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Absitract

AIM

To provide a comprehensive examination of the exi-
sting evidence of the antitumor effect of long-acting
octreotide in neuroendocrine tumors (NETS).

METHODS

A systematic literature review of clinical trials and ob-
servational studies was conducted in PubMed, EMBASE,
and Cochrane through January 18, 2017. Conference
abstracts for 2015 and 2016 from 5 scientific meetings
were also searched.

RESULTS

Of 41 articles/abstracts identified, 13 unique studies
compared octreotide with active or no treatment. Two
of the 13 studies were clinical trials; the remaining were
observational studies. The phase 3 Placebo-Controlled,
Double-Blind, Prospective, Randomized Study of the
Effect of Octreotide long-acting repeatable (LAR) in the
Control of Tumor Growth in Patients with Metastatic
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Neuroendocrine Midgut Tumors clinical trial showed th-
at long-acting octreotide significantly prolonged time
to tumor progression compared with placebo in pati-
ents with functionally active and inactive metastatic
midgut NETs; no statistically significant difference in
overall survival (OS) was observed, possibly due to
the crossover of placebo patients to octreotide. Retr-
ospective observational studies found that long-acting
octreotide use was associated with significantly longer
OS than no octreotide use for patients with distant
metastases although not for those with local/regional
disease.

CONCLUSION

The clinical trial and observational studies with infor-
mative evidence support long-acting octreotide’s ant-
itumor effect on time to tumor progression and OS. Th-
is review showed the rarity of existing studies assessing
octreotide’s antitumor effect and recommends that
future research is warranted.

Key words: Neuroendocrine tumors; Antitumor effect;
Octreotide; Overall survival; Progression-free survival

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review comprehensively summarizes the
existing clinical trial and observational studies that have
assessed long-acting octreotide’s tumor control effect.
The comparative studies of relatively large sample size
support long-acting octreotide’s antitumor effect on time
to tumor progression and overall survival. This review
shows the rarity of existing studies assessing octreotide’
s antitumor effect; future research is warranted.

Barrows SM, Cai B, Copley-Merriman C, Wright KR, Castro
CV, Soufi-Mahjoubi R. Systematic literature review of the
antitumor effect of octreotide in neuroendocrine tumors. World J
Meta-Anal 2018; 6(2): 9-20 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v6/i2/9.htm DOI: http://dx.doi.
org/10.13105/wjma.v6.i2.9

INTRODUCTION

Neuroendocrine tumors (NETSs) are rare, slow-growing
neoplasms™ that most commonly arise in the gastro-
intestinal tract, lung, and pancreas'”. Neuroendocrine
tumors account for only 0.5% of all malignancies, with an
estimated annual incidence of approximately 2/100000%,
However, the incidence has been rising, possibly due to
increased awareness, improved diagnosis, or evolving
definition®®. Using Surveillance, Epidemiology, and End
Results (SEER) data, Dasari et al reported an incre-
ase in the annual age-adjusted incidence from 1973
(1.09/100000) to 2012 (6.98/100000). Survival for pati-
ents with NETs depends on the stage at diagnosis and
site of disease. Dasari et al™ reported a median overall
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survival (OS) for all stages of NETs of 9.3 years. The
authors observed that patients with localized NETs had a
better median OS (> 30 years) compared with patients
with regional NETS (10.2 years) and distant NETs (12
mo). Further, Dasari et a*! observed improvements in
OS over time: survival for patients with NETs who we-
re diagnosed in 2009-2012 improved compared with
patients with NETs who were diagnosed in 2000-2004
[hazard ratio (HR): 0.79; 95%CI: 0.73-0.85]. Over
these same 3 time intervals (2000-2004; 2005-2008;
and 2009-2012), improvements in OS were observed
for patients with distant-stage gastrointestinal (GI)
NETs (HR: 0.71; 95%CI: 0.62-0.81) and in distant-st-
age pancreatic NETs (HR: 0.56; 95%CI: 0.44-0.70)™.

Current National Comprehensive Cancer Network
(NCCN) guidelines for treatment of NETs recommend
the use of somatostatin analogs (SSAs; octreotide
and lanreotide) as first-line treatment in patients wi-
th advanced NETs". Additional treatment options
are based on patient symptoms and the primary tu-
mor location. For patients with unresectable NETs of
the pancreas and/or distant metastases who have
progressed on treatment with an SSA, octreotide or
lanreotide may be continued in combination with ev-
erolimus, sunitinib, or chemotherapy™. In a review of
the available clinical data of octreotide and lanreotide
as antitumor agents, the authors concluded that both
octreotide and lanreotide have comparable antitumor
efficacy and, thus, are interchangeable™®.

Although approved in the United States only for
carcinoid symptom (severe diarrhea/flushing episodes)
control and not for tumor control, octreotide has been
a mainstay of NET therapy for nearly 3 decades!”.
In December 2014, another SSA, lanreotide, was ap-
proved for tumor control (i.e., “treatment of patients
with unresectable, well- or moderately differentiated,
locally advanced or metastatic gastroenteropancreatic
NETs to improve progression-free survival”)®.,

Sidéris et al'”! reviewed literature indexed in ME-
DLINE (search dates not provided) that identified pro-
spective clinical trials examining the antitumor effects
of octreotide and lanreotide in patients with NETs™.. Six
studies published from 1991-1999 showed that 15%"
to 85.7%!"% of patients with advanced NETs reported
stable disease with subcutaneous octreotide'”. Sidéris
et al'”! reported that, after the introduction of long-
acting octreotide, overall stable disease was observed
in 26% to 87.5%"" of patients with advanced, func-
tioning or nonfunctioning NETs. In those studies that
reported partial response, up to 31% of patients rece-
iving subcutaneous octreotide’ and up to 11% of pat-
ients receiving long-acting octreotide experienced a par-
tial response!”.

Broder et a/' conducted a systematic review
of literature indexed in PubMed and Cochrane from
1998-2012 to evaluate the efficacy and safety of long-
acting octreotide used at higher doses than the United
States Food and Drug Administration-approved 30 mg
per month. The authors concluded that a summary of
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the data suggests a trend supporting the use of high-
dose, long-acting octreotide for control of symptoms
and limited data supporting the use of high-dose, long-
acting octreotide for control of tumor progression in
patients with NETs'". Several publications provided
expert opinion statements that mostly endorsed the
use of above-label doses of long-acting octreotide for
patients with symptom or tumor progression when
lower doses were inadequate to control disease!.
Most expert opinion publications suggested that higher
doses should be used in cases where there is tumor
progression or lack of symptom control on lower dos-
es''l. A recently published review of escalated-dose
SSAs in gastroenteropancreatic NETs by Chan et aft*”!
also found evidence of octreotide’s antiproliferative
effects.

These previous reviews focused on escalated doses
of SSAs'* and clinical trials of the antitumor effect
of SSAs™. At the time of the current review, no sys-
tematic reviews summarizing both clinical trial and obs-
ervational data had been published. Our objective was
to provide a systematic and comprehensive review of
the existing evidence on the antitumor effect of long-
acting octreotide in NETs regardless of dosing and to
broaden the search to include real-world evidence and
clinical trials.

MATERIALS AND METHODS

We searched PubMed, EMBASE, and the Cochrane
Library databases for prospective and retrospective
studies evaluating the antitumor effect of octreotide
in patients with NETs. Additional studies not published
in the peer-reviewed literature were identified by
searching online conference abstracts of 5 professional
societies: American Society of Clinical Oncology (ASCO),
European Society of Medical Oncology, North American
Neuroendocrine Tumor Society, European Neuroendocrine
Tumor Society, and ASCO-Gastrointestinal Cancers
Symposium.

To supplement our search, we also reviewed the
bibliographic reference lists of relevant systematic re-
view articles.

The search terms for the medical library databases
included Medical Subject Heading, Emtree, and free-
text terms of “neuroendocrine tumors,” “neuroendocrine
neoplasms,” “neuroendocrine malignanc*,” “neuroen-
docrine carcinoma,” “carcinoid,” “octreotide,” “Sand-
ostatin,” "SMS 201-995,” various terms to identify sp-
ecific antitumor and antiproliferative effect and other
outcomes of interest, and terms to identify observational
studies, randomized controlled trials, clinical trials, and
case series studies. The search was limited to English
language studies of humans but had no date limit.

Two independent reviewers screened the titles
and abstracts according to predefined inclusion and
exclusion criteria (Supplementary Table 1). Full-text
articles of selected records were obtained, and the 2
independent reviewers further screened each article
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according to the same predefined inclusion and exc-
lusion criteria.

RESULTS

The literature database search identified 745 unique
records. Six additional articles were identified following
a review of the bibliographic reference lists of relevant
systematic review articles. One additional abstract was
identified from the search of professional societies and
associated conferences. A total of 41 publications met
inclusion criteria (Figure 1). Of the 41 publications, 20
reported comparative analyses, and 21 reported single-
arm studies.

Comparative studies

A total of 20 publications of comparative analyses were
identified based on 13 unique studies. Two of the 13
studies were clinical trials, and the remaining were obs-
ervational studies.

Comparative studies of octreotide vs placebo or no
treatment

Four publications reported results of comparisons of
long-acting octreotide to placebo or no treatment.
This included 2 prospective analyses of the Placebo-
Controlled, Double-Blind, Prospective, Randomized
Study of the Effect of Octreotide long-acting repeatable
(LAR) in the Control of Tumor Growth in Patients with
Metastatic Neuroendocrine Midgut Tumors (PROMID)
study™ ' and 2 retrospective analyses of the SEER
database™*®,

Evidence of an antitumor effect of octreotide in
patients with midgut NETs was confirmed with the
results of the phase 3 PROMID study™. Long-acting
octreotide significantly lengthened time to tumor pr-
ogression compared with placebo in patients with fun-
ctionally active and inactive metastatic midgut NETs.
Median time to tumor progression for the long-acting
octreotide (n = 42) group was 14.3 mo compared with
6 mo in the placebo (n = 43) group (HR: 0.34; 95%CI:
0.20-0.59; P = 0.000072). After 6 mo of treatment,
stable disease was observed in 66.7% of octreotide-
treated patients vs 37.2% of patients in the placebo
group™, Rinke et af* reported final results of median
OS for long-acting octreotide and placebo in the PR-
OMID trial as 84.7 and 83.7 mo, respectively (HR:
0.83; 95%CI: 0.47-1.46; P = 0.51). There was a trend
toward improved survival in patients with low hepatic
tumor load receiving long-acting octreotide vs placebo
(median not reached vs 87.2 mo; HR: 0.59; 95%CI:
0.29-1.2; P = 0.142). Crossover of the majority of
placebo patients to long-acting octreotide may have
confounded the OS data™.

Two long-term retrospective analyses were con-
ducted using overlapping periods within the SEER-Medi-
care database!*'®], Patients were at least 65 years of age
and had functional and nonfunctional NETs originating at
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(n = 745)

PubMed (7 = 244)
Embase (n = 476)
Cochrane (7 = 25)

Potentially relevant records identified

Level 1 screening: Titles/abstracts excluded
(n = 686)
Reasons for exclusion

Study design (7 = 368)
Intervention (7 = 218)
Population (7 = 59)
Outcomes (7 = 41)

(n = 59)

Articles retrieved for level 2 screening

Level 2 screening: Articles excluded (7 = 25)
Reasons for exclusion

Study design (7 = 10)

Intervention (7 = 6)

Population (7 = 0)
Outcomes (7 = 7)
Duplicate (7 = 2)

(n =34)

Articles considered for inclusion in report

Additional articles identified from systematic

reviews (n = 6)

Additional articles identified from

desktop research (7 = 1)

Articles included in the report (7 = 41)

Figure 1 PRISMA diagram. PRISMA diagram describes the search, screening, and selection processes applied in this systematic literature review.

varying sites. In both studies, long-acting octreotide
(dose not defined) was compared with no octreotide
treatment™®, Shen et al*® (cohort entry July 1999-
December 2009 with follow-up through December
2011) reported that in patients with functional or nonfu-
nctional NETs and distant-stage disease, median OS
for patients who started long-acting octreotide within
12 mo of diagnosis was significantly longer (35.22
mo; 95%CI: 27.96-47.77) than for those who did not
receive octreotide (19.15 mo, 95%CI: 16.36-22.80;
HR: 0.68, 95%CI: 0.554-0.840; P < 0.001)™, In
patients with local/regional disease, median OS was
64.85 mo in patients who received long-acting octreotide
compared with 104.97 mo in patients who did not re-
ceive octreotide (HR: 1.253; 95%CI: 0.928-1.692; P =
0.1415)™%, Shen et al'® further reported a significant
survival benefit in the subgroups of patients with dis-
tant-stage disease with (HR: 0.65; P = 0.003) and
without carcinoid syndrome (HR: 0.55; P = 0.002). In
the analysis reported by Shen et a***! (cohort entry July
1999-December 2007 with follow-up through December
2009), patients with functional NETs and distant-stage
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disease who received long-acting octreotide within 6
mo of diagnosis had significantly longer median OS
(2.11 years; 95%CI: 1.73-2.84 years) than patients
who did not receive long-acting octreotide (1.25 ye-
ars; 95%CI: 0.72-1.71 years; P = 0.002). No signif-
icant survival benefit was found among the group of
patients with NETs of local/regional stage. Further
analysis demonstrated that long-acting octreotide was
associated with significant improvement in 5-year su-
rvival for the subgroup of patients with distant-stage
disease (HR: 0.61; 95%CI: 0.47-0.79; P < 0.001).
There was no significant benefit observed for patients
with local/regional stage disease (HR: 0.88; 95%CI:
0.57-1.36; P = 0.563).

Comparative studies comparing different dosing
regimens

Five studies involving 28 to 392 patients compared
different dose regimens or frequency of dosing for long-
acting octreotide; of these, 1 study was prospective and
4 were retrospective. A prospective study examined
retrospective data of patients who had been treated
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with standard-dose long-acting octreotide 30 mg ev-
ery 28 d and compared it with the same patients after
switching to long-acting octreotide 30 mg every 21
days. The shorter dose interval (i.e., 21 d vs 28 d)
showed a longer time to tumor progression (30 mo
vs 9 mo, P < 0.0001), and 93% of patients on the 21
d schedule had stable disease'”.. Using the SEER-Me-
dicare database, Shen et a/'® estimated the 5-year
survival of patients with NETs who received long-ac-
ting octreotide within 12 mo of diagnosis. Multivariate
analysis showed that, compared with a medium long-
acting octreotide dose (21-30 mg), a low dose (< 20
mg) was associated with significantly worse survival
(HR: 2.000; P = 0.0011), whereas a high initial dose (>
30 mgq) did not show additional survival benefits over
that observed with a medium dose (HR: 1.094; P =
0.7193)"%,

Anthony and Vinik™ (2011) conducted a retros-
pective medical record review comparing different
doses of long-acting octreotide (20, 30, 40, and 60
mgq) in which 390 patients were evaluated for tumor re-
sponse. At the most common dose (long-acting octreotide
30 mg), the rates of complete and partial tumor response
were 1% and 8%, respectively. Logistic regression
analysis identified no statistically significant correlation
between tumor progression and response and the
patient’s dose, sex, carcinoid syndrome status, and
change in dose™,

In another retrospective medical record review (n
= 54), Chadha et al® reported that, in patients with
gastroenteropancreatic NETs (GEP-NET), conventional
long-acting octreotide (20-30 mg) demonstrated
lower estimated 1-year survival and time to any other
intervention vs high-dose (median, 40 mg) long-act-
ing octreotide, but the results were not statistically
significant™.

In a retrospective medical record review conducted
in 43 patients with pancreatic NETs treated with long-
acting octreotide, a comparison of low-dose (< 20
mg) vs medium-dose (30 mg) long-acting octreotide
showed longer time to tumor progression for medium
dose though, again, the results were not statistically
significant'",

Comparative studies assessing long-acting octreotide
monotherapy vs another monotherapy treatment

Three studies (1 prospective, 1 retrospective, and 1
indirect comparison) in 30-110 patients compared
octreotide monotherapy to another monotherapy tre-
atment™?*, A phase 3 trial comparing long-acting
pasireotide 60 mg every 28 d (n = 53) and long-
acting octreotide 40 mg every 28 d (n = 57) showed
a higher tumor control rate and median PFS for long-
acting pasireotide than long-acting octreotide, but the
results were not statistically significant'*”. In a small
retrospective medical record review, octreotide 30
mg (n = 20) vs lanreotide 120 mg (n = 10) showed
no statistically significant differences in median PFS
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or 5-year 0S'”*), Median PFS was 11.1 mo (95%CI:
7.0-15.2) in the octreotide group vs 10.1 mo (95%CI:
4.3-17.0) in the lanreotide group (P = 0.769). Five-year
OS was 65.6% (95%CI: 29.4-86.6) in the octreotide
group and 87.5% (95%CI: 38.7-98.1) in the lanreotide
group (P = 0.864)*\. In a study that indirectly com-
pared 182 mo of treatment with recombinant interferon
a-2c (2 x 10° IU/m? daily; n = 17) and octreotide
(3 x 200 pg subcutaneous daily; n = 16), stable
disease was reported in 85.7% of patients treated with
recombinant interferon a-2c and 37.5% of patients
treated with subcutaneous octreotide®”.

Table 1 summarizes the 21 publications comparing
long-acting octreotide with no treatment or placebo,
different octreotide doses, or other monotherapy
treatment.

Comparative studies assessing octreotide combination
therapy vs octreotide monotherapy

Eight prospective studies compared octreotide com-
bination therapy with octreotide monotherapy™ 3%,
Five of the studies were based on the RADIANT-2
study™?", 2 studies compared subcutaneous octre-
otide plus interferon a with subcutaneous octreotide
monotherapy™®*Y, and 1 study compared long-acting
octreotide plus '’Lu-Dotatate with long-acting oc-
treotide monotherapy™. The results did not inform
the main question of interest for this study (i.e., an
antitumor effect of octreotide). Further information
pertaining to these studies can be found in the online
supplement and Supplementary Table 2.

Single-arm studies

A total of 21 studies were identified as single-arm
studies that evaluated the antitumor effect of oct-
reotide. The studies had varying sample sizes (n =
7-254), tumor types, and octreotide dosing regimens.
The results did not inform the main question of interest
for this study (i.e., an antitumor effect of octreotide).
Further information pertaining to these studies can be
found in the online supplement and Supplementary
Table 3[9-11,33-50].

DISCUSSION

This review identified existing clinical trials and obs-
ervational studies that assessed the antitumor effect of
octreotide in patients with NETs. The strongest clinical
trial evidence supporting octreotide’s antitumor effect
was in the phase 3, randomized, placebo-controlled
PROMID clinical trial; compared with placebo, long-
acting octreotide demonstrated significantly longer time
to tumor progression in patients with functionally active
or inactive metastatic midgut NETs with or without
secretory symptoms!*®!. OS did not appear to be sig-
nificantly different between the two arms, possibly
because most patients in the placebo group crossed
over to the octreotide arm. There was a trend toward
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improved OS in patients with a low hepatic tumor
load receiving long-acting octreotide compared with
placebo™.

Three retrospective analyses of overlapping per-
iods of SEER-Medicare data provide the strongest ret-
rospective evidence for an antitumor effect of long-
acting octreotide, indicating that use of long-acting
octreotide was associated with significantly longer OS
than no octreotide treatment among patients with
distant metastases of various origin, and that standard
dosing (21-30 mg) seems to be associated with better
0S than low dose (< 20 mg)™"***'®l, These studies
provided unique and valuable real-world evidence in
the association between long-acting octreotide and OS
in tumors of various origin. In the real-world clinical
setting, accurate assessment of tumor progression
may be challenging due to the rare use of a consistent
tumor progression measure (e.g., Response Evaluation
Criteria in Solid Tumors, or RECIST); therefore, OS,
defined by verified mortality data, is a more consistent
study endpoint. SEER-Medicare data allow the long-
term follow-up from diagnosis to mortality (longest
time period: cohort entry July 1999 to December 2009
with follow-up through December 2011), regardless of
changes in providers or health plans. The large sample
size and long-term follow-up complements the limitation
of clinical studies, which are typically small in sample
size and are not powered to assess OS, especially when
subject to majority crossover between arms. However,
these observational studies assessed only the Medicare
population, which is not nationally representative of
the NET population, and the crossover between the
octreotide and placebo groups may underestimate the
0S difference!®.,

Current NCCN guidelines for treatment of NETs
recommend the use of SSAs (octreotide or lanreotide)
as first-line treatment in patients with advanced NETs.
Additional subsequent-line therapy options are based on
patient symptoms and tumor location (e.g., GI, lung,
thymus, pancreas). For patients with unresectable NETs
of the pancreas and/or distant metastases who have
progressed on treatment with an SSA, octreotide or
lanreotide may be continued in combination with ev-
erolimus, sunitinib, or chemotherapy™. In addition, oc-
treotide and lanreotide have been shown to have com-
parable antitumor efficacy and thus can be considered
interchangeable in regard to antitumor activity™.

This study adds to previous reviews published in
2012%, 2015™, and 2017"* on this topic by broadening
the search in multiple databases and not restricting by
dose level, study type (i.e., clinical trial or retrospective
study), or date of publication. This review suggests that
data from the PROMID trial, combined with real-world
effectiveness datal*>***®], support an antitumor effect
of octreotide in NETs, thereby fulfiling an unmet need.
The strength of this review lies in its comprehensive
search, review, and synthesis of the findings, as well as
its rigorous methodology.
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Many of the studies included in our review exhibit
limitations, including small sample sizes, the absence
of a comparative arm, and crossover study designs.
Additional studies with large sample sizes and a control
arm that does not include octreotide are needed to
confirm octreotide’s antitumor effect. In addition, future
studies should include patients with NETs of various
origins.

This study systematically provides the most comp-
rehensive review, to our knowledge, on the clinical trial
and retrospective studies that have assessed octreotide’
s antitumor effect. The dlinical trial and observational
studies with larger sample sizes support the antitumor
effect of long-acting octreotide on time to tumor pro-
gression and OS. Most existing studies in this area
feature small sample sizes or were not designed to
comparatively assess octreotide’s antitumor effect. This
review identified the rarity of existing studies assessing
octreotide’s antitumor effect and the need for further
research using larger sample sizes and well-controlled
study designs.

ARTICLE HIGHLIGHTS

Research background

Neuroendocrine tumors (NETs) are rare, slow-growing neoplasms that most
commonly arise in the gastrointestinal tract, lung, and pancreas. Although
approved in the United States only for carcinoid symptom (severe diarrhea/
flushing episodes) control and not for tumor control, octreotide has been a
mainstay of NET therapy for nearly 3 decades.

Research motivation

Previous literature reviews focused on escalated doses of somatostatin
analogs (SSAs) and clinical trials of the antitumor effect of SSAs. At the time
of the current review, no systematic reviews summarizing both clinical trial and
observational data had been published.

Research objective

The objective of this literature review was to provide a systematic and
comprehensive examination of the existing evidence of the antitumor effect of
long-acting octreotide in NETs regardless of dosing and to broaden the search
to include real-world evidence and clinical trials.

Research methods

A systematic literature review of clinical trials and observational studies was
conducted in PubMed, EMBASE, and Cochrane through January 18, 2017.
Conference abstracts for 2015 and 2016 from 5 scientific meetings were
also searched. To supplement the search, the bibliographic reference lists
of relevant systematic review articles were also reviewed. Two independent
reviewers screened the titles and abstracts according to predefined inclusion
and exclusion criteria. Full-text articles of selected records were obtained, and
the 2 independent reviewers further screened each article according to the
same predefined inclusion and exclusion criteria.

Research results

Of 41 articles/abstracts identified, 13 unique studies compared octreotide
with active or no treatment. Two of the 13 studies were clinical trials; the
remaining were observational studies. The phase 3 Placebo-Controlled,
Double-Blind, Prospective, Randomized Study of the Effect of Octreotide
long-acting repeatable (LAR) in the Control of Tumor Growth in Patients with
Metastatic Neuroendocrine Midgut Tumors clinical trial showed that long-

June 28, 2018 | Volume 6 | Issue 2 |



acting octreotide significantly prolonged time to tumor progression compared
with placebo in patients with functionally active and inactive metastatic midgut
NETs; no statistically significant difference in overall survival (OS) was observed,
possibly due to the crossover of placebo patients to octreotide. Retrospective
observational studies found that long-acting octreotide use was associated with
significantly longer OS than no octreotide use for patients with distant metastases
although not for those with local/regional disease.

Research conclusion

The clinical trial and observational studies with informative evidence support
long-acting octreotide’s antitumor effect on time to tumor progression and OS.
This review showed the rarity of existing studies assessing octreotide’s antitumor
effect and recommends that future research is warranted.
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