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Abstract 

Everolimus, an oral mammalian target of rapamycin(mTOR) inhibitor, which acts upstream of the 
phosphoinositide 3-kinase/protein kinase B(PI3K/AKT) signaling pathway to downregulate cellular 
metabolism, growth, proliferation, and angiogenesis, has been shown to significantly prolong the 
progression-free survival of patients with advanced neuroendocrine tumors. Somatostatin 
analogues (SSAs) such as octreotide, lanreotide, and pasireotide, have been widely used for 
symptom control and antiproliferative effects in metastatic or unresectable neuroendocrine tumors. 
Both everolimus and SSAs have demonstrated antitumor effects in randomized controlled trials 
(RCTs) involving selected patients with neuroendocrine tumors, but the efficacy and safety of their 
combined use require further investigation. In this systematic review, we summarize the published 
studies that have investigated the use of everolimus and SSAs to provide a comprehensive 
understanding of their combined effects and better guidance for the treatment of neuroendocrine 
tumors. 
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Introduction 
Neuroendocrine tumors (NETs) are heterogen-

eous tumors with various biological behaviors and 
clinical outcomes. Over the past two decades, the 
incidence of NETs has increased dramatically 
worldwide [1, 2]. NETs usually originate from the 
gastrointestinal tract, lung, thyroid, pancreas, and 
other parts of the body where somatostatin receptor 
(SSTR) subtypes 1–5 have been shown to be widely 
distributed, especially the small intestine and 
pancreas [3, 4]. The majority of SSTR-positive tumors 
simultaneously express multiple SSTR subtypes, with 
one or more exhibiting dominance; for example, SSTR 
subtype 2 predominance is generally found in 
pancreatic NETs and carcinoid tumors [5, 6]. Thus, 
somatostatin and its analogues have emerged as a 
potential treatment modality for SSTR-positive 

tumors. Since the first use of somatostatin in a patient 
with carcinoid syndrome in the 1970s [7], 
somatostatin analogues (SSAs), primarily octreotide 
and lanreotide, have been shown to be effective in 
slowing the growth of tumors and controlling the 
symptoms of carcinoid syndrome, as evaluated in the 
CLARINET and PROMID studies [8, 9], however, due 
to the limited cases and short observation time, these 
two studies did not confirm their role in improving 
overall survival and anti-tumor effect, whereas to our 
surprise, in the long-time survival results of PROMID 
study, overall survival was similar between octreotide 
and placebo subgroups[10]. Thus, previous results 
might suggest that the anti-tumor effects of SSAs 
require further discussion, and combined therapy 
with other treatment, especially popular targeted 
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therapy and immunotherapy, might be more 
effective. 

More and more tumor types are showing 
associations with genetic mutations; thus, gene and 
molecular targeted therapies may provide promising 
treatment options for tumors [11, 12]. For example, 
somatic mutations, including MEN, VHL, and the 
newly reported MUTYH, CHEK2, and BRCA2 
mutations, occur in approximately 17% of pancreatic 
NETs, one of the main pathways involved is mTOR 
signaling [13]. Everolimus, an oral mTOR inhibitor 
[14], is one of the most commonly used targeted 
therapies, and it has demonstrated significantly 
improved progression-free survival(PFS) rates in 
several clinical trials on NETs, particularly the 
RADIANT series [15-17]. 

NETs are usually found in cases with a high 
tumor burden or metastatic status [1]. Because of the 
limited success of surgical resection and traditional 
cytotoxic chemotherapy, molecular targeted therap-
ies, such as everolimus, sunitinib, and bevacizumab, 
have received increasing attention in recent years [18, 
19]. Given that resistance is likely to develop with 
single-agent regimens, while combination therapies 
may elicit more favorable outcomes, clinical trials 
evaluating octreotide in combination with everoli-
mus, pazopanib, or bevacizumab [15, 20, 21], or 
octreotide plus bevacizumab compared with 
octreotide plus interferon α-2b [22], are underway.  

As the most commonly used molecular targeted 
therapy for symptom control, SSAs and everolimus 
both display favorable outcomes in patients with 
NETs, whereas the efficacy and safety of their use in 
combination are still uncertain. This systematic 
review summarizes the published studies that have 
investigated the use of everolimus plus SSAs to 
provide a comprehensive understanding of their 
combined effects and better guidance for the 
treatment of NETs. 

Methods 
Inclusion and exclusion criteria 

We conducted an extensive literature search of 
all randomized controlled trials (RCTs) and prospec-
tive and retrospective studies that enrolled adult 
patients (≥18 years of age) with pathologically 
confirmed NETs, including lung, thymus, or gastroe-
nteropancreatic primary tumors, carcinoid tumors, 
and those of uncertain origin, with an Eastern 
Cooperative Oncology Group performance status 
score of 0–2. 

Eligible studies included patients treated with 
SSAs (primarily octreotide, lanreotide, or pasireotide) 
in combination with the mTOR inhibitor everolimus, 

with or without comparative subgroups such as SSAs 
alone or everolimus alone. Patients who received 
prior interventions or treatments before they were 
included in relevant studies were also eligible, and 
discussed below. Phase I studies, retrospective studies 
that included less than 30 patients, and case reports 
were excluded. 

Search strategies and identification of studies 
We searched the Pubmed, Embase, Cochrane 

Library, and Clinical Trials databases for published 
studies, dated prior to July 15, 2018. The search 
consisted of three parts, neuroendocrine tumors parts 
comprised neuroendocrine tumor(s), tumour(s), 
neoplasm(s) or carcinoid tumor, SSAs parts compr-
ised somatostatin analogues, octreotide, lanreotide or 
pasireotide, everolimus parts comprised mTOR 
inhibitor, everolimus or RAD001. The search was 
independently conducted by two researchers and 
discussed whether they met inclusion and exclusion 
criteria. 

Data extraction 
Efficacy data, including survival data (with or 

without 95% confidence intervals) (i.e., median 
progression-free survival [PFS] and overall survival 
[OS]) and response rates (i.e., complete response [CR], 
partial response [PR], stable disease [SD], progressive 
disease [PD], objective response rate [ORR; CR+PR], 
and disease control rate [DCR; CR+PR+SD] rates), 
were evaluated according to the Response Evaluation 
Criteria In Solid Tumors (RECIST version 1.0) [23]. 
Not all studies presented detailed survival data, some 
survival data may not have been evaluable until the 
trial endpoint, and some studies listed the proportion 
of progression-free cases at 9 or 12 months, for 
example. If available, data on elevated biomarkers 
such as chromogranin A (CGA), neuron-specific 
enolase (NSE), and 5-hydroxyindoleacetic acid 
(5-HIAA) were also evaluated. 

Safety measures included treatment discontin-
uation for any reason, primarily disease progression, 
serious adverse events (AEs), and withdrawal of 
consent. AEs were classified in accordance with the 
National Cancer Institute’s Common Terminology 
Criteria for Adverse Events version 3.0. 

Quality assessment  
Study qualities were assessed by two reviewers 

independently using Cochrane criteria for RCTs[24], 
the Newcastle-Ottawa scale(NOS) was used to assess 
comparative non-RCTs or non-comparative studies 
[25], disagreements were reconciled by discussion and 
reached final agreements. 
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Results 
Study selection 

A total of 3420 studies were identified from the 
literature search, after duplicate articles confirmed, 
we primarily evaluated the results through titles and 
abstracts screening, then full-text articles were 
assessed, eventually eight articles were deemed 
eligible and included in this systematic review. The 
study flow was summarized in the diagram Figure 1. 

Study characteristics and quality 
The eight studies on the combination of SSAs 

and everolimus for the treatment of NETs comprised 
four comparative studies, including three RCTs, one 
randomized double-blind placebo-controlled phase 
III study [15, 26], two randomized open-label phase II 
studies [27, 28], and one non-randomized open-label 
phase II study [29], the other four non-comparative 
studies include three prospective phase II studies 
[30-32], and one retrospective cross-sectional analysis 
[33]. The comparative studies evaluated everolimus in 
combination with SSAs versus everolimus or SSAs 
alone, and the most commonly used SSAs were 
octreotide and pasireotide long-acting repeatable 
(LAR). 

The study details, summarized in Table 1, 
include the study reference, location, type, number of 
patients included, treatment details (drug dose and 
regimen, and mode of administration), and treatment 
outcomes (primarily efficacy and safety data such as 
survival time/rate, treatment response, and AEs). 

Of the three RCTs, the randomization of the 
double-blind designed RADIANT-2 study and 
open-label LUNA study were conducted by 
interactive voice response systems with low risk of 
bias, the other open-label designed COOPERATE-2 
did not mention the randomization, all the RCTs 
presented reasonable control program and complete 
endpoint data including efficacy and safety data. The 
comparative non-randomized open-label study and 
all the four non-comparative studies achieved 7 points 
or higher according to NOS. There might be variations 
between the RCTs and non-comparative studies, as it 
was unsuitable to conduct meta-analysis to compare 
the efficacy and safety of included studies, extracted 
results were summarized qualitatively. 

Efficacy 
Survival and tumor response data are 

summarized in Table 2. Seven of the eight studies 
reached the median PFS, ranging from 11.8–25.8 
months, the RADIANT-2 study, a subgroup of the 
RADIANT study (everolimus single-arm treatment) 

and the retrospective study reached the median OS of 
29.2, 35.2, 24.9 and 26.4 months, respectively. 
Regrettably, most patients did not reach the median 
OS, and a considerable proportion of patients 
discontinued the proposed treatment due to disease 
progression or serious AEs. Although it was not 
feasible to conduct quantitative comparisons and 
analyses to evaluate statistical differences among 
these limited studies, there were trends suggesting 
that the combination of everolimus and SSAs resulted 
in greater survival time compared with the single-arm 
therapies, especially SSAs alone (16.7 vs. 9.7 months, 
Yao et al. 2010; 16.4 vs. 11.3 months, Yao et al. 2011; 
11.8 vs. 8.5 months, Ferolla et al. 2017). 

In the 2008 phase II study by Yao et al., the 
median PFS was 7 months longer in the combination 
treatment group than in the everolimus single-arm 
group, and in the RADIANT-2 study, the median PFS 
was 5.1 months longer in the combination treatment 
group than in the SSA single-arm group. In contrast, 
in the COOPERATE-2 and LUNA studies, no 
significant differences were found between these 
groups. In the final OS analysis of the RADIANT-2 
study, no significant differences were found between 
the everolimus plus octreotide LAR and the placebo 
plus octreotide LAR groups (median OS, 29.2 vs. 35.2 
months, respectively; HR, 1.17; 95% CI, 0.92–1.49), 
whereas, the addition of everolimus significantly 
increased the incidence of adverse events [26]. Due to 
the relatively short study time, and some of the 
patients suffered disease progression turned to other 
treatment, it is still difficulty to explain whether 
adding everolimus to SSAs could prolong OS over 
SSA single-arm treatment. 

 

 
Figure 1. Study flow diagram 
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Table 1. Characteristics of the studies included in this review. 

Study reference Study location No. of 
patients 

Study population Treatment, dose, and duration* Outcomes 

Non-comparative study (n = 4) 
Yao et al. 2008, phase II study 

USA 60 Metastatic or unresectable 
locoregional NETs 

Octreotide, Everolimus 5 mg/day 
(n = 30) vs. 10 mg/day (n = 30), 
48 weeks 

PFS, OS, PR, SD, 
PD, Safety 

Bajetta et al. 2014, phase II study Italy, multicenter 
study 

50 Metastatic or locally 
advanced NETs 

Everolimus plus octreotide, 519 
days (median) 

TTP, OS, ORR, 
Safety 

Capdevila et al. 2015, retrospective 
cross-sectional analysis 

Spain, multicenter 
study 

57 
(everolimus 
subgroup) 

NETs Everolimus plus lanreotide, 5.1 
months (median) 

TTP, OS, CR, 
PR, SD, PD, 
Safety 

Capdevila et al. 2018, prospective  
single-arm phase II study 

Spain, multicenter 
study 

43 advanced nonfunctioning 
well-differentiated GI-NETs 

Everolimus plus octreotide, 28.9 
months(median) 

PFS,OS,ORR,PR, 
SD,PD,Safety 

Comparative study (n = 4),Yao et al. 
2010,RADIANT-1,nonrandomized 
open-label, phase II study 

International, 
multicenter study 

160 Advanced pancreatic NETs 
with progressive disease 

Everolimus plus octreotide (n = 45) 
vs. everolimus alone (n = 115) 

PFS, OS, ORR, 
SD, PD, Safety 

Pavel et al.2011, 
RADIANT-2,randomized double-blind 
placebo-controlled phase III study 

International, 
multicenter study 

429 Metastatic or unresectable 
NETs 

Everolimus plus octreotide (n = 
216) vs. octreotide alone (n = 213), 
37 vs. 36.6 weeks(median) 

PFS, ORR, PR, 
SD, PD, Safety 

Kulke et al. 2017,COOPERATE-2, 
randomized, open-label, phase II study 

International, 
multicenter study 

160 Well-differentiated advanced 
pancreatic NETs 

Everolimus plus pasireotide (n = 
79) vs. everolimus alone (n = 81), 
49.4 vs. 48.3 weeks (median) 

PFS, OS, ORR, 
DCR, Safety 

Ferolla et al. 2017, LUNA, randomized, 
open-label, phase II study 

International, 
multicenter study 

124 Advanced, 
well-differentiated carcinoid 
tumors of the lung or thymus 

Pasireotide alone (n = 41), 
everolimus alone (n = 42), 
pasireotide plus everolimus (n = 
41) 

PFS, PR, SD, PD, 
Safety 

NETs: neuroendocrine tumors; PFS: progression-free survival; OS: overall survival; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; 
ORR: objective response rate; TTP: time to progression; DCR: disease control rate. 
*Only the first study (Yao et al. 2008) evaluated both 5 mg and 10 mg daily oral doses of everolimus; the other studies all administered 10 mg daily orally. SSAs were 
long-acting repeatable (LAR) administration or autogel; octreotide was usually administered intramuscularly at 30 mg every 28 days in each course; lanreotide was 
administered as 120 mg autogel or 60 mg LAR intramuscularly every 28 days.  

 

Table 2. Efficacy data reported in the included studies. 

Study reference Treatment Survival Tumor response 
Median PFS Median OS CR PR SD PD CGA response 

Yao et al. 2008 Oct plus Eve 5 mg 50 (23–78), weeks Not reached NR 13% 73% 13% 70% (26/37) 
 Oct plus Eve 10 mg 72 (60–83), weeks  NR 30% 67% 3% NR 
Bajetta et al. 2014 Oct plus Eve Not reached Not reached 2% 16% 74% 6% 58%(38 in total) 
Capdevila et al. 2015 Lan or Oct plus Eve 25.8 (11.3–40.3)months 26.4 (17.5-35.4)months 0 17.5% 61.5% 14% 59% (16/27) 
Capdevila et al. 2018 Oct plus Eve 20.3(14.2-19.1)months Not reached NR 2.3% 58.1% 39.6% 13.6%(6/43) 
Yao et al. 2010 Oct plus Eve  16.7 (8.3–13.3), months Not reached NR 4.4% 80% 0 60% (15/25) 
 Eve alone 9.7 (11.1–NA), months 24.9 (20.2–27.1), months NR 9.6% 67.8% 13.9% 50.7% (38/75) 
Pavel et al. 2011 Oct plus Eve 16.4 (13.7–21.2), months 29.2 (23.8–35.9), months NR 2% 84% 4% 46% (75/164) 
 Oct plus placebo 11.3 (8.4–14.6), months 35.2 (30–44.7), months NR 2% 81% 12% 36% (53/146) 
Kulke et al. 2017* Pas plus Eve 16.8 (12.1–19.6), months Not reached  20.3% NE NR NR 
 Eve alone 16.6 (11.1–19.5), months Not reached  6.2% NE NR NR 
Ferolla et al. 2017 Pas 8.5 (5.7–NE) months Not reached 0 2.4% 34.1% 17.1% NR 
 Eve 12.5 (5.6–NE) months Not reached 0 2.4% 31% 2.4% NR 
 Pas plus Eve 11.8 (11.1–NE) months Not reached 0 2.4% 48.8 0 NR 
Oct: octreotide; Eve: everolimus; Lan: lanreotide; Pas: pasireotide; PFS: progression-free survival; OS: overall survival; CR: complete response; PR: partial response; SD: 
stable disease; PD: progressive disease; DCR: disease control rate; NA: not available; NE: not estimable; NR: not reported. 
Chromogranin A (CGA) response: either normalization or > 50% reduction (Yao et al. 2008) or a 25% reduction in elevated CGA levels (Bajetta et al. 2014) ; early biochemical 
response: either normalization or more than 30% reduction at week 4 in CGA levels (Capdevila et al. 2018) 
*Kulke et al. reported a DCR of 77.2% in the pasireotide plus everolimus subgroup and 82.7% in the single-arm everolimus subgroup. 

 
Tumor response was evaluated according to the 

RECIST version 1.0, and PR, SD, and PD were 
reported in almost all of the studies. A CR rate of only 
2% was reported in the study by Bajetta et al., while 
overall DCR rates of 82.7% and 77.2% in the 
everolimus single-arm and combination groups, 
respectively, were reported by Kulke et al. The ORRs 
ranged from 2% (RADIANT-2) to 22% (Yao et al. 2008 
phase II study,) with no apparent differences between 
the combination and single-arm groups (either 
everolimus or SSA alone) in the limited results. The 
overall DCR rate was similar among the eight studies, 

ranging from 77.4 to 97%. Everolimus, with or 
without SSAs, showed lower PD rates compared with 
SSAs alone (0% vs. 13.9%, Yao et al. 2010; 4% vs. 12%, 
Yao et al. 2011; 0% vs. 2.4% vs. 11.7%, Ferolla et al.). 
Six of the eight studies reported that 13.6–70% of 
patients with elevated CGA levels experienced either 
normalization or a > 50% reduction (Yao et al. 2008) or 
a 25% reduction (Bajetta et al. 2014) or a 30% 
reduction (Capdevila et al. 2018) in CGA level. At 
present, the prognostic factors predicting the 
treatment response of NETs to targeted therapy and 
SSAs are under debate. The RADIANT-2 study 
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showed that the baseline CGA level was not 
predictive of treatment response, whereas a low 
baseline CGA level was a good prognostic factor for 
OS regardless of the treatment type. According to the 
efficacy results, the addition of everolimus did slow 
down the growth of neuroendocrine tumors, but the 
long-term effect needs further investigation. 

Safety 
As shown in Table 3, the most common AEs 

were hematological abnormalities, including thromb-
ocytopenia, leukopenia, and neutropenia; biochemical 
abnormalities, including hyperglycemia and hypertri-
glyceridemia; and non-hematological abnormalities, 
including stomatitis and mucositis, rash, diarrhea, 
fatigue, vomiting, and pneumonitis. The majority of 
AEs were mild and classified as grade 1–2 according 
to the Common Terminology Criteria for Adverse 
Events version 3.0. In the Yao et al. 2008 study, 
patients receiving 10 mg everolimus daily in 
combination with SSAs seemed to suffer a higher 
percentage of AEs than did those receiving 5 mg 
daily. Several studies have investigated the efficacy 
and safety of single-arm 10 mg daily everolimus 
administration for the treatment of pancreatic, lung, 
and gastrointestinal NETs [16, 17], and patients 
commonly received 10 mg everolimus daily in 
included studies, those suffered severe AEs followed 
dose reduction to continue studies. In contrast, in the 
studies we reviewed, patients treated with everolimus 
plus SSAs usually suffered higher AE rates than did 
those treated with everolimus alone (thrombocyto-
penia, 13.3 vs. 7.8%; leukopenia, 13.3 vs. 7%, Yao et al. 
2010; hyperglycemia, 75.6 vs. 27.2%, Kulke et al. 2017).  

Generally, only a small proportion of patients 
discontinued the proposed treatment due to grade 3–4 
AEs, whereas in the strict RADIANT-2 RCT, 83% and 
84% of patients discontinued the proposed interv-
ention in octreotide plus everolimus group and 
octreotide plus placebo group, respectively. It was 
meaningful that participants assigned to the placebo 
plus octreotide LAR group crossed over to the 
open-label everolimus plus octreotide LAR group 
after disease progression was observed. Under the 
uncertain effect of the addition of everolimus, 
especially for long-term survival and quality of life, 
more conditions should be taken into consideration 
and more specific studies are imperative. 

Discussion 
With a rapid increase in the number of patients 

diagnosed with NETs, more and more attention has 
been focused on NET research [1]. Because of their 
high level of heterogeneity and diverse biological 
characteristics, some NETs progress slowly and may 

be cured by surgical resection, whereas most show 
malignant behaviors of rapid progression and 
metastasis and are already too advanced for surgical 
treatment by the time of diagnosis [34, 35]. 

SSAs have been used to alleviate clinical 
symptoms caused by carcinoid tumors, and octreotide 
has subsequently been shown to inhibit tumor growth 
and exert long-lasting anti-proliferative effects in 
some gastroenteropancreatic NETs [36, 37]. Several 
phase II or III studies have demonstrated this 
antitumor effect of prolonged PFS for first-generation 
(octreotide and lanreotide) and second-generation 
(pasireotide) SSAs, which showed different affinities 
for different SSTR subtypes [8, 9, 28]. SSAs were really 
effective in symptom control for patients with 
relatively well or moderately differentiated NETs 
which might progress slowly in itself, for advanced 
NETs, it was far from enough. Because of the limited 
outcomes of cytotoxic chemotherapy drugs such as 
5-fluorouracil, doxorubicin, capecitabine, and temoz-
olomide, which showed relatively poor therapeutic 
effects and more toxic events, there’s still a long way 
for traditional chemotherapy drugs to go [38-40]. 
Molecular targeted therapies, especially the mTOR 
inhibitor everolimus and tyrosine kinase inhibitor 
sunitinib, have been playing increasingly important 
roles in investigations of NETs [41, 42]; both everoli-
mus and sunitinib have shown efficacy in prolonging 
PFS in patients with NETs. In fact, many patients 
discontinued their scheduled treatments due to 
serious AEs, and patients in the placebo groups who 
suffered disease progression crossed over to the 
treatment group, which might cause bias inevitably, 
whereas the roles of these treatments in OS are still 
under debate, and more studies focusing on their 
combination use with SSAs or traditional chemothe-
rapy drugs are urgently needed. 

Everolimus administered orally at 10 mg daily 
has been deemed effective and tolerable in patients 
with advanced NETs. In related clinical trials, Yao et 
al. demonstrated that the addition of everolimus in 
combination with octreotide LAR was tolerable in 
patients with NETs [31]. The RADIANT-1 and 
RADIANT-2 trials prospectively demonstrated that 
patients administered everolimus in combination 
with SSAs had longer PFS compared with those given 
everolimus or an SSA alone. In contrast, to our 
surprise, the octreotide group exhibited a longer OS 
than that of the octreotide plus everolimus group [15], 
and subgroup analyses of lung and colorectal NETs in 
the RADIANT-2 study showed similar outcomes [43, 
44]. Kulke et al. and Ferolla et al. did not report longer 
PFS, and OS has not yet been established in their 
patient cohorts [27, 28]. There is debate over whether 
the addition of everolimus to octreotide LAR confers 
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survival advantages over octreotide LAR or 
everolimus alone. In fact, the addition of everolimus 
may increase the incidence of serious AEs and tumor 
burden; i.e., not all patients with NETs, regardless of 
differentiation, may benefit from the combination of 
everolimus and SSAs. Identifying which patients are 
potential beneficial candidates of combined treatment 
requires further investigation [45]. Some patients 
followed chemotherapy, partial surgery or SSAs 
before they were enrolled into phase II or III study of 
everolimus [46, 47], which might also impact the 
effects of everolimus, therefore, more specific studies 
focusing on different prior treatment should be 
conducted even in rare patients of NETs, although it is 
difficult, it is also necessary. Furthermore, a phase II 
study of sunitinib treatment of metastatic renal cell 
carcinoma indicated the feasibility of extended 
treatment breaks, i.e., when patients achieved an SD 
status, treatment breaks helped reduce AEs, decrease 
costs, and even improve treatment outcomes [48]. In 
the treatment of NETs, whether it is cost-effective to 
interrupt everolimus or SSAs in SD status, and can 
everolimus reduce tumor burden and turn to surgery 
for patients who were previously unsuitable for 
surgery, all of which are uncertain and more studies 
investigating everolimus treatment of NETs are 
urgently needed to achieve a better understanding of 
everolimus and NETs. 

Of the four comparative studies of SSAs plus 
everolimus versus everolimus alone treatments, no 
advantages in terms of ORR or DCR were observed in 
the combination treatment groups (everolimus plus 
SSAs group vs. everolimus alone group, ORR: 4.4 vs. 
9.6%, Yao et al. 2010; 20.3 vs. 6.2%, Kulke et al. 2017; 
2.4 vs. 2.4%, Ferolla et al. 2017; DCR: 84.4 vs. 77.4%, 
Yao et al. 2010; 77.2 vs. 82.7%, Kulke et al. 2017; 51.2 
vs. 33.4%, Ferolla et al. 2017). Due to the limited 
comparative studies, and because it is unreasonable to 

compare combined treatment trials with other SSA or 
everolimus single-arm treatment trials across 
different studies, it remains unclear whether the 
addition of everolimus significantly inhibits tumor 
progression, even though SSAs or everolimus 
single-arm treatment showed significantly longer PFS 
and higher ORRs when compared with placebo 
treatment. 

SSAs and everolimus commonly induce different 
AEs. SSAs have been used to ameliorate symptoms of 
flushing, diarrhea, abdominal pain, and heart valve 
disease in patients with carcinoid tumor [49, 50], and 
the main AEs of SSAs include hyperglycemia, fatigue, 
and nausea. Since everolimus use began in recent 
years [51], stomatitis, mucositis, rash, diarrhea, 
fatigue, and hyperglycemia have been the most 
commonly reported AEs. Recent studies indicated 
that concomitant everolimus administration may 
increase the minimum concentration of octreotide 
[52], whether the combination increases the incidence 
of AEs and impairs health-related quality of life 
remains unknown. As described above, patients 
treated with everolimus plus SSAs usually suffered 
higher rates of certain AEs such as thrombocytopenia, 
leukopenia, and hyperglycemia than did those treated 
with everolimus alone, whereas the incidences of 
other AEs were similar, hence the AE grade of 3–4. In 
the RADIANT-2 trial, most patients discontinued the 
intervention because of disease progression rather 
than serious AEs, and some patients who suffered 
serious AEs continued treatment after a dose 
reduction or suspension. Generally, treatment with 10 
mg daily everolimus orally in combination with SSAs 
LAR is safe for most patients. Although the addition 
of everolimus showed better anti-tumor effects, it 
might not be worthwhile to suffer more adverse 
events in exchange for unpredictable survival time, 
and the quality of life cannot be ignored. 

 

Table 3. Safety data reported in the included studies. Adverse events, (AEs), all grades (grades 3–4), percent. 

Study reference Treatment Discontin
uation 

Hematologic AEs Biochemical abnormality Non-hematologic AEs 
Thrombocy
topenia 

Leukopenia/ 
neutropenia 

Hyperglyce
mia 

Hypophosp
hatemia 

Stomatitis/ 
mucositis 

Rash Fatigue Diarrhea 

Yao et al.2008* Oct, Eve 5 mg 5% 3 3 3 6 6 6 15 9 
 Oct, Eve 10 mg  6 6 16 16 9 3 6 13 
Bajetta et al. 2014 Oct plus Eve, 10 mg 6% 12 6 (2) 18 NR 62 (10) 48 (2) NR 60 (22) 
Capdevila et al. 2015 Lan plus Eve, 10 mg NE 0 0 7 (2) 0 0 2 (2) NR 2 
Capdevila et al. 2018 Oct plus Eve NR NR NR 15.9(4.5) NR 65.9(2.3) 15 61.4(9.1) 70.5(6.8) 
Yao et al. 2010 Oct plus Eve  NR 13.3 (8.9) 13.3 13.3 (4.4) NR 48.9 (2.2) 44.4 35.6 (2.2) 31.1 
 Eve alone NR 7.8 (2.6) 7.0 (4.3) 13 (4.3) NR 45.2 (4.3) 40 (0.9) 31.3 (4.3) 39.1 (3.5) 
Pavel et al. 2011 Oct plus Eve 83% 14 (5) NR 12 (5) NR 62 (7) 37 (1) 31 (7) 27 (6) 
 Oct plus placebo 84% 0 NR 2 (0.5) NR 14 12 23 (3) 16 (2) 
Kulke et al. 2017 Pas plus Eve NR NR NR 75.6 (37.2) NR 59 (9) NR NR 62.8 (5.1) 
 Eve alone NR NR NR 27.2 (11.1) NR 63 (8.6) NR NR 53.1 (3.7) 
Ferolla et al. 2017 Pas 20 (48.8%) 0 NR 51 (7) 2 5 2 17 (2) 48 (9) 
 Eve 24 (57.1%) 23 (2) NR 46 (17) 10(5) 79 (12) 33 (7) 19 (2) 50 (7) 
 Pas plus Eve 16 (39.0%) 17 NR NR 14 (2) 51 (7) 12 34 (10) 95 (19) 
*Yao et al. 2008 study: only grade 3–4 AEs were present. Oct: octreotide; Eve: everolimus; Lan: lanreotide; Pas: pasireotide; NR: not reported; NE: not estimable. 
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Recent studies have reported that circulating 
biomarkers, such as 5-HIAA, NSE, and CGA, have the 
potential to predict disease prognosis and evaluate 
treatment outcomes [53, 54]. In the studies we 
evaluated, CGA was the most commonly used 
biomarker to predict treatment response. CGA levels 
showed an obvious decrease, ranging from 46–70% in 
the everolimus plus SSA groups, higher than those in 
the single-arm groups. Yao et al. showed a better PFS 
in patients with a greater response of CGA than in 
those with a poor response [29]. Other markers such 
as tumor tissue markers and imaging markers are also 
emerging as evaluation factors for predicting 
treatment response[55, 56], however, due to the not 
that satisfied sensitivity and specificity , it is still a 
long way for its widely application in clinical 
treatment, and more convincing evidence is needed. 

Due to the great heterogeneity among NETs, it is 
difficult to recruit patients with NETs of similar 
characteristics in current clinical trials; thus, certain 
biases are inevitable. In this review, there were some 
limitations, such as in some studies, patients received 
another treatment prior to SSAs plus everolimus, the 
proportion of patients with disease progression 
differed among the studies, and no quantitative 
analyses were conducted. However, we indicate that 
everolimus in combination with SSAs for NET 
treatment showed considerable positive outcomes, 
with discussion of the unknown areas that require 
further investigation. In the future, more specific 
clinical trials should be conducted, by applying 
stricter inclusion criteria, performing subgroup 
analyses according to origin (e.g., lung, thymus, small 
intestine, pancreas, and colon/rectum) to reduce 
heterogeneity, and considering prior treatment before 
inclusion. 

In conclusion, everolimus plus SSAs treatment of 
NETs showed favorable outcomes, while its role in 
the prolong of overall survival is still uncertain, 
whether patients benefit from the addition of 
everolimus to SSAs requires further investigation, and 
studies aiming to reduce heterogeneity among 
patients should be conducted to provide more 
convincing evidence.  

Abbreviations 
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