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Introduction

Neuroendocrine neoplasms (NENs) are a heterogeneous 
group of cancers that originate from peptide neurons 
and neuroendocrine cells.  Gastroenteropancreatic 
neuroendocrine neoplasms (GEP-NENs) are the most 
common type of NENs, and represent 55% to 70% of 
all neuroendocrine neoplasms (1). Some NENs have no 
specific symptoms, whereas others produce peptides that 
cause characteristic hormonal syndromes, such as flushing 

and diarrhea. Regardless of the presence of functional or 
non-functional tumors, the only treatment that completely 
cures NEN is surgical resection. However, many patients 
have distant metastases and unsuitable for operation at the 
time of diagnosis (2). For this group of NEN patients, the 
best treatment is drug therapy, including palliative and 
antitumor treatment. Few medical treatments have been 
proven to be effective in patients with advanced NENs; 
however somatostatin analogs (SSAs) may be effective.
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Somatostatin is an endogenous antiproliferative 
hormone that inhibits tumor cell division and induces 
cell cycle arrest and apoptosis (3). An SSA is a type of 
synthesized somatostatin that exhibits actions similar to 
that of somatostatin (4). Both octreotide long-acting release 
(LAR) and lanreotide LAR are commonly used in clinical 
practice to relieve NEN patient symptoms. In addition, 
the antiproliferative function of these drugs for advanced 
NENs has been studied (5). Multiple clinical trials have 
been performed to verify that SSAs delay tumor progression 
and prolong survival. However, these trials lacked a 
sufficient number of patients, with only dozens participating 
in each trial. Prior to this study, no meta-analyses had 
been performed to quantify the effectiveness of SSAs in 
advanced NENs. Therefore, a systematic review and meta-
analysis was undertaken to evaluate the efficiency of SSAs in 
delaying tumor progression and prolonging survival time.

Methods

This meta-analysis will be performed (follows) the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (Figure S1).

Study selection

A systematic search of all relevant literatures published 
until May 2016 was performed using 3 online databases: 
PubMed, Cochrane Library and Chinese BioMedical 
Literature (CBM). The key search terms were used in various 
combinations, and included “somatostatin LAR”, “octreotide 
LAR”, “lanreotide LAR”, “neuroendocrine tumors”, 
“lanreotide”, “somatostatin analogs”, and “neuroendocrine 
neoplasms”. The article type was limited to “clinical trial”. 
All searches and literatures selections were independently 
conducted by two investigators (Zheng and Wang).

Inclusion criteria

All studies of patients with advanced NENs administered 
SSAs LAR were included. Both retrospective and 
prospective studies were included. All included studies were 
assessed by two authors independently (Zheng and Wang).

Exclusion criteria

All studies that failed to fulfill the inclusion criteria were 
excluded. Other exclusion criteria included the following: 

(I) the presence of non-NEN tumors in any patient in the 
trial; (II) the lack of a pathological diagnosis in patients in 
the trial; (III) the lack of progression-free survival (PFS) or 
time to progression (TTP) measurements as end points; (IV) 
non-clinical trial article types; and (V) articles that were not 
written in English or Chinese.

Quality assessment

Because randomized controlled trials (RCTs) and non-
RCTs were included in this meta-analysis, we used the 
Jadad scale to assess the quality of the RCTs, whereas 
the methodological index for non-randomized studies 
(MINORS) scale (6) was used to assess non-RCTs. If two 
independent evaluations conflicted, all authors participated 
in a discussion to resolve the controversy.

Data extraction

Data from the shortl isted articles were extracted 
independently by two authors (Zheng and Wang) and 
entered into a pre-designed form after achieving a 
consensus. The main data reported included baseline 
demographics, clinical characteristics and study outcomes. 
Baseline demographics and clinical characteristics include 
the study type, the number of patients treated with 
somatostatin LAR and placebo, study period, sex ratio, 
tumor locations, and tumor differentiation. The study 
outcomes included hazard ratios (HRs) and 95% confidence 
intervals (CIs) for PFS/ TTP, adverse events (AEs) and 
tumor objective response rate (ORR). According to the 
method reported by Zhang et al. (7), we introduced the 
placebo group from a well-matched RCT as the control arm 
by considering the sample size and baseline data if a single-
arm study was included. When possible, we contacted the 
authors to obtain original data via e-mail. For trials for 
which original data were not available, we extracted the data 
from the published Kaplan-Meier curves and then used the 
spreadsheet designed by Tierney et al. (8) to calculate the 
HRs for PFS/TTP.

Statistical analysis

Review Manager (RevMan) v5.3 (Cochrane Library) was 
used to perform the meta-analysis of the comparative study 
(Figure S2). I2 and Cochran’s Q tests were used to determine 
statistical heterogeneity. Fixed-effect models were used in 
analyses if the P value was greater than 0.1 and the I2 was 
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less than 50%; otherwise, random-effect models were used. 
P values less than 0.05 were considered significant.

PFS/TTP was the most common outcome in these time-
to-event clinical trials, particularly for drugs evaluated as 
tumor therapies. The HR of PFS/TTP is a suitable index 
for incorporation into the analysis (8). Subgroup analyses 
of PFS/TTP were performed between various SSAs. In 
addition, the odds ratio (OR) was used for ORR and the risk 
ratio (RR) was used for AEs.

Results

Trials included

A total of 491 citations from three databases met our search 
strategies. Twelve articles were chosen based on a review of 
titles and abstracts. Reviews of full-text articles identified  
7 that adequately matched the inclusion and exclusion 
criteria (Figure 1). These studies included two RCTs (9,10), 
one non-RCT (11) and four single-arm studies (12-15) 
with a total number of 788 patients who suffered from 
advanced GEP-NENs that were included in this meta-
analysis. The quality assessment of the included articles and 
the characteristics of the included patients are presented in 
Tables 1-3. We used the control arm of PROMID (9) as the 
control arm for the 4 single-arm studies.

Figure 1 Flow diagram for articles inclusion and exclusion.

491 citations identified
	 412 from PubMed
	 74 from Cochrane Library
	 5 from CBM 479 citations excluded

	 mainly for repeated art icles, 
unrelated articles, studies with-out 
useful data, single-arm studies with 
other drugs, SSAs gave in both 
groups, wrote in other languages12 articles may be eligible

	 2 RCTs
	 1 non-RCT
	 9 single-arm studies

5 articles excluded
	 mainly for without useful data, 

outcomes without PFS/TTP

7 articles included
	 2 RCTs
	 1 non-RCT
	 4 single-arm studies

Table 1 Jadad scale for RCT quality assessments

Items Rinke A. 2009 Caplin M. 2014

Randomization 2 2

Double blinding 2 2

Withdrawals and dropouts 1 1

Total 5 5

RCT, randomized control trial.

Table 2 MINORS scale for quality assessment of non-RCT and single-arm studies

Items
Yao JC. 

2009
Bajetta E. 

2005
Martín-Richard M. 

2013
Palazzo M. 

2013
Pavel M.E. 

2011

1. A clearly stated aim 2 2 2 2 2

2. Inclusion of consecutive patients 1 2 2 2 2

3. Prospective collection of data 2 2 2 0 2

4. Endpoints appropriate to the aim of the study 2 2 2 2 2

5. Unbiased assessment of the study endpoint 2 2 2 2 2

6. Follow-up period appropriate to the aim of the study 2 1 2 2 2

7. Loss to follow up less than 5% 2 2 0 2 2

8. Prospective calculation of the study size 2 0 2 0 2

9. An adequate control group* 2 – – – –

10. Contemporary groups* 2 – – – –

11. Baseline equivalence of groups* 2 – – – –

12. Adequate statistical analyses* 2 – – – –

Total 23 13 14 11 16

*, additional criteria in the case of comparative study.
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Effect of SSA versus placebo on PFS/TTP and ORR

As shown in Figure 2, pooled HR analysis was performed 
among two RCTs, one non-RCT and four single-arm studies. 
A significant benefit of treatment with SSAs was noted with 
a pooled HR for PFS/TTP of 0.43 (95% CI: 0.36–0.51, 
P=0.14, I2=37%), indicating that SSAs can reduce the risk of 

neuroendocrine tumor progression by 57%. Moreover, the 
pooled HRs of the RCTs, non-RCT and single-arm studies 
were consistent with this value (Figures 3,4).

Subgroup analyses were performed to evaluate whether 
the pooled HRs of PFS/TTP differed for well differentiated 
and moderately differentiated. The pooled HRs of PFS/

Table 3 Characteristic of the included patients

Study Groups Origin of tumor
Degree of 
differentiated 

No. of 
patients

Male % Intervening measure

Rinke A. 2009 Research Midgut Well-differentiated 42 47.62 Octreotide LAR 30 mg i.m./28 d

Control 43 53.49 placebo

Caplin M. 2014 Research Pancreas, midgut, 
hindgut or unknown

Well or moderately- 
differentiated

101 52.48 Lanreotide Autogel 120 mg s.c./28 d

Control 103 52.43 Placebo

Yao JC. 2009 Research Pancreas Well or moderately- 
differentiated

45 53.33 Everolimus 10 mg qd+ octreotide ≤30 mg 
i.m./28 d

Control 115 57.39 Everolimus 10 mg qd

Bajetta E. 2005 Research Thyroid, foregut, midgut 
or unknown

Well-differentiated 31 74.20 Octreotide LAR 30 mg i.m./28 d

Control* Midgut 43 53.49 Placebo

Martín-Richard 
M. 2013

Research GEP and lung or 
unknown

Well-differentiated 27 55.56 Lanreotide Autogel 120 mg s.c./28 d

Control* Midgut 43 53.49 Placebo

Palazzo M. 2013Research Foregut, midgut or 
unknown

Well-differentiated 68 57.35 Lanreotide MP/Autogel 90 mg/28 d

Control* Midgut 43 53.49 Placebo

Pavel 2011 Research Foregut, midgut, hindgut 
or unknown

Well or moderately- 
differentiated

213 58.22 Octreotide LAR 30 mg i.m./28 d

Control* Midgut 43 53.49 Placebo

*, the control arm of the PROMID study was introduced as the control arm for single-arm studies.

Figure 2 Pooled HR for PFS/TTP of all included studies. PFS, progression-free survival; TTP, time to progression.
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Figure 3 Pooled HR for PFS/TTP of included RCTs. PFS, progression-free survival; TTP, time to progression.

Figure 4 Pooled HR for PFS/TTP of included non-RCT and single-arm studies. PFS, progression-free survival; TTP, time to 
progression.

Figure 5 Subgroup analyses of pooled HRs for PFS/TTP (The comparison of pooled HR for PFS/TTP between well differentiated and 
moderately differentiated neuroendocrine neoplasm). PFS, progression-free survival; TTP, time to progression.

TTP were 0.42 (95% CI: 0.34–0.53, P=0.27, I2=23%) and 
0.43 (95% CI: 0.33–0.56, P=0.06, I2=65%) for patients 
were well differentiated and moderately differentiated, 
respectively (Figure 5). Minimal differences in the pooled 
HRs of PFS/TTP between these two SSAs LAR were noted 
in the meta-analysis.

ORR, which includes complete response (CR) and partial 

response (PR), was used to evaluate the response of tumors 
according to either the Response Evaluation Criteria in 
Solid Tumor (RECIST) (16) or WHO criteria. Six articles 
reported ORR using radiological assessment. As shown in 
Figure 6, the pooled OR of the ORR was 0.88 (95% CI: 
0.38–2.02, P=0.68, I2=0%), indicating that no statistically 
significant difference existed between tumor response to 
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SSAs versus placebo.

Adverse effects

All articles reported AEs for the duration of SSA treatment. 
The most common AEs reported included diarrhea, nausea, 
abdominal pain, and hyperglycemia. Because single-arm 
studies were included, we pooled the RR of the available 
AEs of RCTs and single-arm studies with the introduced 
control arm. No statistically significant difference was noted 
for diarrhea, abdominal pain or hyperglycemia between the 
experimental and control groups (Figure 7).

Discussion

Although NENs are a rare group of malignant tumors, 
morbidity has rapidly increased over recent years. Most 
cases are diagnosed as advanced NENs and are unsuitable 
for operative treatment (2). Few medical treatments 
have proven to be effective for advanced NENs. Various 
cytotoxic drugs, such as cisplatin and etoposide, are 
effective in lung NEN (17); however, further research on 
the effectiveness of these treatments at other tumor sites is 
needed. SSAs exhibit antiproliferative activity similar to that 
of endogenous somatostatin (4). Although limited studies on 
SSAs for advanced NENs have been conducted, the efficacy 
and safety of these compounds for NENs have not been 
summarized. Therefore, we conducted this meta-analysis to 
evaluate the therapeutic potential of SSAs for NENs. 

In vitro experiments that explored the antitumor effects 
of SSAs, in NENs demonstrated an antiproliferative effect 
for SSAs via inhibition of angiogenesis (18,19). Several 
clinical trials have been conducted to explore the validity 
of this effect in humans. Rinke et al. (9) demonstrated 
that SSAs delay tumor progression, thereby providing a 
foundation for the application of SSAs in clinical practice. 

However, these clinical trials lacked a sufficient number 
of patients to reach a comprehensive conclusion. In the 
present study, we combined all patients treated with SSAs 
in multiple clinical trials to verify the effectiveness of these 
compounds. A significant difference in PFS/TTP was noted 
between patients treated with and without SSAs. Although 
single-arm studies were included, little difference among 
the pooled HRs of PFS/TTP from all studies was noted; 
however, a difference between RCTs and studies without 
RCTs was noted. These data suggest that SSAs significantly 
delay tumor progression as reported.

Subgroup analyses were performed to detect the effect 
of SSAs on different differentiations in this meta-analysis. 
However, we observed similar pooled HRs, suggesting 
SSAs LAR is equally effective in well differentiated and 
moderately differentiated NENs. SSAs LAR possess 
intrinsic features that delay tumor progression and do not 
require a variety of differentiations.

The safety of SSAs is an important consideration when 
using these compounds to treat patients with NENs. Because 
SSAs can inhibit the release of specific hormones, they may 
cause endocrine metabolic disorders. AEs, such as diarrhea, 
nausea, abdominal pain and hyperglycemia, have observed 
during SSAs treatment (20,21), and these events were noted 
in the included studies. However, in our meta-analysis, we 
determined that SSA treatment did not increase the incidence 
of diarrhea, abdominal pain and hyperglycemia. Therefore, 
SSAs are safe for the treatment of NENs.

A limitation of this meta-analysis is the limited number 
of RCTs available. Thus, we included one non-RCT and 
four single-arm studies, which might reduce the degree of 
reliability. However, we attempted to contact the authors 
of each single-arm study to obtain the original follow-up 
data. Regrettably, some data were unavailable. Therefore, 
we extracted the data from published Kaplan-Meier curves, 
which may decrease the accuracy of the data.

Figure 6 Pooled OR for ORR of included articles. OR, odds ratio; ORR, objective response rate.
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Figure 7 Pooled RR for adverse effects (A) pooled RR for diarrhea; (B) pooled RR for abdominal pain; (C) pooled RR for hyperglycemia. 
RR, risk ratio .

In conclusion, this meta-analysis demonstrates that 
SSAs LAR are beneficial for patients with advanced NENs 
and significantly delayed tumor progression. Moreover, 
SSAs LAR are well tolerated and do not increase the 
incidence rate of AEs, such as diarrhea, abdominal pain and 
hyperglycemia. Additional RCTs are required to support 
this conclusion.
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