
neuroendocrine tumors (NETs) where it has improved the diagnostic accuracy and the therapeutic efficacy with impact on patient’s survival.
Theragnostic also allows the identification of important prognostic factors such as tumor location and burden, presence of liver metastases and
intensity of somatostatin receptors (SSTR) expression to consider in new and possibly combined studies to ameliorate patient’s outcome. More-
over, the possibility to evaluate receptor expression even in non-NET malignancies has de facto widened the possible indications for PRRT. We
believe that this innovative therapeutic approach will be implemented in next years by radiomics and biological tumors characterization to better
address PRRT applications.

(Cite this article as: Marini I, Sansovini M, Bongiovanni A, Nicolini S, Grassi I, Ranallo N, et al. Theragnostic in neuroendocrine tumors. Q J Nucl
Med Mol Imaging 2021;65:342-52. DOI: 10.23736/S1824-4785.21.03426-9)
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Neuroendocrine tumors (NETs) constitute a heteroge-
neous group of predominantly slow-growing malig-
nancies, arising from the diffuse neuroendocrine cell sys-
tem, which share the ability of overexpressing somatosta-
tin receptors (SSTRs) on the cells’ surface.!

Epidemiology

Although NETs are generally considered relatively rare
tumors, the incidence rates and the prevalence have been
constantly increasing over the last three decades (incidence
of 6.98 per 100,000 in the USA),2 especially those arising
from the small intestine and pancreas.3 This increase in in-
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cidence and prevalence reflects the ameliorated sensibility
of the imaging modalities, which have greatly improved
the ability to detect neuroendocrine neoplasias (NENs) in
more early stages, and the effectiveness of the new thera-
peutic options, respectively.

About 72% of NETs are primarily rising from the gas-
trointestinal (GI) system and 25% originate in the bron-
chopulmonary system.# Rarely NETs can also arise from
other sites where neuroendocrine cells are present? such as
pheochromocytoma (Pheo) and paraganglioma (Pgl).

Most of this neoplasm occurs sporadically but, in some
cases, they can be associated with some hereditary condi-
tions such as type 1 multiple endocrine neoplasia (MEN
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1), neurofibromatosis (NF), Von-Hippel-Lindau Syndrome
(VHL) and tuberous sclerosis (TS). In these setting NETs
are frequently multifocal and the onset is generally more
precocious.’

Carcinoid syndrome and other symptoms

This heterogeneous group of tumors can be either asymp-
tomatic (non-functional) or symptomatic (functional),
considering NETs property of secreting biogenic amines
(like serotonin) and hormones (such as glucagon, insulin
and gastrin).

In case of functionally active tumor, the patient could
show Carcinoid Syndrome, caused by the hypersecretion
of serotonin (with symptoms like diarrhea as well as flush-
ing and, in a complex scenario, right heart failure).

Other functioning tumors include insulinomas (which
can cause hypoglycemia), gastrinomas (associated with
Zollinger-Ellison Syndrome) and VIP-omas (which can
induce watery diarrhea, hypokalemia and achlorhydria).

Classification

The 2019 World Health Organization (WHO) Classifi-
cation® categorizes gastroenteropancreatic-NETs (GEP-
NETs) into three grades depending on cell proliferation,
number of mitosis per high-power fields (HPF) and nucle-
ar antigen Ki-67 expression.

Grade 1 (G1) refers to a Ki-67<3% (and <2% mitoses
per 10HPF), grade 2 (G2) refers to Ki-67 of 3-20% (or
2-20 mitoses per 10HPF) and grade 3 (G3) refers to Ki-
67>20% (or >20% mitoses per 10HPF).

WHO classification also divides GEP-NENs into well-
differentiated NETs (G1-G3) and poorly-differentiated
neuroendocrine carcinomas (NECs — always G3) on the
basis of the degree of differentiation, reflecting their mo-
lecular differences.

The classification once considered only for pancreatic
neoplasms (p-NENs), has been recently validated for all
gastrointestinal NENS.

Theragnostic strategies

Since the beginning, nuclear medicine had in the therag-
nostic approach its main raison d’étre. Starting from the
diagnosis, staging, therapy and follow-up of thyroid tu-
mors done with 1311, and 1231, the modality conquered
its own space in the diagnosis and treatment of pheo and
neuroblastomas with 123/1311- MIBG, of bone metastases
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with 99mTc-biphosphonates and 153Sm/188Re8 (recently
2233Ra) and of lymphomas.

The ability to use the same molecule with a high affinity
for the target, bound to different radionuclides, for diag-
nostic, prognostic, and therapeutic purposes, enables the
capacity of diagnose the presence of the disease, monitor-
ing its evolution, predict and quantify the activity of thera-
peutic agents that can be conveyed to the target lesions.
Nowadays the theragnostic modality has gained new
interesting perspectives not only with somatostatin ana-
logues in PRRT but also with radioligand therapy (RLT)
in prostate cancer and future promising applications, with
the development of fibroblast activating proteins inhibitors
(FAPi), in many different malignancies including colon,
breast and lung tumors.

Enabling the diagnosis, the evaluation of prognosis, the
follow-up, dosimetry and, in some specific settings also
allowing to verify the effective delivery of the therapeutic
agent to the target sites and the eventual occurrence of new
metastatic lesions with post therapy images, the theragnos-
tic approach is of fundamental importance in the process
of personalizing the management options.

In GEP-NETs in particular, in order to select the best
treatment options for the individual patient, information
about anatomic location of primary tumor, grade, stage,
local invasion, tumor functionality and SSTR expression
are of pivotal importance to decide the therapeutic strat-
egy in metastatic patients. If this aspect is particularly evi-
dent in GEP-NETs G1 /2 it does not end its potential with
these tumors. The theragnostic approach is in fact highly
effective even in high grades NETs (G3), in nonintestinal
NETs, such as Pheo and Pgl, and in general in several non-
NET tumors, as long as they overexpress SSTR, especially
when of low grade as in the case of meningiomas.

Conventional imaging

Computed tomography (CT) is considered the basic radio-
logical imaging modality for NETs staging because it is
widely available, well standardized, and reproducible. The
sensitivity of CT to detect NETs is 61-93% and the speci-
ficity is 71-100%. The sensitivity of CT for bone metasta-
sis is poor, small pathological lymph nodes and small peri-
toneal metastasis could be difficult to detect. Moreover,
the detection rate of CT for liver metastases is 79% (range
73% to 94%) and for extra-abdominal soft tissue metasta-
ses the sensitivity is about 70% (60-100%).

Magnetic resonance imaging (MRI) has demonstrated
to be superior to CT for the evaluation of liver metastases,
for the pancreas, and in the imaging of bone and brain me-
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tastases. Quite the opposite, according to the ESMO clini-
cal guidelines,5 CT is to be preferred for lungs’ imaging.

Endoscopic ultrasound is considered as the optimal im-
aging method for the diagnosis of small p-NETs (also al-
lowing needle aspiration cytology or biopsy for histopath-
ological examination) and contrast-enhanced ultrasounds
(CEUS) is considered a very useful tool for the character-
ization of equivocal liver lesions at MR or CT imaging.
Also, intraoperative ultrasounds facilitate localization of
lesions in the pancreas and in the liver.

PET/CT imaging
68Ga-DOTA-peptides PET

Five SSTRs subtypes have been identified in NENS cells
membrane surface. Each of them is a 7-transmembrane-
domain G-protein-coupled molecule with a weight of ap-
proximately 80 kDa. SSTR2 is generally overexpressed
in G1/2 NETs and is the basic target molecule for radio-
labelled somatostatin analogues (SSA).

The first scintigraphic studies to evaluate the SSTR ex-
pression have been done using the tracer 111In--DTPA-
octreotide (OctreoScan [OCT]) that offered a detailed
representation of the disease distribution. Over the years
the long time required for testing, the image quality and
detection accuracy favored 68Ga dota-peptide PET as
demonstrated by the work of Krausz ef al.7 In this paper
the authors compared !!'In-DTPA-octreotide with ¢8Ga-
DOTA-NOC for the detection of NETs. They enrolled 19
patients (8 carcinoid, 9 pancreatic NETs, and 2 NE car-
cinoma of unknown origin) with a positive OCT scan to
undergo 98Ga-DOTA-NOC PET/CT and OCT SPECT
imaging. They found out that ¢8Ga-DOTA-NOC showed
more true positive tumor foci and was better tolerated by
patients, supporting the replacement of OCT with ¢8Ga-
DOTA-NOC-PET/CT in NETs patients.

08Ga-DOTA-peptides PET imaging provide a total body,
non-invasive and accurate evaluation with a pivotal clini-
cal impact on the management of the patients. It is other-
wise characterized by a relatively low radiation exposure
and a short acquisition time.

SSA are short peptides linked to the 68Ga (a positron-
emitter) by a bifunctional chelate, (1,4,7,10-tetraazacy-
clododecane-1,4,7,10-tetraacetic acid — DOTA).

68Ga-DOTA-peptides bind to the SSTRs over-ex-
pressed on NET cells’ membrane and the complex is then
internalized.

Currently, three different 68Ga-DOTA-peptides are uti-
lized: 68Ga- DOTATOC, 68Ga-DOTANOC, and 68Ga-
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DOTATATE. These three agents are comparable in terms
of sensitivity and specificity.

68Ga-DOTANOC binds SST receptors 2, 3 and 5 with
relatively good affinity. 68Ga-DOTATOC shows a good
affinity for SSTR2 and also has a good affinity to SST re-
ceptor 5 (lower than DOTANOC), and a lower affinity for
SSTR3. 68Ga-DOTATATE has a predominant high affin-
ity for SST receptor 2 (it shows a six- to nine-fold higher
affinity for SSTR2 than DOTATOC), and low affinity for
SSTRS and SSTR3.8

The sensitivity of PET with 68Ga-DOTA-peptides, can
vary among different tumor types and tumor grades, de-
pending on the density of SSTR expression on cells’ mem-
brane.

The sensitivity to detect NET disease of the 68Ga-DO-
TA-peptides PET imaging is approximately 92% (range
64-100%) and the specificity 95% (83% to 100%) and this
reflects also in the ability to detect disease localizations ear-
lier than conventional morphological imaging modalities.?

INDICATIONS

* Localization of primary tumors (if unknown) and de-
tection of eventual sites of metastatic disease (staging).
In a study by Screiter et al.,!° the study group found that
68Ga-dotatoc PET/CT detected unknown primaries in
45.5% of patients;

* follow-up, in order to detect residual, recurrent or
progressive disease (restaging);

¢ determination of SSTR status can be performed both
with visual evaluation as well as with the support of semi-
quantitative parameters (SUV), in order to select patients
with SSTR positive tumors (which are more likely to ben-
efit from therapy with SSA and with peptide receptor ra-
dionuclide therapy (PRRT);!!

In regard to patients’ selection for PRRT with SSTR-
PET, a “modified” Krenning score was proposed. It is a
5-point scale based on qualitative evaluation of the tracer
uptake in lesions compared with blood-pool, hepatic and
spleen uptake: 0 no uptake; 1 very low uptake; 2 uptake <
liver; 3 uptake > liver; and 4 uptake > spleen. Moreover,
in a study by Kratochwil ef al.12 the investigators observed
that the semiquantitative parameter SUV,,, at baseline
68Ga-DOTA-Peptides PET scan in liver metastases was
predictive of response in patient who underwent PRRT,
and they proposed a SUV,,, cut-off >16.4 to select pa-
tients suitable for PRRT.

Consequently, the evaluation of the response to thera-
py has been proposed as an indication for 68Ga-DOTA-
peptides imaging!3 but possible standardization still needs
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further investigations because a change in receptor status
is not necessarily indicative of therapy response (possible
tumors’ dedifferentiation with a potential reduction in re-
ceptors expression must be taken into account). In these
cases, an evaluation with 18F-FDG PET/CT can provide
complementary information about tumor metabolism.
This information could be an important issue for the mul-
tidisciplinary group which coordinates the patient’s treat-
ment, to better address the right therapies. The assessment
of SSTR expression also enables the capacity to estimate
the absorbed dose to the tumor for dosimetric purpose.

Prognostic data

NETs arising from multiples gastrointestinal sites usually
differs from one another for biological behaviour and clin-
ical presentation. Patients presenting with small intestine
primary tumor generally have a better prognosis compared
with patients affected by pancreatic or colorectal NETSs.

Proliferation Index relates with the prognosis of the pa-
tients, the biological behavior and the clinical evolution of
the disease. High-grade tumors, also, often demonstrate a
reduced SSTR expression, limiting the imaging sensibility
and PRRT efficacy.!4

The presence of functioning tumor is a negative prog-
nostic factor and patients presenting with clinical syn-
drome generally have a worst prognosis than those with
non-functioning NENs.

A highly positive somatostatin receptor imaging (SRI)
is generally considered a favorable prognostic factor and
also has an important predictive value. Ambrosini et al.
reported that patients affected by G1-G2 pancreatic-NETs
with a high baseline SUV,_,, at 68Ga-DOTA-peptides
scans showed more favorable outcomes.!s

Regarding the use of 18F-FDG PET, the high number of
false negative scans in every grade of NEN tumors has, de
facto, excluded the possibility of using this examination for
the diagnosis of both primary tumor site and metastases.
Nevertheless, some evidence in literature!6 have shown a
worst prognosis in patients with positive FDG PET, open-
ing the door to the possible use of the metabolic tracer FDG
for prognostic purpose. Starting from these findings, in our
Centre, we evaluated a group of 52 patients with advanced
well-differentiated grade 1/2 NETs and found out that 57%
of G1 had a FDG PET positive (+) scan vs. 66% of G2.
Moreover, we studied the role of FDG PET in predicting
response and progression-free survival (PFS) after 177Lu-
dotatate peptide receptor radionuclide therapy. The rates of
disease control (DCR) in grade 1 and grade 2 patients were
95% and 79%, respectively (P=0.232). In FDG PET nega-
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tive (—) and PET+ patients, the DCR was 100% and 76%
respectively with a PFS of 32 and 20 months. Of the PET+
patients with grade 1 NET, 91% showed disease control,
instead, about one in three PET+ patients with grade 2
NET (32%). Furthermore, none of PET— patients showed
progression at the first FUP examination.!? For these rea-
sons the concomitant use of 18F-FDG PET can be consid-
ered as complementary predictive option and its utilization
may be taken into account in clinical protocols considering
that there are still limited evidence supporting its use in the
routinary theragnostic work-up of NEN.18

Again, many studies have demonstrated that patients
with a higher tumor burden have a worst prognosis and,
also, patients presenting with diffuse liver metastases
demonstrates a reduced survival.!?

Recently NETest was suggested as a novel diagnostic
tool.20 Introduced by Prof Modlin et al., represents a tran-
scriptomic signature of NETs. The NETest associate the
modulation of a panel of transcripts with the Ki67 index
and represent an indicator which, evaluated initially in
correlation with PRRT,2! has demonstrated to be effective
also in a more diffuse diagnostic use. It is a standardized
and reproducible clinical laboratory measurement in GEP-
NETs, bronchopulmonary NETs, in PGL and PHEO. The
test allows the accurate diagnosis of a NET disease, a real-
time monitoring of the disease status (stable/progressive
disease), predicts aggressive tumor behavior and correlates
with the efficacy of the medical treatment or (PRRT). NE-
Test out-perform standard biomarkers like chromogranin
A and it is not influenced by antiacid therapy.

Conventional therapeutic strategies

Nowadays multiple treatment options are available for
NETSs’ patients, with the necessity of choosing the most
appropriate, tailored, approach. Treatment of advanced
NETs is generally multidisciplinary and should be indi-
vidualized on the basis of tumor histology, neoplasm site,
extent, grade, stage, symptoms and patient performance
status.

Surgery

Surgery is the treatment of choice for local and locore-
gional disease.

Whenever feasible, removal of the primary tumor
should be attempt in order to prevent possible local events
(such as obstruction, perforation, ischemia or bleeding), to
reduce loco-regional invasion and the likelihood of meta-
static spread. Surgery should also be considered for pallia-
tive purpose.
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Moreover, in case of functional NENs, surgery could be
indicated in order to reduce the symptomatology.

Surgical resection is generally associated with an im-
proved prognosis and a lower risk of recurrences.22

The surgical options include locoregional therapies with
primary tumor or metastatic resection with trans-arterial
embolization (TAE), trans-arterial chemoembolization
(TACE), radiofrequency ablation

(RFA) and selective internal radiation therapy (SIRT).
Combined approach could also be considered in selected
patients.

Medical therapy

Medical therapy can be undertaken in order to control
symptoms and reduce tumor growth. There is a wide range
of strategies which could be taken into account, such as
the use of bioactive agents (SSA-or interferon alpha), or
new targeted drugs (everolimus, sunitinib), as well as con-
ventional chemotherapy. Also, in functional tumors (e.g.,
gastrinomas or insulinomas), pharmacological treatments
directed to the control of symptoms (e.g., proton pump in-
hibitors or antihypoglycemic agents) are effective.

Long-acting somatostatin analogues

Currently, the use of long-acting somatostatin analogues
is the standard first-line therapeutic strategy, especially in
functioning NETs.23

Octreotide and lanreotide (long-acting somatostatin
analogues [SSA]) show high affinity for SSTR2, moder-
ately high affinity for SSTRS, and intermediate affinity for
SSTR3. The over expression of SSTR in NETs allows an
effective treatment of the symptoms related to the hyper-
secretion of bioactive peptides/amines.

Long-acting release (LAR) somatostatin analogues are
usually well tolerated and an improvement of symptoms
(such as diarrhea and flushing) can be archived in 70-80%
of the patients.

SSAs also show, in selected patients, some inhibitory
effect on primary and metastatic lesions growth but PR on
imaging is obtained in a small percentage of cases consid-
ering the lack of cytotoxic activity.

Positive SSTR status is generally required but is not
predictive of response to Long acting SSA therapy.

Also rescue s.c. injections of octreotide can be consid-
ered in cases of intermittingly increasing symptoms.

Interferon alpha

Interferon alpha is also approved for the control of symp-
tomatology in syndromic patients, generally as a second-
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line treatment in refractory cases and shows a similar ef-
ficacy when compared to SSA but has a less favourable
tolerability.24 Interferon alpha (INF-a) can also be consid-
ered in patients with SSTR negative status on functional
imaging.

Chemo-bio therapy

In recent years, some novel agents such as everolimus,
sunitinib, and bevacizumab, with different molecular tar-
gets (mTOR, TKI and VEGF respectively) have been in-
troduced for the management of NETs’ patients.
Traditional chemotherapeutic agents, generally, has lit-
tle space in the control of well-differentiated NETs since
most of them show an indolent behaviour. Nevertheless,
in some specific settings (e.g. advanced P-NET and in G3
NENSs), the administration of systemic chemotherapy (in
ex. a combined use of cisplatin/etoposide or carboplatin/
etoposide, capecitabine alone or in combination with te-
mozolomide?5: 26 could be taken into consideration despite
the lacking of controlled randomized phase III trials. In
case of doubt, a high-grade and extensive FDG PET posi-
tivity can lead to a more aggressive therapeutic approach.

PRRT

PRRT has been used as a systemic and effective treatment
option in metastatic and/or inoperable patients with SSTR
positive GEPs, bronchopulmonary and other NETs for
over two decades within specific research protocols, in the
absence of an approved radiopharmaceutical. It requires
the systemic administration of a radiopharmaceutical com-
posed of a B- emitting radionuclide (usually !77lutethium
or 9yttrium), chelated to a specific somatostatin analogue.
The radio-pharmaceutical, similarly as demonstrated in
68Ga-Dota-peptides PET, binds with a high-level specific-
ity to the SSTR, widely expressed on NETs cells’ surface
(primarily SSTR2) and is internalized.

Because of this mechanism, the radiopharmaceutical
is concentrated in the tumor cells, where the targets (e.g.
DNA), are attained. Afterwards the receptor is either re-
cycled on the cell membrane or trapped into lysosomes to
be degraded.

PRRT protocols involve a baseline, in vivo, assessment
of the SSTR density status of the tumor nowadays gen-
erally obtained with 68Ga-DOTA- peptides PET/CT. The
indication to treat can be assessed with a qualitative evalu-
ation of the SSTR density, modified Krenning Score >3 or
with a semiquantitative SUV,,, evaluation, >16.4.

The effectiveness and the safety of PRRT have been
evaluated over the years in multiple therapeutic protocols
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which differs for administered activity, cycles number and
administration intervals, making it difficult to compare the
results.

The two most commonly used radionuclides are Yttri-
um-0 (0Y; E_ .. 2.27 MeV, R, 11 mm, T, 64 h, pure 3-
emitting isotope) and lutetium-177 (177Lu; Egp,,, 0.49 MeV,
Rgmax 2 mm, Ty, 6.7 days, two main gamma emissions:
113 keV and 208 keV, allowing post-treatment imaging).

The multiple therapeutic studies have highlighted that
the more favorable combination of radionuclide/DOTA-
peptide are %0Y-dotatoc and !77Lu-dotatate. Other different
combination resulted either to be less effective or causing
more toxicity.2’

Actually, the recommended administered activities
for each cycle range from 1.8 to 2.5 GBq for 90Y-dota-
toc (with a time interval of 8-10 weeks) with a median 4
cycles and range from 3.7 to 7.4 for 177Lu-dota-tate (every
6-12 weeks) for median of 4 to 5 cycles.

In general, 9°Y-dotatoc takes advantage of the higher
B particle emission while 177Lu-dotatate avail of higher
SSTR2 affinity, a longer residence time in tumor and of a
lower kidney exposure. 9Y-dotatoc is generally preferred
for the treatment of larger neoplastic lesions because of
its high B emission range (approximately 5-7 mm). 177Lu-
dotatate B-rays have a smaller range (less than 2 mm) and
are, consequently, considered for smaller lesions.

About 90Y-dotatoc PRRT, we underline a study by
Bushnell et al.28 who evaluated the clinical effect of the
treatment in symptomatic patients affected by carcinoid
tumors. Ninety patients with metastatic carcinoid and with
at least one symptom refractory to octreotide and one mea-
surable lesion were enrolled. Patients were treated with
3 cycles of 4.4 GBq of %0Y-dotatoc, with 6 weeks inter-
vals. According to SWOG criteria, 67/90 patients (74%)
showed SD or response to therapy. A significant trend
in improvement of the 12 different symptoms took into
consideration was observed and mean PFS (mPFS) was
significantly longer (18.2 months) for the 38 patients who
showed improvement of diarrhea than for the 18 patients
without symptoms improvement (7.9 months). Most of the
adverse events were G1 and reversible; only two cases of
G3 and G4 reversible renal toxicity were registered.

Subsequently the longer residence time in neoplastic le-
sions, the higher SSTR affinity and the lower renal toxicity,
favored 177Lu-dotatate that, for its tolerability and effective-
ness, became de facto the more widely used. 177Lu-dotatate
is indicated both for intestinal and other NET histologies.
Good tolerability and effective symptomatic response have
been reported for pain relief and syndromic symptoms.
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Kwekkeboom et al.2% have been one of the first group
who studied !77Lu-dotatate analyzing efficacy and safety
in 504 patients, treated up to a cumulative activity of 27.8-
29.6 GBq, in four cycles, (intervals of 6-10 weeks). Sub-
acute Hematologic toxicity grade 3 or 4 occurred in 3.6%
of administrations while myelodysplastic syndrome in 3
patients, and temporary liver toxicity in 2 patients. Com-
plete response (CR) and partial response (PR) were respec-
tively, in 2% and 28% of 310 GEP-NET patients. Minor
tumor response was obtained in 16% of cases. mPFS was
40 months and comparison with historical results showed
a survival benefit of 40 to 72 months from diagnosis.

In a recent paper3® our group analyzed in 10 years
follow-up the late toxicity and activity in a cohort of 43
progressive GI-NETs patients who underwent !77Lu-dot-
atate at two different dosages (18.5 GBq and 27.5 GBq,
in 5 cycles). With an overall 84% DCR previously evalu-
ated, patients were monitored for a median period of 118
months (range: 12.6-139.6). mPFS in patients receiving
18.5 GBq was 59.8 months as the ones treated with 27.5
GBg. On the other hand, median overall survival (mOS)
was 71.0 months in the group who received 18.5 GBq and
97.6 months in the group treated with 27.5 GBq (P=0.22).
Higher hepatic involvement and age over 65 years at the
time of PRRT were also significant for OS. No late renal
or hematological toxicity have been observed, in either
group. The long-term follow-up of the study confirmed
that 177Lu-dotatate is well tolerated and is effective over
the time also in patients with renal and bone marrow risk
factors when treated with lower dosages.

PRRT, with either 177Lu-dotatate or %0Y-dotatoc, gener-
ally shows a very good tolerability, with in most cases,
only minimal toxicity to the target organs specially kidney,
and bone marrow.

Acute side effects comprise mild nausea (25%) and
rarely vomiting (usually related to the coadministration of
renal protective amino acid solutions). These symptoms
are easily controlled or prevented with the administration
of appropriate antinausea pharmaceuticals. About 10% of
patients refers of G2 abdominal pain lasting no more than
few days in post treatment phase.

The most frequent subacute effects are G1 and rarely
G2 fatigue, mild (G1) alopecia (no more than 10% of pa-
tients after 177Lu-dotatate) and hematological toxicity. All
these symptoms are mild and transient. Severe (G 3 and
4) toxicity occurs approximately in 10% of patients, more
frequently using 90Y-dotatoc, but is usually reversible and
only in rare cases requires support.

Chronic and permanent effects, such as loss of renal
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functionality and reduction of bone marrow reserve, are
rare and generally mild. Secondary myeloproliferative dis-
eases (such as leukemia or myelodysplastic syndrome) are
extremely rare.3!

The likelihood of all these adverse events is signifi-
cantly reduced if the necessary precautions are undertaken
(e.g., renal protection with specific amino acids and dos-
age tailoring).

In the last years, 177Lu-dotatate has been approved as a
therapeutic option for patients with progressive, advanced,
SSTR—positive, well-differentiated G1/2 GEP-NETs fol-
lowing the NETTER-1 trial.32 In this pivotal phase III ran-
domized protocol, 229 patients in disease progression dur-
ing first line SSA therapy were assigned to receive high dose
octreotide LAR alone (60 mg/28 gg) or PRRT with four
cycles 177Lu-dotatate 7.4 GB/8 weeks in association with
octreotide LAR therapy. In the first interim analysis, the in-
vestigators found out a 65.2% mPFS in the PRRT group vs.
10.8% in the octreotide group. Moreover, the 177Lu-dotatate
group had 18% response versus 3% in the control group
(P<0.001). The overall survival studied at the time of in-
terim registered 14 deaths in the !77Lu-dotatate group ver-
sus 26 in the control group (P=0.004). The small number of
Grade 3 or 4 neutropenia, thrombocytopenia, and lympho-
penia (1%, 2%, and 9%, respectively) versus the absent tox-
icity in the control group, confirmed the good tolerability
of the treatment. The preliminary results of the NETTER-1
trial, have clearly shown the superiority of !77Lu-dotatate
over high-dose SSAs in midgut NETs, and opened the way
to the radiopharmaceutical registration that at the present
times gives the possibility to treat GEP-NETs G1/2 patients
with an active therapy previously not available.

Future perspectives and promising experiences

The experience gained in a long time of PRRT utiliza-
tion led to investigate various possible administration
modalities and to explore beyond standard boundaries
of application. This research is of great interest because
demonstrated that different administration or combination
protocols, can actually influence the efficacy of PRRT and
highlighted the possibility to offer an effective therapy in
pathologies with poor therapeutic alternatives.

We report below some interesting, published studies
and we expect important results from an ongoing phase
III multicenter randomized protocol (NETTER 2) to verify
efficacy and safety of lutathera in patients with grade 2 and
grade 3 advanced GEP-NET versus high dose octreotide
long-acting.
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Combination protocols with Y- and '77Lu-DOTA-pep-
tides

Combination protocols, with alternate °°Y-dotatoc and
177Lu-dotatate, also called “tandem therapy,”33 have the
purpose of making the most of the different physical prop-
erties and receptor affinity of each radiopharmaceutical.
The first is useful in large lesions using the higher pen-
etration range of the 90Y emissions while the second take
advantage of the higher receptor affinity, the longer resi-
dence time and the good efficacy in smaller lesions.

In a phase II study Seregni et al.34 evaluated the feasibil-
ity of combined tandem PRRT in patients with metastatic
NETs refractory to conventional therapy. Twenty-six pa-
tients were treated with four therapeutic cycles alternating
177Lu-dotatate 5.55 GBq and 9°Y-dotatoc 2.6 GBq. Tandem
therapy obtained objective responses in 42.3% of patients
with an mPFS longer than 24 months. Moreover, 90% of
patients with carcinoid syndrome showed a symptomatic
response and/or a reduction in tumor-associated pain.

Different administration modality

Currently, in our Institute, we are mainly involved in a
phase Il randomized study (EUDRACT N. 2015-004727-
31; ClinicalTrials.Gov N. NCT03454763) to compare
standard vs. intensive radionuclide therapy with 177Lu-
dotatate in advanced GEP and pulmonary NETs (Figure
1, 2). We calculated, in a mathematical model, PRRT tu-
mor control probability (TCP) and possible toxicity when

C D

Figure 1—Fifty-six-year-old man, p-NET G2 (ki67 15%) with diffuse
liver lesions, Luthree Prot.: 5.5 GBq !77Lu-dotatate every 8 weeks, 5 cy-
cles: A) CT pre-PRRT 2011; B) CT post-PRRT and liver resection 2014;
C) 68 Ga-dotatoc PET pre-PRRT 2011; and D) 68Ga-dotatoc post-PRRT
and liver resection 2014.
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A

Figure 2.—Forty-two-year-old female, p-NET G2 (ki67 9%), FDG PET
positive. Luthree Prot.: 5.5 GBq !77Lu-dotatate every 8 weeks, 5 cycles.
A) Post-PRRT images (17/1/2017 1st cycle); B) TC January 2017; and
C) TC August 2017.

therapies are performed every 5 weeks versus the standard
8 weeks treatment. The obtained results allowed us to
compare safety and efficacy of intensive versus standard
treatment in two cohort of patients treated with high and
reduced dosages (5.5 versus 3.7GBq) in five cycles. Low-
er dosages were reserved to patients with renal or bone
marrow risk factors. Preliminary data demonstrated an
optimal safety without G4 medullary and kidney toxicity
and respectively 2.5% and 1% G3 toxicity. We also dem-
onstrated a tendency toward a better overall response rate
(ORR) in patients who received the intensive treatment. In
our opinion these data suggest that 177Lu-dotatate PRRT
has a great possibility to overcome the obtained results
with more intensive protocols without generate toxicity
issues.

Combined capecitabine and PRRT protocols

In a recent publication, we evaluated in a prospective phase
II protocol3s efficacy and toxicity of PRRT with !77Lu-
dotatate in association with metronomic capecitabine as
a radio-sensitizing agent, in patients with advanced pro-
gressive FDG+GEP-NETs. We enrolled 37 consecutive
patients with advanced G1-G3 GEP-NETs (Ki67<55%)
positive in both SSR and FDG PET/CT scans. The pa-
tients were treated with a cumulative activity of 27.5 GBq
of 177Lu-dotatate in five cycles (5.5 GBq each) every 8
weeks. Metronomic capecitabine (1000-1500 mg daily)
was administered orally in the inter-cycle period. All pa-
tients were tested for dihydropyrimidine dehydrogenase.
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25/37 (68%) patients had pancreatic NETs, 12 (32%) had
GI-NETs. Twelve patients (32%) had G1 (Ki67<2%), 22
(59%) had G2 (3%<Ki67<20%), and 3 patients (9%) had
G3 (Ki67>20%) NETs. Grade 3 (G3) or 4 (G4) hemato-
logical toxicity occurred in 16.2% of patients. Other G3-
G4 adverse events such as diarrhea and asthenia have been
registered in 5% of cases. No renal toxicity was observed.
Thirty-three patients were eligible for response. Objective
responses (OR) included partial response (PR) in 10 pa-
tients (30%) and stable disease (SD) in 18 patients (55%),
with a DCR of 85%. The median follow-up period was
38 months (4.6-51.1). The median PFS was 31.4 months
(17.6-45.4). Median OS was not reached. Hence, we con-
cluded that the combination of !77Lu-dotatate and metro-
nomic capecitabine is active and well tolerated in patients
with aggressive FDG+G1-G3 GEP-NETs.

Also, in a recently published study, Satapathy et al.3¢
investigated the efficacy and safety of !77Lu-dotatate plus
radio-sensitizing capecitabine and octreotide long-acting
release (LAR) as first-line systemic therapy in advanced
well-differentiated GEP-NETs. They took into consid-
eration 76, treatment-naive, patients with advanced G1
or 2 GEP-NETs. Thirty-six patients received a median
cumulative dose of 27.3 GBq of !77Lu-dotatate (8 to 12
weeks’ intervals) in combination with 1.250 mg/m?2 oral
capecitabine (days 0-14 of each cycle). Forty patients re-
ceived 30 mg octreotide LAR i.m. every 4 weeks. The ob-
jective response rate (ORR) was 38% in the 177Lu-dotatate
arm compared with 15% in the octreotide arm (P=0.025),
the DCR were, respectively, 88% and 67%. The median
durations of PFS were 54 months and 16 months, respec-
tively. The mOS was not reached in both arms. They did
not detect major difference in treatment-related adverse
events between the two groups.

In a trial by Claringbold ef al.37 a combination of 177Lu-
octreotate with capecitabine and temozolomide was inves-
tigated in 35 patients with advanced low-grade NETs, aim-
ing to evaluate safety and efficacy. 7.8 GBq of !77Lu-dot-
atate was administered (8 weeks intervals) combined with
14 days of capecitabine (1500 mg/m?) and, in successive
grouping, with escalating doses of temozolomide (100,
150, and 200 mg/m? in the last 5 days of each capecitabine
cycle). Treatment was well tolerated in all groups. Ad-
verse events were mild to moderate, and no grade 4 tox-
icity occurred. Complete response (CR) was observed in
15% of patients, PR in 38%, and SD in 38%. Patients with
GEP-NETs tended to have higher Response Rates (RR)
than patients with small intestine primaries. mPFS was
31 months, mOS was not reached (90% surviving at 24
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Therapeutic Grading Meldola
GEP-NENs
PRRT PRRT+ Chemo
NET G1/2 NET G2/3 FDG+ NET G3>55%
NET G3<35% NET G3<55% NEC

Figure 3.—Hypothesis of application of PRRT alone or in association in
different pathological scenario. From Nicolini ef al.38

months). In addition to an earlier use of PRRT, the data
presented propose its possible use in GEP-NENs beyond
the registered drug indications. In Figure 338 we present a
hypothesis of application of PRRT alone or in association
in different pathological scenarios. The proposal is open
for discussion.

Retreatment

In G1 and 2 GEP-NETs a median PFS after PRRT of more
than 20-30 months is generally observed, however, the
majority of patients relapse after 2-3 years. In this setting
the hypothesis of a PRRT retreatment is extremely inter-
esting also in presence of many therapeutic options. The
indication to treat always needs a 68Ga DOTA-peptides
PET positivity and a history of good PRRT response,
which support the possible treatment efficacy.

In a phase II study conducted in our Centre,3® we inves-
tigated the use of low dosage re-treatment with 177Lu-dot-
atate in patients with GEP-NETs who relapsed after PRRT
with 90Y-dotatoc. We consecutively enrolled 26 patients in
PD after 99Y-dotatoc (PFS of at least 12 months) to receive
a re-treatment with !77Lu-dotatate. All patients received
14.8-18.5 GBq of 177Lu-DOTATATE in 4 or 5 cycles (me-
dian total activity 16.5 GBq in five cycles). The DCR was
84.6%, mPFS was 22 months compared to 28 months af-
ter 99Y-dotatoc. Toxicity was mild after !77Lu-dotatate re-
treatment in majority of the patients. Only two patients had
G2 and one had G3 bone marrow toxicity also, only one
patient had G2 and one had G3 renal toxicity. Therefore,
low-dosage !77Lu-dotatate resulted to be safe, and DCR
and PFS rates were comparable with those observed when
90Y-dotatoc was used as primary treatment, also consider-
ing the worse clinical condition and the advanced stage
that these patients present.

PRRT beyond GEP-NETs

Pheo and Pgl are NEN pathologies that in the metastatic
phase currently have only limited treatment options. These
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rare tumors generally overexpress somatostatin receptors
and therefore are susceptible to be treated with PRRT.

In a study conducted in our Centre by Severi et al.,40 re-
cently published, we analyzed 46 progressive Pheo and Pgl
patients, consecutively enrolled, to receive 90Y-dotatoc or
177Lu-dotatate, during over a decade. All patients showed
positivity to SRI. Twelve patients were treated with 90Y-
dotatoc (cumulative dosages ranging from 7.4 to 11 GBq),
34 patients received !77Lu-dotatate (cumulative dosages
18.5 or 27.5GBq). Both 90Y-dotatoc and !77Lu-dotatate
were well tolerated. No significant renal or bone marrow
toxicity was observed. The median FUP was 73 months
(5-146 months). The overall DCR was 80%. !77Lu-dotatate
patients showed a longer median OS than those treated
with 90Y-Dotatoc and a better DCR was observed in those
receiving higher dosages. Syndromic patients had a poorer
mOS. In this group of progressive Pheo/Pgl, SDHx muta-
tions did not correlate with treatment efficacy. Hence, we
concluded that PRRT is safe and effective in patients with
progressive Pheo/Pgl, especially at higher dosages.

There are also non-NENs pathologies over-expressing
SSTR receptors. We tested the possibility to treat with
PRRT in some of this histotypes and realized that Menin-
giomas are those that generally better performs. Meningio-
mas are generally benign neoplasms and usually surgery is
effective and curative but in case of high-grade histotypes
or in cases in which tumors cannot be completely resected,
recurrence is possible and quite common. Somatostatin re-
ceptors are commonly highly expressed on meningioma
cell surfaces allowing the treatment of these kind of neo-
plasm (advanced or recurrent) with PRRT.

Several studies, like the work by Bartolomei ef al.,*! in-
vestigated the role of PRRT in treatment of recurrent me-
ningiomas, demonstrating that the treatment is well toler-
ated and can interfere with tumor growth. Also, a study by
Kreissl et al.#2 investigated the role of PRRT in association
with external beam radiation therapy (EBRT) in patient
with recurring or progressive symptomatic meningiomas,
with encouraging results, showing that the combination of
PRRT and EBRT is well tolerated and can represents an
attractive treatment option that deserves further investiga-
tions.

Conclusions

Nowadays theragnostic represent an absolutely useful ap-
proach in NETs patients’ management allowing to diag-
nose the tumor, giving the indication to treat and predict-
ing in advance the efficacy of the therapy with a pivotal
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possibility of treatment tailoring. We must certainly un-
derline that the usefulness of this approach has made pos-
sible re-treatments with PRRT, utilize PRRT for some high
grade GEP-NETs, non GEP NETs such as Pheo and Pgl
and also other non-NET tumors expressing SSTR2. On
the other hand, there are no doubts that modern oncology
cannot overlook the future innovative development repre-
sented by radiomics and biological phenotypization. We
think that the theragnostic approach combined with this
deep biological characterization, will give the opportunity
to further improve PRRT activity and efficacy.
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