
Gastrointestinal Cancer

Real-World Study of Everolimus in Advanced Progressive

Neuroendocrine Tumors
FRANCESCOPANZUTO,aMARIARINZIVILLO,aNICOLA FAZIO,b FILIPPO DEBRAUD,c GABRIELE LUPPI,dMARIACHIARA ZATELLI,e FRANCESCA LUGLI,f

PAOLA TOMASSETTI,h FERDINANDO RICCARDI,j CARMEN NUZZO,k MARIA PIA BRIZZI,m ANTONGIULIO FAGGIANO,n ALBERTO ZANIBONI,o

ELISABETTA NOBILI,l DAVIDE PASTORELLI,p STEFANO CASCINU,q MARCO MERLANO,s SILVANA CHIARA,t LORENZO ANTONUZZO,u

CHIARA FUNAIOLI,v FRANCESCA SPADA,b SARA PUSCEDDU,c ANNALISA FONTANA,d MARIA ROSARIA AMBROSIO,e ALESSANDRA CASSANO,g
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ABSTRACT

Everolimus is a valid therapeutic option for neuroendocrine
tumors (NETs); however, data in a real-world setting outside
regulatory trials are sparse. The aim of this study was to
determine everolimus tolerability and efficacy, in relation to
previous treatments, in a compassionate use program. A total of
169 patients with advanced progressive NETs treated with
everolimus were enrolled, including 85 with pancreatic NETs
(pNETs) and 84 with nonpancreatic NETs (non-pNETs). Previous
treatments included somatostatin analogs (92.9%), peptide
receptor radionuclide therapy (PRRT; 50.3%), chemotherapy
(49.7%), and PRRT and chemotherapy (22.8%). Overall, 85.2%of
patients experienced adverse events (AEs), which were severe
(grade 3–4) in 46.1%. The most frequent severe AEs were
pneumonitis (8.3%), thrombocytopenia (7.7%), anemia (5.3%),
and renal failure (3.5%). In patients previously treatedwith PRRT

andchemotherapy,a12-foldincreasedriskforseveretoxicitywas
observed, with grade 3–4 AEs reported in 86.8% (vs. 34.3%
in other patients). In addition, 63.3% of patients required
temporarily everolimus discontinuation due to toxicity. Overall,
27.8% of patients died during amedian follow-up of 12months.
Median progression-free survival (PFS) and overall survival (OS)
were 12 months and 32 months, respectively. Similar disease
controlrates,PFS,andOSwerereportedinpNETsandnon-pNETs.
In the real-world setting, everolimus is safe and effective for the
treatment of NETs of different origins. Higher severe toxicity
occurred in patients previously treated with systemic chemo-
therapy and PRRT.This finding prompts caution when using this
drug in pretreated patients and raises the issue of planning for
everolimus before PRRT and chemotherapy in the therapeutic
algorithm for advanced NETs.The Oncologist 2014;19:966–974

Implications for Practice: Data reported outside regulatory trial settings are useful for physicians dealing with neuroendocrine
tumors (NETs) and provide understanding of whether the findings obtained in those trials are consistent with clinical practice. In
this real-world studyofeverolimus inadvanced, progressiveNETs, significantly higher severe toxicitywasobserved inpatientswith
long-duration disease and in those previously treatedwith systemic chemotherapy and/or peptide receptor radionuclide therapy.
These findings may help physicians to plan an optimal therapeutic strategy for these patients to avoid predictable severe toxicity
that may also result in limitations for further treatments.
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INTRODUCTION

In recent decades, several national cancer registries have
reported significant increases in neuroendocrine tumor (NET)
incidence [1]. Tumor behavior, and thus patient survival,
depends on a number of factors, including primary site, tumor
histology, proliferative index Ki-67, and staging [2–6].

The therapeutic approach of these diseases has changed
dramatically due to the novel targeted therapies with the
mammalian target of rapamycin inhibitor everolimus and the
multitarget tyrosine kinase inhibitor sunitinib, which have
been approved for advanced progressive pancreatic NETs
(pNETs) [7, 8]. In randomized controlled trials, everolimus
obtained a 65% decrease in the risk for tumor progression in
pNETs [7] and a 23% decrease in patients with nonpancreatic
NETs (non-pNETs) [9]. In addition, promising preclinical
findings suggested that everolimus might be effective in ag-
gressive endocrine neoplasms [10–13].

Data on NET therapeutic sequence and impact of previous
treatments on everolimus tolerability and efficacy are lacking.
Consequently, it is not clear where everolimus should be
placed in the treatment algorithm for advanced NETs. Fur-
thermore, despite promising findings from the cited trials
[7, 9], very few data concern everolimus in NETpatients in the
real-world setting. The aim of this study was to determine
everolimus tolerability and efficacy, in relation to previous
treatments, in a real-world clinical setting of a compassionate
use program (CUP).

PATIENTS AND METHODS

Study Design
This study is a retrospective analysis of all consecutive
patients with NETs included in a CUP organized by the drug
manufacturer (Novartis International, Basel, Switzerland,
http://www.novartis.com) that was open for participation
from August 2008 to September 2012. The drug was given for
free to the patients on appropriate request from each
participant center. A total of 19 centers participated in this
study.

Patients
Inclusion criteria were aged .18 years, histologically proven
diagnosis of well or moderately differentiated NETs, disease
progression (DP) documented by radiological examinations
after failure of previous medical treatment, unresectable
or metastatic disease, Eastern Cooperative Oncology Group
performance status (PS) #2. Key exclusion criteria were
impaired cardiac function, severe liver or renal disease,
inadequate bone marrow reserve, uncontrolled diabetes,
uncontrolled hypercholesterolemia or hypertriglyceridemia,
presence of familial syndromes (multiple endocrine neoplasia
type I, von Hippel-Lindau), or life expectancy ,3 months. All
patients provided full informed consent before starting
everolimus treatment.The programwas approved by the local
ethics committee of each participating center.

Methods
Everolimus starting dosewas 10mg daily; the investigator had
the option of starting at or reducing the dose to 5 mg daily

depending on the patient’s baseline clinical status and
tolerability. Treatment was continued until DP or intolerable
toxicity occurred or if the patient withdrew informed consent.
Adverse events (AEs) were graded according to the Common
Terminology Criteria for Adverse Events v. 3.0 [14].

Although this study had a retrospective design (i.e., the
follow-up program was not fully standardized), computed
tomography or magnetic resonance imaging assessments
were performed at baseline and, usually, every 3months after
startingeverolimusandwereevaluatedaccording toResponse
Evaluation Criteria In Solid Tumors (RECIST 1.0) [15].

All data were prospectively collected at the center where
the patient was treated. A unique computerized data sheet
was created, and data were analyzed retrospectively.

Gastroenteropancreatic (GEP)NETswere classified accord-
ingly to theWorldHealthOrganization 2010 classification [16].

Efficacy was analyzed by evaluating progression-free
survival (PFS), overall survival (OS), and best overall response,
which was defined as the best radiological tumor response
from start of treatment until discontinuation. Patients were
considered “responders” to treatment when disease control
(DC)was achieved, in termsof stable disease, partial response,
or complete response; otherwise, they were considered
“nonresponders.” PFS was defined as the interval between
beginningof treatmentwitheverolimusandDPtimeorpatient
death from any cause if it occurred before documented DP. OS
was defined as the interval between beginning of treatment
and date of death from any cause. PFS and OS analysis were
assessedusing theKaplan-Meiermethod, and the resultswere
compared by log-rank test. Death was considered “during
treatment” if it occurred while the patient was taking
everolimus or in the 4-week period following the last dose
administration if the drug had been already discontinued. Risk
factors were expressed as hazard ratio (95% confidence
interval). Logistic regression was used to identify possible
predictors of severe toxicity. The multivariate model was
constructed by enter method. Receiver operating character-
istic (ROC) curve analysis was used to identify the cutoff level
for Ki-67 as a predictor of response to everolimus (area under
the curve: 0.624; p5 .038 using nonresponders to treatment
as a classification variable). The distribution of continuous
variableswas reportedasmedianand interquartile range (IQR;
25thto75thpercentiles)ormedianandrange,asspecified.The
comparison between subgroupswas carried out using Fisher’s
exact test, x2 test, or Mann-Whitney U test for continuous
variables. Ap value,.05was considered significant. Statistical
analysis was performed using Medcalc v.12 (MedCalc Soft-
ware, Ostend, Belgium, http://www.medcalc.be).

RESULTS

A total of 169 patients were enrolled in this study, including 85
with pNETs (50.3%) and 84 with non-pNETs (49.7%) (Table 1).
Most frequent non-pNETs were jejunum-ileum tumors (31
patients, 18.3%) and lung tumors (22 patients, 13%). Other
primary siteswere reported in18patients (10.7%),whereas13
patients (7.7%) had metastases from an unknown primary
tumor. A total of 122 patients (72.2%) had GEP NETs. Of these,
27 (22.1%) had NET-G1 (13 pNETs and 14 non-pNETs), 88
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(72.1%) had NET-G2 (66 pNETs and 22 non-pNETs), and the
remaining 7 patients (5.8%) had G3 neuroendocrine carcino-
mas (NECs) (6 pNETs and 1 non-pNET). Overall, 156 patients
(92.3%)haddistantmetastatic disease,whereas the remaining
13 patients (7.7%) had locally advanced unresectable disease.
Performance status at beginning of treatment (baseline PS)
was 0 in 91 patients (53.9%), 1 in 68 patients (40.2%), and 2 in
the remaining 10 patients (5.9%).

A total of 164 patients (97%) started everolimus treatment
ata 10-mgdailydose,whereas the startingdosewas5mgdaily
for the remaining 5 patients (3%). Everolimus treatment was
associated with somatostatin analogs (SSAs) in 147 patients
(87%; octreotide long-acting release in 125 patients, lanreotide
autogel in 22 patients). Of these, 102 patients (60.3%) had
nonfunctioning tumor. Conversely, in the remaining 22
patients (13%), it was given as a single therapy. Median
duration of treatment was 6 months (range: 1–46 months).
Specifically, 65 patients (38.5%) received everolimus for ,6
months, whereas 54 patients (32%) were treated for 6–11

months, and the remaining 50 patients (29.5%) were treated
for$12 months.

The most frequent treatments received before starting
everolimus were SSAs (n 5 157, 92.9%), peptide receptor
radionuclide therapy (PRRT; n 5 85, 50.3%), systemic
chemotherapy (n5 84, 49.7%), and interferon (n5 18, 10.6%).
With regard to patients pretreated with PRRT, 44 (51.8%)
received therapy basedonyttrium90 (90Y), 22patients (25.9%)
received therapy based on lutetium 177 (177Lu), and 19
patients (22.3%) received a combination of both. Median
cumulative dose was 524 mCi (25th–75th IQR: 337–700 mCi).
Median interval of time between end of PRRT and everolimus-
treatment initiation was 8 months (25th–75th IQR: 3–21
months). Among patients pretreated with systemic chemo-
therapy, the most frequent regimens were etoposide plus
cisplatin in29patients (34.5%),5-fluorouracil-basedtherapy in
29 patients (34.5%), and gemcitabine-based therapy in 12
patients (14.3%). The median interval between end of chemo-
therapy and everolimus initiation was 8 months (25th–75th
IQR: 3–13 months). Fourteen patients (8.3%) received two or
more therapeutic lines with systemic chemotherapy before
starting everolimus. A total of 38 patients (22.5%) were pre-
viously treatedwith both chemotherapy (platinum-based in 20
patients) and PRRT (90Y based in 24 patients, 177Lu based in 11
patients,andacombinationofboth intheremaining3patients).
Inthisgroupofpatients,baselinePSwas0in20patients(52.6%),
1 in16patients (42.1%),and2 intheremaining2patients(5.3%).

Tolerability
Overall, 103patients (60.9%) underwentdefinitive everolimus
discontinuation. The primary reasons for discontinuation
included DP (n 5 85, 50.3%), toxicity (n 5 15, 8.9%), and
consent withdrawal (n 5 3, 1.7%). All 15 patients who
discontinued treatment for toxicity received everolimus for
,12months (of these, 12 patients received everolimus for,6
months).

Table 1. General features of 169 enrolled patients

Feature Overall (N5 169) pNETs (n5 85) Non-pNETs (n5 84) p value

Sex, n (%)

Male 93 (55) 41 (44.1) 52 (55.9) .089

Female 76 (45) 44 (57.9) 32 (42.1)

Median age (yr)a 63 (55–70) 60 (53–67) 64.5 (57–72) .004

Ki-67 (%)a,b 9.5 (5–15) 10 (5–15) 8 (3–15) .167

Functional status, n (%)

Nonfunctioning 120 (71) 72 (60) 48 (40) ,.0001

Functioning 49 (29) 13 (26.5) 36 (73.5)

Starting everolimus dose, n (%)

10 mg 164 (97) 82 (50) 82 (50) 1.000

5 mg 5 (3) 3 (60) 2 (40)

Somatostatin analogs use, n (%)

Prior 157 (92.9) 79 (50.3) 78 (49.7) 1.000

Concurrent 147 (87) 74 (50.3) 73 (49.7) 1.000

Time from initial diagnosis (months)a 36 (14.7–62.2) 28 (12–60) 46.5 (24–72) .013
aData expressed as median (25th to 75th interquartile range).
bData available in 152 patients.

Table 2. Adverse events observed during everolimus

treatment in$10% of patients

Adverse event All grades, n (%) Grade 3–4, n (%)

Thrombocytopenia 37 (21.9) 13 (7.7)

Stomatitis 37 (21.9) 4 (2.3)

Anemia 33 (19.5) 9 (5.3)

Pneumonitis 32 (18.9) 14 (8.3)

Asthenia 30 (17.7) 3 (1.8)

Peripheral edema 29 (17.1) 6 (3.5)

Hyperglycemia 28 (16.6) 2 (1.2)

Renal failure 28 (16.6) 6 (3.5)

Hypercholesterolemia 23 (13.6) —

Abbreviation:—, no patients.
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A total of 107 patients (63.3%) required temporary treat-
ment discontinuation due to toxicity. Of these, 42 patients
(24.8%) required two or more discontinuations. Twenty-eight
patients (16.6%) did not tolerate the standard dose of 10 mg/
day and required everolimus-dose reduction to 5 mg/day.

Overall, 144patients (85.2%) experiencedAEs,whichwere
severe (grade 3–4) in 78 subjects (46.1%). In this last group of
patients, similar baseline PS was observed in comparison with
those patients who did not have severe toxicity; PS was 0 in
50% versus 57.1%, 1 in 42.3% versus 38.5%, and 2 in 7.7%
versus 4.4%, respectively (p 5 .515). Adverse event features
and severity are detailed in Table 2.

A significantly higher proportion of patients previously
treated with both PRRT and chemotherapy before starting
everolimus experienced severe toxicity during treatment;
grade 3–4 AEs occurred in 86.8% (33 of 38 patients) versus
34.3% of the other patients (45 of 131) (p, .0001). The most
frequent grade 3–4 AEs in this group of patients were
hematological toxicity (11 of 38 patients, 28.9%), renal failure
(5 of 38 patients, 13.2%), peripheral edema (5 of 38 patients,
13.2%), pneumonitis (3 of 38 patients, 7.9%), and mucositis
(3 of 38 patients, 7.9%).

Previous treatment with either systemic chemotherapy or
PRRT and interval of time between initial NET diagnosis and
beginning of everolimus were independent significant pre-
dictors for grade 3–4 AEs. A further increased hazard ratiowas
observed when the combination of the two treatments was
considered as a predictor for severe toxicity, with the hazard
ratio being 12.61 (p, .0001) (Table 3).

Efficacy
A total of 128 patients (75.7%) demonstrated response to
everolimus, with similar DC rates in pNETs and non-pNETs
(77.6%vs.73.8%, respectively;p5 .422).Bestoverall response
was stable disease in 114 patients (67.5%), partial response

in 13 patients (7.7%), and complete response in 1 patient
(0.5%). The remaining 41 patients (24.2%) did not respond to
everolimus, and showed DP as best overall response. By ROC
analysis, theKi-67valueof12%was identifiedasabetter cutoff
level to discriminate between responders and nonresponders.
In fact, DC was observed in 57.4% and 84.6% of patients with
Ki-67.12% and#12%, respectively (p5 .0007).

Median PFSwas 12months. Similar findingswere observed
in pNETs and non-pNETs, with median PFS being 11 months
and 12 months, respectively (p5 .789) (Fig. 1).

Duringamedian follow-upperiodof12months (25th–75th
IQR: 7–18.2 months), a total of 47 patients died at a median
interval of 9months (25th–75th IQR: 6–12.7months) from the
beginning of treatment, resulting in a mortality rate of 27.8%.
Seventeen deaths (10%) occurred during everolimus treat-
ment (none directly related to the study drug). Of these, 15
deaths were attributable to DP, whereas the remaining 2were
a consequence of pneumonitis occurring during everolimus
therapy. The first patient was a 55-year-old male who had
metastatic pNET and had not responded previously to
chemotherapy (etoposide plus cisplatin) or to PRRT (90Y
based), which was discontinued 4 months before starting
everolimus.This patient suffered frommoderate chronic renal
failure (glomerular filtration rate:55mL/min), andwhiteblood
cell count was at lower-normal limit. The second patient was
an 80-year-old man with metastatic, small-bowel NET with
carcinoid syndrome, again, pretreated with PRRT (90Y based).

Median OS was 32 months, with similar findings between
pNETs and non-pNETs (median survival: not reached and 32
months, respectively) (Fig. 2). The 2-year specific survival rate
was 55.5%.

Significantly different OS was observed for patients who
had or did not have DC during everolimus treatment; median
specific survival was not reached and was 12 months in
responders and nonresponders, respectively (2-yr survival

Table 3. Predictors for severe toxicity during everolimus treatment

Variable HR 95% CI p value

Univariate analysis

Agea 0.99 0.97–1.02 .748

Performance status (1/2 vs. 0) 1.33 0.72–2.44 .353

pNETs vs non-pNETs 0.97 0.53–1.79 .943

Previous treatment

Somatostatin analogs 0.84 0.26–2.74 .781

Chemotherapy 3.68 1.94–6.97 ,.0001

PRRT 2.58 1.38–4.81 .002

Chemotherapy and PRRT 12.61 4.60–34.53 ,.0001

Time from initial diagnosis (months)a 1.00 1.00–1.01 .026

Multivariate analysis

Agea 1.00 0.96–1.03 .987

Performance status (1/2 vs. 0) 1.32 0.66–2.64 .428

Previous treatment

Chemotherapy 4.77 2.37–9.61 ,.0001

PRRT 3.53 1.75–7.11 .0004

Time from initial diagnosis (months)a 1.01 1.00–1.02 .014
aContinuous variable. Severe toxicity was considered as grade 3–4 adverse events.
Abbreviations: CI, confidence interval; HR, hazard ratio; pNETs, pancreatic neuroendocrine tumors; PRRT, peptide receptor radionuclide therapy.
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rate was 63.9% and 26%, respectively; p , .0001) (Fig. 3). A
significantly higher proportion of nonresponders died during
follow-up in comparison to treatment responders (21 of 41,
51.2% vs. 26 of 128, 20.3%; p5 .0002).

No differences were observed in terms of PFS, OS, and DC
rates in patients who required everolimus temporary discon-
tinuation due to toxicity compared with those who did not
need drug discontinuation (Table 4).

DISCUSSION

Current data report tolerability and efficacy of everolimus for
the treatment of advanced, progressive NETs in the real-world
setting of a CUP. Data reported outside multicenter phase III
trial settings are needed to understand whether the findings
obtained in those trials are consistent with clinical practice, in
which the experimental design criteria needed for registration
purposes are not always used [17].

One of the findings of this study is the significant 12-fold
increased risk for severe toxicity during everolimus treatment
in patients who had been treated previously with both
chemotherapy and PRRT. Data on everolimus tolerability in
this group of pretreated patients are lacking. As far as patients
previously treated with chemotherapy are concerned, data
may beobtained fromthephase II trial performed in advanced
pNETs [18] and from the subanalysis of the group of patients
enrolled in RAD001 in Advanced Neuroendocrine Tumors,

Third Trial (RADIANT-3) [19]. In the last study, 50% of patients
had been pretreated with chemotherapy with similar efficacy
and a similar safety profile to those patients who had not
received chemotherapy before beginning everolimus [19].
Similarly, 66%of patients treatedwith sunitinib in the phase III
study [8] had been treated with chemotherapy. Conversely,
a lower proportion of patients enrolled in either the RADIANT-
3 trial or the sunitinib trial had received prior treatment with
somatostatin analogs, in comparison with the present study
(49% and 35%, respectively, vs. 92.9%).

With regard to patients previously treated with PRRT,
a single retrospective analysis has been published recently on
24 progressive NETs after 177Lu-octreotate [20]. Although an
acceptable safety profile is reported, higher proportions of
severe thrombocytopenia, hyperglycemia, and fatigue were
observed in comparison with the RADIANT trials [7, 9]. Fur-
thermore, only 29.1% of those patients had been pretreated
with chemotherapy in comparison to the RADIANT-3 trial
(46.1%) [7] and to this study (49.7%). Finally, a longer interval
of time between PRRT and everolimus treatment has been
reported in comparisonwith thepresent study (18monthsand
8 months, respectively). Consequently, a reliable comparison
between the paper by Kamp et al. [20] and other studies is not
feasible.

The tolerability reported in this study is similar to that
observed in phase III RADIANT trials [7, 9], with severe toxicity

Figure 1. Progression-free survival in pNETs and non-pNETs. p5 .789.
Abbreviation: pNET, pancreatic neuroendocrine tumor.
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occurring in up to 8% of patients; however, some differences
need to be taken into account when comparing specific safety
profiles observed in these studies. In fact, some very common
AEsobserved inpatients enrolled in theRADIANT trials, usually
as grade 1–2 toxicity (e.g., stomatitis, rash, diarrhea), were
more rarely reported in this study. These differences may be
related to several factors, including the different, lower
awareness of physicians who participated in the CUP of
reporting mild toxicities, as well as to the retrospective
approach used in this study. On the contrary, the higher
number of thrombocytopenia, renal failure, and severe
pneumonitis events reported in this study are likely to be
related to the pretreatment administered before everolimus
(PRRT in 50.3% of patients, chemotherapy in 49.7%, both
treatments in 22.8%).

The detailed analysis of patients previously treated with
PRRT and chemotherapy showed that 86.8% experienced
grade3–4AEs,whichmainly affectedbonemarrowandkidney
(28.9% and 13.2% of patients, respectively); as is well known,
theseare consideredpossible limitingorgans for such systemic
treatments [21]. Interestingly, renal toxicity was not recorded
in previous trials [7, 9, 18, 22] but was observed as grade 3–4
toxicity in 4.2%of patients in the study by Kampet al. [20].This
finding supports the hypothesis that a higher risk for AEs, also
concerning renal function, exists in patients pretreated with
PRRT.

Conversely, a very good safety profile was reported in
a recent experience on everolimus in combination with long-
acting octreotide as first-line therapy. Data on 50 näıve
advanced NETs showed a single grade 4 AE in 1 patient and no
report of grade 3–4 thrombocytopenia or pneumonitis [23].

Basedon these considerations,wecanassume that the risk
of severe toxicity with everolimus varies in respect to previous
treatments. This observation not only prompts the use of
particular caution when planning this therapy in heavily
pretreated patients but also suggests that everolimus might
be better placed before chemotherapy and PRRT in the
therapeutic sequence of advanced NETs.

As far as efficacy is concerned, in this study, similar PFS and
DC rates were observed in pNETs and non-pNETs. Specifically,
PFSvalueswereconsistentwiththosereported in theRADIANT
trials, being 11months in pNETs (equivalent to that reported in
RADIANT-3 trial) [7] and 12 months in non-pNETs (16 months
and 11months by central and local review, respectively, in the
RADIANT-2 trial) [9]. DC was achieved in 77.6% of pNETs (vs.
70.2% in the RADIANT-3 trial) [7] and 73.8% of non-pNETs (vs.
77% in the RADIANT-2 trial) [9]. These data confirm that
everolimus treatment can improve the clinical outcome of
advanced, progressive NETs with different primaries. As far as
survival is concerned, similar rates were observed between
pNETs and non-pNETs. This finding seems to disagree with a
number of previous observations that have considered pNETs

Figure 2. Overall survival in pNETs and non-pNETs. p5 .381.
Abbreviation: pNET, pancreatic neuroendocrine tumor.
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asmoreaggressive incomparison tootherprimary sites [2,24].
This discrepancy may be due to different factors (e.g., higher
median age, longer interval between initial NET diagnosis and
everolimus treatment) in non-pNETs compared with pNETs
(Table1) and theheterogeneityof primary tumors in the group
of non-pNETs. In fact, in the present study, there is a relatively
high proportion of lung and unknown primary tumors, which,
as is well known, are related to worse survival compared with
small bowel primary tumors, which account for only 18.3% of
patients in this series. This confirms that caution should be
usedwhencomparingdifferentpopulationsofNETsother than
pancreatic because heterogeneous diseases with different
prognosis may coexist in this subgroup. Furthermore, as
recently shown, in NET patients with advanced, progressive
disease, additional factors other than the primary site (e.g.,
Ki-67 and specific metastatic dissemination) affect patient
survival [25].

As far as the relationship between response to treatment
and survival is concerned, significantly better survival was
observed in patientswho achievedDC (responders) compared
with those patients who did not reach DC (nonresponders)
(Fig. 3). In fact, data on the possible effect of everolimus on
survival inNETs are difficult to analyze. Due to the studydesign
and the possibility of crossing over from the treatment arm to
the placebo arm in both RADIANT trials [7, 9], the survival

results could not be assessed [26, 27]. The better survival
observed in responders to everolimus suggests a possible
positive impact of treatment on patients’ survival. Further
prospective studies with longer follow-up, specifically de-
signed to investigate survival as a primary end point in
NETs treated with everolimus, are necessary to verify this
observation.

As an additional novel finding, we observed that a
significantly higher proportion of patients with Ki-67 #12%
responded to everolimus compared with patients with Ki-67
.12% (p 5 .0007). Data on the correlation between Ki-67
value and response to medical treatment are scarce. Other

Figure 3. Overall survival in patients who achieved disease control (responders) vs. patients who did not achieve disease control
(nonresponders) during everolimus treatment. Disease control is defined as stable disease plus partial response plus complete response.
p, .0001.

Table 4. Everolimus efficacy in patients who required

temporary drug discontinuation due to toxicity

Efficacy

Required
discontinuation
(n5 107)

No
discontinuation
(n5 62) p value

PFS (median) 11 months 12 months .546

OS (median) 32 months Not reached .569

DC rate 72.9% (n5 78) 80.6% (n5 50) .271

Abbreviations: DC, disease control (stable disease plus partial response
plus complete response); OS, overall survival; PFS, progression-free
survival.
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studies have reported better response to SSAs and PRRT in
patients with Ki-67,5% [28, 29], whereas in the Nordic study,
a higher response rate to systemic chemotherapy in NEC-G3
when Ki-67 was .55% [30] was observed; however, no data
have been reported in patients treated with everolimus to
date.

When data on everolimus efficacy were analyzed in re-
lationship to the need for temporary discontinuation due
to toxicity, nodifferenceswereobserved inPFS,OS, orDC rates
in the different subgroups of patients (Table 4), showing that
the treatment remains effective even in patients with lower
drug tolerance.

CONCLUSION
This study suggests that in a real-world setting, everolimus is
a safe and effective treatment for advanced, progressive NETs,
with similar efficacy in pNETs and non-pNETs. Better response
to therapy can be expected in tumors with Ki-67 #12%.
Significantly higher severe toxicity was observed in patients
with long-duration disease and in those previously treated
with systemic chemotherapy and/or PRRT. These findings
prompt cautionwhenusing this drug in such patients and raise
the issueofplanning for theuseofeverolimusbeforePRRTand
chemotherapy in the therapeutic algorithm for advancedNETs
to avoid predictable severe toxicity that may also result in
limitations for further treatments.
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For Further Reading:
DanielCastellano,EmilioBajetta,AshokPanneerselvametal. EverolimusPlusOctreotideLong-ActingRepeatable inPatients
With Colorectal Neuroendocrine Tumors: A Subgroup Analysis of the Phase III RADIANT-2 Study. The Oncologist 2013;18:
46–53.

Implications for Practice:
The incidenceofneuroendocrine tumors (NETs)originating in thecolonor rectum is increasing, andpatientsdiagnosedwith
these tumors have a poor prognosis. The RADIANT-2 study explored the efficacy of the mammalian target of rapamycin
inhibitor everolimus used in combination with the somatostatin analog octreotide long-acting repeatable (LAR) in patients
with NETs and symptoms of carcinoid syndrome. The comparison population received placebo plus octreotide LAR. This
article reports the results of subanalyses of a group of patients who had primary colorectal NETs. Patients with colorectal
NETs who received everolimus plus octreotide LAR had a significantly longer median survival without disease progression
(progression-free survival) of 29.9 months (n5 19) compared with those who received placebo plus octreotide LAR (6.6
months; n5 20). Although only a small subset of patients enrolled in the RADIANT-2 study had colorectal NETs, these
findings support additional everolimus plus octreotide LAR studies in these patients.
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