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Abstract
Purpose A systematic literature review was conducted to assess the use of home injections (self/partner/healthcare provider
[HCP]-administered) of somatostatin analogs (SSAs) as an alternative to healthcare-setting injections in patients with
acromegaly and neuroendocrine tumors (NETs).
Methods MEDLINE/Embase/the Cochrane Library (2001–September 2021), key congresses (2019–2021), and biblio-
graphies of relevant systematic reviews were searched. Eligible studies reported on efficacy/effectiveness, safety, adherence,
patient-reported outcomes (PROs), and economic outcomes in populations receiving home injections of SSAs.
Results Overall, 12 studies were included, all reporting on SSAs (lanreotide Autogel/Depot or octreotide long-acting release) in
acromegaly or NETs. Across four studies, home injection was associated with similar disease control in patients with acromegaly/
NETs compared with healthcare-setting administration. High rates of treatment adherence were shown in two studies of patients
with acromegaly receiving lanreotide injections at home. Two studies reported non-serious adverse events; incidence of adverse
reactions was similar in both the home and healthcare administration settings. Preference for injection setting varied between studies
and indications; nonetheless, higher satisfaction/convenience (>75% patients) was reported for home injections. Self- or partner-
injection was associated with economic savings compared with administration in the healthcare setting across five studies.
Conclusion Efficacy/effectiveness, adherence, and safety outcomes of SSAs in the home injection setting were similar to
those in the healthcare setting, with high reported satisfaction and convenience. Self/partner injection also resulted in cost
savings. These findings provide a basis to understand outcomes related to home injection and encourage healthcare providers
to discuss optimal treatment choices with their patients.

Plain language summary
Acromegaly and neuroendocrine tumors (NETs) are two
diseases that affect the production of hormones, leading to a
variety of symptoms in different parts of the body. Patients
can be treated with medications called somatostatin analogs,
which include lanreotide Autogel/Depot (LAN) and octreo-
tide long-acting release (OCT). These treatments are given
by injections, usually performed by a doctor or nurse in a
healthcare setting such as a hospital or clinic. However,
patients can sometimes receive LAN or OCT injections at
home by a healthcare professional or—for LAN only—
independently by a partner or the patient themself. Home
injection may be less disruptive for patients and could free up
healthcare resources, but there is limited evidence to support
the choice. To address this, we reviewed all publications on
home injection of somatostatin analogs in the last 20 years,
finding 12 relevant studies. Results generally showed that
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home injections and injections in the healthcare setting had a similar effect on disease signs and symptoms, and were equally
safe. Patients receiving home injections were also successfully able to follow the treatment plan prescribed by their doctor.
Although some patients still preferred to receive injections in the healthcare setting, patients generally found injections at home
more convenient. Home injections also resulted in lower costs as fewer appointments at the hospital or clinic were needed. The
findings of this review indicate that injections of somatostatin analogs at home, instead of in the healthcare setting, could be a
potential option for patients whose circumstances allow it.

Keywords Home injection ● Injection modality ● Acromegaly ● Neuroendocrine tumors ● Somatostatin analogs ● Lanreotide

Introduction

Acromegaly and neuroendocrine tumors (NETs) are two
endocrine disorders with insidious onset [1, 2]. While the
clinical features of acromegaly and NETs vary, both con-
ditions negatively impact patients’ quality of life (QoL) and
lead to an increased rate of mortality [3, 4].

Acromegaly is generally caused by a growth hormone
(GH) secreting pituitary adenoma, resulting in GH excess
and elevation in insulin-like growth factor-1 (IGF-1) [5].
Patients also experience changes in physical characteristics,
such as enlarged hands, feet, and coarse facial features [6].
One of the most prevalent long-term complications of acro-
megaly is joint disease [6]. Pharmacological therapies are
used for patients ineligible for surgical treatment or those
with elevated levels of GH and IGF-1 after surgery [5, 6].

NETs represent a heterogeneous group of tumors, which
in some cases may secrete hormones causing a variety of
symptoms, including those associated with carcinoid syn-
drome [2, 7, 8]. The primary treatment goal is curative
surgery, whereas pharmacological control of tumor size and
the signs and symptoms of disease is recommended for
patients with metastatic inoperable disease [9].

Treatment with somatostatin analogs (SSAs) is the
mainstay medical treatment for acromegaly and grade 1–2
metastatic gastroenteropancreatic (GEP) NETs [10, 11].
Lanreotide Autogel (LAN, lanreotide Depot in the US) and
octreotide long-acting release (OCT) are two first-generation
SSAs with long-acting formulations, which are indicated for
both acromegaly and NETs [12–15]. SSAs interact with
targets throughout the body, inhibiting various endocrine,
neuroendocrine, exocrine, and paracrine functions. Both
OCT and LAN bind with high affinity to the somatostatin
receptor subtypes SST2 and with lower affinity to SST5

[12, 16]. In acromegaly, SSAs suppress the production of
GH and IGF-1, resulting in a reduction of clinical symptoms
[17, 18]. In NETs, LAN and OCT have antitumor effects and
also reduce symptoms associated with carcinoid syndrome
and VIPoma syndrome such as diarrhea and flushing,
through inhibition of hormone secretion [17, 18].

LAN is administered by deep subcutaneous (SC) injec-
tion every 4 weeks [12], while OCT is administered by deep
intramuscular injection at the same treatment interval

[14, 15]. The long-term, frequent administration of SSAs in
the healthcare setting can lead to high treatment burden and
accumulation of healthcare resource use and costs [1, 19].
Like other injected treatments for chronic diseases, life-long
injections of SSAs may impact patients’ well-being and
daily lives. Patients report a loss of independence and
productivity, as well as inconvenience related to the time
required to travel to and attend injection-related visits with
their healthcare provider (HCP) [20].

Home injection options, including administration by the
patient, a partner, or HCP, provide an alternative to injections
administered in the healthcare setting. LAN is approved for
HCP, self- or partner-administration using a prefilled ready-to-
use syringe in numerous countries worldwide, including in
Europe, while OCT is approved for HCP administration only,
in the healthcare setting or at home [13, 14]. LAN and OCT
are not, however, approved for self- or partner-injection in the
US [12, 15]. Home injection options allow for more autonomy
in patients’ care, in particular for those with limited time or
mobility, as observed in acromegaly patients with more severe
joint disease [21–23], and have been increasingly used in
times of high burden on the healthcare system, such as during
the COVID-19 pandemic [24, 25].

Where therapies are expected to have similar efficacy and
safety outcomes, individual patients’ preferences are important
when considering the most suitable treatment for each patient.
Shared treatment decision-making accommodating patients’
individual preferences has been associated with increased
adherence and improved clinical outcomes [26]. However,
despite the development of home injection treatment options
for SSA injections, the advantages and disadvantages of home
injections have not been widely examined [24]. A systematic
literature review was therefore conducted with the primary
objective of identifying and summarizing outcomes related to
home administration of SSAs by self/partner injections (LAN)
or injections by a HCP (OCT and LAN).

Methods

This systematic literature review was conducted in accor-
dance with a pre-specified protocol and adheres to the
Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) guidelines [27]. Details of the
protocol for this systematic literature review were registered
on PROSPERO 2021: CRD42021279886 [28].

Searches for this systematic literature review were
separated into two streams of evidence: home injection of
SSAs (primary objective) or other comparable treatments
for chronic conditions (secondary objective). Comparable
treatments were considered those administered every
4–8 weeks by subcutaneous injection, in both the healthcare
and non-healthcare setting, to align with the route of
administration of SSAs. Only the methodology and results
pertaining to the primary objective (home injection of
SSAs) are presented in this manuscript; results from the
secondary objective have been previously reported [29].

Search strategy

Searches were conducted in MEDLINE (MEDLINE® Epub
Ahead of Print, In-Process, In-Data-Review & Other Non-
Indexed Citations and Daily), Embase, and the Cochrane
Library (including the Cochrane Database of Systematic
Reviews [CDSR] and the Cochrane Central Register of
Controlled Trials [CENTRAL]), on September 2, 2021. The
searches were performed using terms for home injection
(Table S1–Table S3) and limited to literature published
since January 2001.

Bibliographies of relevant systematic literature reviews
identified in the database searches were reviewed to identify
additional relevant studies for inclusion. Proceedings from
relevant congresses from the last 3 years (2019–2021) were
also screened (Table S4).

Study selection, data extraction, and quality
assessment

Eligible studies reported on efficacy/effectiveness, safety,
adherence, patient-reported outcomes (PROs) or economic
outcomes in populations receiving home injections of SSAs.
Full eligibility criteria are presented in Table S5.

Records were screened according to the processes
recommended by the Cochrane Collaboration [30]. Two
independent reviewers screened the abstracts and full-text
publications of the literature against pre-specified eligibility
criteria. In case of disagreement, a third reviewer was
consulted, and any conflicts were resolved by consensus.
Publications reporting on the same study were considered as
a single unit, with the primary article reporting the main
results of the study and additional articles considered as
secondary articles.

Data extractions were performed in line with guidelines
from the University of York Centre for Reviews and Dis-
semination (CRD) [31], and performed by a single indivi-
dual into pre-specified extraction tables. A second

individual independently verified the extracted information.
The quality of included studies was assessed using an
adaptation of the Downs and Black checklist [32]; questions
not relevant to the current review were removed.

Results

Characteristics of included studies

A total of 13 records comprising 12 unique studies were
eligible for inclusion (Table 1, Table S6, Fig. S1). Seven
studies were observational [33–39], alongside three inter-
ventional trials [40–42], and two budget impact models
[43, 44]. Seven studies were conducted in Europe
[33–35, 37, 39–41], two in the US, and one in Israel
[36, 38, 42]. Both budget impact models used a UK per-
spective [43, 44]. Eight of the studies reported industry
funding, all from Ipsen Biopharmaceuticals Inc.
[34, 36, 37, 40, 41, 43, 44] or its subsidiary Tercica Inc. [42].

Five and six studies evaluated patients with acromegaly
[34, 36, 38, 40, 42] and NETs, respectively
[33, 35, 37, 39, 41, 44]. One of the budget impact models
analyzed SSA usage in both acromegaly and NETs patient
populations [43]. Most studies included fewer than 200
patients (18–184 patients), while one budget impact model
estimated a population of 3921 patients with acromegaly
and 2073 patients with NETs [43] (the other budget impact
model did not report the size of the modelled population
[44]). All patient characteristics are presented in Table S7.

Four studies assessed home injection only and did not
include a comparison to injections administered in the
healthcare setting [33, 35, 38, 42]. The majority of studies
evaluated home injection of LAN only (7/12 studies)
[33, 35, 36, 38, 40–42]. A further four studies investigated
patients treated with LAN or OCT [37, 39, 43, 44]. One
study did not specify which SSA treatment patients were
administered [34].

Efficacy and effectiveness outcomes

Across the two indications, three clinical trials assessed
treatment efficacy [40–42], and an additional three real-
world evidence studies examined treatment effectiveness
(Table 1 and Table S8) [36, 38, 39].

In patients with acromegaly, efficacy/effectiveness
assessed by change in IGF-1 and GH values was similar in
patients receiving home injections compared with injections
in the healthcare setting, across two studies [36, 40].
Overall, >85% of participants receiving home injections
were reported to achieve normalization or control of IGF-1
and GH in three studies (defined on the basis of study-
specific thresholds; Table S8) [36, 38, 40].
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In patients with NETs, comparable efficacy/effectiveness
in the home and healthcare administration settings was also
observed when assessing the proportion of patients with
tumor progression, time to progression, and the proportion
of participants with symptomatic control of diarrhea and
flushing (n= 2 studies) [39, 41].

Safety/tolerability outcomes and treatment
adherence

Only three studies investigated the safety and tolerability
of home injection, with a similar proportion of patients
experienced adverse events (AEs) in both the home and
healthcare administration settings (n= 2 studies in acro-
megaly, n= 1 study in NETs, Table 1 and Table S9)
[36, 40, 41]. Of the two studies reporting injection site
reactions, the first study showed no differences between
self- or partner-injection and the healthcare administra-
tion setting, though statistical significance was not
reported [40]. In the second study, a greater number of
patients with acromegaly experienced injection site
reactions following self-injection (19%) as compared
with partner injections (2%; p < 0.05) or injections in the
healthcare setting (7%; statistical significance not repor-
ted) [36].

Adherence and successful administration rates were high
in two studies reporting on patients with acromegaly
[38, 40]. Across both studies, >90% of participants
achieved either good adherence (>80% of expected injec-
tions) or successful administration of treatment as assessed
by the study investigators [38, 40].

Patient-reported outcomes

Of the 12 included studies, 4 reported on patient pre-
ferences for setting of administration (Fig. 1a, Table 1
and Table S10) [33, 34, 41, 42]. In patients with acro-
megaly, one study found that 82.6% of patients favored
healthcare-setting administration, while another study
reported that the majority (81.3%) of patients preferred
self- or partner-administration to healthcare-setting
administration [34, 42]. For studies assessing NETs,
88–100% of patients preferred self- or partner-injection
(n= 2 studies) [33, 41].

A total of 75–100% of patients with receiving home
injection were satisfied with their treatment or found it to be
very/somewhat convenient at study end, compared to
38%–46% of patients for healthcare-setting administration
(n= 4 studies; Fig. 1b, Table 1, and Table S10)
[33, 35, 36, 42]. Fewer patients with NETs receiving self- or
partner-injections (8%) reported that their treatment inter-
fered with daily activities compared with those receiving
injections in the healthcare setting (24%) [41].

Economic outcomes

Home injection was associated with economic savings
compared with healthcare-setting administration across six
studies in patients with NETs (Table 1 and Table S11)
[33, 35, 37, 41, 43, 44]. Direct cost savings were attributed
to reduced healthcare resource use (n= 4 studies)
[37, 41, 43, 44]. Time saved by patients (including travel
and attendance at appointments) was estimated to range
from 1.4 h to at least half a day per visit, with implications
for indirect and out-of-pocket costs (n= 3 studies)
[33, 35, 41].

Two budget impact models estimated that the overall
expenses would be cut by 16.4% or 9.1% per year in
patients with GEP-NETs and acromegaly, respectively, if a
patient treated in the healthcare setting with OCT switched
to self- or partner-injections of LAN. In-hospital nurse
contact and hospital visits would also be reduced in patients
with GEP-NETs or acromegaly [43, 44].

Quality assessment

A detailed summary of the quality assessment is provided in
Table S12. Risk of bias varied between studies, with the
reviewers finding six studies did not meet or provided
insufficient information to determine ≥4/8 items of the
modified Downs and Blacks checklist [36, 39, 40, 42–44].
Potential sources of bias identified related to both external
and internal validity of included studies, including limita-
tions in reporting such as details of the statistical analyses
performed, recruitment of participants, and whether the
participants were representative of the larger population.

Discussion

The results of this systematic literature review evaluating
home injection versus healthcare-setting administration of
SSAs showed that efficacy/effectiveness, safety, and
adherence outcomes were similar in both settings for
patients with acromegaly or NETs. Combined with high
patient satisfaction, convenience, and cost savings for home
injection, these results support the use of SSAs administered
in the home setting (Fig. 2). Although patients pre-
dominantly preferred home injection options [33, 41, 42],
conflicting results were reported in one study [34], high-
lighting the importance of patient choice in the decision to
inject at home or in the healthcare setting.

Home injection of SSAs was found to have comparable
efficacy/effectiveness to healthcare-setting administration,
which may be expected given that the treatment regimens
themselves do not differ between settings. Similar findings
have been found in other conditions; for example in patients
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requiring injection of golimumab or methotrexate for
rheumatoid arthritis [45, 46]. These results, in addition to
competent self- and partner-injection techniques demon-
strated by patients [47–50], may alleviate potential concerns
relating to effectiveness of home injections.

Few patients experienced adverse events related to home
injection, with the most notable finding being a higher rate
of injection-site reactions in patients self-injecting com-
pared to those receiving partner injections, in one study of
patients with acromegaly [36]. However, the results of this
study may be impacted by physical limitations associated
with the disease, including abnormal enlargement of the
hands in patients with acromegaly, which may impact self-
injection techniques [51]. A more ergonomic, newly
designed delivery system was developed for LAN in 2019;

this system was not available at the time of that study’s
publication [52]. Understanding how device design impacts
patient outcomes will be important to optimize patients’
experience of home injection therapies, particularly given
the low number of comparative studies regarding safety
identified in this review.

Home injection was associated with high adherence
rates and successful injection administration, though
these outcomes were only reported in studies of patients
with acromegaly [38, 40]. Differences in treatment
adherence rates may be impacted by various factors,
including disease indication and the process of injection
[23, 53, 54]. Additional barriers to treatment adherence,
including treatment side effects and convenience, finan-
cial issues, and patient-related factors such as age, may

Fig. 1 Summary of patient-reported outcomes. a Patient preference for administration setting. b Treatment convenience and satisfaction associated
with administration setting. Size of each bubble is proportional to the sample size contributing data for the relevant injection setting, while the
labelled number indicates the proportion of patients (%). Injection setting was categorized as “home injection (mixed)” for studies reporting on a
combined group of patients receiving home injections from different types of injectors (partner, HCP or by self-injection). HCP healthcare
professional
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impact adherence to home injection therapies and should
be further investigated.

The evidence relating to patient experience of home
injections identified in this systematic review is supported
by the findings from the HomeLAN survey of patients
receiving home injections of SSAs, first presented after the
completion of the literature review searches. In this survey,
over 95% of participants reported being satisfied with home
injection, citing independence, flexibility, and time and cost
savings as reasons underlying their choice to receive
injections at home [20]. Individual patient preference for
injection setting may be affected by a variety of factors. For
example, research has suggested higher satisfaction in
patients with acromegaly and GEP-NETs receiving LAN
via a prefilled syringe compared with the octreotide LAR
syringe [55], reflecting variations between therapies. Evi-
dence from patients with rheumatoid arthritis similarly
supports the contribution of individual-level patient factors
to the preference for particular administration settings,
including frequency of hospital visits, anxiety, flexible
administration schedules, and age (e.g., due to cognitive
impairment [56]). This evidence, along with the findings of
this systematic literature review, highlight the importance of
patient choice in the decision to inject in the healthcare
setting or at home with support from patient education and
training programs [57].

Unsurprisingly, the use of self- or partner-injection was
associated with economic savings compared with
healthcare-setting administration [33, 35, 37, 41, 43, 44].
Therefore, increased uptake of home injections may sub-
stantially reduce the high costs and resource burden asso-
ciated with acromegaly and NETs. The results of this
systematic literature review also support home treatment
options to offset the high burden placed on healthcare ser-
vices in times of particular strain. As evidenced by the
COVID-19 pandemic, stringent public health measures
have disrupted routine clinical care for patients [58]. Home
treatment options, therefore, allow for effective patient
management in times of limited availability of HCPs and
healthcare-setting resources [24, 25]. Treatments for home
injection are increasingly being developed for a wide range
of chronic illnesses, including plaque psoriasis, ankylosing
spondylitis, and psoriatic arthritis, and their adoption is
expected to rise. The impact of provider reimbursement fees
and financial incentives on HCP uptake of home injection,
which is currently unclear, therefore deserves further study
to ensure relevant programs can be made available to all
patients who wish to receive treatment at home.

Strengths of this review include adherence to best-
practice systematic review methods for publication sear-
ches, data extraction and analysis as recommended by the
Cochrane Collaboration [59]. A variety of outcomes were

Fig. 2 Graphic summary of balance of evidence. Empty categories indicate an absence of relevant evidence. CRU costs and resource use, GH
growth hormone, IGF-1 insulin-like growth factor 1
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also assessed, with the inclusion of data from real-world
studies representing administration settings in the commu-
nity setting. However, few studies provided statistical ana-
lyses directly comparing home injection with healthcare-
setting administration, limiting the conclusions that could
be drawn. Differences in study design, patient populations
and reported outcomes may have introduced heterogeneity
in the interpretation and inferences made, potentially infla-
ted by small sample sizes. Given this heterogeneity between
studies, a meta-analysis could not be conducted; thus, fur-
ther research is required to extend the findings of this lit-
erature review.

Overall, the findings of this systematic literature review
highlight that home injection of SSAs is associated with
disease control, high treatment adherence, and an acceptable
safety profile. Home injection of SSAs may allow for
optimal use of healthcare resources, while allowing for a
greater choice in the management of patients who wish for
more independence and are suitable for home injection.
Nevertheless, patients’ preference for setting of injection
varied across studies, emphasizing the need to provide tai-
lored options and support to each patient, including pro-
grams delivering HCP-led home injections and/or providing
training on self- or partner-injection for those wishing to
receive SSA injections at home.
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