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Abstract

Gastroenteropancreatic (GEP) neuroendocrine tumors (NETSs) represent a heterogeneous group of tumors that is associated
with an indolent course. Octreotide has a positive effect on disease stabilization in well-differentiated midgut NETs, but
a meaningful survival analysis was not possible due to insufficient events. Higher doses of octreotide long-acting release
(LAR) are often used in clinical practice for control of carcinoid symptoms and our objective was to determine if dose of
octreotide correlates with survival. We reviewed all patients with advanced GEP NETs who initiated treatment with octreotide
LAR between 2000 and 2013 in a large, representative Canadian province. We compared overall survival in patients who
received low (<30 mg) compared to high (>30 mg) doses of octreotide. A total of 170 patients were identified. Baseline
characteristics in the low- and high-dose groups were similar: median age 62/63 years, 50/58% were male, 46/48% originated
from the small bowel, and 74/66% had liver metastases at diagnosis. The median time from diagnosis to treatment initiation
was 5.5 and 6.0 months. Octreotide LAR was initiated with the intent of symptom management (71%), disease stabilization
(23%), or biomarker control (6%). Median overall survival (OS) was better in the high-dose group, 66 months compared to
22 months (multivariate HR 0.5, p <0.01). Age >65 (HR 1.9, p<0.01), ECOG>2 (HR 2.7, p <0.01), and pancreatic NETs
(HR 1.7, p=0.03) were all predictors of worse survival. Our findings suggest that octreotide may confer survival benefits in
GEP NETs. Further prospective studies are warranted to validate the impact of high-dose octreotide on outcomes.
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Background

Neuroendocrine tumors (NETs) originating from the gastro-
intestinal (GI) tract represent an uncommon group of het-
erogeneous tumors. The estimated incidence in the Western
world is 2.5-5.0 per 100,000 patients with an increasing
incidence over the years [1, 2]. The difficulty in studying
NETs is several fold: multiple classification systems, varia-
ble clinical behaviors, difficulty in imaging these tumors, and
long disease survival rates requiring prolonged follow-up.
A common characteristic of gastroenteropancreatic
(GEP) NETs is the expression of somatostatin receptors
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[3]. Somatostatin analogs were first introduced to manage
the symptoms related to functional NETs causing carcinoid
syndrome. Population studies have shown that the overall
survival of patients with NETs was greatly improved since
the 1980s, which was close to the time when somatostatin
was introduced [1, 3].

Somatostatin analogs, such as octreotide, are recognized
for their antitumor effects in well-differentiated NETs and
have been shown to improve survival [4-7]. The develop-
ment of octreotide into an anticancer agent differs from
many other contemporary oncology drugs. Since octreotide
long-acting release (LAR) has been in use for carcinoid
symptom management for many years, there were no dose
finding studies prior to the PROMID study to help determine
optimal antitumor dose.

The first clinical study to suggest a possible antitumor
effect of octreotide alone, a somatostatin analog, was pub-
lished in 2009 [6]. The PROMID study showed that in
patients with metastatic NETs arising from the midgut, treat-
ment with octreotide 30 mg compared to placebo improved
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progression-free survival [6]. Although no difference was
detected in overall survival, patients were likely not followed
long enough to detect a difference. Another somatostatin
analog, lanreotide, was studied in patients with metastatic
NETs arising from any GI or lung primary [7]. Results of
the CLARINET study are similar when compared to the
PROMID study using octreotide. Patients receiving lanreo-
tide had an improvement in progression-free survival but
not overall survival [7]. Somatostatin analogs are well toler-
ated and often needed in the management of NET patients
with carcinoid syndrome. These agents are now considered
a standard of care in the management of these tumors.

Since somatostatin was long in use for symptom manage-
ment before its antitumor effects were known, the optimal
dosage for tumor control remains unknown. When used for
symptom control, the recommended dosage for octreotide
is to start at 20 mg intramuscularly (IM) and increase to
30 mg IM as needed for symptom control. Although not
approved in doses over 30 mg, dose escalation beyond
30 mg is often done in clinical practice to control carcinoid
symptoms [8—12]. Several publications have reported on the
safety and tolerability of increasing the dose beyond 30 mg
every 4 weeks for various indications including carcinoid
symptoms, chemotherapy-induced diarrhea, and acromegaly
[8—14]. Anthony et al. reported on the patterns of octreotide
use for metastatic NETs over a period of 6 years, which
included 15% of patients who received doses of octreotide
LAR above 30 mg [9]. The most common adverse effects
experienced were injection site discomfort, hyperglycemia,
and cholelithiasis [9]. Other studies have reported on octreo-
tide LAR doses of up to 120 mg every 4 weeks [10]. A
review on dose optimization of somatostatin analogs showed
that dose escalations were common and safe [11]. The most
common adverse events experienced with dose escalation
were diarrhea, abdominal pain, nausea, cholelithiasis, ano-
rexia, and fatigue [11]. In our current study, we reviewed
all patients with GI origin NETSs treated with octreotide to
characterize the pattern of octreotide use in the real-world
setting and examine any associations between the dose of
octreotide and treatment outcomes.

Methods
Study setting

The British Columbia Cancer Agency is a provincial pro-
gram in Canada that provides population-based cancer treat-
ment to approximately 5 million residents. It consists of five
regional centers that are geographically distributed to ensure
equal access to cancer care within the province. Affiliated
community centers are responsible delivering treatment
in remote areas. The Gastrointestinal Cancer Outcomes
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Database prospectively collects demographic and outcomes
information on all patients who are seen at any one of the
five regional centers. The follow-up rates on internal audit
were over 95%. Research ethics approval was obtained from
the British Columbia Cancer Agency and University of Brit-
ish Columbia institutional review board prior to the conduct
of this study.

Study cohort

We performed a retrospective study of all patients with
advanced GEP NETs who initiated treatment from 2000 to
2013. Outcomes data were updated in 2016 to ensure that all
patients had long-term follow-up for this indolent disease.
All adult patients aged 18 years or older with histologic con-
firmation of NET who initiated treatment with octreotide
after the year 2000 and received at least one cycle of treat-
ment were included in our study. All NETs with GI origin,
including pancreatic NETs were included in our analysis. To
capture a large number of patients in a rare tumor site, our
inclusion criteria were broad. Those with initially resected
disease that later progressed to advanced metastatic disease
were included. Patients who received cytotoxic therapy or
peptide receptor radionuclide therapy (PRRT) in addition to
octreotide were also included in our study.

Patients with high-grade neuroendocrine carcinomas or
small-cell carcinomas were excluded. As the WHO classifi-
cation has changed during the study period, we applied the
current definition to the old pathology reports whenever the
information was available. Those who have a documented
Ki67>20% or a mitotic count > 20/10 hpf were excluded. If
they were not available, patients who received chemotherapy
with the intent of treating small-cell carcinomas due to clini-
cal behavior were also excluded from the analysis.

Study outcomes

Patients were reviewed for their baseline characteristics,
which are summarized in Table 1. Tumor characteristics
that were examined included site of tumor origin, Ki67 if
available, presence of metastatic disease, and presence of
liver metastases. Tumor burden within the liver could not
be accurately accounted for based on the available imaging
as they were often described as multiple metastases without
a discrete measurement of size or number of lesions in the
liver. However, carcinoid symptoms at the time octreotide
was initiated were well documented. We included carcinoid
symptoms of diarrhea, flushing, and carcinoid heart dis-
ease. Diarrheal symptoms were further classified as mild
(< 4 stools/day), moderate (4—6 stools/day), and severe (> 7
stools/day). The presence of flushing without any other car-
cinoid symptoms was classified as mild. The presence of
any clinically significant congestive heart failure secondary
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Table 1 Baseline demographic characteristics of patients in the low-
and high-dose octreotide LAR groups

Low dose (Octreo- High dose (Octreo-  p value
tide LAR<30 mg)  tide LAR>30 mg)
(n=105) % (n=065) %
Age 62 (25-90) 63 (42-81) 0.82
SD 14 SD 10
Gender 0.31
M 53 50 38 58
F 52 50 27 42
ECOG 0.28
0 33 31 17 26
1 49 47 40 62
2 13 12 6
3 8 8 2 3
4 2 2 0 0
Ethnicity 0.68
Caucasian 95 90 60 92
Other 10 10 5 8
Site of origin 0.58
Small Bowel 48 46 31 48
Pancreas 25 24 10 15
Other 32 31 24 37
Tumor grade 0.62
Low 11 10 4 6
Moderate 10 10 8 12
High 1 1 0 0
Unknown 83 79 53 82
Metastases to liver at diagnosis 0.27
Yes 78 74 43 66
No 27 26 21 32
Unknown 0 0 1 2
Octreotide Avid 0.02
Yes 42 40 40 62
No 9 9 2 3
Unknown 54 51 23 35
Carcinoid symptoms at diagnosis 0.05
None 52 50 22 34
Mild 24 23 17 26
Moderate 13 12 18 28
Severe 16 15 8 12
Time to 6 months (0-230) 5.5 months (0-261)  0.73
treatment
initiation

SD 37 SD55

to carcinoid heart disease was considered severe symptoms.
The intent of initiating octreotide as well as the reasons for
increasing the dose of octreotide were divided into symptom
control, biomarker elevation, and tumor control.

As patients were followed over a long period, we esti-
mated octreotide exposure using the total cumulative dose

divided by the total number of cycles to arrive at the mean
dose per cycle. One cycle of octreotide was defined as a
4-week period. As a proportion of NET patients have a
long indolent disease course, using the total dose received
would create skewed results favoring those who received
more cycles of octreotide. Using the median dose per cycle
would be fraught with the same issue. Therefore, we believe
that using the mean dose per cycle provides the best estimate
in examining any associations between octreotide dose and
outcome. Overall survival was compared between patients
who received an average octreotide dose of less than 30 mg
per cycle (low dose) and patients who received an average
dose of octreotide 30 mg or above per cycle (high dose).
Sensitivity analyses were conducted by using different cut-
offs. Because findings were largely consistent, only results
from the main analysis are presented.

We also attempted to correlate dose increases above
30 mg of octreotide with any corresponding changes in
the commonly used tumor markers for NETs: chromogra-
nin A (CGA) and urine 5-HIAA. Unfortunately, radiologic
responses could not be followed as imaging was not done
regularly among patients after dose increases of octreotide.

Statistical analysis

The baseline characteristics of patients who received low-
dose octreotide are compared to high-dose cohort using
the y° test. Overall survival was estimated from the time of
administration of first cycle of octreotide to remove lead time
bias. Overall survival was estimated using the Kaplan—Meier
method and the log rank test was used to determine if there
were any significant differences between the low-dose and
high-dose groups. Multivariate Cox regression was per-
formed to generate hazard ratios and 95% confidence inter-
vals while adjusting for confounders such as age, gender,
ECOG, presence of liver metastases, severity of carcinoid
symptoms, site of tumor origin, and use of chemotherapy
or PRRT. All p values were two sided where a p value of
<0.05 was considered statistically significant. All analyses
were performed using SPSS version 24.0. Descriptive sta-
tistics were used to summarize tumor marker response after
an increase in the dose of octreotide.

Results

We identified 170 patients with GEP NETs who initiated
treatment with octreotide from 2000 to 2013 and received
at least one cycle of therapy. The median mean dose per
28-day cycle of octreotide LAR was 27 mg. Patients were
analyzed in two groups: those who received a mean dose
of less than 30 mg per cycle were considered the low-dose
group and those who received a mean dose of 30 mg or more
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were considered the high-dose group. Baseline characteris-
tics between the two groups are similar and summarized in
Table 1. The median age of diagnosis was 62 years in the
low-dose octreotide group and 63 years in the high-dose
octreotide group. Other demographics such as gender and
ethnicity were balanced between groups. ECOG perfor-
mance status was similar with most patients having a perfor-
mance status of 0—1. Sites of tumor origin were also similar.
About 50% of tumors originated from the small bowel, 24%
were from the pancreas, and the remainder arose from other
GI primaries such as the stomach, cecum, appendix, and rec-
tum. One hundred and forty-six (86%) patients had advanced
metastatic or unresectable disease at the time of diagnosis.
In the entire cohort, metastases to the liver were common
(70% in both low- and high-dose groups). The median time
from diagnosis of metastatic disease to treatment initiation
with octreotide was 5.5-6.0 months and this was not differ-
ent between groups. The severity of carcinoid symptoms
was different with about 50% of patients in the low-dose
group having very mild carcinoid symptoms versus 24% in
the high-dose group.

Octreotide was initiated for different reasons in patients
who were treated with low-dose octreotide compared to
those who were treated with high-dose octreotide. Treat-
ment was started in the low-dose group most often for man-
agement of symptoms related to carcinoid syndrome. In the
high-dose octreotide group, more patients were started on
the drug with a goal of disease or biochemical control. Inter-
estingly, the reasons for increasing the dose of octreotide did
not differ between the two groups. The majority of patients
had dose increases for symptom management. The findings
are summarized in Table 2.

At the time of analysis, 71% of patients had died with
a median follow-up time of 85 months. In the entire
cohort, median OS was 40 months. Overall survival esti-
mated from time of initiation of octreotide was worse

in patients who received low-dose octreotide compared
to high-dose octreotide (median OS 22 months vs.
66 months, respectively, p <0.01) (Fig. 1). The effect of
dose on OS remained statistically significant in multi-
variate analyses that adjusted for confounders (HR 0.5,
95% CI 0.3-0.7, p<0.01). In multivariate analyses, age
negatively impacted survival with patients aged over
65 years performing significantly worse (HR 1.9, 95% CI
1.3-2.9, p<0.01). ECOG performance status also pre-
dicted survival (HRs 1.9 and 2.7 in patients with ECOG
1 and ECOG > 2, respectively (p <0.01)). Patients with
NETs originating from the pancreas had worse outcomes
compared with small bowel primaries (HR 1.7, 95% CI
1.1-2.8, p=0.03). Sensitivity analysis was performed
using a cut-off of mean octreotide dose of 27 mg per
cycle and the results were similar showing a median OS
of 24 months compared to 66 months and HR 0.4 (95%
CI 0.3-0.6, p<0.01). There were too few patients in our
cohort who received an octreotide scan around the time of
treatment initiation to make any meaningful conclusions
about those who were octreotide avid compared to those
who were not.

We also examined tumor marker levels of chromogra-
nin A (CGA) and 24 h urine SHIAA to explore if there
were any biomarker relationships with octreotide dose.
Only limited data were available as tumor markers were
not consistently done within 3 months of dose increases.
We identified 49 patients who had chromogranin A levels
measured before and after dose increases of octreotide to
over 30 mg/cycle. The median baseline CGA level was
220 pg/L (10-3800 pg/L) and the median CGA level meas-
ured within 3 months of increasing octreotide LAR to 30 mg
was 120 pg/L (5-3900 pg/L). There was a non-significant
trend to lower CGA levels after increasing octreotide LAR
to 30 mg (p=0.09) (Fig. 2). Only 17 patients had 24-h urine
5-HIAA levels done within 3 months of a dose increase

Table 2 Reasons for treatment initiation on octreotide LAR and subsequent dose increases in the low- and high-dose octreotide LAR groups

Low dose (Octreotide < 30 mg) High dose (Octreotide LAR >30 mg) p value
n=105 % n=65 %
Reason for treatment initiation 0.005
Biochemical 1 1 9 14
Disease Control 24 23 16 24
Symptoms 71 68 35 54
Symptoms and disease control 9 8 5 8
n=36 % n=45 %
Reason for increasing dose 0.79
Biochemical 7 19 11 25
Radiologic progression 4 11 6 13
Symptoms 25 70 28 62
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Fig.1 Survival of patients receiving low-dose (<30 mg) and high-dose (>30 mg) octreotide LAR. Median OS 22 months versus 66 months in

the low versus high group, respectively. Multivariate HR 0.5, 95% CI 0.3-0.7, p <0.01. (Color figure online)
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Fig.2 Changes in CGA levels before and after dose increases to octreotide LAR 30 mg. Median CGA pre-dose increase 220 pg/L and median
CGA post-dose increase 120 pg/L, p=0.08
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and no associations were found between the pre- and post-
dose increase biomarker levels (median 79 pmol/day and
58 umol/day, p =0.8).

Discussion

Our current study suggests a dose—response relationship of
octreotide LAR and improved survival. High-dose octreotide
LAR was an independent factor of improved survival. It is
widely accepted that somatostatin analogs have active anti-
tumor activity as demonstrated by a longer time to progres-
sion in prospective randomized studies and it is considered
the standard of care in many jurisdictions [6, 7, 15, 16]. Our
results suggest that dose optimization of octreotide LAR
likely has added benefit and may inform the future develop-
ment of somatostatin analog-based therapies.

Patients in our study cohort appear to have poor survival
when measured from the time of treatment initiation, with a
median OS of 40 months. There may be several explanations
for this finding. Most patients had a long delay from time
of metastatic disease to treatment initiation. A long interval
without tumor directed therapy may be sufficient to impact
survival. It is also important to note that only patients who
have carcinoid symptoms are eligible to receive octreotide
LAR during the study timeframe. This was an institutional
policy that was enforced due in part to funding issues and
interpretation of available data. Yao et al. found that carci-
noid symptoms were associated with worse survival using a
population database [17]. As a result, our study cohort may
be selected for those with poorer prognosis.

A significant benefit in OS of 20 months was observed
in our high-dose cohort. Limited data are available for the
association of dose with survival. Chanda et al. conducted
a retrospective analysis on 54 patients with GI NETs and
found that those who received higher than octreotide LAR
30 mg had a longer time to radiographic progression. These
patients also experienced improved 1-year survival rates
[12]. We identified one study that examined overall sur-
vival as an endpoint [18]. Using the SEER database, Shen
et al. identified a cohort of patients older than age 65 with
a diagnosis of metastatic NET and who received treatment
with octreotide LAR within 12 months of diagnosis [18].
The authors found that patients who received a higher dose
within the first three cycles had better survival outcomes.
This cohort of patients likely had more aggressive behavior
compared to our current study as all patients required initia-
tion of treatment within 12 months of diagnosis. In contrast,
our study captured each patient’s dose exposure throughout
the entire treatment period, which may be more reflective of
a dose—response relationship.

Given the long period of follow-up in our current study
and the use of an average dose, we did not feel that we would
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be able to accurately record and quantify symptom control
with dose escalation in our study. Instead, we looked for
changes in CGA and 24-h urine 5-HIAA levels as a sur-
rogate measure and found a non-significant trend towards
improved CGA with dose increases of octreotide LAR above
30 mg. Previously, a similar study conducted in our prov-
ince found variable tumor marker responses to increases
in octreotide LAR dose [19]. However, symptom control
was better with higher doses of octreotide LAR [19]. Other
studies have also demonstrated good associations between
high-dose octreotide LAR and carcinoid symptom control
[20, 21]. Ferolla et al. followed 28 patients prospectively
who had refractory symptoms to octreotide LAR 30 mg
every 4 weeks. They found that when the dosing interval
was decreased to every 3 weeks, patients achieved clinical
control of carcinoid symptoms. These results reflect the poor
sensitivity and specificity of CGA and 24-h urine SHIAA
as tumor markers. However, better symptom control with
higher doses of octreotide LAR further supports the notion
that a dose—response relationship exists. It is plausible that
those with a higher symptom burden require a higher dose of
octreotide LAR to saturate all somatostatin receptors.

Several limitations exist in our study. First, this repre-
sents a retrospective analysis with inherent selection bias.
Although we tried to adjust for differences in patient and dis-
ease factors, residual confounding remains in our multivari-
ate analyses. Second, our patient cohort is heterogeneous.
For patients who were diagnosed years ago and did not start
treatment until 2000, we may lack all information necessary
to apply the 2010 WHO grading system for NETs to select
for well-differentiated tumors. Since patients with high-
grade disease are likely to skew study results, each patient’s
treatment course was reviewed and excluded if the treatment
intent was chemotherapy for small-cell carcinomas. Third,
using the mean octreotide dose per 4-week cycle does not
accurately describe a dose-response relationship. However,
it is a better approximation of dose exposure compared to
using the total cumulative dose or a median dose. These
limitations should be weighed against the study’s strengths,
which include its large sample size and long duration of
follow-up.

In summary, many patients with advanced GEP NETs
who require initiation of treatment due to carcinoid symp-
toms or progressive disease do not experience prolonged
survival. Octreotide has been demonstrated in prospective
trials to have an antitumor effect on well-differentiated
NETSs. Our results add to the current literature by demon-
strating an association between higher octreotide LAR doses
and improved survival. Consideration should be given to
future prospective studies to determine the optimal dose and
timing for tumor control for this safe and effective medica-
tion. Further, recent studies of peptide receptor radionuclide
therapy, which exploits somatostatin receptor expression,
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have shown promise [22]. Therefore, a true understanding
of dose—response relationships of somatostatin analogs may
help with patient selection for radionuclide therapy.
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