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Simple Summary: The most effective and safest approach for the treatment of advanced gastro-
entero-pancreatic neuroendocrine neoplasms (GEP-NENSs) remains unknown. A systematic review
was done to clarify this point. A network meta-analysis was used to overcome the multiarm
problem. Our study confirmed that somatostatin analogs (SSAs) alone remain the best choice for
well-differentiated GEP-NENSs. 177 Lu-Dotatate plus SSA is a valid alternative for midgut NENSs since
it has been shown to be slightly more efficacious but yielding a higher risk for toxicity than SSAs.

Abstract: Several new therapies have been approved to treat advanced gastro-entero-pancreatic
neuroendocrine neoplasms (GEP-NENS) in the last twenty years. In this systematic review and meta-
analysis, we searched MEDLINE, ISI Web of Science, and Scopus phase IIl randomized controlled
trials (RCTs) comparing two or more therapies for unresectable GEP-NENs. Network metanalysis
was used to overcome the multiarm problem. For each arm, we described the surface under the
cumulative ranking (SUCRA) curves. The primary endpoints were progression-free survival and
grade 34 of toxicity. We included nine studies involving a total of 2362 patients and 5 intervention
arms: SSA alone, two IFN-« plus SSA, two Everolimus alone, one Everolimus plus SSA, one Sunitinib
alone, one 7”Lu-Dotatate plus SSA, and one Bevacizumab plus SSA. 17’Lu-Dotatate plus SSA had
the highest probability (99.6%) of being associated with the longest PFS. This approach was followed
by Sunitinib use (64.5%), IFN-« plus SSA one (53.0%), SSA alone (46.6%), Bevacizumab plus SSA one
(45.0%), and Everolimus %+ SSA one (33.6%). The placebo administration had the lowest probability of
being associated with the longest PFS (7.6%). Placebo or Bevacizumab use had the highest probability
of being the safest (73.7% and 76.7%), followed by SSA alone (65.0%), IFN-« plus SSA (52.4%),
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1771 u-Dotatate plus SSA (49.4%), and Sunitinib alone (28.8%). The Everolimus-based approach had
the lowest probability of being the safest (3.9%). The best approaches were SSA alone or combined
with 177Lu-Dotatate.

Keywords: neuroendocrine neoplasms; network metanalysis; carcinoid

1. Introduction

Several new therapies have been approved to treat well-differentiated advanced gastro-
entero-pancreatic neuroendocrine neoplasms (GEP-NENSs) in the last twenty years [1].
European Neuro-Endocrine Tumor Society (ENETS) and North American Neuro-Endocrine
Tumor Society (NANETS) guidelines [2-4] recommend somatostatin analogs (S5As) alone
as first-line therapy. Interferon-«, tyrosine kinase inhibitors (Everolimus and Sunitinib),
or peptide receptor radionuclide therapies (PRRT) are considered only in patients with
progressive diseases as a second or further line of treatment. A recent network meta-
analysis (NMA), including both phase II and IIl randomized clinical trials (RCTs), has tried
to clarify the hierarchy of these approaches [5]. The authors suggested that combination
therapies might be more effective than single-agent strategies, but the metanalysis failed in
identifying the best approach (safest and more efficacious), the result being only partially
conclusive. The reasons for this can be related to some methodological choices: (I) the
inclusion of both phase II and III RCTs; (II) the lack of metaregression analysis to study
the inconsistency or heterogeneity of the network; (III) the excessive scattering into several
arms in building the network. Consequently, the last point, the results of Everolimus, were
scattered in two arms, reducing the network’s power. Since the question about which is
the most effective and safest approach for the treatment of advanced GEP-NENs remain
unanswered, we performed an NMA, including only phase III RCTs.

2. Material and Methods

According to the Cochrane recommendations, a systematic review was done, and the
paper was structured point-by-point following the PRISMA checklist (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) [6].

2.1. Eligibility Criteria
Population Intervention Control Outcomes Studies (PICOS) methodology was used
to define the eligibility criteria [7]:
(a) “Population” was represented by the patients having nonresectable GEP-NENSs;
(b) “Intervention” arms were any nonsurgical therapy;
(c) the “Control” group was the placebo arm;
(d) all studies reporting at least PFS and grade 3—4 toxicity;
(e) all phase III RCTs included at least two arms.

NMA was used to overcome the multiarm problem. The arms, including combined
therapies, were clustered together with monotherapy if the experimental approach was the
same.

2.2. Information Source, Search, Study Selection, and Data Collection Process

PubMed, ISI Web of Science, and Scopus were used for the research. The last search
was carried out on 1 October 2020. Details about the information sources, search, study
selection, and data collection process are described in the Supplementary Materials.
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2.3. Data Items

The following data were extracted to describe the characteristics of each study: first
author, year of publication, acronym, affiliation/country, NEN population, previous treat-
ment with SSAs, chemotherapy (CHT) or other therapy, previous resection of the primary
tumor, study design, the sample size of each arm, and the outcomes of interest reported.
As the primary endpoints, we evaluated (a) PFS as a measure of efficacy; (b) grade 3 and 4
of toxicity as a measure of safety [8]. For the PFS calculation, we measured the incidence
density rate (number of events for “at-risk patients” per unit of time) to overcome different
follow-up duration problems. This measure can be assimilated to the hazard rate (HR) for
the patients exposed. The rate ratio (RR) obtained from the ratio of two incidence density
rates can be assimilated to the HR only for the exponential model (constant hazard func-
tions) and in the absence of large differences in the average follow-up duration between
the groups [9]. Dedicated software was used (GetData Graphical Digitizer® version 2.26) to
extract the crude number of events and the period of observation from the Kaplan-Meier
curves. The secondary efficacy-related endpoints were (a) rate of objective radiological
response (ORR), defined according to RECIST 1.0 or 1.1 as the sum of partial and complete
response (PR + CR) [9,10]; (b) rate of progressive disease (PD), according to RECIST 1.0 or
1.1 [10,11]; (c) overall survival. As secondary endpoints of safety, we evaluated (a) adverse
events (AEs) and serious adverse events (SAEs) [8]; (b) “on-treatment” deaths (OTDs) and
deaths drug-related (DDR), defined as deaths from any cause and deaths related to drug
administration, respectively; (c) drug discontinuation due to AEs (DDAEs).

2.4. Geometries of the Network and Risk of Bias within the Individual Study

Network geometry was plotted using nodes and edges for arms and direct compar-
isons, respectively. The network geometries were visually explored to evaluate the presence
of one or more common nodes. The risk of bias within the individual studies was evaluated
using a revised tool for assessing the risk of bias in randomized trials (Rob2) [12].

2.5. Summary Measurements and Methods of the Analysis

We described the surface under the cumulative ranking (SUCRA) curves and mean
ranks for each arm. They measure the probability, without uncertainty, expressed in
percentages, that each treatment would be the best, based on the outcome analyzed [13-16].
The SUCRA values were also reported as an efficacy-safety plot (grade 3 and 4 of toxicity
and PFS, respectively) [16]. Additional details of the statistical method are described in the
Supplementary Materials.

2.6. Inconsistency, Risk of Bias across the Studies, and Meta-Regression Analysis

Consistency is the statistical manifestation of the transitivity through each node. The
reliability of the network was evaluated, and inconsistency (p-value < 0.05) was tested with
both the general approach (chi-square test) and the loop approach (ratio of odds ratio) [17].
Heterogeneity was evaluated and reported as tau (7) [18]. T-values > 0.6 were considered
relevant. When inconsistency or relevant heterogeneity was observed, a multivariate meta-
regression analysis was carried out to identify the factors having a non-negligible effect
(p-value < 0.05). Publication/reporting bias was reported using an adjusted funnel plot,
which was tested using the Egger and Begg tests [19] (p-value < 0.05).
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3. Results
3.1. Studies Selected

The systematic search of the literature, following the PRISMA statement, is reported
in Figure S1. Nine studies [20-31] were eligible for quality assessment and quantitative
synthesis. Upon reviewing the data extraction, there was 100% agreement between the two
reviewers.

3.2. Study Characteristics and Risk of Bias within Studies

The characteristics of the studies selected are summarized in Table 1 (population and
design), Table 2 (clusters, endpoints, and risk of bias evaluation), Table S1 (the rationale
for using various treatments), and Table 2 (covariates as a potential source of bias and
heterogeneity). The quality of the included studies is reported in Figure S2. In order to
perform the NMA, the patients were clustered into the following arms: 531 (22.5%) in the
placebo arm, 520 (22%) in the SSA-alone arm, 628 (26.6%) in the Everolimus + SSA arm, 86
(3.6%) in Sunitinib-alone arm, 116 (4.9%) in ”Lu-Dotatate plus SSA arm, 267 (11.3%) in
IFN-a plus SSA arm, and 214 (9.1%) in Bevacizumab plus SSA arm (Table 2).

Table 1. Characteristics of the nine included studies.

. S . Previous . Previous
First Acronyms Affiliation/  Population Pan- SSA Previous Other Surgery of Desien
Author/Year Yy Country $ NET Th CHT Therapy Primary 8
erapy Tumor
1 * 3 *
Arzlg)(())lgvd[%]al., - Multicenter ~ GEP-NET Yes Yes Yes No § Octreotide H\;;_?(ctreotlde *
Rinke et al., . Midgut # Placebo vs. Octreotide LAR
2009 [21,22] PROMIDE  Multicenter NET No Yes No No Yes 30 mg
Octreotide LAR 30 mg vs.
Pavel et al," RADIANT- Multicenter ~ GEP-NET Yes Yes Yes Yes " § Octretide LAR 30 mg +
2011 [23,24] 2 :
N | RADIANT. Everolimus 10 mg
ao etal. - . .
/ - ~ §
2011 [25,26] 3 Multicenter ~ Pan-NET Yes Yes Yes Yes Placebo vs. Everolimus 10 mg
Raymond
etal., 2011 - Multicenter Pan-NET Yes Yes Yes °° Yes °° Yes Placebo vs. Sunitinib 37.5 mg
[27]
C;gilz[‘;%?l" CLARINET Multicenter ~ GEP-NET Yes Yes £ Yes £ Yes £ Yes £ Placebo vs. Lanreotide 120 mg
Lung or
Yaoetal, RADIANT- Multicenter Midgut No Yes Yes Yes Yes Placebo vs. Everolimus 10 mg
2016 [29] 4 NED
Strosberg . .
NETTER- . Midgut o x x 177 Lu-Dotate + Octreotide LAR
et a[lé,021017 1 Multicenter NET No Yes Yes Yes Yes 30 mg vs. Octreotide LAR 60 mg
. depot Octreotide 20 mg +
Yao et al., SWOG . Midgut £ £ £ X
2017 [31] 50518 Multicenter NET No Yes Yes Yes Yes Bevacizumab vs. depot

Octreotide 20 mg + IFN-«

Legend: $ = all tumors were well-differentiated, even if classified with different tumor grading systems; * = 200 ug ocreotide thrice
daily; # = pretreatment with somatostatin analogs for more than 4 weeks or previous treatment with interferon alfa, chemotherapy, or
chemoembolization; " = only the patients with hepatic artery embolization or cryoablation were excluded; ® = best supportive care with
SSA on-demand; ** = immunotherapy or radiotherapy within four weeks prior to starting this trial or the hepatic artery procedure called
embolization within the last six months or cryoablation/radiofrequency ablation of hepatic metastasis within two months of enrollment;
§ = not reported; °° = chemotherapy, locoregional therapy (e.g., chemoembolization) or interferon at least four weeks before baseline
assessment; £ = patients excluded because they had received treatment with interferon, chemoembolization, or chemotherapy within 6
months before study entry, a radionuclide at any time, or a somatostatin analogue at any time; ** = any surgery, liver-directed transarterial
therapy, or chemotherapy within 12 weeks before randomization or major surgery related to the neuroendocrine tumor within 3 months
before study entry; £ = prior surgery, liver-directed therapy, and radiotherapy were allowed if completed more than 28 days before the start
of study therapy, the patient had recovered from the procedure, and there were residual sites of measurable disease; prior depot octreotide
was allowed, provided at least 21 days had elapsed since the last dose to the start of study therapy.
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Table 2. Characteristics of the nine studies included.
Clusters Endpoints Rob2
First . e s 77Lu- .
SSA- Everolimus- Sunitinib IFN-«- BevacizumaB-
Author/Year (IX:;:}X)) Based Based (Arm -Based (Arm BDSOT;:X:;“ Based Based (Arm
(Arm B) Q) D) a eE) (Arm F) G)
PFS, grade 3—4 toxicity,
Ag%%gd[gg?l" - 51 - - - 54 - 08, ORR, PD, SAEs, EIOSLV
OTD, DDR, DDAEs
. PFS, grade 34 toxicity, Some
%gg‘fﬁt ;;] 43 42 - - - - - 0S, ORR, PD, SAEs, Com-
’ OTD, DDR, DDAEs cerns
Pavel et al PFS, grade 3—4 toxicity, Some
2011 [23 24i - 213 216 - - - - OS, ORR, PD, SAEs, Com-
’ OTD, DDR, DDAEs cerns
PFS, grade 3—4 toxicity,
Yao et al., 203 B 207 B B B B OS, ORR, PD, AEs, Low
2011 [25,26] SAEs, OTD, DDR, risk
DDAEs
PFS, grade 34 toxicity,
Raymond o ) ) % ) ) ] 0S, ORR, PD, AFs, Low
¢ a['2'7] SAEs, OTD, DDR, risk
DDAEs
. PFS, grade 3—4 toxicity,
C;gif[%ﬂ" 103 101 - - - - - 0S, PD, AEs, SAEs, El‘;‘l’(v
OTD, DDR, DDAEs
PFS, grade 3—4 toxicity,
Yao et al., 97 B 205 B B B B OS, ORR, PD, AEs, Low
2016 [29] SAEs, OTD, DDR, risk
DDAEs
Strosberg PFS, grade 3—4 toxicity, L
etal., 2017 - 113 - - 116 - - 0S, ORR, PD, AEs, R.Ovlz
[30] SAEs, DDR, DDAEs 18
PFS, grade 34 toxicity,
gg‘f;ffllj' - - - - - 213 214 0S, ORR, PD, SAEs, Ili?svlz
: OTD, DDR, DDAEs
Total 531 520 628 86 116 267 214

Legend: SSA = somatostatine analogues; 1”’Lu = Lutezio; IFN-P = interferon alfa; Rob2 = quality assessment using a revised Cochrane
risk-of-bias tool for randomized trials; PFS = progression-free survival; OS = overall survival; ORR = objective radiological response;
PD = progressive disease evaluated with imaging; AEs = adverse events (any type); SAEs = severe adverse events; OTDs = on treatment
deaths; DDR = deaths drug-related; DDAEs = drug discontinuation due to adverse events.

3.3. Network Structures and Geometries

The network geometries (Figure 1) were the same for all endpoints except for the
AE network, in which the IFN-o and Bevacizumab arms were lacking. There were seven
arms and seven types of direct comparisons. We found only one triangular loop (SSA
vs. Everolimus + SSA vs. Placebo). On primary endpoints, the most informative direct
evidence was SSA vs. IFN-« plus SSA, with a contribution of 21.6% and 20.5% to the entire
network for PFS and toxicity grade 3 and 4, respectively (Figure S3A,B). The remaining
contribution plots are reported in Figure S3C-].
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Everolimus+SSA

SSA-alone

Sunitinib-alone

Placebo

177-LU-Dotatate+SSA

Bevacizumab+SSA

IFN-a+SSA

Figure 1. Network geometry. The blue circles represent the treatment arm, while the edges indicate
the direct comparison available in the literature. SSA = somatostatin analog; 177_Lu = Lutezio;
IFN-« = interferon alfa.

3.4. Synthesis of Results

The SUCRA and the mean rank values for each scenario are shown in Table 3, while the
relative ranking probabilities are displayed in Table S3. The “head-to-head” comparisons
for all endpoints are plotted in Figure S4A-], respectively.

Table 3. The surface under cumulative ranking area (SUCRA) values and mean rank for all outcomes. The SUCRA values
express, in percentages, the safety or efficacy of each approach relative to an imaginary approach, which is always best
without uncertainty.

SUCRA (%) and Rank (Mean) for Arm

Outcomes of : Everolimus + Sunitinib 177Lu-Dotatate Bevacizumab
Studies -
Interest udie Placebo SSA Alone SSA Alone +SSA IFN-x + SSA +SSA

SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank

Progression-Free

o 9 7.6 6.5 466 42 33.6 5.0 645 3.1 99.6 1.0 53.0 38 45.0 43
Grade 34 toxicity © 9 73.7 24 65.0 3.1 39 6.8 28.8 53 494 40 524 3.9 76.7 24
Overall Survival 9 326 5.0 489 41 434 44 93.6 14 87.7 1.7 31.8 5.1 11.9 63
ORR (CR+PR) § 8 6.9 58 20.0 58 32.0 5.1 742 25 68.6 28 59.0 35 88.3 17
PDS 9 26 6.8 2.8 56 56.9 3.6 35.0 49 90.6 1.6 613 33 80.8 22

AEs 6 74.1 2.0 9.3 11 27.6 39 337 37 18.3 43 * * * *
SAEs 9 60.6 34 76.4 24 31 5.1 9.5 12 65.6 3.1 19.9 58 0 7.0

On gf;‘tt}"?em 8 61.2 29 56.8 32 159 52 873 16 349 43 438 38 * *
Deaths Drug-related 9 643 3.1 585 35 10 45 58.5 35 56.7 3.6 37.7 47 324 5.1
Discontinuation for 9 85.7 1.9 71 2.7 195 58 521 39 867 18 25 55 10 6.4

SAE

Legend: SUCRA = the surface under the cumulative ranking curve; SSA = somatostatin analog therapy; Lu = Lutetium; AE = adverse event,
defined according to National Cancer Institute Common Terminology Criteria for Adverse Events; SAE = severe adverse event, defined
according to National Cancer Institute Common Terminology Criteria for Adverse Events; Lu = Lutetium; ORR = objective radiological
response; CR = complete response; PR = partial response; PD = progressive disease; § = evaluated according to Response Evaluation
Criteria In Solid Tumors; * = not computable; © = the datum was calculated as the number of events per patients; IFN-o = interferon alfa.

3.4.1. Efficacy (PFS)

The pooled event rates were 1718 out of 2362 (72.7%). The events per 100 patients-one
year were 48, 26, 31, 51, 10, 26, and 27 in the placebo, SSA-alone, Everolimus + SSA,
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Sunitinib-alone, ””Lu-Dotatate plus SSA, IFN-o plus SSA, and Bevacizumab plus SSA
arms, respectively. The NMA suggests that a treatment based on ”/Lu-Dotatate plus
SSA has the highest probability (99.6%) of being associated with the longest PFS, and, on
average, this approach is always the best possible. This approach is followed by the use of
Sunitinib (SUCRA = 64.5), IFN-«a plus SSA (SUCRA = 53.0;), SSA-alone (SUCRA = 46.6),
Bevacizumab plus SSA one (SUCRA = 45.0), and Everolimus & SSA (SUCRA = 33.6). The
placebo administration had the lowest probability of being associated with the longest PFS
(SUCRA value = 7.6).

3.4.2. Safety (Toxicity Grade 3 and 4)

The pooled event rates were 907 for the 2362 patients exposed (38.4%). The event
rate was 23.7%, 25.0%, 41.7%, 65.1%, 39.7%, 59.9%, and 59.3% in the placebo, SSA-alone,
Everolimus + SSA, Sunitinib-alone, 17’ Lu-Dotatate plus SSA, ITFN-« plus SSA, and Beva-
cizumab plus SSA arms, respectively. The NMA suggests that a treatment based on placebo
or Bevacizumab use has the highest probability of being the safest (SUCRA values of 73.7
and 76.7, respectively). These approaches are followed by SSA-alone (SUCRA = 65.0), IFN-
o plus SSA (SUCRA = 52.4), 177Lu-Dotatate plus SSA (SUCRA = 49.4), and Sunitinib-alone
(SUCRA = 28.8). The Everolimus-based approach has the lowest probability of being the
safest (SUCRA value = 3.9).

3.4.3. Safety /Efficacy Ratio

The combination plot is reported in Figure 2. The best approaches are SSA-alone and
SSA in combination with Bevacizumab or IFN-« or /”Lu-Dotatate. The second choice is
Sunitinib use, followed by Everolimus and placebo. The cophenetic correlation coefficient
was 0.93. The maximum value of clustering gain was 447.31, and the optimal number of
clusters was 4.

o |
e}
B Bevacizumab + SSA
W Placebo
B SSA alone
o
O
BIFN-a+ SSA
B 177 Lu-Dotatate + SSA
£
0o
A
w
B Sunitinib alone
o
N
O
O -
T T T T
20 40 60 80

Efficacy

Figure 2. Cluster rank combining surface under the cumulative ranking curve (SUCRA) values. The y-axis reports the SU-
CRA values as a percentage of “safety” (toxicity 3 and 4). The x-axis reports the efficacy (progression-free survival). Different
colors identify the different clusters. SSA = somatostatin analog’ 1”/-Lu-Dotatate = Lutezio with Dotatate; IFN-« = interferon

alfa.
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3.4.4. Secondary Endpoints

The results of all secondary endpoints are exhaustively reported in the Supplemen-
tary Materials. The treatment with the highest probability of improving OS is Sunitinib,
followed by ”/Lu-Dotatate plus SSA, with a SUCRA value of 93.6 and 87.7, respectively.
The approach with the highest probability of obtaining an ORR is Bevacizumab plus SSA
(SUCRA = 88.3). The therapy with the highest probability of preventing the disease’s
radiological progression is 177 Lu-Dotatate plus SSA (SUCRA = 90.6). The treatment with
the highest probability of avoiding any AEs is SSA-alone (SUCRA = 93.6). Considering
SAEs, the worst approach, according to the model, is Bevacizumab plus SSA therapy
(SUCRA = 0). The approach with the lowest probability of being related to OTD is Suni-
tinib (SUCRA =87.3). DDR incidence could be higher when the therapy is based on
Everolimus (SUCRA = 42.0), IFN-« (SUCRA = 37.7), or Bevacizumab (SUCRA = 32.4). The
approach with the highest probability of avoiding “drug-discontinuation” is 17’ Lu-Dotatate
(SUCRA = 86.7).

3.4.5. Inconsistency, Heterogeneity, and Publication Bias

Inconsistency and heterogeneity for all outcomes are shown in Table 4. A significant
inconsistency was found for PFS (chi-square = 4.86; p = 0.027) due to the lack of transitivity
across the nodes that were attributable to the closed-loop, including the direct comparison
between placebo, SSA-alone, and Everolimus (RoR = 1.78; p = 0.016). This loop and the
relative direct and indirect information are plotted in Figure 2. No relevant heterogeneity
was found for the other endpoints. The meta-regression analysis (Table S4) explains the
inconsistency: SSA-alone efficacy was overestimated when treatment-naive patient rates
were high (SMD = 0.55; p = 0.028).

Table 4. Inconsistency, heterogeneity, and adjusted SUCRA and rank values.

Inconsistency

Adjusted SUCRA and Rank Values

Everolimus + Sunitinib 177 Lu-Dotatate BevacizumaB +
Outcomes of Global Local T Placebo SSA Alone SSA Alone + SSA IFN-«x + SSA SSA
Interest Value
SCh" - Loop RoR P~ SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank SUCRA Rank SUCRA  Rank
quare  Value Value
PFS 4.86 0027  ABC 178 0016 02 26.1 54 455 43 431 44 58.1 35 75.0 26 51.7 39 49.1 41
Grade 34 0.03 0853  ABC 128  0.628 03
toxicity
0s 052 0.470 ABC 127 0443 0.1
ORR (CR + PR
(§ +FR) 0.14 0707  ABC 184 0713 <01
pD§ 117 0279 ABC 226  0.144 04
AE 1.75 0.185 ABC 130  0.185 <01
SAE 0.01 0927  ABC 104 0928 <0.1
On treatment 0.02 08835  ABC 118 0877 <01
deaths
Deaths
Drugrelated 0.09 0.768 ABC 213 0770 05
Discontinuation 0.30 0585  ABC 172 0600 <01

for SAE

Legend: RoR = rate of odds ratio; SSA = somatostatin analogue therapy; Lu = Lutetium; IFN-« = interferon alfa; PFS = progression-free
survival; OS = overall survival; SSA = somatostatin analogue therapy; AE = adverse event defined according to National Cancer Institute
Common Terminology Criteria for Adverse Events; SAE = severe adverse event defined according to National Cancer Institute Common
Terminology Criteria for Adverse Events; Lu = Lutetium; ORR = objective radiological response; CR = complete response; PR = partial
response; PD = progressive disease; § = evaluated according to Response Evaluation Criteria In Solid Tumors; - = not computable.

3.5. Primary Endpoints

On the contrary, underestimating SSA-alone efficacy could be attributable to poor bal-
ancing between the two arms of patients with extrahepatic metastatic disease (SMD = —0.74:
p = 0.002). According to the metaregression analysis, the adjusted SUCRA and rank values
reported in Table 4 show that 1””Lu-Dotatate has the highest chance of being associated
with the longest PFS, followed by IFN-o plus SSA and Bevacizumab plus SSA. No “small-
study” effect was found using the Begg and Egger tests, as showed by the funnel plots
(Figure S5A-]).
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4. Discussion

Our study demonstrates that SSA, alone or in combination with 1771 u-Dotatate, can
be considered the best approach in terms of efficacy measured by PFS for unresectable
GEP-NENSs. We included 9 phase III RCTs and 2362 patients. In contrast to the paper of
Kaderli et al. [5], we used stringent inclusion criteria. Moreover, we used a different way
to build the network: all Everolimus-based arms, with or without SSAs, were clustered
together to avoid an excessively scattered network. The analysis suggests some interesting
considerations. First, the best-suggested approach is 17’ Lu-Dotatate plus SSA because the
probability that this therapeutic choice is related to the longest event-free lifespan is the
highest and near to the ideal approach. An excellent second choice seems to be Sunitinib’s
use alone, at least in Pan-NENSs, in which this drug is approved. SSA, alone or combined
with Bevacizumab and IFN-«, seems to have equal chances of prolonging PFS, resulting in
being the third preferred choice for Pan-NENs and the second for gastrointestinal NENs.

On the contrary, Everolimus 4= SSA is a worse choice two times out of three. Never-
theless, this therapy remains superior to placebo. The validity of these results is weakened
by the network’s inconsistency, namely, by incoherence among direct and indirect esti-
mates [32]. The main source of inconsistency is located within the closed-loop Placebo vs.
SSA alone vs. Everolimus + SSA (Figure 3). The reason is well known among oncologists
and physician experts in the treatment of GEP-NENSs [33]. The rate of treatment-naive
patients (with stable disease at the time of enrollment and without previous treatment),
primary tumor site, and the rate of patients with extrahepatic disease were some factors
that could have been imbalanced between the arms of the RADIANT-3 and RADIANT-
4 [25,26,29], CLARINET [28], and PROMID [21,22] studies. For example, PFS at 24 months
in the placebo arm of the CLARINET trial [28] (high rate of naive patients, all GEP-NENs
included) was 33%, while in the RADIANT-3 trial (low rate of naive patients, only Pan-
NENSs), it was 0%. We statistically studied this phenomenon and recognized the reason
for the inconsistency. PFS of the placebo arm was statistically higher when the rate of
treatment-naive patients increased. The placebo arm is a crucial common node for the
indirect comparison of SSA-alone vs. Everolimus £ SSA. Thus, the indirect comparisons
overestimated the effect of SSA and underestimated the effect of Everolimus. The net-
work’s weakness was corrected, weighing the effect of all potential confounding factors
with meta-regression analysis. Considering the adjusted SUCRA values, ””Lu-Dotatate
plus SSA still remains the best choice.

It should be noted that absolute efficacy was reduced (rank 2.6) for an ideal therapy.
Even though ”/Lu-Dotatate plus SSA was tested in a phase III RCT for midgut NENs
only, it has been registered by the FDA [34] and the EMEA [35] to treat well-differentiated
Pan-NENSs. The remaining approaches were far from ideal therapy (rank around 4).

The analysis of the rate of grade 3 and 4 toxicity permits some further considerations.
Excluding the placebo arm, the best approach should be chosen among SSA alone or
combined with Bevacizumab, IFN-«, or ””Lu-Dotatate. Thus, combining the safety and
efficacy data, in contrast to the papers of Kaderly et al. [5], we did not observe a generic
superiority of combination therapies compared to monotherapy. '””Lu-Dotatate plus
SSA, even with a slight increase in toxicity, was the choice with the best combination of
efficacy/safety. The Sunitinib and Everolimus + SSA arms were penalized by the low
probability of being the safest, rather than their efficacy. Moreover, in a recent paper by
Mujica-Mota et al. [36], Everolimus was considered less cost-effective than Sunitinib or
177Lu-Dotatate plus SSA.

The analysis of secondary endpoints suggested that each approach could have some
advantages. Bevacizumab plus SSA, Sunitinib, and 17 Lu-Dotatate plus SSA have the best
chance of obtaining an ORR, suggesting that these approaches might be used to reduce
the symptoms related to tumor volume. However, ””Lu-Dotatate and Bevacizumab are
associated with a higher chance of achieving radiological disease stability than Sunitinib.
177Lu-Dotatate plus SSA and Sunitinib-alone seem to be related to the highest possibility
of longer survival. Nevertheless, any speculation regarding overall survival should be
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1.55 HR by indirect evidences (RADIANT-3, RADIANT-4, PROMIDE and CLARINET)

0.77 HR by direct evidence (RADIANT-2)

Everolimus

interpreted with caution due to the high crossover rate between arms. Furthermore, 17’ Lu-
Dotatate has the lowest probability of discontinuation for SAEs, even if SSA-alone is the
best choice for AEs and the second-best choice for SAEs, confirming the high tolerability of
this approach. Finally, it should be noted that approaches based on Everolimus or IFN-«
were never among the three first choices for all secondary endpoints.

1.04 HR by indirect evidences (RADIANT-2, RADIANT-3, and RADIANT-4)

0.58 HR by direct evidences ( PROMIDE and CLARINET)

0.89 HR by direct evidences (RADIANT-3 and RADIANT-4)

0.51 HR by indirect ewdences (RADIANT-2, PROMIDE, and CLARINET)

Figure 3. Closed-loop within the network. The blue circles represent the treatment arm while the edges indicate the direct

comparison available in the literature SSA = Somatostatin Analog; the dashed arrow represents the indirect estimates;

the full arrow the was the direct evidence; the tip of the arrow indicates the therapy more efficacious as Progression-Free

Survival.

This analysis has some limitations. First, the populations included were heterogeneous
for several important factors. Remarkably, the rate of treatment-naive patients was very
high in some arms, such as placebo or SSA-alone, compared to others. The last bias
was the main reason for the inconsistency for the primary endpoint. Nonetheless, with
the proper use of the metaregression analysis, this effect was recognized and corrected,
presenting the results in a credible clinical way. Third, some RCTs included only either
gastrointestinal NENss (177Lu-Dotatate or Bevacizumab) or Pan-NENSs (Sunitinib). Thus,
the applicability of some clinical practice results could be limited: for example, Sunitinib is
not approved for midgut NENs. Nevertheless, the same network inclusion was possible
using the metaregression analysis, which demonstrated that the type of tumors did not
influence each approach’s adjusted value for all endpoints. Moreover, some treatments
are available in clinical practice for both gastrointestinal and Pan-NENS, such as ”/Lu-
Dotatate. Furthermore, all information obtained from the network could have scientific
value, providing useful research data to design future trials. Fourth, the network analysis
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required some approximations: (I) the Everolimus cluster included both Everolimus and
Everolimus plus SSA arms; (II) the SSA cluster included several approaches, such as thrice
daily or several types of long-acting octreotide (Octreotide LAR 30 or 60 mg, Lanreotide
120 mg, depot. Octreotide 20 mg); (III) the placebo arm could have included, in some
cases, the on-demand use of SSAs. Nonetheless, these approximations were necessary
to avoid an excessive scattering of the network. Fifth, no recent studies that included
a chemotherapy arm is available for the analysis in the network. Finally, the included
trials used different tumor grade systems due to WHO classification changes over the past
decades. Nonetheless, all studies included well-differentiated neuroendocrine tumors.

In conclusion, our study confirms that SSA-alone, as suggested by ENETS and
NANETS guidelines, remains the best choice for well-differentiated GEP-NENSs. 7/Lu-
Dotatate plus SSA is a valid alternative for midgut NENSs, since it has been shown to be
slightly more efficacious but yielding a higher risk for toxicity than SSA. Further studies,
such as the NETTER-2 trial [37], could confirm the efficacy of PRRT as a first-line treatment
in Pan-NENs as well. SSA combination therapy with Bevacizumab or IFN-« did not signif-
icantly increase the efficacy and worsened the safety in IFN-«. Sunitinib and Everolimus
approaches remain the second choice because we did not observe a significant increase in
efficacy to SSA use alone. The algorithm reported in Figure S6 summarizes the results of
the meta-analysis.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2072-669
4/13/2/358/s1; Supplementary Table S1. Covariates potentially source of bias and heterogeneity in
included studies; Supplementary Table S2- The ranking of the therapies for all outcomes.; Supple-
mentary Table S3- Meta-regression analysis for progression-free survival; Supplementary Figure S1.
PRISMA Flow Diagram illustrating study selection; Supplementary Figure S2. Quality of included
study; Supplementary Figure S3 (Panel A-J): Contribution plots of all outcomes. In the columns, all
available direct comparisons (comparisons evaluated in at least one study) are reported while, in the
rows, the following are reported: (1) the mixed comparisons (namely the estimates already available
in the literature but implemented by the network) and (2) the indirect comparisons (namely the
comparisons not available in the literature but generated by the network). The table should be read
from left to right; each row contains the contribution of each direct comparison in the network (mixed
and indirect) estimates and, thus, the cumulative sum of the contributions is 100 (in percentages). In
the plots, the contribution of each direct comparison in building the entire network is also report-
edPanel B: Grade 3-4 toxicity; Panel C: Overall survival; Panel D: Objective Radiological Response;
Panel E: Progressive Disease; Panel F: Adverse Event; Panel G: Severe Adverse Event; Panel H: On
treatment deaths; Panel I: Deaths Drug-related; Panel J: Discontinuation for SAE; Supplementary
Figure S4 (Panel A-]): Forest plots of all outcomes. The results are reported as Odds ratios (ORs) and
95% confidence intervals (ClIs). The blue line (line of null effect) is equal to 1. The solid black lines
represent the CIs while the diamond summarises the ORs. For each pairwise comparison, the forest
plot should be read as following: if the diamond with the entire CIs did not reach the blue line of null
effect, there is a significant difference. If the entire CI is on the left of the null effect, the mortality
rate is significantly higher in the “intervention arm” while, when the entire CI is on the right, the
event is statistically more frequent in the “reference arm.” When the entire CI crosses the null effect
line, the difference between the two procedures compared is not statistically significant. Besides,
a red line reports the Predictive Interval (Prl), namely the interval within which the estimate of a
future study is expected to be. Panel A: Progression-free survival; Panel B: Grade 3-4 toxicity; Panel
C: Overall survival; Panel D: Objective Radiological Response; Panel E: Progressive Disease; Panel
F: Adverse Event; Panel G: Severe Adverse Event; Panel H: On treatment deaths; Panel I: Deaths
Drug-related; Panel J: Discontinuation for Severe Adverse Event; Supplementary Figure S5: Funnel
plots of the network estimates of all outcomes. In the comparison-adjusted funnel plot, the horizontal
axis shows the difference of each i-study estimate YiXY from the summary effect for the respective
comparison (YiXY-uXY). In contrast, the vertical axis presents a measure of the dispersion of YiXY,
namely the standard error of the effect size. The red line shows the null hypothesis. Each point
represents a direct comparison: different colors correspond to different comparisons. The dashed
black line represents the 95% confidence interval. The horizontal line represents the regression line;
the sky blue regression line demonstrates no asymmetry; Arm 1 = Placebo; Arm 2 = octreotide
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analogs (SSA) alone; Arm 3 = Everolimus &+ SSA; Arm 4 = Sunitinib; Arm 5 = 177Lu-Dotatate plus
SSA; Arm 6 = Interferon alfa plus SSA; Arm 7 = Bevacizumab plus SSA. Panel A: Progression-free
survival; Panel B: Grade 3-4 toxicity; Panel C: Overall survival; Panel D: Objective Radiological
Response; Panel E: Progressive Disease; Panel F: Adverse Event; Panel G: Severe Adverse Event;
Panel H: On treatment deaths; Panel I: Deaths Drug-related; Panel J: Discontinuation for Severe
Adverse Event.

Author Contributions: Conceptualization, C.R., and G.L.; methodology, C.R. and D.C.; software, C.R.
and C.I; validation, C.M., N.P, and L.A.; formal analysis, C.R. and V.A,; investigation, C.R. and L.M.;
resources, EM (Fabio Monari); data curation, D.M. and FR.; writing—original draft preparation, C.R.;
writing—review and editing, EM. (Francesco Minni); visualization, R.C.; supervision, R.C.; project
administration, C.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Declaration of Interest Statement: All authors have disclosed any actual or potential conflict of inter-
est, including any financial, personal, or other relationships with other people or within organizations
that could inappropriately influence (bias) this work.

Conflicts of Interest: The authors declare no conflict of interest.

References

10.

11.

12.

Kiesewetter, B.; Raderer, M. How I treat neuroendocrine tumours. ESMO Open 2020, 5, e000811. [CrossRef]

Strosberg, J.R.; Halfdanarson, T.R.; Bellizzi, A.M.; Chan, J.A,; Dillon, ].S.; Heaney, A.P.; Kunz, P.L.; O’Dorisio, T.M.; Salem, R.;
Segelov, E.; et al. The North American Neuroendocrine Tumor Society Consensus Guidelines for Surveillance and Medical
Management of Midgut Neuroendocrine Tumors. Pancreas 2017, 46, 707-714. [CrossRef]

Halfdanarson, T.R.; Strosberg, ].R.; Tang, L.; Bellizzi, A.M.; Bergsland, E.K.; O’'Dorisio, T.M.; Halperin, D.M.; Fishbein, L.; Eads,
J.; Hope, T.A,; et al. The North American Neuroendocrine Tumor Society Consensus Guidelines for Surveillance and Medical
Management of Pancreatic Neuroendocrine Tumors. Pancreas 2020, 49, 863-881. [CrossRef]

Pavel, M.; O’'Toole, D.; Costa, F.; Capdevila, J.; Gross, D.; Kianmanesh, R.; Krenning, E.; Knigge, U.; Salazar, R.; Pape, U.E;
et al. Vienna Consensus Conference participants. ENETS Consensus Guidelines Update for the Management of Distant
Metastatic Disease of Intestinal, Pancreatic, Bronchial Neuroendocrine Neoplasms (NEN) and NEN. of Unknown Primary Site.
Neuroendocrinology 2016, 103, 172-185. [CrossRef]

Kaderli, R.M.; Spanjol, M.; Kollar, A.; Biitikofer, L.; Gloy, V.; Dumont, R.A ; Seiler, C.A.; Christ, E.R.; Radojewski, P; Briel, M.;
et al. Therapeutic Options for Neuroendocrine Tumors: A Systematic Review and Network Meta-analysis. JAMA Oncol. 2019, 5,
480-489. [CrossRef] [PubMed]

Hutton, B.; Salanti, G.; Caldwell, D.M.; Chaimani, A.; Schmid, C.H.; Cameron, C.; Ioannidis, J.P.A.; Straus, S.; Thorlund, K.;
Jansen, ].P,; et al. The PRISMA extension statement for reporting of systematic reviews incorporating network meta-analyses of
health care interventions: Checklist and explanations. Ann. Int. Med. 2015, 11, 777-784. [CrossRef] [PubMed]

Eriksen, M.B.; Frandsen, T.F. The impact of patient, intervention, comparison, outcome (PICO) as a search strategy tool on
literature search quality: A systematic review. J. Med. Libr. Assoc. 2018, 106, 420-421. [CrossRef] [PubMed]

Therasse, P.; Arbuck, S.G.; Eisenhauer, E.A.; Wanders, ].; Kaplan, R.S.; Rubinstein, L.; Verweij, J.; Van Glabbeke, M.; van Oosterom,
A.T.; Christian, M.C.; et al. New guidelines to evaluate the response to treatment in solid tumors. European Organization for
Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada. J. Natl.
Cancer Inst. 2000, 92, 205-216. [CrossRef]

Eisenhauer, E.A ; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Arbuck, S.; Gwyther, S.; Mooney, M.; Rubinstein,
L.; et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. ]. Cancer 2009, 45,
228-247. [CrossRef]

NCI Guidelines for Investigators: Adverse Event Reporting Requirements for Dctd (Ctep and Cip) and Dcp Inds and IDEs.
Available online: https:/ /ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/aeguidelines.pdf (accessed on 15
December 2020).

Bender, R.; Beckmann, L. Limitations of the incidence density ratio as approximation of the hazard ratio. Trials 2019, 20, 485.
[CrossRef]

Sterne, ].A.C.; Savovi¢, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BM]J 2019, 366, 14898. [CrossRef] [PubMed]


http://doi.org/10.1136/esmoopen-2020-000811
http://doi.org/10.1097/MPA.0000000000000850
http://doi.org/10.1097/MPA.0000000000001597
http://doi.org/10.1159/000443167
http://doi.org/10.1001/jamaoncol.2018.6720
http://www.ncbi.nlm.nih.gov/pubmed/30763436
http://doi.org/10.7326/M14-2385
http://www.ncbi.nlm.nih.gov/pubmed/26030634
http://doi.org/10.5195/JMLA.2018.345
http://www.ncbi.nlm.nih.gov/pubmed/30271283
http://doi.org/10.1093/jnci/92.3.205
http://doi.org/10.1016/j.ejca.2008.10.026
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/aeguidelines.pdf
http://doi.org/10.1186/s13063-019-3590-2
http://doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/pubmed/31462531

Cancers 2021, 13, 358 13 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Caldwell, D.M.; Ades, A.E.; Higgins, ].P. Simultaneous comparison of multiple treatments: Combining direct and indirect
evidence. BM]J 2005, 331, 897-900. [CrossRef]

Mills, E.J.; Ioannidis, ].P.A.; Thorlund, K.; Schiinemann, H.J.; Puhan, M.A.; Guyatt, G.H. How to use an article reporting a multiple
treatment comparison meta-analysis. JAMA 2012, 308, 1246-1253. [CrossRef] [PubMed]

Chaimani, A.; Higgins, ].P.; Mavridis, D.; Spyridonos, P.; Salanti, G. Graphical tools for network meta-analysis in STATA. PLoS
ONE 2013, 8, €76654. [CrossRef] [PubMed]

Bucher, H.C.; Guyatt, G.H.; Griffith, L.E.; Walter, S.D. The results of direct and indirect treatment comparisons in meta-analysis of
randomized controlled trials. J. Clin. Epidemiol. 1997, 50, 683-691. [CrossRef]

Shim, S.; Yoon, B.H.; Shin, 1.S.; Bae, ].M. Network meta-analysis: Application and practice using Stata. Epidemiol. Health 2017, 27,
€2017047. [CrossRef]

Turner, RM.; Davey, J.; Clarke, M.].; Thompson, S.G.; Higgins, J.P. Predicting the extent of heterogeneity in meta-analysis, using
empirical data from the Cochrane Database of Systematic Reviews. Int. . Epidemiol. 2012, 41, 818-827. [CrossRef]

Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315,
629-634. [CrossRef]

Arnold, R.; Rinke, A.; Klose, K.J.; Miiller, H.H.; Wied, M.; Zamzow, K.; Schmidt, C.; Schade-Brittinger, C.; Barth, P.; Moll, R,;
et al. Octreotide versus octreotide plus interferon-alpha in endocrine gastroenteropancreatic tumors: A randomized trial. Clin.
Gastroenterol. Hepatol. 2005, 3, 761-771. [CrossRef]

Rinke, A.; Miiller, H.H.; Schade-Brittinger, C.; Klose, K.J.; Barth, P.; Wied, M.; Mayer, C.; Aminossadati, B.; Pape, U.E,; Blaker, M.;
et al. PROMID Study Group. Placebo-controlled, double-blind, prospective, randomized study on the effect of octreotide LAR
in the control of tumor growth in patients with metastatic neuroendocrine midgut tumors: A report from the PROMID Study
Group. J. Clin. Oncol. 2009, 27, 4656-4663. [CrossRef]

Rinke, A.; Wittenberg, M.; Schade-Brittinger, C.; Aminossadati, B.; Ronicke, E.; Gress, T.M.; Miiller, H.H.; Arnold, R. PROMID
Study Group. Placebo-Controlled, Double-Blind, Prospective, Randomized Study on the Effect of Octreotide LAR in the Control
of Tumor Growth in Patients with Metastatic Neuroendocrine Midgut Tumors (PROMID): Results of Long-Term Survival.
Neuroendocrinology 2017, 104, 26-32. [CrossRef] [PubMed]

Pavel, M.E.; Hainsworth, J.D.; Baudin, E.; Peeters, M.; Horsch, D.; Winkler, R.E.; Klimovsky, J.; Lebwohl, D.; Jehl, V.; Wolin, EM.;
et al. RADIANT-2 Study Group. Everolimus plus octreotide long-acting repeatable for the treatment of advanced neuroendocrine
tumours associated with carcinoid syndrome (RADIANT-2): A randomised, placebo-controlled, phase 3 study. Lancet 2011, 10,
2005-2012. [CrossRef]

Pavel, M.E.; Baudin, E.; Oberg, K.E.; Hainsworth, J.D.; Voi, M.; Rouyrre, N.; Peeters, M.; Gross, D.J.; Yao, J.C. Efficacy of
Everolimus plus octreotide LAR in patients with advanced neuroendocrine tumor and carcinoid syndrome: Final overall survival
from the randomized, placebo-controlled phase 3 RADIANT-2 study. Ann. Oncol. 2017, 28, 1569-1575. [CrossRef] [PubMed]
Yao, J.C.; Shah, M.H.; Ito, T.; Bohas, C.L.; Wolin, E.M.; Van Cutsem, E.; Hobday, T.].; Okusaka, T.; Capdevila, J.; de Vries, E.G.; et al.
RADO001 in Advanced Neuroendocrine Tumors, Third Trial (RADIANT-3) Study Group. Everolimus for advanced pancreatic
neuroendocrine tumors. N. Engl. J. Med. 2011, 364, 514-523. [CrossRef]

Yao, J.C.; Pavel, M.; Lombard-Bohas, C.; Van Cutsem, E.; Voi, M.; Brandt, U.; He, W.; Chen, D.; Capdevila, J.; de Vries, E.G.E.; et al.
Everolimus for the Treatment of Advanced Pancreatic Neuroendocrine Tumors: Overall Survival and Circulating Biomarkers
From the Randomized, Phase IIl RADIANT-3 Study. . Clin. Oncol. 2016, 34, 3906-3913. [CrossRef]

Raymond, E.; Dahan, L.; Raoul, ].L.; Bang, Y.J.; Borbath, I.; Lombard-Bohas, C.; Valle, J.; Metrakos, P.; Smith, D.; Vinik, A.; et al.
Sunitinib malate for the treatment of pancreatic neuroendocrine tumors. N. Engl. |. Med. 2011, 364, 501-513. [CrossRef]

Caplin, M.E,; Pavel, M; Cwikla, J.B.; Phan, A.T.; Raderer, M.; Sedlackov4, E.; Cadiot, G.; Wolin, E.M.; Capdevila, J.; Wall, L; et al.
CLARINET Investigators. Lanreotide in metastatic enteropancreatic neuroendocrine tumors. N. Engl. |. Med. 2014, 371, 224-233.
[CrossRef]

Yao, ].C.; Fazio, N.; Singh, S.; Buzzoni, R.; Carnaghi, C.; Wolin, E.; Tomasek, J.; Raderer, M.; Lahner, H.; Voi, M.; et al. RAD001
in Advanced Neuroendocrine Tumours, Fourth Trial (RADIANT-4) Study Group. Everolimus for the treatment of advanced,
non-functional neuroendocrine tumours of the lung or gastrointestinal tract (RADIANT-4): A randomised, placebo-controlled,
phase 3 study. Lancet 2016, 387, 968-977.

Strosberg, J.; El-Haddad, G.; Wolin, E.; Hendifar, A.; Yao, J.; Chasen, B.; Mittra, E.; Kunz, P.L.; Kulke, M.H.; Jacene, H.; et al.
NETTER-1 Trial Investigators. Phase 3 Trial of 17’ Lu-Dotatate for Midgut Neuroendocrine Tumors. N. Engl. J. Med. 2017, 376,
125-135. [CrossRef]

Yao, J.C.; Guthrie, K.A.; Moran, C.; Strosberg, ].R.; Kulke, M.H.; Chan, J.A.; LoConte, N.; McWilliams, R.R.; Wolin, E.M.; Mattar, B.;
et al. Phase III Prospective Randomized Comparison Trial of Depot Octreotide Plus Interferon Alfa-2b Versus Depot Octreotide
Plus Bevacizumab in Patients With Advanced Carcinoid Tumors: SWOG S0518. J. Clin. Oncol. 2017, 35, 1695-1703. [CrossRef]
Ter Veer, E.; van Oijen, M.G.H.; van Laarhoven, H.W.M. The Use of (Network) Meta-Analysis in Clinical Oncology. Front. Oncol.
2019, 9, 822. [CrossRef] [PubMed]

Berardi, R.; Partelli, S.; Cascinu, S.; Falconi, M. Somatostatin analogs: Is one better than other? Ther. Adv. Med. Oncol. 2017, 9,
817-819. [CrossRef] [PubMed]

FDA Approves Lutetium Lu 177 Dotatate for Treatment of GEP-NETS. Available online: https://www.fda.gov/drugs/resources-
information-approved-drugs/fda-approves-lutetium-lu-177-dotatate-treatment-gep-nets (accessed on 15 December 2020).


http://doi.org/10.1136/bmj.331.7521.897
http://doi.org/10.1001/2012.jama.11228
http://www.ncbi.nlm.nih.gov/pubmed/23011714
http://doi.org/10.1371/journal.pone.0076654
http://www.ncbi.nlm.nih.gov/pubmed/24098547
http://doi.org/10.1016/S0895-4356(97)00049-8
http://doi.org/10.4178/epih.e2017047
http://doi.org/10.1093/ije/dys041
http://doi.org/10.1136/bmj.315.7109.629
http://doi.org/10.1016/S1542-3565(05)00481-7
http://doi.org/10.1200/JCO.2009.22.8510
http://doi.org/10.1159/000443612
http://www.ncbi.nlm.nih.gov/pubmed/26731483
http://doi.org/10.1016/S0140-6736(11)61742-X
http://doi.org/10.1093/annonc/mdx193
http://www.ncbi.nlm.nih.gov/pubmed/28444114
http://doi.org/10.1056/NEJMoa1009290
http://doi.org/10.1200/JCO.2016.68.0702
http://doi.org/10.1056/NEJMoa1003825
http://doi.org/10.1056/NEJMoa1316158
http://doi.org/10.1056/NEJMoa1607427
http://doi.org/10.1200/JCO.2016.70.4072
http://doi.org/10.3389/fonc.2019.00822
http://www.ncbi.nlm.nih.gov/pubmed/31508373
http://doi.org/10.1177/1758834017741073
http://www.ncbi.nlm.nih.gov/pubmed/29449900
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lutetium-lu-177-dotatate-treatment-gep-nets
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lutetium-lu-177-dotatate-treatment-gep-nets

Cancers 2021, 13, 358 14 of 14

35. Lutathera. Available online: https://www.ema.europa.eu/en/medicines/human/EPAR/lutathera (accessed on 15 December
2020).

36. Study to Evaluate the Efficacy and Safety of Lutathera in Patients With Grade 2 and Grade 3 Advanced GEP-NET (NETTER-2).
Available online: https://clinicaltrials.gov/ct2 /show /NCT03972488 (accessed on 15 December 2020).

37. Mujica-Mota, R.; Varley-Campbell, J.; Tikhonova, I.; Cooper, C.; Griffin, E.; Haasova, M.; Peters, J.; Lucherini, S.; Talens-Bou, J.;
Long, L.; et al. Everolimus, lutetium-177 DOTATATE and Sunitinib for advanced, unresectable or metastatic neuroendocrine
tumours with disease progression: A systematic review and cost-effectiveness analysis. Health Technol. Assess. 2018, 22, 1-326.
[CrossRef] [PubMed]


https://www.ema.europa.eu/en/medicines/human/EPAR/lutathera
https://clinicaltrials.gov/ct2/show/NCT03972488
http://doi.org/10.3310/hta22490
http://www.ncbi.nlm.nih.gov/pubmed/30209002

	Introduction 
	Material and Methods 
	Eligibility Criteria 
	Information Source, Search, Study Selection, and Data Collection Process 
	Data Items 
	Geometries of the Network and Risk of Bias within the Individual Study 
	Summary Measurements and Methods of the Analysis 
	Inconsistency, Risk of Bias across the Studies, and Meta-Regression Analysis 

	Results 
	Studies Selected 
	Study Characteristics and Risk of Bias within Studies 
	Network Structures and Geometries 
	Synthesis of Results 
	Efficacy (PFS) 
	Safety (Toxicity Grade 3 and 4) 
	Safety/Efficacy Ratio 
	Secondary Endpoints 
	Inconsistency, Heterogeneity, and Publication Bias 

	Primary Endpoints 

	Discussion 
	References

