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/ABSTRACT

Introduction. Octreotide long-acting repeatable (LAR) is
approved for the management of carcinoid syndromes
and may improve progression-free survival of patients with
well-differentiated neuroendocrine tumors (NETs). It is
unknown whether the dosage of octreotide LAR affects
survival. This paper evaluates the association between
initial octreotide LAR dosage and overall survival of elderly
patients with NETs.

Patients and Methods. Patients with distant-stage NET di-
agnosed between January 1999 and December 2009 who
received octreotide LAR treatment within 12 months of
diagnosis were identified from the Surveillance, Epidemiology,
and End Results (SEER)-Medicare database. Those under age
65 years, enrolled in health maintenance organizations, or
without continuous enrollment in Medicare Parts A and B
were excluded. We compared the 5-year survival of patients
with NET based on dose per 28 days averaged over the initial

3 months: low (=20 mg); medium (21-30 mg); high (>30 mg).
Kaplan-Meier estimations and Cox proportional hazard mod-
eling were used to examine the association between octreotide
LAR dose and survival.

Results. Among 222 patients with distant-stage NET who
received octreotide LAR treatment, 81 (36%) received a low
dosage, 82 (37%) received amedium dosage, and only 59 (27%)
received a high dosage. Multivariate analysis showed that
compared with a medium octreotide LAR dose, a low dosage
was associated with significantly worse survival (hazard ratio
[HR]: 2.00; p = .001), whereas a high initial dosage (HR: 1.09;
p = .719) did not show additional survival benefits over that
observed with a medium dosage.

Conclusion. This population-based study suggests potential
survival benefits for octreotide LAR provided within 12 months
of diagnosis at a dosage of 21-30 mg among elderly patients
with distant-stage NET. The Oncologist 2016;21:308-313

Implications for Practice: This population-based study examined the association between octreotide long-acting repeatable (LAR)
dosage and the survival of elderly patients with neuroendocrine tumor (NET). Of the 222 patients, 36% received less than or equal
to 20 mg per 28 days, 37% received 21-30 mg per 28 days, and 27% received more than 30 mg per 28 days.The multivariate analyses
suggest that the initial dose of octreotide LAR in elderly patients with NETshould be at least 21-30 mg every 28 days. It is unclear if
higher doses improve survival further beyond medium dosage.

INTRODUCTION

Incidence of neuroendocrine tumors (NETs) has increased more
than fivefold from 1973 (1.09 per 100,000) to 2004 (5.25 per
100,000) with improvement in diagnostic techniques, and
current NET prevalence in the United States is estimated to be
more than 100,000 [1]. NETs develop from the neuroendocrine
cells distributed throughout the body and may be classified by
anatomic location or by embryonic origin. More than one-third
arise from the embryonic foregut (thymus, lungs, stomach, and
proximal duodenum), whereas the rest arise from the midgut
(distal duodenum, jejunum, ileum, appendix, and proximal large
bowel) or hind gut (distal large bowel and rectum) [2]. Midgut

NETs are classically associated with carcinoid syndrome due to
secretion of serotonin and other bioactive substances, although
they may be occasionally associated with NETs arising from
other areas as well. In addition, about 15%—-30% of pancreatic
neuroendocrine tumors may cause symptoms due to excess
production of hormones such as insulin, glucagon, or gastrin [3].

NETs are characterized by the presence of G-protein-
coupled somatostatin cell surface receptors, subtypes 1-5,
that, when stimulated, have inhibitory effects on secretory and
growth pathways [4]. Given the very short half-life of native
somatostatin, multiple synthetic somatostatin analogs with
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longer half-lives have been developed, of which octreotide,
lanreotide, and their corresponding, longer-acting depot forms,
octreotide long-acting repeatable (LAR) and lanreotide autogel,
are approved by the U.S. Food and Drug Administration for
treatment of NET. Octreotide was initially approved in 1988 for
subcutaneous administration and octreotide LAR was later
approved in 1998 for monthly intramuscular injection for control
of several syndromes related to hormonal excess in NETs [5]. The
phase Il PROMID (Placebo-Controlled Prospective Randomized
Study on the Antiproliferative Efficacy of Octreotide Acetate LAR
in Patients with Metastatic Neuroendocrine Midgut Tumors)
trial randomized patients with advanced, midgut carcinoids to
octreotide LAR versus placebo and showed significant improve-
ment in the primary endpoint of progression-free survival (PFS)
[6]. The more recent phase Il CLARINET (Study of Lanreotide
Autogel in Non-functioning Entero-pancreatic Endocrine Tumors)
trial randomized patients with gastroenteropancreatic NETs to
placebo versus lanreotide and similarly showed an improvement
in PFS, thus extending the use of somatostatin analogs to tumor
control of all gastroenteropancreatic NETs [7]. Together, these
data show that somatostatin analogs provide effective tumorand
symptom control in NETs. However, the appropriate initial doses
for these drugs are yet unknown and there are no ongoing
prospective trials addressing this deficiency in knowledge.

The primary objective of this study was to evaluate the
association between initial octreotide LAR dosage and survival
of elderly patients with NETs, using retrospective, population-
based data. Secondary objectives included evaluation of
effects of tumor characteristics, other treatments, and socio-
demographic characteristics of patients on survival.

MATERIALS AND METHODS

Data Source

The Surveillance, Epidemiology, and End Results (SEER) registry
data from the National Cancer Institute linked with Medicare
claims data were used in this population-based study. The SEER
registries collect clinical, demographic, and cause-of-death in-
formation for persons with cancer; the registries cover approxi-
mately 28% of the U.S. population. The Medicare claims data
provide information on claims for covered health-care services
from the time of a person’s Medicare eligibility until death. Linking
these two data sources makes available cancer patients’ date of
death, and allows the ascertainment of treatments received by
patients as well as their comorbidity through the use of
International Classification of Disease 9th Revision (ICD-9), Current
Procedural Terminology, and Healthcare Common Procedure
Coding System (HCPCS) codes in Medicare claims. The unique
quality of SEER-Medicare data makes it a widely accepted data
source for health-services research on cancer and it is considered
demographically representative [8].

Study Cohort

Our study cohort included 222 elderly patients with distant-
stage NET who received octreotide LAR treatment within
12 months of the diagnosis. They were diagnosed with NET
betweenJuly 1,1999, and December 31, 2009, and followed up
until December 31, 2011, in terms of survival information. The
latest claims date available in the SEER-Medicare data at the
time of this research was December 31,2010.The patients with
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NET were identified based on International Classification of
Diseases for Oncology, third edition (ICD-O-3) codes: 8150,
8151, 8152, 8153, 8154, 8155, 8156, 8157, 8240, 8241, 8242,
8243, 8244, 8245, 8246, and 8249. HCPCS codes (J-2353, J-
2352) and National Drug Code (NDC) codes (00078034061,
00078034084, 00078034161, 00078034184, 00078034261,
00078034284) were used to identify octreotide LAR treatment
within 12 months of diagnosis. We excluded patients who enrolled
in health maintenance organizations (HMOs) or did not have
continuous Medicare Parts A and B enrollment during the 12
months after diagnosis, unless the patients died within 12 months
and had continuous Part A and B enrollment and no HMO
enrollment until death. We also excluded patients with less than
3 months of complete claims, to ensure the completeness of
medical claims to identify octreotide LAR use and dosage, and
other treatments received by patients. Patients with missing
values for covariates or younger than 65 years old at diagnosis
were also excluded. Table 1 provides a detailed flowchart illus-
trating the inclusion and exclusion criteria of our study cohort.

Explanatory Variables
The main variable of interest was the dosage level received in
the first 3 months of therapy. We calculated the total dosage
received over theinitial 3 months since diagnosis, based on the
HCPCS codes and NDC codes, as explained in the study cohort
section. Then we averaged it into the dosage level per 28 days
and categorized it into 3 groups: low-dosage group (=20 mg),
medium-dosage group (21-30 mg), and high-dosage group
(>30 mg). In our multivariate analyses, we also controlled for
clinical and demographic characteristics and comorbidities.
The clinical factors considered in the analyses included tumor
size, histologic grade, primary cancer site, presence of carcinoid
syndromes, and other treatments received. Tumor size was clas-
sified into three groups: =2 cm, >2 cm, and unknown. The
histologic grade had three categories: well differentiated, mod-
erately or poorly differentiated, and not determined or unknown
or mixed. Primary cancer sites included the following six cat-
egories: small intestine; cecum and appendix; colon; larynx,
bronchus, lung, trachea, and other respiratory organs; pancreas;
and all others. The presence of carcinoid syndrome was defined
based on ICD-9 codes as having at least two claims for flushing
(782.62), diarrhea (564.5, 787.91), or carcinoid syndrome (259.2),
with the earliest one occurring before the start of octreotide LAR
treatment. Other treatments included 4 binary variables (yes/no)
indicating whether a patient received resection of primary tumor
within 6 months of cancer diagnosis, resection of liver metastases,
radiation, and chemotherapy within 12 months of diagnosis.
The demographicinformationincluded age (65-69, 70-74,
75+ vyears), sex (male vs. female), and race/ethnicity (non-
Hispanic white vs. all others). We used the Deyo-Romano
modified Charlson comorbidity score, which is a commonly
adopted measure for comorbidities in studies using claims
data, such as the SEER-Medicare data [9-12]. The comorbidity
score was derived from Medicare Provider Analysisand Review
outpatient and carriers’ claims files during the 12 months
preceding diagnosis and categorized into 2 groups: 0 and =1.

Statistical Analyses

We used both Kaplan-Meier estimation and Cox proportional
hazard model to evaluate the association between octreotide
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Table 1. Flowchart for study sample construction

Octreotide LAR Dosage in Elderly With NET

Step Criteria No. of patients No. of patients excluded
1 All patients diagnosed with distant NETs in 1999-2009 7,088
2 Exclude if patient’s age younger than 65 years at diagnosis 5,516 1,572
3 Exclude if the diagnosis was reported based on autopsy or 5,497 19
death certificate
4 Exclude if patients enrolled with HMO or did not have 3,762 1,771
continuous Parts A and B Medicare enrollment within 12
months after the diagnosis, unless the patients died within 12
months, and with continuous Parts A and B Medicare
enrollment and no HMO enrollment until death
5 Exclude if patients did not receive octreotide LAR treatment 255 3,471
within 12 months of the diagnosis
6 Exclude if patients had less than 3 months of complete claims 222 33

or missing values

Abbreviations: HMO, health maintenance organization; LAR, long-acting repeatable; NET, neuroendocrine tumor.

LAR dosage and 5-year survival. We report the median survival
with the corresponding 95% confidence interval for each dose
group, the log-rank test, hazard ratios (HRs) from multivariate
analyses, and corresponding 95% confidence intervals (Cls)
for the 5-year survival.

All statistical analyses were conducted in SAS 9.3 (SAS
Institute, Cary, NC, http://www.sas.com). The institutional
review board at The University of Texas MD Anderson Cancer
Center exempted this study for approval because all patientsin
the database had been de-identified.

RESULTS

Table 2 presents the descriptive statistics of the study cohort
by dosage level. We masked some numbers and percentages in this
table because of data confidentiality requirement by the SEER-
Medicare database. Of the 222 elderly patients with distant-stage
NETwho received octreotide LAR within 12 months of diagnosis, 81
(36%) received low dosages (=20 mg per 28 days), 82 (37%)
received medium dosages (21-30 mg per 28 days), and only 59
(27%) received high dosages (>30 mg per 28 days). The bivariate
analysis found that older patients (>75 years of age) were more
likely to get low dosages. No other statistically significant dif-
ferences in the dosage of octreotide LAR were detected by sex,
race/ethnicity, comorbidity, and all the clinical factors.

Figure 1 provides the unadjusted Kaplan-Meier curves for 5-
year survival. The data suggest that there were significant overall
survival differences across the three octreotide LAR dosage
groups by log-rank test (p = .016); however, the curves crossed
for the two higher dosage groups. The log-rank test comparing
the medium-dosage and high-dosage groups yielded a p-value of
.356, showing no significant survival difference. The median
survival of patients who received low dosages was 20.8 months
(95% Cl: 13.2-31.5), compared with 32.6 months (95% Cl:
20.5-51.1) and 36.3 months (95% Cl: 24.98 to not applicable) for
patients who received medium and high dosages, respectively.

Table 3 shows the results of the multivariate Cox propor-
tional hazard model for 5-year survival. It suggested that low
octreotide LAR dosage was significantly negatively associated
with survival (HR: 2.00; p = .001) compared with medium
dosage. However, it also suggested that there is no statistically
significant survival benefit with high dosage compared with
medium dosage (HR: 1.09; p = .719). Patients with moderately or
poorly differentiated histology had worse survival outcomes (HR:
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2.08; p = .031) compared with patients with well-differentiated
histology, Patients having the primary cancer site in the cecum
andappendix (HR:2.56; p = .007); colon (HR:2.81; p = .004); and
larynx, bronchus, lung, trachea, and other respiratory organs (HR:
3.91; p < .001) or pancreas (HR: 2.31; p = .005) had worse
survival outcomes compared with those whose primary cancer
site was in the small intestine.

DiscussIoN
Well-differentiated NETs are often treated with somatostatin
analogs such as octreotide LAR for symptom and tumor
control. Using the SEER-Medicare database, we had previously
shown that therapy with octreotide LAR in elderly patients is
associated with improved survival but that approximately half
of the elderly patients with functional carcinoid tumors had a
delay of >6 months after diagnosis in initiation of octreotide
LAR therapy [13]. As follow-up to our earlier studies, we aimed
todetermineif thereis arelationship between initial dosage of
octreotide LAR and 5-year survival outcomes among elderly
patients with NET. In our cohort, there was a wide range of
initial octreotide LAR dosage (Table 1), which reflects the
currentclinical practice. Octreotide LARis currently availablein
10-, 20-, and 30-mg formulations. While the PROMID trial
evaluated octreotide LAR 30 mg in comparison with placebo,
the National Comprehensive Cancer Network guidelines
recommend either 20 mg or 30 mg of octreotide LAR as
reasonable choices for initial dose [2, 6]. Other retrospective
studies have shown that there is even larger variability in
current clinical practice, with doses as low as 10 mg being used
[14]. This is particularly important because our study showed
significant differences in survival according to octreotide LAR
dosage levels. Compared with the medium dosage (20 mg per
28days) group, the low dosage (<20 mg per 28 days) group had
inferior overall survival (HR: 2; 95% Cl: 1.318-3.035). Overall,
these results suggest that the optimal initial dosage of
octreotide LAR should be at least 20 mg every 28 days. In
line with our previous observations, older patients were at a
higher risk of receiving lower doses, perhaps related to patient
or physician preferences or to logistic issues such as difficul-
ties accessing health-care facilities for administration of
octreotide LAR intramuscularly on a monthly basis.

These differences in survival noted in our study could po-
tentially be related to better pharmacokinetics of octreotide at
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Table 2. Description of the study sample by dosage level
Dosage
Characteristic <20 mg 21-30 mg >30mg p value
Carcinoid syndrome 4015
No 24 (29.6) 24(29.3) 12 (20.3)
Yes 57 (70.4) 58 (70.7) 47 (79.7)
Age, years .0265
65-69 14 (17.3) 22 (26.8) 21(35.6)
70-74 20 (24.7) 29 (35.4) 16 (27.1)
=75 47 (58.0) 31(37.8) 22(37.3)
Sex .1760
Male 50 (61.7) 41 (50.0) 28 (47.5)
Female 31(38.3) 41 (50.0) 31 (52.5)
Race/ethnicity .7949
Non-Hispanic white 69 (85.2) 69 (84.2) Masked?®
Others 12 (14.8) 13 (15.9) Masked?®
Comorbidity score .8908
0 56 (69.1) 58 (70.7) 43 (72.9)
=1 25 (30.9) 24(29.3) 16 (27.1)
Tumor size, cm .9870
=2 14 (17.3) 15(18.3) Masked?®
>2 39 (48.2) 36 (43.9) Masked?®
Unknown 28 (34.6) 31(37.8) 21 (35.6)
Histology grade .6852
Well differentiated 20 (24.7) 14 (17.1) Masked?®
Moderately or poorly differentiated 12 (14.8) 11 (13.4) Masked?®
Not determined or unknown or mixed 49 (60.5) 57 (69.5) 40 (67.8)
Primary site .3589
Small intestine 35 (43.2) 30 (36.6) 30 (50.9)
Cecum and appendix Masked® Masked® Masked®
Colon Masked® Masked® Masked®
Larynx, bronchus, lung, trachea, and other respiratory 35(43.2) 12 (14.6) Masked?
organs
Pancreas 15 (18.5) 21(25.6) 12(20.3)
Others Masked® Masked® Masked®
Surgery of primary site .624
No 44 (54.3) 50 (61.05) 32 (54.2)
Yes 37 (45.7) 32(39.0) 27 (45.8)
Liver surgery .0766
No Masked?® 69 (84.2) 47 (79.7)
Yes Masked?® 13 (15.9) 12 (20.3)
Chemotherapy .076
No 44 (54.3) 40 (48.8) 40 (67.8)
Yes 37 (45.7) 42 (51.2) 19 (32.2)
Radiation therapy 1221
No Masked?® 66 (80.5) Masked?
Yes Masked?® 16 (19.5) Masked?

Data given as no. (%) unless otherwise indicated.

“Masked per Surveillance, Epidemiology, and End Results-Medicare user agreement for confidentiality.

higher doses. A prospective study evaluating plasma octreotide
levels at different dosage levels of octreotide LAR showed that
although therapeutic levels were reached in all 3 groups tested
(10, 20, and 30 mg), there were differences in pharmacokinetics,
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including delay in reaching steady-state levels and lower trough
concentrations within the 10-mg group compared with higher
doses [15]. Furthermore, the 10-mg dose was least effective
in suppression of urinary 5-hydroxyindoleacetic acid levels, a
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Figure1l. Unadjusted Kaplan-Meier curves with 95% Hall-Wellner
bands for 5-year survival for patients with distant-stage neuroen-
docrine tumor by dosage group (dosage: <20 mg, 81 patients;
21-30 mg, 82 patients; >30 mg, 59 patients).

surrogate measure of symptom control in carcinoid syndrome.
Another study also showed that there were significant changesin
mean plasma levels of octreotide between the 20- and 30-mg
doses of octreotide LAR [15]. Furthermore, this study also showed
thatin addition to the dose, other factors such as body mass index
and sex also have a significant impact on plasma levels of
octreotide. Although this study did not evaluate the 10-mg dose,
it underscores the complex pharmacokinetics of octreotide and
variations of plasma levels between the available formulations.
Differences in survival could also be related to dose-dependent
antitumor effects. The antitumor effect of somatostatin analogs in
NET are thought to be multifactorial because of direct effects on
the tumor cells (e.g., induction of apoptosis, inhibition of cell
proliferation and growth) and effects on tumor microenvironment
(e.g., inhibition of angiogenesis, inhibition of trophic hormone
release) [16]. Some studies have also suggested additional effects
such as modulation of the immune system for somatostatin analogs
[16]. It is conceivable that some of these antitumor effects maybe
dose dependent and more pronounced at doses higher than 10 mg.
In our study, increases in dosage beyond 30 mg, as in the
high-dose group (>30 mg per 28 days) did not appear to
improve survival further compared with medium dosage. This
is in contrast to retrospective studies that have shown that
patients with refractory carcinoid syndrome achieve symptom
control byincreasing dose of octreotide LAR beyond 30 mg[14, 17].
These data are in line with consensus guidelines recommending
titration of octreotide LAR dose beyond 20-30 mg as required for
symptom control. However, few studies have evaluated the effects
of higher doses of octreotide LAR on survival and are also limited by
their small size and heterogeneity, although some have suggested
better tumor control by increasing octreotide dose at time of
progression [17]. First, increasing the octreotide dose could have
differential effects on hormone versus tumor control. Second,
while most of these studies looked at increasing the dose at
progression, our study attempted to discern the optimal initial
dosage. Finally, it is also possible that a survival benefit may
have been missed by the small size of our study or by its design
that combined all doses >30 mg into a single group, with 14
(23.7%) of the 59 patients having a dosage <40 mg. Multivariate
analyses suggested significantly worse survival for patients
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Table 3. Cox proportional hazard model for survival

Characteristic HR (95% Cl) p value
Dosage, mg

=20 2.000(1.318-3.035) .0011

21-30 1

>30 1.094 (0.671-1.7884) .7193
Carcinoid syndrome

No 1

Yes 1.398 (0.922-2.119) .1144
Age, years

65—-69 1

70-74 1.645 (0.986-2.745)  .0569

=75 1.185(0.731-1.922) .4901
Sex

Male 1

Female 1.450(0.995-2.113) .0531
Race/ethnicity

Non-Hispanic white 1

Others 0.936 (0.554-1.582) .8056
Comorbidity Score

0 1

=1 1.322(0.893-1.959) .1636
Tumor size, cm

=2 1

>2 0.892 (0.515-1.544) .6836

Unknown 1.495 (0.838-2.668) .1738
Histology grade

Well differentiated 1

Moderately or poorly 2.078 (1.068-4.044)  .0313

differentiated

Not determined or unknown 1.450 (0.886-2.375) .1392

or mixed
Primary site

Small intestine 1

Cecum and appendix 2.559 (1.291-5.071) .0071

Colon 2.807 (1.378-5.714) .0044

Larynx, bronchus, lung, 3.914 (1.855-8.259)  .0003

trachea,

other respiratory organs

Pancreas 2.313(1.293-4.139) .0047

Others 1.923 (0.961-3.848) .0647
Surgery of primary site

No 1

Yes 0.589 (0.341-1.091) .0584
Liver surgery

No 1

Yes 0.830(0.423-1.627) .5874
Chemotherapy

No 1

Yes 1.376 (0.942-2.009) .0987
Radiation therapy

No 1

Yes 1.467 (0.855-2.516)  .1641

Abbreviations: Cl, confidence interval; HR, hazard ratio.
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with higher-grade tumors and with primary sites outside of
the small intestine, including the pancreas. It should be noted
that because this dataset was limited to patients diagnosed up to
2009, it may not fully reflect the improvements in overall survival
of patients with pancreatic neuroendocrine tumors, because of
subsequent FDA approval of multiple drugs, including everolimus
and suninitib in May 2011 and lanreotide in December 2014.

This study is also subject to other limitations similar to
any retrospective, population-based observation study. For
example, patient characteristics and medical events can be in-
accurate or not fully captured in Medicare claims and there may
be other miscoding and inaccuracies in the claims. Furthermore,
there may be unobserved confounding issues in our analyses.
Although the three groups were well balanced for most
demographic factors, there were significant differences in age,
with a higher proportion of older patients in the low-dose
group. This may have led to worse survival in the low-dose
group. It is also possible that there are other unobserved
factors driving both the lower dosage and worse survival.
While prior studies have also shown that body mass index and
method of intramuscular administration have a significant
effect on octreotide levels, these variables were not captured
in our dataset [15, 18].

CONCLUSION

To our knowledge, this is the first population-based study
about the association between octreotide LAR dosage and
the survival of elderly patients with NET. We found that an
initial dosage level of 21-30 mg per 28 days starting within 12
months of diagnosis was significantly associated with better
survival compared with lower dosage level (=20 mg per 28
days). We did not identify statistically significant survival
differences between the higher dosage (>30 mg per 28 days)
and the medium dosage (21-30 mg per 28 days) groups.
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These results suggest potential survival benefits for octreo-
tide LAR provided within 12 months of diagnosis at a level of
21-30 mg per 28 days as an initial dosage among elderly
patients with distant-stage NET. Further studies examining
the dose-dependent effects of octreotide LAR on tumor
control are warranted.
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