
Endocrinology

Efficacy and Safety of Everolimus in Extrapancreatic Neuroendocrine

Tumor: A Comprehensive Review of Literature
ANTONGIULIO FAGGIANO,a PASQUALINO MALANDRINO,b ROBERTA MODICA,c DANIELA AGRIMI,d MAURIZIO AVERSANO,e VINCENZO BASSI,f

ERNESTO A. GIORDANO,g VALENTINA GUARNOTTA,h FRANCESCO A. LOGOLUSO,i ERIKA MESSINA,j VINCENZO NICASTRO,k VINCENZO NUZZO,l

MARCELLO SCIARAFFIA,m ANNAMARIA COLAOc
aThyroid and Parathyroid Surgery Unit, Istituto Nazionale per lo Studio e la Cura dei Tumori “Fondazione G. Pascale” – IRCCS, Naples, Italy;
bEndocrinologyUnit, Garibaldi NesimaMedical Center, Catania, Italy; cDepartment of ClinicalMedicine and Surgery, Federico II University,
Naples, Italy; dDistrictHospital,AziendaSanitariaLocale,Brindisi, Italy; eEndocrinologyUnit,AziendaSanitariaLocaleNapoli 3,Naples, Italy;
fUnitof InternalMedicine, SanGiovanniBoscoHospital,Naples, Italy; gEndocrinologyUnit,AziendaSanitariaProvincialediCalabria,Reggio
Calabria, Italy; hBiomedicalDepartmentof InternalandSpecialistMedicine, SectionofEndocrinology,UniversityofPalermo,Palermo, Italy;
iEndocrinology Unit, Azienda Ospedaliero-Universitaria Consorziale Policlinico, Bari, Italy; jDepartment of Clinical and Experimental
Medicine, University of Messina, Messina, Italy; kAzienda Ospedaliero-Universitaria “Ospedali Riuniti,” Foggia, Italy; lUnit of Internal
Medicine, San Gennaro Hospital, Naples, Italy; mEndocrinology Unit, SS Annunziata Hospital, Taranto, Italy
Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Neuroendocrine tumors x Everolimus x Extrapancreatic neuroendocrine tumors x Efficacy x Safety

ABSTRACT

Background. Everolimus, an oral mTOR (mammalian target of
rapamycin) inhibitor, is currently approved for the treatment
of progressive pancreatic neuroendocrine tumors (NETs).
Although promising, only scattered data, often from non-
dedicated studies, are available for extrapancreatic NETs.
PatientsandMethods. Asystematicreviewofthepublisheddata
was performed concerning the use of everolimus in extrapancre-
aticNET,withtheaimofsummarizingthecurrentknowledgeonits
efficacy and tolerability. Moreover, the usefulness of everolimus
was evaluated according to the different sites of the primary.
Results. The present study included 22 different publications,
including 874 patients and 456 extrapancreatic NETs treated
with everolimus. Nine different primary sites ofextrapancreatic
NETs were found. The median progression-free survival ranged
from 12.0 to 29.9 months.Themedian time to progression was

not reached in a phase II prospective study, and the interval to
progression ranged from 12 to 36 months in 5 clinical cases.
Objective responses were observed in 7 prospective studies, 2
retrospective studies, and 2 case reports. Stabilization of the
disease was obtained in a high rate of patients, ranging from
67.4% to 100%. The toxicity of everolimus in extrapancreatic
NETs is consistent with the known safety profile of the drug.
Most adverse events were either grade 1 or 2 and easy
manageable with a dose reduction or temporary interruption
and only rarely requiring discontinuation.
Conclusion.Treatment with everolimus in patients with extra-
pancreatic NETs appears to be a promising strategy that is safe
and well tolerated.The use of this emerging opportunity needs
to be validated with clinical trials specifically designed on this
topic.The Oncologist 2016;21:1–12

Implications for Practice: The present study reviewed all the available published data concerning the use of everolimus in 456
extrapancreatic neuroendocrine tumors (NETs) and summarized the current knowledge on the efficacy and safetyof this drug, not
yet approved except for pancreatic NETs. The progression-free survival rates and some objective responses seem promising and
support the extension of the use of this drug. The site-by-site analysis seems to suggest that some subtypes of NETs, such as
colorectal, could be more sensitive to everolimus than other primary NETs. No severe adverse events were usually reported and
discontinuation was rarely required; thus, everolimus should be considered a valid therapeutic option for extrapancreatic NETs.

INTRODUCTION

In the latest years, a deep interest has arisen regarding
neuroendocrine tumors (NETs). Their incidence has increased
fivefold in the past 40 years [1, 2]. These tumors can develop
from various primary sites, such as the small intestine,

stomach, colon, pancreas, lung, thymus, and other organs.
Almost one half of patients will have metastatic disease at
diagnosis, andthe5-yearsurvival ratehasbeenestimatedtobe
approximately 35% in metastatic patients [3]. In patients with
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advancedNETs, the survival ratehasbeenbetter for thosewith
well-differentiated tumors (low or intermediate grade) than
for thosewith poorly differentiated disease and for thosewith
locoregional disease than distant disease [1].

The role of medical therapy for well-differentiated NETs
has been questioned. As chemotherapy is scarcely effective
and biotherapy only affects progression-free survival (PFS)
but not the objective response [4, 5], researchers have
investigated the role of intracellular signaling pathways
commonly deregulated in NETs, such as activation of the
autocrine mammalian target of rapamycin (mTOR) signaling.
mTOR is a serine/threonine protein kinase involved in the
transduction of PI3K/AKT-dependent growth factor signaling
and eventually regulates cell metabolism, proliferation,
apoptosis, and angiogenesis [6–10].Therefore, it can be used
to advantage as target therapy. It comprises two major
complexes: mTORC1 and mTORC2. mTORC1 mainly controls
the cell energy balance, and its activation is inhibited by
rapamycin. mTORC2 mainly modulates cell motility by
influencing the actin cytoskeleton, and it is not sensitive to
rapamycin [11, 12]. Rapamycin and its analogs, such as
everolimus, bind the intracellular protein FKBP12, thus
inactivating mTORC1 and its related downstream signaling
[8]. Until now, everolimus (RAD 001), an oral mTOR inhibitor,
has been used in therapy for pancreatic NETs [13, 14].
Everolimus is administered as monotherapy but a well-
established molecular rationale exists for its use combined
with octreotide LAR in the management of NETs.

To date, everolimus has been approved by the U.S. Food
and Drug Administration (FDA) only for the treatment
of progressive NETs of pancreatic origin (pNET) in patients
with unresectable, locally advanced, or metastatic disease.
Several phase II and III studies have recently documented
the efficacy and safety of everolimus for the treatment of
advanced NETs arising in sites other than the pancreas
[15–18]. However, treatment with everolimus in these types
of NET continues to be debated, and its use has not yet been
approved. A recent retrospective Italian multicenter study
collected the data from 85 patients with pNETs and 84 with
extra-pNET from a compassionate use program [19]. Simi-
lar PFS and overall survival (OS) were reported in pNETs
and extra-pNETs. In December 2015, the results from the
expected phase III clinical trial on gastrointestinal and lung
NETs, RADIANT-4 (RAD 001 for Advanced Neuroendocrine
Tumors), were published [20]. Everolimus was significantly
effective in nonfunctioning extrapancreatic NETs compared
with placebo. Because of the relevance of this finding for the
objectives of the present study, the results of the RADIANT-4
study will be considered in the discussion section [20].

In the present study, we reviewed all the available data
concerning the use ofeverolimus in NETs other than pancreatic,
with the aim of summarizing the current knowledge on the
efficacy and tolerability of this mTOR-inhibiting drug.

PATIENTS AND METHODS

We searched Medline (PubMed database) for reports
published in English on the use of everolimus for the
treatment of NETs other than pNETs.The terms considered in
the search strategy were “everolimus” or “RAD001” and
“neuroendocrine tumor” or “neuroendocrine carcinoma” or

“carcinoid” or “medullary thyroid carcinoma” or “pheochro-
mocytoma”or “paraganglioma.” Studieswere selected if they
included sufficient data to permit the evaluation of the
everolimus treatment outcomes and/or safety. Different
study types were considered, including prospective and
retrospective studies and case reports. Studies focusing on
combination therapy of everolimus plus somatostatin ana-
logs or other tyrosine kinase (TK) inhibitors were considered,
and those focusing on combinations with chemotherapy
were excluded. No language restrictions were used. Data
were also extrapolated from studies not exclusively focusing
on the topic of the present report.Those exclusively focusing
on pNETs were excluded. Reviews, editorials, and letters to
the editor were also excluded. The search was last updated
in May 2015.

RESULTS

Of the341 reports found in the initial search, 43were judged to
bepotentiallyeligibleby their titleandabstractandthe full text
was reassessed. Overall, 22 studies fulfilled all the inclusion
criteria (Table 1). These publications covered 2008–2015 and
included different study designs. In particular, 2 were phase I
studies [21, 22], 4were phase II [14, 15, 23, 24], 1was phase III,
2 were subanalyses of that phase III study [16–18], 1 was a
prospective cohort study [25], 2 were retrospective studies
[19, 26], and 10 were case reports [27–36] (Table 1). Alto-
gether, the selected studies included 874 patients, and
456 of whom had NETs (non-pNETs) evaluable for treatment
with everolimus. The efficacy and safety outcomes were
obtained for the different types of NETs, including pNETs in six
of the prospective phase I–III trials and 2 retrospective studies
[14, 15, 18, 19, 21–23, 26], a population of NET and non-NET
thyroidneoplasms inoneprospectivestudy[24].Thetwoother
prospective studies, which were subanalyses of the phase III
study, focused on a specific population of patients with colon/
rectum and lung NETs, respectively [16, 17]. One of the three
retrospective studies, including both extra-pNETs and pNETs,
reported thePFS forextra-pNETsandpNETs separately, and the
tumor response rates and safety outcomes were reported for
the whole population [19].

Nine different primary sites of extra-pNETwere found.The
most frequent were the small bowel, lung, and colon/rectum.
Anunknownprimarywas reported in38cases, andtheprimary
was known but not reported in 58 cases (Table 2). Excluding
thyroid, adrenal, and paraganglia NETs, the degree of neuro-
endocrine differentiation was reported in 330 of 437 cases.
The NETs were well-, moderately, and poorly differentiated
in 269, 60, and 1 case, respectively. The Ki-67 level was not
reported in most cases.

Previous treatment variably included surgery, chemother-
apy, somatostatinanalogs, interferon,targettherapies, peptide
receptor radionuclide therapy (PRRT), locoregional treatment
for hepaticmetastases, and radiotherapy (supplemental online
Table 1). Chemotherapy included capecitabine/oxaliplatin,
5-fluorouracil/streptozotocin, 5-fluorouracil/dacarbazine/
epirubicin, cisplatin/etoposide, cisplatin/irinotecan, Adria-
mycin, paclitaxel, gemcitabine, and vincristine/Adriamycin/
cyclophosphamide. Somatostatin analogs included octreotide
and lanreotide.Tyrosine kinase inhibitors included everolimus,
temsirolimus, pazopanib, vandetanib, sunitinib, sorafenib, and
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bevacizumab. Locoregional treatment for hepatic metastases
included embolization, chemoembolization, radioembolization,
radiofrequency, and cryotherapy. Peptide radioreceptor

therapy included 90Y- and 167Lu-radiolabeled therapy in alter-
nating cycles.

Treatment
Everolimus 10 mg/day orally was the starting therapy in 18 of
the 22 studies, and everolimus 10 mg/day and everolimus
5 mg/day were both reported as starting therapy in 4 other
studies. These two different everolimus schedules were
compared between different groups in one phase II random-
ized trial. Everolimus was administered as monotherapy in 6
studies, in associationwithoctreotide LAR30mgevery28days
i.m. in 11, in association with octreotide LAR 30 mg every 28
days i.m. or lanreotide autogel 120 mg every 28 days s.c. in 2,
with pasireotide 40–80 mg every 28 days i.m. in 1, with
pasireotide 40–80 mg every 28 days i.m. or everolimus
10 mg/day orally in monotherapy in 1, and with sorafenib 400–
600 mg/day orally in 1. The median treatment duration ranged
from 4 to 17 months among the prospective and retrospective
series. The longest treatment duration was 46 months.

Outcomes
Tumor progression before everolimus was documented in all
prospective and retrospective studies but two and in all case
reports but one, which reported clinical progression (Table 3).

Table 1. Summary of studies evaluating NET patients (extra-pNET) treated with everolimus

Study Journal Study design
Patients
enrolled (n)

NET patients
(extra-pNET)
treated with
everolimus (n)

Chan et al., 2012 [22] Endocr Relat Cancer P, M, phase I, single arm, open label 22 18

Chan et al., 2013 [21] Cancer Chem Pharmacol P, M, phase I, single arm, open label 21 18

Yao et al., 2008 [8] J Clin Oncol P, phase II, double arm, open label 60 31

Oh et al., 2012 [23] Cancer P, M, phase II, single arm, open label 34 33

Lim et al., 2013 [24] Ann Oncol P, M, phase II, open-label, single-arm 40 9

Bajetta et al., 2014 [15] Cancer P, M, phase II 50 36

Pavel et al., 2011 [18] Lancet P, M, phase III, double-blind,
placebo-controlled

429 205

Castellano et al., 2013 [16] The Oncologist P, M, phase III, subgroup analysis
of RADIANT-2

39a 19a

Fazio et al., 2013 [17] Chest P, M, phase III, subgroup analysis
of RADIANT-2

44a 33a

van Asselt et al., 2014 [25] Neuroendocrinology P, cohort-study 14 7

Kamp et al., 2013 [26] Endocr Relat Cancer R, M 24 6

Panzuto et al., 2014 [19] The Oncologist R, M 169 84

Capdevila et al. 2011 [29] Ann Oncol Case report 1 1

Schieren et al., 2013 [35] Eur J Med Res Case report 1 1

Pusceddu et al., 2011 [34] Oncol Res Case report 1 1

Faggiano et al., 2012 [31] J Cell Mol Med Case report 2 2

Druce et al., 2012 [30] Clin Endocrinol Case report 1 1

Bariani et al., 2013 [27] Onkologie Case report 1 1

Beck et al., 2013 [28] Case Rep in Oncol Case report (enrolled in RADIANT-2) 1 1a

Mitsuyama et al., 2015 [32] Spine J Case report 1 1

Parikh et al., 2015 [33] Ophthal Plast Reconstr Surg Case report 1 1

Sibertin-Blanc et al., 2013 [36] BMC Research Notes Case report (enrolled in RADIANT-2) 1 1a

Total patients (n) 874 456
aPatients not considered in the final count because already included in the report’s number.
Abbreviations: extra-pNET, extrapancreatic neuroendocrine tumor; M, multicenter; NET, neuroendocrine tumor; P, prospective; R, retrospective;
RADIANT, RAD 001 for Advanced Neuroendocrine Tumors.

Table 2. Number of NET patients treated with everolimus

according to site (excluding pNET) from selected reports

Site n

Lung 79

Thymus 2

Stomach 5

Duodenum/jejunum 8

Small bowel 196

Colon/rectum 40

Thyroid 12

Adrenal 5

Paraganglia 2

RS 3

UP 46

PNR 58

Abbreviations: NET, neuroendocrine tumor; pNET, pancreatic NET; PNR,
primarynot reported in thestudies;RS, raresite (kidney in2casesandtail
gut cyst in 1); UP, unknown primary.
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To evaluate everolimus efficacy, PFS data were available
from11 studies, in 8 of themas themedian PFS [14, 16–19, 23,
24, 26] and in 3 as the 6- or 12-month PFS [21, 22, 25]. The
median time to progression (TTP) was available from one
prospective study [25], and TTP was available from four case
reports [27, 28, 30, 31]. Progression had not occurred in three
case reports during the observation timewith everolimus, and
data on progressionwere unavailable from three case reports.
Themedian OSwas available from five studies [14–16, 18, 24].
In six studies (five prospective and one retrospective), data on
pNETs were also included [15, 18, 21–23, 26].

The median PFS ranged from 12 months in the real-world
retrospective study of 84 patients with digestive, lung, or
unknown primary NETs [19] to 29.9 months in the subgroup
analysis of 19 patientswith colorectal NETs from the RADIANT-
2 study [16]. However, in the phase II study by Oh et al.
[23], when the 7 patients with pheochromocytoma or para-
ganglioma were considered separately from those with other
NETs, the median PFS was 3.8 months. When evaluated in
different series of digestive, lung, and unknown primary NETs,
the 6-month PFS was 79% and 76% in two phase I studies [21,
22], and the 12-month PFSwas 65% in a phase I study [22] and
64%inaprospectivecohort study[25].ThemedianTTPwasnot
reached in a phase II prospective study of 50 patients with
different types of NETs that also included 14 pNETs [15]. The

TTP ranged from 12 to 36 months in five clinical cases experi-
encing tumor progression [27, 28, 30, 31]. Where available,
the median OS was not reached in four studies (three phase
II andonephase III study [14, 15, 18, 24]) andwas 32months in
the real-world retrospective study [19].

Objective responses were observed in seven prospective
phase I–III studies, two retrospective studies, and two case
reports. A complete response was reported in one non-
functioning metastatic ileal NET treated with everolimus plus
octreotide in a first-line phase II study [15] and in another NET,
the primary site of which was unspecified, in a retrospective
study [19]. Forty-threepatientshadapartial response(PR).The
primary site of the tumorwas reported in nine cases: the ileum
in three, the stomach, duodenum, and lung in one each, and
an unknown primary in three. The objective response rates
ranged from2.5% inaphase III study [18] to18% in the first-line
phase II study [15]. Stable disease (SD) was observed in 480
patients, ranging from 67.4% in the real-world retrospective
study [19] to 100% in the prospective cohort study [25], both
of which included digestive, thoracic, and unknown primary
NETs. Progressive disease (PD) was observed in 68 patients,
ranging from 3.3% in the phase II study by Yao et al. [14] in
digestive, thoracic, and unknown primary NETs to 28.6% in a
series of patients with pheochromocytoma or paraganglioma
[23]. These findings for all 22 selected studies are listed in

Table 3. Progression-free survival, time to progression, and overall survival in NET patients treated with everolimus

Study type
Previous tumor
progression PFS/TTP OS

Phase I (including 4 pNETs) 91% 6-mo PFS 76%, 12-mo PFS 65% NA

Phase I (including 3 pNETs) NA 6-mo PFS 79% NA

Phase II 65% Median PFS 14.7 mo Median OS not reached

Phase II (including 1 pNET) 100% Median PFS 17.1 mo for NETs and
3.8 mo for pheochromocytoma

NA

Phase II 100% Median PFS 11.7 mo Median OS not reached

Phase II (including 14 pNETs) NA Median TTP not reached Median OS not reached

Phase III (including 11 pNETs) 100% Median PFS 16.4 mo Median OS not reached

Phase III 100% Median PFS 29.9 mo NA

Phase III 100% Median PFS 13.6 mo NA

Prospective cohort study
(including 7 pNETs)

Yes 12-mo PFS 64% NA

Retrospective (including
18 pNETs)

100% Median PFS 13.1 mo NA

Retrospective 100% Median PFS 12 mo Median OS 32 mo

Case report Clinical progression No progression in 12 mo of follow-up No deaths in 12 mo of follow-up

Case report Yes NEa NEa

Case report Yes No progression in 12 mo of follow-up No deaths in 12 mo follow-up

Case report Yes TTP 12 mo and 18 mo No deaths in 12 and 18 mo of follow-up

Case report Yes TTP 18 mo No deaths in 18 mo of follow-up

Case report Yes TTP 13 mo OS 14 mo

Case report Yes TTP 36 mo No deaths in 36 mo of follow-up

Case report Yes NA NA

Case report Yes NA NA

Case report Yes No progression in 4 mo of follow-up No deaths in 4 mo of follow-up
aTreatment duration,3 mo.
Abbreviations: NA, not available; NE, not evaluable; NET, neuroendocrine tumor; OS, overall survival; PFS, progression-free survival; pNET, pancreatic
neuroendocrine tumor; TTP, time to progression.
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Table 4. A similar percentage of PR, SD, and PD was observed
when we evaluated only the 15 of 22 studies that reported
results on extra-pNETs.

Safety
Dataonthe safetyandtoxicityofeverolimuswere reported in19
of the 22 reports; in 9 studies, data on pNETswere also included
(Table 5). Drug-related adverse events were mainly classified
in accordance with the National Cancer Institute’s Common
Terminology Criteria for Adverse Events, version 3.0, although
in some studies, the classification systemwas not specified.The
toxicity ofeverolimus in non-pNETs is consistentwith the known
safety profile of the drug, as proved by the relatively low rate of
drug discontinuation due to adverse events (19% in the largest
series including pNETs) [18]. Dose reduction or temporary
interruption of drug administration were reported in 15 of 22
studies and drug discontinuation in 14, although it was difficult
to infer whether these could be specifically attributed to
everolimus, especially in those studies allowing drug combina-
tions, in which the toxicity could have resulted from cumula-
tive effects (Table 5).Moreover, in phase I studies [21, 22], the
spectrum and intensity of drug-related adverse events can be
widely different according to the diverse dose administered.
The highest rate of dose reduction, together with temporary
interruption (140 patients, 56%), was reported in the RADIANT-2
study [18]; however, that study referred to any cause and not

only to drug toxicity. In some studies, dose reduction, temporary
interruption, and/or complete discontinuation of everolimus
were allowed; however, the number or percentage of patients
involved was not specified [14, 16, 17, 23, 24]. No directly
treatment-related deathswere reported, but two cases of lethal
pneumonitis after everolimus therapy were described [19]. The
commonly reported adverse events are pooled into two groups:
mild to moderate (grade 1–2; Table 6) and severe (grade 3–4;
Table 7), although in some studies, data on the adverse events
were reported as a whole [16–19, 23, 24, 26], with a separate
analysis only for grade 3–4. Most adverse events were either
grade 1 or 2 and easy manageable with a dose reduction or tem-
porary interruption and only rarely required discontinuation. One
case of severe hepatic steatosis was the only unexpected adverse
event [35]. The most common grade 1–2 nonhematological
drug-related adverse events were mucositis and stomatitis,
reported in 11 studies with high rates (.40% of patients in 9
studies). Other common and frequent adverse events were
rash, hyperglycemia, diarrhea, and pulmonary events, including
pneumonitis, interstitial lung disease, lung infiltrations, and
pulmonary fibrosis. The grade 1–2 hematological adverse
events were thrombocytopenia and anemia, reported in 12
and 11 studies, respectively, both with high rates. Grade 3–4
mucositis and stomatitis were reported in 11 studies, although
with lower rates. Grade3–4diarrheawas reported in 10 studies
and thrombocytopenia in 9.

Table 4. Tumor response according to RECIST in NET patients treated with everolimus

Study type CR PR SD PD

Phase I 0 1 (5.9%) 15 (88.2%) 1 (5.9%)

Phase I (including 3 pNETs) 0 1 (5.9%) 13 (76.5%) 3 (17.6%)

Phase II 0 5 (16.7%) 24 (80%) 1 (3.3%)

Phase II (including 1 pNET) 0 NET; 0 Pheo/PGL 3 (11.1%) NET;
0 Pheo/PGL

24 (88.9%) NET;
5 (71.4%) Pheo/PGL

0 NET; 2 (28.6%)
Pheo/PGL

Phase II 0 0 9 (100%) 0

Phase II (including 14 pNETs) 1 (2%) 8 (16%) 38 (74%) 3 (6%)

Phase III (including 11 pNETs) 0 5 (2.5%) 182 (93%) 9 (4.6%)

Phase III NA NA NA NA

Phase III 0 1 (3.3%) 28 (93.3%) 1 (3.3%)

Prospective cohort study 0 0 7 (100%) 0

Retrospective (including 18 pNETs) 0 4 (16.7%) 17 (70.8%) 3 (12.5%)

Retrospective (including 85 pNETs) 1 (0.6%) 13 (7.7%) 114 (67.4%) 41 (24.3%)

Case report 0 1 0 0

Case report 0 0 0 0

Case report 0 1 0 0

Case report 0 0 1 of 2 1 of 2

Case report 0 0 0 1

Case report 0 0 0 1

Case report 0 0 1 0

Case report 0 0 1 0

Case report 0 0 0 1

Case report 0 0 1 0

Total 2 43 480 68

The number of patients with pNETwas provided when the study results did not report the tumor response of pNET and extrapancreatic NETseparately.
Abbreviations: CR, complete response; NA, not available; NET, neuroendocrine tumor; PD, progressive disease; PGL, paraganglioma; Pheo,
pheochromocytoma; pNET, pancreatic neuroendocrine tumor; PR, partial response; SD, stable disease.
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The only study evaluating a correlation between toxicity
and tumor subtype found no statistically significant difference
among patients with grade 3–4 toxicities or themost common
overall toxicities [22].However, thesafetyprofileofeverolimus
might be affected by previous therapies, because a 12-fold
increased risk of severe toxicity has been reported in patients
who had already received PRRT and chemotherapy [19]. In
contrast, everolimus has been advocated as a safe option after
tumor progression following 177Lu-octreotate radionuclide
therapy [26].

In summary, everolimus appears to be quite a safe thera-
peutic option, with a good andmanageable safety profile, even
in NETs other than pancreatic.

Lung NETs
LungNETs represent approximately 25%of all lung cancers, with
an annual incidence of 1.35 patients per 100,000 in the U.S. [2,
37]. LungNETswere classifiedbyTravis etal. [38] into four types:
two with highly aggressive biological behavior (i.e., small-cell
neuroendocrine carcinomas, which represent slightly 20% of
all lung cancers, and large-cell neuroendocrine carcinomas,
the rarest subtype) and two with low- to intermediate-grade
malignancy (typical and atypical carcinoids, representing 5% of
all lung cancers). The therapeutic options are limited for lung
NETs with unresectable or metastatic disease, because no
standard treatment exists [37, 39].

Lung NETs have demonstrated overactivation of themTOR
signaling pathway in vitro [40]. In preclinical data obtained
from experiments in cell lines derived from human lung NETs,
everolimusdemonstratedantiproliferative effects,withmTOR
expression significantly higher in “responsive” human bron-
chial carcinoma cultures than in nonresponsive tissues
[41]. Moreover, low- to intermediate-grade lung NETs show
preferential sensitivity to everolimus compared with high-
grade lung NETs [41]. The efficacy and safety of everolimus
plus octreotide LAR in lung NET has been evaluated by Fazio
et al. [17] as exploratory subanalysis of the RADIANT-2 study.
In that cohort of 44 patients with low- to intermediate-
grade advanced lung NETs (10.3% of the overall RADIANT-2
population study), the analysis demonstrated that themedian
PFS was increased by 8 months, from 5.6 months in patients
receiving placebo plus octreotide LAR to 13.6 months in
patients receiving everolimus plus octreotide LAR, corre-
sponding to a 28.8% reduction in the risk of progression.
Although this difference was not statistically significant (p 5
.228), this clinically meaningful improvement in PFS repre-
sented a benefit similar to that seen in the overall RADIANT-2
population (a PFS increase of 5.1 months), despite the gen-
erally poorer prognosis of thosewith lungNETs comparedwith
other types of NETs [18]. Moreover, tumor shrinkage was
observed in a higher proportion of patients treated with
everolimus plus octreotide LAR (66.7%) than in those treated

Table 5. Safety assessment, treatment variations due to adverse events, and treatment-related deaths in NET patients treated

with everolimus

Study type
CTCAE,
version 3.0 Dose reduction

Temporary
interruption Discontinuation

Treatment-related
deaths

Phase I (4 pNETs) Yes 3 (13.6%) NA 1 (4.5%) 0

Phase I (3 pNETs) Yes 3 (14.3%) NA 3 (14.3%) 0

Phase II (29 pNETs) Yes 8 (12%) NS 3 (4.5%) 0

Phase II (1 pNET) Yes NS NS NS 0

Phase II Yes NS 0 1 (2%) 0

Phase II (14 pNETs) Yes 13 (26%) 0 3 (6%) 0

Phase III (11 pNETs) Yes 140 (65%)a 140 (65%)a 40 (19%) 0

Phase III Yes 8 (42.1%) NS NS 0

Phase III Yes NS 0 NS 0

Prospective cohort study (7 pNETs) Yes NS 0 2 (15%) 0

Retrospective (18 pNETs) Yes 4 (16.6%) 7 (29%) 4 (16.6%) 0

Retrospective (85 pNETs) Yes 28 (16.6%) 107 (63.3%) 15 (8.9%) 0

Case report Yes 0 0 0 0

Case report Yes 0 0 1 (100%) 0

Case report NA 0 0 0 0

Case report Yes 2 (100%) 2 (100%) 2 (100%) 0

Case report NA 1 (100%) 0 0 0

Case report NA 1 (100%) 0 0 0

Case report Yes 0 0 0 0

Case report NA NA NA NA 0

Case report NA NA NA NA 0

Case report Yes 0 0 1 (100%) 0

Total 211 (26.9%) 256 (34.8%) 76 (9%) 0
aBoth dose reduction and temporary interruption from any cause.
Abbreviations: CTCAE, National Cancer Institute’s Common Terminology Criteria for Adverse Events; NA, not available; NET, neuroendocrine tumor; NS,
not specified (performed but not known in what number of patients); pNET, pancreatic neuroendocrine tumor.
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with placebo plus octreotide LAR (27.3%). The ITMO (Italian
Trials in Medical Oncology) study suggested a possible role of
everolimus plus octreotide as first-line treatment in patients
with gastroenteropancreatic (GEP) and lung NET [15]. The
overall response rate was 18%, and 74% achieved stable
disease. The study conclusion was that the everolimus-
octreotide LAR combination was active and well tolerated in
these previously untreated patients with advanced NETs.

In preclinical data obtained from experiments in cell
lines derived from human lung NETs, everolimus
demonstrated antiproliferative effects, with mTOR
expression significantly higher in “responsive”human
bronchial carcinoma cultures than in nonresponsive
tissues. Moreover, low- to intermediate-grade lung
NETs show preferential sensitivity to everolimus
compared with high-grade lung NETs.

Gastric NETs
AlthoughgastricNETs (g-NETs) representapproximately20%of
all digestive NETs, they are often underrepresented in clinical
trials, and data have mainly been obtained from case reports.
The optimal therapeutic management of g-NETs depends on
several factors. In the case of advanced disease, several
medical treatments, including cytotoxic chemotherapy, have
been proposed; however, the rate of objective response has
not been satisfying.

Few data are available regarding everolimus for g-NETs.
Bariani et al. [27] reported thecaseof a 64-year-oldmalepatient
with metastatic type 3 g-NET. The patient experienced a clinical
benefit from everolimus administration and after 6 months of
treatment, the liver metastases had decreased by 17%.

Ileal NETs
Almost one third (30.8%) of all GEP-NETs arise from the small
intestine [42]. Terminal ileum NETs are frequently diagnosed
at an advanced stage, with liver and/or regional lymph node

Table 7. Everolimus adverse events grade 3–4

Study Anemia Leukopenia Thrombocytopenia Fatigue Asthenia Diarrhea Nausea Hyperglycemia Hypercholesterolemia Hypertriglyceridemia

Chan et al., 2012
[22]

0 3 (14%) 3 (14%) 0 NA 1 (5%) 0 8 (36%) 0 0

Chan et al., 2013
[21]

0 1 (6%) 2 (11%) 0 NA 3 (17%) 0 1 (6%) 0 1 (6%)

Yao et al., 2008
[8]

2 (3%) 3 (5%) 3 (5%) 7 (11%) NA 7 (11%) 1 (2%) 6 (9%) NA 2 (3%)

Oh et al., 2012
[23]

2 (6%) NA 5 (15%) NA 1 (3%) 1 (3%) 0 2 (6%) NA NA

Lim et al., 2013
[24]

NA 2 (5%) 0 NA NA 4 (10%) 0 0 0 0

Bajetta et al.,
2014 [15]

1 (2%) 1 (2%) 0 NA NA 11 (22%) NA 0 0 NA

Pavel et al., 2011
[18]

3 (1%) NA 10 (5%) 14 (7%) 2 (1%) 13 (6%) 1 (0.5%) 11 (5%) NA NA

Castellano et al.,
2013 [16]

NA NA NA NA NA 2 (NA) NA NA NA NA

Fazio et al., 2013
[17]

NA NA 3 (9%) NA NA 3 (9%) NA 2 (6%) NA NA

van Asselt et al.,
2014 [25]

0 0 0 0 0 0 0 0 0 0

Kampetal., 2013
[26]

0 4% 8.3% 8% 0 4% 0 13% 0 NA

Panzuto et al.,
2014 [19]

9 (5%) NA 13 (8%) NA 3 (2%) NA NA 2 (1%) NA NA

Capdevila et al.
2011 [29]

NA NA NA NA NA NA NA NA NA NA

Schieren et al.,
2013 [35]

0 0 0 0 0 0 0 0 0 0

Pusceddu et al.,
2011 [34]

0 0 0 0 0 0 0 0 0 0

Faggiano et al.,
2012 [31]

0 2 (100%) 1 (50%) 0 0 0 1 (50%) 0 0 0

Druce et al.,
2012 [30]

0 0 0 0 0 1 (100%) 0 0 0 0

Bariani et al.,
2013 [27]

0 0 0 0 0 0 0 0 0 0

Beck et al., 2013
[28]

0 0 0 0 0 0 0 0 0 0

Mitsuyama
et al., 2015 [32]

NA NA NA NA NA NA NA NA NA NA

Parikh et al.,
2015 [33]

NA NA NA NA NA NA NA NA NA NA

Sibertin-Blanc
et al., 2013 [36]

0 0 0 0 0 0 0 0 0 0

Abbreviation: NA, not available.
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metastases in up to 70% of patients [43]. Also, approximately
20% of total ileal NETs are associated with carcinoid syndrome
[44].

Surgery represents the first therapeutic approach in most
cases [45, 46]. However, in advanced unresectable disease,
medical treatment is required [45]. Somatostatin analogs induce
partial stabilization of the disease and control of secretory
symptoms in patients with carcinoid syndrome [47]. Owing to
the low rate of proliferation of ileal NETs, chemotherapywill not
be able to induce tumor shrinkage in most cases. Together with
the frequent development of potentially severe adverse events,
chemotherapy is generally recommended for patients with a
poor prognosis and not responding to less aggressive therapies
[14, 48–50]. In this scenario, therapy with everolimus might
represent a good compromise between effectiveness and
tolerability. Capdevila et al. [29] reported the case of a 50-year-
old woman with carcinoid syndrome from a well-differentiated
neuroendocrine carcinoma of the ileum with diffuse liver
metastases. After treatment with everolimus plus octreotide,
her symptoms improved, anda50%decrease in livermetastases
was obtained. This schedule has also been tested in a phase II
study by Bajetta et al., demonstrating a high objective response
plus stable disease rate when everolimus and octreotide were
used in a first-line setting [15]. In particular, the only complete
response reported in their study was in a patient with a non-
functioningmetastatic ilealNET. Inaphase Istudy,Chanetal. [22]
reported the use of everolimus combined with pasireotide
(SOM230) in 21 patients with advanced NETs, 66.7% of which
originated from the small bowel. Most treated patients (95.2%)
had a partial response or stable disease using the RECIST, and
after 12 months, 65% were progression free. The investigators
reported no differences in efficacy according to tumor type.

In order to investigate the possible synergistic effect of the
inhibition of both mTOR and vascular endothelial growth
factor pathways in patients with advanced NETs, Chan et al.
[21] evaluated the efficacy of everolimus combined with
sorafenib in 21 patients, 52.4% of which originated from the
small bowel. They observed a 62% objective response rate,
mainly corresponding to stable disease. In theRADIANT-2 trial,
52.2% of the overall 429 enrolled patients had a small bowel
primary NET. In that subgroup of patients, the combined
treatment with everolimus plus octreotide, compared with
placebo plus octreotide, led to a 23% reduction in the esti-
mated risk of progression and an additional prolongation of
PFS by 4.6 months. Despite these clinically meaningful find-
ings, no statistically significant difference was found between
everolimus and placebo [18].

Colorectal NETs
Among all GEP-NETs, colorectal NETs are the most frequent in
termsofprevalence [51].Moreover, epidemiological datahave
revealedan increase in their incidence.Patientswithcolorectal
NETs have a poor prognosis, as many of them already have
advanced disease at diagnosis. The median survival for those
with metastatic colorectal NETs has been 5 months compared
with 24 and56months for thosewithNETs of the pancreas and
small bowel, respectively [2]. To date, chemotherapy and
biotherapy have not significantly improved the prognosis of
these neoplasms, owing to the low efficacy and often relevant
toxicity; thus, effective therapeutic options are lacking.

EverolimushasbeenevaluatedforNETsarisingfromthecolon
and rectum in some large, multicenter, single or double arm,
clinical trials that included NETs of different origin, well or
moderately differentiated, functioning and nonfunctioning, with
local, locally advanced, or metastatic disease [14, 16, 18, 23]. In
the RADIANT-2 study, 6.5% of the 429 enrolled patients had a
primary NETof the colon. In that subgroup of patients, the com-
bined treatmentwith everolimus andoctreotide, comparedwith
placebo plus octreotide, led to a 61% reduction in the estimated
risk of progression and an additional prolongation of PFS of 16.9
months. Despite these encouraging findings, the difference
betweentheeverolimusandplacebogroupswasnot statistically
significant, mainly because of the small number of patient with
colon NETs. Castellano et al. [16] performed an exploratory post
hoc subgroup analysis of the RADIANT-2 study by including
patientswith both colonic and rectalNETs as theprimary site (39
of 429; 9.1%). They observed that patients with colorectal NETs
treated with everolimus plus octreotide LAR had significantly
longer median PFS compared with those who had received
placebo plus octreotide LAR (29.9 vs. 6.6 months, respectively).

Medullary Thyroid Cancer
Medullary thyroid cancer (MTC) accounts for approximately
4% of all thyroid cancers. Although the 10-year survival rate
for MTC patients is 80%, it decreases to 31% when dis-
tant metastases are present. The first therapeutic option is
thyroidectomy plus lymphadenectomy. However, a high rate
of tumors relapse after surgery. In patients with progressive
metastatic disease, the only effective therapeutic options are
the TK inhibitors vandetanib and cabozantinib; chemotherapy
is ineffective. If these compounds are effective as antitumor
agents, they could be responsible for common grade 3–4 side
effects, which implies their use only in the case of RECIST
progression [52, 53]. In 2012, Faggiano et al. demonstrated
in an in vivo and in vitro study that everolimus is active in
MTC [31]. In particular, everolimus, combinedwith octreotide,
might be effective as antitumor therapy in patients with
progressive metastatic MTC. Lim et al. [24], in a multicenter
phase II trial, investigated the efficacy of everolimus in 40
patients with locally advanced or metastatic thyroid cancer
(including9patientswithMTC).Theoverall objective response
rate (complete response plus partial response) was not
satisfying (5%); however, the primary endpoint of the study
(i.e., the disease control rate; defined by the investigators as
the partial response plus stable disease of $12 weeks) was
achieved in all 9 MTC patients.

Pheochromocytoma and Paraganglioma
Pheochromocytomas andparagangliomas are rare NETswith an
estimated annual incidence in the U.S. of 500–1,600 cases
annually [54]. Surgeryhasbeentheprimary treatment, although
systemic treatment has been reported in cases of malignant
unresectable disease or in the presence of distant metastases.
The most used chemotherapy regimen is a combination of
cyclophosphamide, vincristine, anddacarbazine,whichprovides
a partial response in only 30% of patients [55].

Oh et al. [23] evaluated the efficacy of treatment with
everolimus (median duration of 3.8months) in 5 patients with
pheochromocytoma and 2 with paraganglioma. Five of these
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patients (71.4%) achieved stable disease and two developed
progression; the median PFS was 3.8 months.

DISCUSSION

Although perceived as rare, the incidence and prevalence of
NETs have been increasing. Also, NETs are heterogeneous in
terms of biology, natural history, and therapeutic options
[1, 2]. In particular, pNETs can be distinguished from those
arising elsewhere, and medical therapy has been dichoto-
mized between these two groups [56, 57]. The knowledge of
molecular pathways involved in human carcinogenesis has
allowed in the past decade the development of new ther-
apeutic agents that specifically act against the deregulated
molecular signal implicated in cancer progression, thus
representing an interesting and promising option for cancer
therapy [58]. Such is the casewith themTORpathway,which is
hyperactivated in several cancers, including NETs [31, 59–61].
Many studies have evaluated whether NET patients might
benefit from targeted agents. At present, everolimus is the
only mTOR inhibitor drug approved by both the FDA and the
European Medicines Agency for the treatment of advanced
grade 1–2 pNETs. Significant differences exist in themolecular
genetics between pancreatic and extrapancreatic NETs. In the
present study, we discuss the current data concerning the use
of everolimus for the treatment of extrapancreatic NETs.

We identified 22 clinical studies investigating the use of
everolimus in 456 extrapancreatic NETs that originated from
nine different primary sites, including typical NETs from
the gastrointestinal and thoracic tract and neuroectodermal
NETs from the thyroid, adrenal glands, and paraganglia. Less
common sites and tumors with an unknown primary were
also included. Although the efficacy of everolimus has been
documented regardless of the primary site [19, 22], not all
studies allowed the extrapolation of the data regarding
the outcome of extrapancreatic NET patients treated with
everolimus. However, in 20 of 22 studies, the disease was
progressingbeforeeverolimustreatment (Table4), andthebest
tumor response obtained after everolimus administration was
to stabilize the disease progression in a high percentage of
patients, ranging from67.4%to100%(Table5).Althoughsome
studies also included patients with pNETs, our results were
still confirmedwhenwe analyzed only those studies with data
availableonpatientswithextrapancreaticNETs [14,22,24,25].
Moreover, the efficacy of everolimus in extrapancreatic NETs
has been tested in placebo-controlled phase III trials. In two
exploratory subanalyses of the RADIANT-2 study [16, 17], the
medianPFS for patientswith lungand colorectalNETswas13.6
and 29.9months comparedwith 16.4months in the RADIANT-
2 study and 11.0 months in pNETs evaluated in the RADIANT-3
study [14, 18]. In December 2015, the results of the expected
phase III trial RADIANT-4 focusing on nonfunctioning extrap-
ancreatic NETs were published [20]. That study reinforced
previous data regarding the effectiveness of everolimus in
extrapancreatic grade 1–2NETs. In particular, NETs of the lung,
ileum, rectum, andunknownprimarywerewell represented in
the study population, and other digestive NETs were out-
numbered. The median PFS in the RADIANT-4 study was 11.0
months for patients treated with everolimus and 3.9 for the
placebo group. Safety was similar to that in previous studies.

No difference in median PFS was observed after stratification
for primary tumor site or for tumor grade.

In 20of 22 studies, thediseasewasprogressingbefore
everolimus treatment, and the best tumor response
obtained after everolimus administration was to
stabilize the disease progression in a high percentage
of patients, ranging from 67.4% to 100%.

Despite the promising results obtained through therapy
with everolimus, in the real-world setting, the occurrence of
resistance to mTOR inhibitor drugs is not rare. Compensatory
feedback loops and cross-talk between the PI3K/AKT/mTOR
cascade and other pathways have been identified [62, 63]. For
instance, mTOR inhibition induces upstream activation of
AKT signaling [64], thus potentially leading to resistance to
rapamycin and its analogs. Resistance to mTOR inhibition
could also result from upstream activation of PI3K/AKT
signaling by a mutated and constitutively activated RAS/
MAPK pathway. Chiu et al. reported restored sensitivity to
everolimus by combined therapy with erlotinib (an inhib-
itor of the epithelial growth factor receptor) in a genetically
engineered mouse model of pNET [65]. Resistance to ever-
olimus was reported by Di Nicolantonio et al. in metastatic
cancer patients with KRAS-mutated tumors [66]. Moreover, in
human cancer cells with both PIK3CA and KRAS mutations,
sensitivity to everolimus was restored after genetically delet-
ing the KRAS mutations.

Another relevant issueconcernstheuseofeverolimus inthe
treatment of poorly differentiated grade 3 neuroendocrine
carcinomas (NECs). Evidence is lacking regarding whether
everolimus might be advisable for the treatment of high-grade
NECs, because most patients enrolled in the cited studies had
a low- to intermediate-grade NET (grade 1 or 2). Bollard et al.
[67] observed strong expression of the two major effectors
(phospho-p70S6K and phospho-4E-BP1) of mTOR in six human
tissue samples of NECs. Moreover, they investigated the effect
of everolimus in a xenograft model of two neuroendocrine cell
lines (STC-1 andGluTag) in nudemice.The tumors derived from
these cell lines mimicked NEC in vivo. After treating the
xenograftedmicewitheverolimus, a significant reduction in the
tumor volume was obtained [67]. Therefore, several clinical
trials havebeendesigned to investigate theuseofeverolimus in
poorly differentiated NECs as first-line therapy combined with
temozolomide (ClinicalTrials.gov identifier NCT02248012) or
with paclitaxel plus carboplatin (ClinicalTrials.gov identifier
NCT01317615) and as second-line treatment after failure of
first-lineplatinum-basedchemotherapy (ClinicalTrials.gov iden-
tifierNCT02113800).An intriguinghypothesis is thateverolimus
could be of great benefit in well-differentiated moderately
proliferating grade 3 disease, a recently identified subcategory
of grade 3 tumors that seems to have longer survival and lower
chemosensitivity thanpoorlydifferentiated, highly proliferating
grade 3 tumors [68]. Further studies are required to test this
potential indication for everolimus.

At present, to better validate the role of everolimus
monotherapy or combined therapy for patients with extra-
pNETs, some clinical trials are recruiting participants or have
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completed recruitment, and the results are awaited. These
studies are investigating the safety and efficacy of everolimus
alone for advanced NETs as first-line treatment (ClinicalTrials.
gov identifier NCT01648465) or in pretreated patients with
progressive disease (ClinicalTrials.gov identifier NCT01524783).
Other ongoing trials are investigating the efficacy of combined
therapies, including everolimus plus pasireotide, in patients
with advanced NETs of the lung and thymus (ClinicalTrials.gov
identifier NCT01563354) and everolimus plus erlotinib in
patients with grade 1 or 2 NETs.

CONCLUSION
We examined the evolving therapeutic landscape and dis-
cussed the available evidence suggesting everolimus as a
valid therapeutic option for NETs other than pancreatic.
Moreover, some subtypes of NETs, such as colorectal, could be
more sensitive to everolimus than the pancreatic type. Finally,
a new emerging and attractive opportunity requiring valida-
tion is the use of everolimus for poorly differentiated NETs.
Everolimus is well tolerated, with most side effects mild or
moderate inseverity.However, careful clinical andbiochemical

monitoring is needed for the early diagnosis of hematological
and metabolic abnormalities or pneumonitis.
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