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REVIEW

The safety of available treatments options for neuroendocrine tumors
A. Faggianoa, F. Lo Calzob, G. Pizzab, R. Modicab and A. Colaob

aThyroid and Parathyroid Surgery Unit, Istituto Nazionale per lo studio e la cura dei tumori “Fondazione G. Pascale” – IRCCS, Naples, Italy;
bDepartment of Clinical Medicine and Surgery, Federico II University, Naples, Italy

ABSTRACT
Introduction: Neuroendocrine neoplasms (NEN) represent a heterogeneous group of malignancies
generally characterized by low proliferation and indolent course. However, about half of the newly
diagnosed cases are metastatic and require long-term systemic therapies.
Areas covered: This review revises the literature to summarize the current knowledge upon safety of all
systemic treatment options available. Thirty three different clinical studies have been considered,
including 4 on somatostatin analogues (SSA), 5 on targeted therapies, 10 on peptide receptor radio-
nuclide therapy (PRRT), and 14 on chemotherapy.
Expert opinion: SSA are safe and well tolerated without any relevant severe adverse event and very
low treatment discontinuation rate. Targeted therapies show a satisfying safety profile. Most adverse
events are grade 1–2 and easy manageable with dose reduction or temporary interruption. PRRT is
manageable and safe with a low rate of grade 3–4 adverse events. However, severe renal and
hematologic toxicity may occur. Chemotherapy is usually considered after previous therapeutic lines.
Therefore, these subjects are more susceptible to experience adverse events due to cumulative
toxicities or poor performance status.
The available systemic treatment options are generally well tolerated and suitable for long-term
administration. Cumulative toxicity should be taken in account for the definition of therapeutic
sequence.
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1. Introduction

Neuroendocrine neoplasms (NEN) represent a heterogeneous
group of malignancies, arising from the neuroendocrine system
and showing variable histology and clinical behavior. The gastro-
intestinal (67%) or the bronchopulmonary tract (25%) represent
the predominant sites of localization of NEN. In the last years the
incidence has increased to 7.4 cases/100,000. However, about
50% of newly diagnosed patients present with metastasis, requir-
ing an effective systemic treatment to prolong survival. The 5-
year survival rate for this population is about 40% [1]. The most
recent classification of NEN is the WHO (World Health
Organization) classification published in 2010 [2]. According to
WHO classification, gastroenteropancreatic neuroendocrine neo-
plasms (GEP NEN) can be divided into well differentiated neo-
plasms graded, according to Ki67 index, G1 (Ki67 ≤ 2%) or G2
(Ki67 3–20%), and poorly differentiated neoplasms graded G3
(Ki67 > 20%). The landscape of the therapeutic options in NEN
has considerably expanded in the last years, thanks to the grow-
ing knowledge of tumor cell biology and to the increased inter-
est in the molecular changes involved in development and
progression of cancer. The current systemic therapies for locally
advanced or metastatic G1/G2 NEN include somatostatin analo-
gues (SSA), interferon-α (IFN-α), radionuclide 90Yttrium (90Y) or
177Lutetium (177Lu) coupled with SSA, targeted therapies, che-
motherapy. Cytotoxic chemotherapy is also the main therapeutic
approach for patients with highly proliferating NEN (G3) [3,4].

Treatment decision in NEN should take into account tumor
differentiation and related symptoms (mass effect, hormone pro-
duction) and patients’ characteristics, as age, performance status
and life expectancy. In the choice of the therapy, care must be
taken to the quality of life of patients, while aiming at controlling
tumor growth and secretion, balancing potential risks and ben-
efits. Thus, drug safety represents a hot topic in this field. In this
light careful attention must be taken, because of potential drug-
related toxicity in patients who often are expected be treated for
long periods, since most NEN patients have good survival rate.
Furthermore, possible toxicity due to different drug interactions
and the route of administration must be considered. In line with
the literature data, and with the main clinical international trials,
we conducted this review to appraise critically the safety profile
of the different therapeutic strategies in the management of
NEN. For SSA and targeted therapy, prospective phase II and III
studies are reported. For peptide receptor radionuclide therapy
(PRRT) and chemotherapy data are derived from clinical trials in
NEN if available, or from reports of retrospective NEN series.

2. Somatostatin analogues (SSA)

Octreotide and lanreotide are effective in controlling most
NEN endocrine syndromes. Their antiproliferative effect has
been recognized since the publication of the PROMID study
in 2009, the first randomized trial with SSA in NEN, evaluating
the effects of octreotide long-acting release (LAR) in
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metastatic midgut NEN [5]. Nowadays, current NEN guidelines
report that SSA are the first therapeutic option in patients with
G1-G2 NEN [3]. In clinical practice, SSA are extensively
employed, not only for their proved antitumor efficacy but
also for their excellent manageability and patients’ tolerance.
The treatment with long-acting preparations of SSA consists in
an intramuscular injection every 2 or 4 weeks (octreotide LAR
10–30 mg; lanreotide autogel 60–120 mg). These agents exhi-
bit a good safety profile, although some adverse events might
occur. The most common include abdominal pain with
cramps, constipation, diarrhea, steatorrhea, injection site irrita-
tion and local pain, nausea and vomiting. Less frequent
adverse events are hypothyroidism, cholecystitis and chole-
lithiasis. Acute pancreatitis, alopecia, acute hepatitis, hyperbi-
lirubinemia, hyperglycemia, hypoglycemia, prolonged QT
interval and arrhythmias are rare but still possible complica-
tions [6]. A relevant adverse effect is the development of
gallstones, in up to 60% of patients, deriving from inhibition
of cholecystokinin release which in postprandial induces emp-
tying of the gallbladder [7]. The prolongation of the QT inter-
val on ECG was observed in patients with acromegaly treated
with octreotide. Lanreotide-induced bradycardia is currently
limited to one case report [8]. Colao et al. showed in acrome-
galic patients treated with SSA in first line for 12 months, a
worsening of glucose tolerance at the beginning of the treat-
ment in patients with diabetes or glucose intolerance at base-
line [9]. In PROMID study, treatment related deaths did not
occur. Serious adverse events were observed in 11 patients
treated and 10 in placebo group, including gastrointestinal
symptoms, hematopoietic alterations and general health sta-
tus (fatigue or fever); in five treated patients the discontinua-
tion of the treatment occurred. The most frequently observed
adverse events with octreotide included diarrhea and

flatulence [5]. A similar safety profile was observed for lanreo-
tide. In CLARINET study adverse events were reported in 88%
of treated patients and 90% in placebo group. Only 50% of
treated patients showed adverse events related to treatment
and in 3% of patients treatment was discontinued. The most
common adverse event was diarrhea, followed by abdominal
pain, cholelithiasis, flatulence, injection site pain, nausea,
vomiting, headache, lethargy, hyperglycemia, decreased levels
of pancreatic enzyme [10]. The difference between PROMID
and CLARINET studies in the safety profile are reported in
Table 1. There is a general trend supporting the use of high
doses of octreotide LAR or lanreotide autogel to control symp-
toms and tumor progression in patients with NEN, after pro-
gression under standard SSA dose [11]. According to literature
data, the patients treated with high doses SSA showed no
difference in common adverse events when compared to
standard doses. In particular, Ruszniewski et al., evaluated
the effects and safety profile of lanreotide dose titration (60,
90, and 120 mg/month), in patients affected by NEN and
carcinoid syndrome, after 6 months of treatment. A reduction
in 50% of flushing and diarrhea episodes was observed, and
severe adverse events were reported by 10% of patients; the
most common were abdominal pain (38%), diarrhea (17%),
fatigue (15%), vomiting (13%), asthenia (11%), nausea (10%),
cholelithiasis (10%) and anorexia (10%) [12]. Broder et al.
reported in a systematic review, that there was not increased
toxicity in patients treated with high dose of octreotide LAR
when compared with standard doses [13]. Finally, Chadha
et al. reported no treatment related toxicities in patients
affected by pancreatic NEN (pNEN), treated with octreotide
LAR at higher doses (60–90 mg/month) respect to standard
doses (20–30 mg/month) [11]. Reducing the interval between
injections, in patients with progressive locally advanced or
metastatic NEN, is relatively common in clinical practice.
Ferolla et al. showed in 28 patients affected by well differen-
tiated NEN that no additional toxicity was recorded with
octreotide LAR 30 mg every 21 days, compared with octreo-
tide LAR 30 mg administered every 28 days; no treatment
discontinuation or dose modification were required [14].
Pasireotide is a novel SSA that exhibits a very different binding
profile to human somatostatin receptors (SSTR). Although not
routinely used in NEN treatment, the safety profile of pasireo-
tide is quite similar to other SSA. Wolin et al. reported in a
randomized, multicenter, open-label, phase II study, the

Article highlights

● Biotherapy with somatostatin analogues, targeted therapies with
mTOR and tyrosine-kinase inhibitors, peptide receptor radionuclide
therapy and chemotherapy represent well established systemic thera-
pies for neuroendocrine neoplasms.

● The available systemic treatment options for neuroendocrine neo-
plasms are generally well tolerated and suitable for long-term
administration.

● Somatostatin analogues are safe, manageable and generally well
tolerated. Treatment discontinuation as well as dose adjustment are
rarely required.

● Adverse events related to targeted therapies can be for the most
managed and prevented, sometimes decreasing the dose or tem-
porarily interrupting the administration and rarely discontinuing the
drug.

● 177Lutetium peptide receptor radionuclide therapy, recently investi-
gated in a phase III clinical trial, is associated with a low rate of
serious adverse events. Renal and hematologic function should be
long-time monitored because of the possible occurrence of renal
insufficiency and myelodysplastic syndrome.

● Cumulative toxicities and poor performance status could explain
higher rate of chemotherapy-related serious adverse events.

● Cumulative toxicity should be taken in account for the definition of
therapeutic sequence.

This box summarizes key points contained in the article.

Table 1. Safety profile of SSA from PROMID and CLARINET trials.

PROMID study
[1]

CLARINET study
[2]

Number of patients treated with SSA 42 101
Number of treatment related serious
adverse event

11 (26%) 3 (3%)

Treatment discontinuation because of
adverse event

5 (12%) 3 (1%)

Diarrhea 7 (21.9%) 26 (26%)
Abdominal pain 7 (21.9%) 14 (14%)
Flushing 4 (12.5%) na
Cholelithiasis 5 (12%) 10 (10%)
Hyperglycemia na 5 (5%)
Hematopoietic system alterations 5 (12%) na
Treatment related deaths na na

SSA: somatostatin analogues, na: not available.
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effects and the safety profile of pasireotide LAR in 48 patients
affected by GEP NEN. The patients were treated at different
doses of pasireotide LAR: 20 mg (12 patients), 40 mg (14
patients) and 60 mg (16 patients). The most common adverse
event reported was diarrhea, followed by fatigue, abdominal
pain and nausea; no relationship was observed between the
frequency of the adverse events and the dose of pasireotide.
Fifteen patients had grade 3–4 adverse events, the most fre-
quent was diabetes mellitus followed by flushing and abdom-
inal pain. Five patients discontinued the treatment early, only
one patient developed treatment related severe adverse event
(diabetes mellitus complicated by nonketotic hyperosmolar
syndrome) [15]. Subsequently a randomized, double blind,
phase III study, compared pasireotide LAR with octreotide
LAR in managing refractory carcinoid symptoms. Adults with
carcinoid tumors of the digestive tract were randomly
assigned to receive pasireotide LAR (60 mg) or octreotide
LAR (40 mg) every 28 days. In this study, serious adverse
events occurred with comparable frequency in the pasireotide
LAR (41.5%) and octreotide LAR (36.8%) arms, although more
serious adverse events in the pasireotide LAR arm were drug-
related (17% vs. 3.5%). The most frequent drug-related
adverse events (pasireotide vs. octreotide) included hypergly-
cemia (28.3% vs. 5.3%), fatigue (11.3% vs. 3.5%), and nausea
(9.4% vs. 0%) [16].

3. Targeted therapy

Considering the very high rate of patients with synchronous
metastases at diagnosis, therefore unsuitable for surgery, and
the typical indolent growth of these tumors allowing long
survival even in advanced stages of disease, it has become
very important to find more effective medical therapy. In this
context, the development of targeted therapies for NEN is of
extreme interest for their efficacy and for the general good
tolerability profile of these drugs, compared, with classical
chemotherapy schedules. Mammalian target of rapamycin
(mTOR) inhibitor (everolimus) and tyrosine kinase inhibitor
(sunitinib), have been approved for the treatment of patients
with unresectable or metastatic, progressive well differen-
tiated NEN [17]. Everolimus is an oral mTOR inhibitor that
inhibits mTOR kinase and downstream activity, as well as
vascular endothelial growth factor (VEGF) and hypoxia induci-
ble factor-1 (HIF-1) expression. mTOR is an intracellular serine/
threonine kinase that forms two functional complexes
(mTORC1 and 2) involved in cell survival, proliferation and
metabolism, integrating response to glucose, growth factors
and hormones. mTOR seems to be involved in the pathogen-
esis of up to 80% of human tumors [18], directly controlling
cancer cell proliferation and angiogenesis through activation
of HIF-1. In particular, mTOR activity is associated with patho-
genesis and aggressiveness of pNEN, in which mutations or
deregulated expressions of upstream regulators of mTOR have
been reported [19]. mTOR inhibitors, originally used to attenu-
ate rejection in solid organ transplantation, have dose limiting
toxicities, that include gastrointestinal disturbances, stomatitis,
weakness, fatigue, lipid metabolism alterations, leukopenia
and thrombocytopenia. In this setting, everolimus showed
benefit and safety at daily doses of 1.5 or 3 mg [20,21]. In a

phase I study, that evaluated everolimus benefit and tolerance
in solid tumor therapy, the mean tolerated dose of everolimus
was 10 mg/day, and the most common adverse events were
rash, fatigue, nausea, vomiting anorexia and stomatitis. Rare
adverse events were observed in this context, in particular
bronchiolitis obliterans with organizing pneumonia, severe
pneumonitis, and diffuse alveolar hemorrhage [22].
Regarding everolimus in NEN, Yao et al., in a phase II study
found that grade 1 or 2 adverse events were more common
than grade 3 [23]. In the phase II RADIANT-1 trial, all events
were grade 1 or 2, and included stomatitis (45%), rash (40%)
and diarrhea (39%); 8% of patients developed pneumonitis
[24]. In the phase III RADIANT-2 trial, the most common
grade 1 or 2 events were stomatitis (62%), fatigue (31%) and
rash (37%), on the other hand the most common grade 3–4
events included fatigue, diarrhea and hyperglycemia.
Furthermore, 5% of patients presented infections and 12%
pulmonary drug-related adverse events [25]. In the phase III
RADIANT-3 trial, the most common adverse events in patients
treated with everolimus 10 mg/day, were stomatitis (64%),
rash (49%), diarrhea (34%) and infections (23%). Pneumonitis
was observed in 12% of patients, and atypical infections (such
as tuberculosis, reactivation of hepatitis B) was observed in 2%
of patients [26]. In the phase III RADIANT-4 trial, were enrolled
patients with well-differentiated non functional lung or gas-
trointestinal NEN, treated with everolimus 10 mg/day or pla-
cebo. The treatment related adverse events occurred in at
least 10% of patients; the most common were stomatitis (all
grades 63%), diarrhea and fatigue (all grades 31%), infections
(all grades 29%), (Table 2) [27]. Finally, Faggiano et al. reported
a good safety profile in patients with extra pancreatic NEN
treated with everolimus. In particular, grade 1–2 adverse
events were thrombocytopenia and anemia, mucositis and
stomatitis, rash, hyperglycemia, diarrhea, and pulmonary
events, including pneumonitis, interstitial lung disease, lung
infiltrations, and pulmonary fibrosis. No serious adverse events
were usually reported and the discontinuation of the treat-
ment was rarely required [28]. Sunitinib is an oral multitarget
inhibitor of several tyrosine kinases including VEGF receptors.
It has been shown to delay tumor growth in RIP1-Tag2 trans-
genic mouse model of pancreatic islet-cell tumors [29]. In a
phase III trial, oral sunitinib 37.5 mg/day demonstrated a
prolonged median progression free survival (PFS) in patients
with locally advanced ormetastatic well differentiated pNEN [30].

Table 2. Safety profile of everolimus from RADIANT studies.

RADIANT-1
[1]

RADIANT-2
[2] RADIANT-3 [3]

RADIANT-4
[4]

Grade
1–2
(%)

3–4
(%)

1–2
(%)

3–4
(%)

1–2
(%)

3–4
(%)

1–2
(%)

3–4
(%)

Stomatitis 45 na 62 na 64 na 54 9
Diarrhea 39 na na 5 34 na 23.7 15
Fatigue na na 31 na na na 27.2 12.3
Rash 40 na 37 na 49 na 26.7 6.4
Infections na na na 5 23 na 35 21
Pneumonitis na 8 na 5 na 12 14.3 13.3
Hyperglycemia na na na 5 na na 6.9 3.4
Atypical infection na na na na na 2 na na

na: not available.
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Sunitinib is approved for the treatment of patients with unre-
sectable or metastatic, progressive well differentiated pNEN. The
most common adverse events reported with 37.5 mg/day of
sunitinib were diarrhea, fatigue, hypertension and mucocuta-
neus alterations [31]. A multicenter, open label, phase II study,
conducted in 12 Japanese patients, with well differentiated
pNEN, who received 37.5 mg/day of sunitinib, demonstrated
antitumor activity and a good safe profile. The most common
adverse events were diarrhea (83%), hand-foot syndrome and
hypertension (67%), fatigue and headache (58%). Grade 3 neu-
tropenia and leukopenia were reported in 50% and 17% of
patients, respectively. Grade 4 events, such us herpes encepha-
litis with convulsion, increased lipase and enterocolitis were
reported in 33% of patients treated [32]. A multinational, rando-
mized, double blind, placebo-controlled phase III trial was con-
ducted in patients affected by advanced, well differentiated
pancreatic neuroendocrine tumors. One hundred and seventy
one patients were randomly assigned to receive placebo or
sunitinib at dose of 37.5 mg/day. The most frequents grade 1
or 2 adverse events were diarrhea, nausea, vomiting, asthenia
and fatigue (30% of patients treated). Palmar-plantar erythrody-
sesthesia and hypertension occurred respectively in 23% and
26% of treated patients with sunitinib. Hypothyroidism was
reported in six patients treatedwith sunitinib. Themost common
grade 3 or 4 adverse events were neutropenia (12%) and hyper-
tension (10%). One patient, treated with sunitinib, died during
the study for grade 5 cardiac failure considered to be related to
drug (Table 3) [30].

4. Peptide receptor radionuclide therapy

Peptide receptor radionuclide therapy (PRRT) is a systemic radio-
therapy using radiolabeled synthetic and stable SSA (90Yttrium
DOTATOC/DOTATATE and 177Lutetium DOTATOC/DOTATATE)
that bind to SSTR expressed in NEN. The radiolabeled SSA are
internalized into the cell, and the breakdown products of radiola-
beled peptides are stored in lysosomes, thus enabling a long
irradiation of tumor cells and causing radiation-induced cell
death [33]. The two commonly used radionuclides for therapy
are yttrium (Y) and lutetium (Lu). 90Y, a high-energy beta emitter,
is linked to octreotide constituting 90Y DOTATOC, a high-energy

radiopharmaceutical with good receptor affinity for the SSTR-2
peptide, tissue penetration of 7–8 mm and half-life of 64 h. 177Lu
is a beta and gamma-emitting radionuclide. It has lower tissue
penetration (2 mm) but a longer half-life (160 h) and a higher
peptide receptor affinity for SSTR-2. Both 90Y DOTATOC and
177Lu DOTATATE have similar efficacy. The reported objective
response (OR) to 90Y DOTATOC in different studies ranges from
20% to 28% for all neuroendocrine tumors and from 28% to 38%
for GEP NEN [34]. Median PFS ranges from 17 to 29 months, and
median overall survival (OS) from 22 to 37 months in advanced
neuroendocrine tumors [35–38]. The reported OR to 177Lu
DOTATATE ranges from 39% to 60% in advanced pNEN [39–42].
Median OS and PFS reported in all NEN are 46 months and
33 months respectively [39]. Median PFS in pNEN ranges from 29
to 34months [41,42]with amedianOS reported of 53months [42].
NETTER-1, the first and only phase-3 randomized controlled trial
which evaluated the efficacy and safety of 177Lu DOTATATE in
patients with metastatic or locally advanced midgut NEN, demon-
strated an improved survival benefit when compared with octreo-
tide LAR 60 mg every 4 week [43]. PRRT is generally well tolerated
but it is not completely free from side effects that can be acute or
delayed. Acute side effects include nausea, vomiting and head-
ache, usuallymild and self-limiting. Other acute adverse events are
fatigue, abdominal pain, asthenia and flushing. They usually occur
in the early post injection phase (within 24 h) and are generally
transient [39]. Adverse events related to 177Lu DOTATATE treat-
ment occurred in 86% patients of NETTER-1 study [43] and in 61%
of patients of a phase II study from Baum et al. [44] About 96% of
patients experienced one or more adverse effects with 90Y
DOTATOC [36]. The most common events reported were gastro-
intestinal. After 177Lu DOTATATE therapy nausea and vomiting
were reported in 25% and 59% and in 10% and 47% of patients,
in two different studies, respectively [39,43]. After 90Y PRRT nausea
was reported in 15% [38] and 57% of patients [36]. Grade 3–4
nausea was reported in 13% of patients [36]. Vomiting was
reported in 8% [38] and 46% with a 10% of grade 3–4 [36]. A
majority of these cases were attributable to amino acid infusions
for renal protection and they resolved once the infusions were
completed. Mild asthenia is generally experienced in the first week
following therapy with both 177Lu and 90Y. Asthenia and fatigue
were reported in 40%of patients after 177LuDOTATATE [43], and in
41% after 90Y DOTATOC [36]. Abdominal painwas reported in 10%
and 26% related to 177Lu DOTATATE [39,43] and in 5% and 21%
related to 90Y PRRT [36,38]. About 7% had grade 3–4 abdominal
pain after 90Y DOTATOC [36]. The incidence of diarrhea was similar
after 177Lu DOTATATE and 90Y DOTATOC, reported in 27% and
29%, respectively [36,43]. Peripheral edemawas reported in 14%of
patients with no cases of grade 3–4 after 177Lu DOTATATE [43].
After 90Y DOTATOC it was reported in 9% of patients with 1% of
grade 3 toxicity [36]. Mild and temporary alopecia was observed
with 177Lu DOTATATE in 11% of patients in NETTER-1 study [43]
and in 62% of patients in a series of over 500 patients from
Kwekkeboom et al. [39]. Hormonal crisis has been described as
acute effects. A very small minority (1%) of patients after 177Lu
DOTATATE develops a carcinoid crisis usually within 48 h of the
first infusion [45]. Furthermore, hormone related syndrome have
been reported in 1%, for both 90Y DOTATATE [38] and 177Lu
DOTATATE [39]. Flushing, reported immediately or within 6–12 h,
was reported in 5–22%after 90Y PRRT therapy [36,38]. Delayed side

Table 3. Safety profile of sunitinib.

Raymond et al. [7] Ito et al. [8]

Grade
1–2
(%)

3–4
(%)

1–2
(%)

3–4
(%)

Diarrhea 30 na 83 na
Nausea 30 na na na
Vomiting 30 na na na
Asthenia 30 na na na
Fatigue na na 58 na
Headache 26 na 58 na
Hypertension 23 10 67 na
Hand foot syndrome 23 na 67 na
Neutropenia na 12 na 50
Leukopenia na na na 17
Encephalitis na na na 33
Enterocolitis na na na 33
Hypothyroidism 3 na na na
Lipase increase na na na 33

na: not available.
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effects include myelosuppression and impaired renal function.
Late hematological toxicity in the form of acute leukemia (AL)
and myelodysplastic syndrome (MDS) has also been reported.
Myelosuppression is due to the cumulative effects, by contrast
renal functiondonot showany correlationwith cumulative activity
received [44]. Therefore, the kidneys appear to be the critical dose-
limiting organs. Myelosuppression often occurs after three doses
(4–6 weeks) and is usually mild and transient. In a phase II study
from Sansovini et al. a transient grade 1–2 leukopenia in 19% of
patients, a grade 1–2 thrombocytopenia and anemia in 17% and
32% of patients after 177Lu DOTATE were reported. No hematolo-
gical toxicity of grade 3–4 was reported [41]. In NETTER-1 study
thrombocytopenia and lymphopenia were the most common
alterations, reported respectively in 25% and 18% of patients;
grade 3–4 lymphopenia was reported in 9% of patients [43]; how-
ever clinical impact of leukopenia and lymphopenia is of doubt
importance since opportunistic infection are not reported with
PRRT [46]. In the phase I-II study from Bodei et al. after 177Lu
DOTATATE grade 1–2 anemia, leukopenia and thrombocytopenia
in 78%, 61% and 27% were reported respectively. Only one (2%)
patient had transient grade 3 leukopenia and thrombocytopenia
[40]. Radiopeptides are reabsorbed in the proximal tubules and
can accumulate in the renal interstitium inducing inflammation
and fibrosis. With advances in expertise and knowledge about
PRRT and renal protection, cases of severe end stage renal failure
are extremely rare. Renal toxicity is generally limited by renal
protection obtained with amino acid infusion, competing with
the site of tubular reabsorption of the drug, reducing the recircula-
tion of radionuclides and thus limiting renal exposure. 90Y PRRT is
associated with significantly higher nephrotoxicity. Because of its
higher energy and longer penetration range, 90Y irradiates renal
interstitium and glomeruli more extensive than 177Lu. Despite
renal protection a median annual decline of about 7% per year in
creatinine clearance for 90Y DOTATOC have been reported so that
the loss of renal function may become clinically evident from 1 to
5 years after therapy in somepatients [35]. In a further study severe
permanent renal failure (grade 4–5) occurred in 9% of patients
after 90YDOTATOC therapy [47]. Valkema et al. reportedmore than
15%per year decline in clearance creatinine in 15%of patients and
end renal stage in 3%of patients treatedwith 90YDOTATOC [48]. In
theNETTER-1 study, no evidenceof renal toxic effectswas reported
among patients in the 177Lu DOTATATE group (median duration
follow-up of 14 months). No cases of major, grade 3–4, renal
toxicity related to 177Lu DOTATATE were reported in previous
retrospective and prospective studies (median duration follow-
up ranges from 18 to 58 months) [39,40,49,50], in particular in
the treatment of patientswithout risk factors [41]. A range from2%
to 4% per year of annual decline in creatinine clearance also for
177Lu DOTATATEwas reported [35,42]. Preexisting risk factors such
as long-standing and poorly controlled diabetes and hypertension
are considered risk factors for delayed renal toxicity and contribute
to the loss of renal function [51]. However, other intrinsic biological
factors, probably of genetic origin, cannot be excluded as involved
in the development of renal toxicity [49]. In different studies MDS
and AL have been reported in about 1–2% of patients receiving
PRRT. IncidenceofMDS andAL after both 177Lu-PRRT and 90Y-PRRT
is similar. MDS and AL usually develop several years after com-
pleted therapy so their occurrence may be underestimated
because of the short follow-up of the patients. Furthermore, the

causal relationship with PRRT may be questioned, because of
previous treatments, such as chemotherapywith alkylating agents
or radiotherapy. No significant difference in the development of
MDS or ALwas reported from Bodei et al. [49] when 90Y-based and
177Lu-based therapieswere compared. In NETTER-1 study only one
patient (0.9%) developed MDS probably related to the PRRT [43].
Kwekkeboom et al. [39] reported in a population of 504 patients,
four cases (0.7%) of MDS diagnosed 2–3 year after the last treat-
ment with 177Lu DOTATATE, three cases probably treatment
related (no previous treatment with alkylating agents). One
patients (1.7%) developed MDS 2 years after the start of PRRT
with 90Y DOTATOC [48]. Similarly, Pfeifer et al. [37] observed one
proven case (1.8%) and one case suspicious for MDS related to 90Y
DOTATOC treatment. Both patients had previously been treated
with alkylating agents, which could have contributed to the devel-
opment of these outcomes. A theoretical risk of hepatotoxicity and
liver failure is in patients with high burden of liver metastasis. No
evidence of liver toxicity was reported in NETTER-1 study [43]. In
the phase II study from Baum et al. a significant correlation of
serum glutamic oxaloacetic transaminase (SGOT), serum gluta-
mic-pyruvic transaminase (SGPT) and alkaline phosphatase (SAP)
with the administered radioactivity (177Lu DOTATOC) was
observed. According to authors these correlations may indicate
persistent or new growth of hepatic metastases causing a rise of
hepatic enzymes, but aminor liver damage related to PRRT cannot
be excluded [44]. In previous study, serious liver toxicity was
reported in 0.5% of patients treated with 177Lu DOTATE. One
patient died of hepatic failure, but according to authors the liver
failure was more likely tumor growth-related than radiation
induced [39]. Similarly 90Y DOTATOC treated patients showed a
low liver toxicity and grade 3 toxicity was observed in very few
patients (1.7%) [48]. PRRT safety is summarized in Table 4.

5. Chemotherapy

According to ENETS guidelines, cytotoxic chemotherapy is
indicated in G3 NEN, in progressive or advanced pNEN, and
even in case of rapidly progressive disease and/or after failure
of other therapies, or negativity of SSTR imaging [4,52]. In
advanced progressive G1-G2 NEN, alkylating agents such as
streptozocin (STZ) and temozolomide are used. These com-
pounds proved to be particularly active in pNEN [53]. STZ is a
nitrosourea alkylating agent. Since the eighties, schedules
involving STZ have been used as standard of cure for well
and moderately differentiated pNEN. Combination with 5-flor-
ouracil (5-FU) [54], with doxorubicin [55], with 5-FU and dox-
orubicin [56], with 5-FU and cisplatin (CIS) [57], with
capecitabine (CAP) and with CAP and CIS [58] have been
tried. All of these combinations were associated with partial
response rates between 25% and 39% and median OS
between approximately 2 and 4 years. STZ plus 5-FU is an
established therapy in G1-G2 pNEN [4]. The most common
adverse events reported in a retrospective study were kidney
toxicity, nausea and fatigue. No hematological adverse events
were reported. The majority of adverse events were of grade 1
[54]. STZ plus doxorubicin, an anthracycline neoplastic agent,
is an alternative option but the applicability of this drug is
limited by the risk of cardiotoxicity [4]. Anthracyclines-induced
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cardiotoxicity has been widely studied in other neoplasm
types. Despite long-term research anthracycline cardiotoxicity
mechanisms are not fully known. Multiple complex mechan-
isms are involved in anthracycline cardiotoxicity which may
manifest either as an initial acute effect with pericarditis and
arrhythmias, or a later cumulative dose dependent cardiomyo-
pathy [59]. The incidence of cardiomyopathy at cumulative
dose of 400 mg/mq is 5% and reaches up to 26% of patients
at a cumulative dose of 550 mg/mq [60]. Until now prospec-
tive randomized trials to evaluate cytotoxic chemotherapy in
patients with advanced NEN have been scarcely taken in
account. The NET01, a multicenter randomized prospective
study, is the first trial formally applying RECIST criteria in this
setting. The NET01 compared two different schedules (CAP-
STZ-CIS vs. CAP-STZ). The efficacy of the two schedules was
very similar. CAP-STZ schedule was better tolerated than CAP-
STZ-CIS, furthermore addition of CIS was not associated with
any definite improvement in response rate or survival.
Considering all grade adverse events, the most common was
fatigue (72% of patients in CAP-STZ and 80% of patients in
CAP-STZ-CIS). Nausea/vomiting and diarrhea were experi-
enced by 63% and 51% of patients in CAP-STZ schedule, and
70% and 48% of CAP-STZ-CIS schedule respectively. Grade ≥3
toxicity was experienced by 44% CAP-STZ patients compared
to 68% CAP-STZ-CIS patients. Combining both arms the most
common grade 3–4 toxicities were gastrointestinal disorders
(diarrhea, nausea, vomiting and mucositis) in 18% of patients;
fatigue and thromboembolic events were experienced in 12%
and 10% respectively. Grade 3 neutropenia was experienced
by 8% of patients in CAP-STZ-CIS schedule, whereas no grade
3 neutropenia was reported in CAP-STZ treated patients.
Grade ≥3 renal toxicity was reported in 2% and in 10 % in
CAP-STZ and CAP-STZ-CIS respectively. There were no grade 5
treatment related adverse effects [58]. STZ remains the stan-
dard schedule but recently temozolomide-based schedule has
rapidly gained in wide clinical application with an impressive
response rate of 70% [53]. Temozolomide, a new second gen-
eration alkylating agent, penetrates the blood–brain barrier,
can be taken orally, and is better tolerated than other alkylat-
ing agents. Temozolomide as monotherapy in NEN has been
evaluated only in retrospective analysis demonstrating antitu-
moral activity with acceptable toxicity. Toxicities were mainly
hematologic. Considering grade 3 toxicity, thrombocytopenia
was the most common side effect (14% of patients) but no
patients had bleeding due to low platelets. Neutropenia grade
4 was reported in 3% of patients but none had febrile neu-
tropenia and opportunistic infections. Fatigue and nausea
were the most common adverse effects reported, but they
were mild in the majority of patients (23% and 29% grade 1
respectively). A rate of 6% of patients had grade 3–4 fatigue
[61]. Strosberg et al. investigated temozolomide in combina-
tion with CAP in the first line treatment of metastatic well or
moderately differentiated pNEN in a retrospective nonrando-
mized study. They observed an objective response rate of
70%. Toxicity rates were considerably lower than those
observed with STZ-based schedules. Grade 1–2 events were
limited and there was a 12% rate of grade 3–4 toxicities
associated with this schedule. The most common minor

adverse events were fatigue (12%), nausea (16%), myelosup-
pression (43%) and hand-foot skin reaction (23%). Grade 3
adverse effects reported were elevated AST (3%), fatigue
(3%), whereas grade 4 were leukopenia (3%) and thrombocy-
topenia (3%) [53]. Fine et al. also evaluated safety of CAP plus
temozolomide in a retrospective study conducted on 18
patients with metastatic well differentiated NEN. No grade 4
toxicity was reported. Grade 3 thrombocytopenia was
reported in 11% of patients. The most common toxicity was
of grade 1–2 with lymphopenia, neutropenia and hand-foot
syndrome reported in 50%, 44% and 5.5% of patients, respec-
tively. No cases of opportunistic infections, sepsis, neutropenic
fevers and deaths related to treatment were reported [62]. Saif
et al., although the small sample size of seven patients,
reported similar results in a retrospective study of CAP plus
temozolomide schedule in the treatment of metastatic pNEN
[63]. Temozolomide treatment is costly and currently not
approved for the treatment of pNEN yet. Dacarbazine (DTIC),
another alkylating agent sharing the active metabolite meto-
zolomide with temozolomide, is broadly available at a low
cost. In a phase II study of 50 patients with advanced pNEN,
the response rate to DTIC was 34% with a median OS of
19.3 months [64]. The efficacy and safety of a lower dose
DTIC schedule in patients with progressive advanced NEN
has recently been evaluated in a retrospective study. Mueller
et al. reported a response rate of 66% (partial remission and
disease stabilization). In contrast to previous reports with more
dose intense DTIC schedules, a good safety profile was
demonstrated. Adverse effects were documented in 57% of
patients and they were usually mild and transient. The most
common adverse effects were gastrointestinal, such as nausea,
vomiting and diarrhea, reported in 31%, 17% and 15% respec-
tively. However, the majority of patients had grade 1–2 gastro-
intestinal effects. Only 1% of patients reported grade 3
vomiting. Grade 1 elevated liver enzymes, fatigue and weight
loss were reported in 14%, 5% and 3% respectively. In contrast
to previous study, no hematologic toxicity of grade 3–4 was
reported. The most common grade 1–2 hematologic adverse
effects were anemia, leukopenia and thrombocytopenia
reported in 5%, 8% and 3% respectively [65]. Platinum-based
schedules are used for G3 NEN. No phase III studies have been
performed for G3 NEN. CIS combined with etoposide is the
first line recommended chemotherapy [4]. The side effects
most frequently associated with platinum include
myelosuppression (leukopenia, thrombocytopenia and ane-
mia), gastrointestinal (anorexia, nausea, vomiting and diar-
rhea), nephrotoxicity (renal failure, hyperuricemia) and
ototoxicity (hearing impairment). Neuropathy, in particular
peripheral sensory neurotoxicity, is also common. More rare
adverse events include visual impairment, seizures, arrhyth-
mias, acute ischemic vascular events, glucose intolerance and
pancreatitis. Myelosuppression is the dose-limiting toxicity of
platinum based schedules [52]. Carboplatin has been tested as
an alternative to CIS. According to Nordic NEC study, carbo-
platin could replace CIS, as the two compounds were compar-
able in efficacy, PFS and survival [66]. Carboplatin plus
etoposide seems have milder adverse events than CIS plus
etoposide. The incidence of thrombocytopenia is higher with
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carboplatin-based chemotherapy than with CIS, while no dif-
ference in the incidence of grade 3–4 anemia and neutropenia
was observed. In a retrospective case series of 19 patients
treated with carboplatin plus etoposide grade 3–4 neutrope-
nia and leukopenia were the most common toxicities,
reported in 78% and 73% respectively. Grade 3–4 anemia
and thrombocytopenia were reported in 21.1% and 26.3%
respectively. Severe hepatotoxicity, in term of elevation of
transaminase was reported in 15.8%. No increase of bilirubin
was observed. Severe anorexia and nausea were reported in
10.5% and 5.8 % respectively [67]. Although hematological
toxicities reported with carboplatin is similar, the other toxi-
cities of carboplatin are generally milder and better tolerated
than those of CIS. The incidence of grade 3–4 elevation of
bilirubin and grade 3–4 nausea was lower than incidence
reported with CIS (19% and 33% respectively). Nausea and
vomiting are usually less severe and shorter in duration. No
differences in the incidence of renal impairment was observed
[68]. Etoposide is a semisynthetic derivative of podophyllo-
toxin available for intravenous use. Myelosuppression is the
dose limiting toxicity of etoposide. Nausea and vomiting are
the major gastrointestinal toxicities. Other gastrointestinal
toxicities include anorexia, stomatitis and diarrhea. Alopecia
is usually reversible and it has been observed in up 66% of
patients. Transient hypotension and anaphylactic type reac-
tions have been reported to occur after administration of
etoposide [52]. Alternative schedule substituting irinotecan
for etoposide is recommended as first-line therapy [52].
Irinotecan is a DNA topoisomerase I inhibitor. Hematological
toxicities (neutropenia, anemia ad thrombocytopenia) are the
most frequent dose-limiting toxicities of irinotecan. Irinotecan
can cause acute diarrhea (immediately after drug administra-
tion) and delayed diarrhea (occurring more than 24 h after
drug administration). Acute diarrhea is caused by acute choli-
nergic properties and can be accompanied by a transient
acute cholinergic syndrome, characterized by abdominal
cramps, vasodilatation, rhinitis, sweating, dizziness, visual dis-
turbances, miosis, lacrimation and increased salivation. Other
side effects include alopecia, asthenia, increase in serum levels
of ALT, AST, SAP, bilirubin, amylase and lipase [52]. Kulke et al.
reported in a phase II trial of irinotecan and CIS mild toxicity
including myelosuppression, nausea and diarrhea.
Myelosuppression was the most common treatment related
toxicity. Grade 3–4 neutropenia was reported in 39% of
patients. Grade 3 nausea and vomiting was reported in 21%
of patients. Diarrhea was reported in 66% of patients but only
1 patient had grade 3–4 (5.6%) Other grade 3–4 adverse
advents were fatigue (5.6%), abdominal pain (5.6%), anorexia
(5.6%) and constipation (5.6%) [69]. Similarly, hematological
toxicity was the most common reported in a retrospective
series of patients treated with irinotecan and CIS from Lu
et al. Neutropenia was reported in 69% of patients, 9 (56.3%)
of them of grade 3–4 [70]. Similar results were reported from
Nakano et al. In addition, they reported a significative inci-
dence of grade 3–4 of infections (14%) and of electrolyte
imbalance (20%) including hyponatremia and hyperkalemia
[71]. FOLFOX (folinic acid-fluorouracil–oxaliplatin) and
FOLFIRI (folinic acid-fluorouracil–irinotecan) schedules are the

second line systemic therapy option [4,52]. Sensory neuropa-
thy is the dose-limiting toxicity of oxaliplatin, a third genera-
tion platinum analogue while myelosuppression and
nephrotoxicity are uncommon. Most common adverse events
related to FOLFOX schedule were asthenia (80%), with a 10%
of grade 3–4, nausea and vomiting (40%) with 10% of grade
3–4, and diarrhea (35%) with a 5% of grade 3–4. Severe
anemia, thrombocytopenia and neutropenia were reported
in 10%, 10% and 20% respectively. Symptomatic neurotoxicity
with any severity was reported in 80% of patients. One patient
had grade 3 neurotoxicity [72]. Main adverse events reported
with FOLFIRI were neutropenia and diarrhea (grade 3–4, 32%)
in patients with neuroendocrine carcinomas. Among them 1
patient (5%) experienced grade 3 neutropenia and 3 (16%)
patients experienced grade 3 diarrhea. Grade 4 neutropenia
was reported in 3 (16%) patients [73]. Temozolomide is an
option for palliative treatment in patients with neuroendo-
crine carcinoma although prospective studies to assess the
activity of temozolomide in this setting are necessary.
Regarding safety of temozolomide in this setting, Olsen et al.
reported similar results to those reported in well differentiated
NEN [74]. Detailed adverse events incidence of main che-
motherapeutic schedules is summarized in Table 5.

6. Conclusions

Biotherapy with SSA, targeted therapies with mTOR and tyrosine
kinase inhibitors, PRRT and chemotherapy represent well estab-
lished systemic therapies for NEN. The biology of NEN explains
the effectiveness of these compounds acting, with the exception
of chemotherapy, on the basis of specific molecular targets. The
indolent clinical course of the well differentiated G1-G2 NEN
makes possible to stabilize tumor growth by chronic therapies
over a long period of time. If these therapeutic options proved to
be effective, on the other hand, they seem also safe, manageable
and well tolerated. This is true not only for SSA but also for
targeted therapies and PRRT. In particular, octreotide and lanreo-
tide have to be managed for gastrointestinal abnormalities and
cholelithiasis while pasireotide also for hyperglycemia. However,
treatment discontinuation as well as dose adjustment are rarely
required. Targeted therapies with everolimus and sunitinib are
quite more toxic than SSA but, even in these cases, adverse
events can be for the most managed and prevented, sometimes
decreasing the dose or temporarily interrupting the administra-
tion and rarely discontinuing the drug. 177Lutetium PRRT has
been recently investigated in a phase III clinical trial, revealing a
low rate of serious adverse events. However, renal and hemato-
logic function should be long-time monitored because of the
possible occurrence of renal insufficiency and myelodysplastic
syndrome. Chemotherapy is usually considered for highly prolif-
erating poorly differentiated tumors or for advanced well differ-
entiated tumors, progressive after previous therapeutic lines. For
this reason, cumulative toxicities and poor performance status of
these patients, could in part explain the higher rate of che-
motherapy-related serious adverse events. However, grade 3–4
hematological adverse events were more frequently seen in
patients treated with platinum-based schedule.
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