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Abstract

AIM
To describe real-world treatment patterns of gastro-
intestinal neuroendocrine tumors (GI NET).

METHODS

In this retrospective cohort study, we used 2009-2014
data from 2 United States commercial claims databases
to examine newly pharmacologically treated patients
using tabular and graphical techniques. Treatments
included somatostatin analogues (SSA), cytotoxic
chemotherapy (CC), targeted therapy (TT), interferon
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(IF) and combinations. We identified patients at least
18 years of age, with = 1 inpatient or = 2 outpatient
claims for GI NET who initiated pharmacologic
treatment from 7/1/09-6/30/14. A 6 mo clean period
prior to first treatment ensured patients were newly
treated. Patients were followed until end of enrollment
or the study end date, whichever was first.

RESULTS

We identified 2258 newly treated GI NET patients:
mean (SD) age was 55.6 years (SD = 9.7), 47.2%
of the patients were between 55 and 64 years, and
48.8% were female. All regions of the United States
were represented. 59.6% started first-line therapy with
SSA monotherapy (964 with octreotide LAR, 380 with
octreotide SA, and 1 with lanreotide), 33.3% CC, 3.6%
TT, and 0.5% IF. The remainder received combinations.
Mean follow up was 576 d. Overall mean first-line the-
rapy duration was 361 d (449 d for SSA, 215 for CC,
267 for TT). 58.9% of patients had no pharmacological
treatment beyond first line. The most common second-
line was combination therapy with SSA. In graphical
pattern analysis, there was no clear pattern visible after
first line therapy.

CONCLUSION

In this study, 60% of patients initiated treatment
with SSA alone or in combination. The relatively long
time to discontinuation suggests possible sustained
effectiveness and tolerability.

Key words: Gastrointestinal neuroendocrine tumors;
Treatment patterns; Insurance claims; Somatostatin
analogue; Targeted therapy; Chemotherapy
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Core tip: In this retrospective study of real-world
treatment patterns, somatostatin analogues were
the most common initial pharmacologic treatment
in patients with gastrointestinal neuroendocrine
tumors, and most of the remaining patients began
treatment with chemotherapy. However, despite the
many treatment options, over half of the patients
discontinued treatments after first line and only
less than 10% of patients received any second-line
pharmacotherapy. Given limitations of claims data to
elucidate reasons for this lack of continued treatment,
a study using more detailed clinical information such as
medical charts or physician surveys is warranted.
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INTRODUCTION

Neuroendocrine tumors (NET) comprise a broad
family of rare and often slow growing malignancies.
NET can develop anywhere in the body and arise
from neuroendocrine cells throughout the endocrine
system™?, Approximately two-thirds of NET tumors
occur in the gastrointestinal (GI) tract. These sites
include the stomach, small intestine, appendix, colon,
and rectum®. NET secrete peptides and neuroamines
that cause distinct syndromes (e.g., carcinoid syn-
drome), in which case they are referred to as “functional”
tumors. Clinical presentation depends on the site of
the primary tumor and whether they are functional.
Surgery may be curative in the early stages, but
delayed diagnosis is typical.

While rare, the incidence and prevalence of NET
appear to be increasing worldwide*®!. The incidence
of NET in the United States increased from 10.9 cases
per million person-years (PMPY) in 1973 to 52.5 PMPY
in 2004, and to 69.8 PMPY in 2012 as reported using
the United States Surveillance Epidemiology and End
Results database'®’. Prevalence also increased and
was reported as 216 per million per year for GI NET in
the United States.

The management of GI NET is based on a variety
of factors including stage, anatomic location, and the
presence and type of symptoms. The most recent
NCCN guidelines for unresectable and metastatic GI
NET recommend somatostatin analogues (SSA) as
first-line treatment, but do not recommend a particular
treatment sequence for the remaining therapies™.
Considering the heterogeneity of GI NET tumors and
the resultant lack of specificity in guidelines, we aimed
to describe the current real-world treatment patterns
of GI NET in a large sample of patients.

MATERIALS AND METHODS

Data source

We conducted a longitudinal, retrospective cohort
analysis of newly pharmacologically treated GI NET
patients using two large United States commercial
claims databases. Data from the Truven Health
Analytics MarketScan database and the IMS Phar-
Metrics database (both using dates from January
1, 2009 to December 31, 2014) were combined to
increase sample size. To prevent duplicate records,
patients with the same age, gender, region, and date
of first GI NET diagnosis in a calendar year found
in both databases were randomly removed from
one of the databases. Both databases are Health
Insurance Portability and Accountability Act compliant
administrative claims databases that contain de-
identified adjudicated medical claims (e.g., inpatient
and outpatient services) and pharmacy claims (e.g.,
outpatient prescriptions) submitted for payment by
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Day 1
(first GI NET pharmacologic t eatment)

6-mo washout period
(No GI NET treatment)

1/1/09

Follow-up period
(Until the end of enroliment or 12/31/14)

AN

12/31/14

7/1/09

6/30/14

Identification period

Figure 1 Study timeline. The first gastrointestinal neuroendocrine tumors (GI NET) pharmacologic treatment claim on or after the appearance of the GI NET
diagnosis code and within the ID period (7/1/2009 to 6/30/2014) was considered to be the index date. Patients were required to be enrolled for a baseline period of at
least six months before the index date. Patient follow-up was variable and continued until the end of enrollment or the study end date (12/31/14), whichever was first.

providers, healthcare facilities, and pharmacies. For
both data sources, claims include information on each
physician visit, medical procedure, hospitalization,
drug dispensed, date of service, number of days of
medication supplied, test performed, and complete
payment information. Each medical claim has a principal
diagnosis and secondary diagnoses codes associated
with it. Available patient demographic information
includes age, gender, and geographic region. Dates of
enrollment and disenrollment are also recorded. As the
data were fully de-identified, this study was considered
exempt from approval by the Institutional Review
Board.

Cohort selection

Patients at least 18 years of age were identified
from each dataset if they had at least 1 inpatient or
2 outpatient claims with an International Statistical
Classification of Disease-9-Clinical Modification (ICD-
9-CM) for GI NET (209.00-209.03, 209.10-209.17,
209.23, 209.24-209.27, 209.40-209.43,
209.50-209.57, 209.62, 209.65-209.67) during the
study period (1/1/2009-12/31/2014). The first GI
NET pharmacologic treatment claim on or after the
appearance of the GI NET diagnosis code and within
the ID period (7/1/2009 to 6/30/2014) was considered
to be the index date. Patients were required to be
enrolled for a baseline period of at least six months
before the index date. To ensure new treatment,
patients with any evidence of pharmacologic treatment
during this baseline period were excluded. In order
not to include the same patient twice, we searched for
any patients with the same age, gender, region, and
date of GI NET diagnosis who could be found in both
databases, but we found none. Patient follow-up was
variable and continued until the end of enroliment or
the study end date (12/31/2014), whichever was first
(Figure 1).

Study variables and measures

The primary outcome measure was the use of
pharmacologic or liver directed therapy. Pharmaco-
therapy was divided into four groups: SSA, TT, CC
and IF. SSA included octreotide and lanreotide, TT
included everolimus and sunitinib, and CC included
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temozolomide, streptozotocin, doxorubicin, liposomal
doxorubicin, fluorouracil, capecitabine, dacarbazine,
oxaliplatin and thalidomide. Pharmacologic therapy
was identified in claims using both the Healthcare
Common Procedure Coding System (HCPCS) and
National Drug Codes (NDC). Liver directed therapies
comprised liver resection, transplant, lesion ablation
(using radiotherapy, cryotherapy, microwave and
thermal energy, and including laparoscopic, open
and percutaneous routes), embolization (including
bland, radioisotope, and chemotherapy), and radiation
therapy. Liver directed therapies were identified in
claims using HCPCS, ICD-9-CM, and Current Procedural
Terminology (CPT) codes. Chemotherapy observed
only once and on the same date as embolization was
considered chemoembolization and not part of a pharma-
cologic regimen.

First-line therapy was defined as the pharmacologic
treatment regimen observed on, or within three
months of, the index date. Therapy included mono-
therapy or combination therapies. A three-month
period after the index date was used to identify
pharmacologic therapy intended as first-line but not
administered on the index date. This would include,
for example, combination chemotherapy where the
second agent is given after some delay. Second-line
therapy was defined as beginning when treatment was
switched from one category of pharmacotherapy to
another (e.g., from SSA alone to CC alone), or when a
new category of treatment was added (e.g., from SSA
alone to SSA plus CC). Changes from one cytotoxic
agent to another, or one SSA to another, were not
considered a switch. The first day of treatment switch
or addition was defined as the initiation date of second-
line therapy.

Statistical analysis

Means and proportions were presented in tabular
analyses. An inverse Kaplan-Meier curve was used
to show duration of first-line therapy. All data
transformations and statistical analyses were performed
using SAS® version 9.4 (SAS Institute, Cary, NC).
Graphical analyses were conducted using GRAPHx™,
a proprietary graphics-based algorithm. The GRAPHXx
method uses multi-colored line segments to represent
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PharMetrics database

2900 GI NET patients received
pharmacologic treatment’ in ID period
(7/1/2009-6/30/2014)

2453 GI NET patients received
pharmacologic treatment" in ID period
(7/1/2009-6/30/2014)

430 had treatment in the 6mo
pre-index period

932’ started treatment before
the first GI NET diagnosi

7 were < 18 yr old

n = 1531

n=1216

315 were not continuously
lenrolled in 6 mo pre-index period

435 had treatment in the 6 mo
pre-index period

n=2018

711° started treatment before
the first GI NET diagnosi

1 was < 18 yr old

264 were not continuously
enrolled in 6 mo pre-index period

/////

‘ 2258 Newly treated GI NET patients ‘

Figure 2 Patient identification. There were 2900 and 2453 gastrointestinal neuroendocrine tumors (Gl NET) patients who also had a claim for pharmacologic
treatment between 7/1/2009 and 6/30/2014 in the MarketScan and PharMetrics databases, respectively. After excluding patients who had treatment during a 6-mo
pre-index period (and therefore were considered to be continuing, rather than initiating, treatment); received treatment before receiving a diagnosis of Gl NET; were
< 18 yr old; or were not continuously enrolled in the 6-mo pre-index period, there remained 2258 newly treated GI NET patients who were included in the study.
'Somatostatin analogues (SSAs), targeted therapy, cytotoxic chemotherapy, or interferon; 2324 (34.8%) within 3 mo, and 516 (55.4%) within 6 mo; *249 (35.0%) within

3 mo, and 380 (53.4%) within 6 mo.

various treatments, plotting them over time. The
images are reviewed visually for the presence and
length of segments and change in colors and patterns
over time.

RESULTS

There were 2900 and 2453 patients meeting the
definition of GI NET who also had a claim for pharma-
cologic treatment between 7/1/2009 and 6/30/2014 in
the MarketScan and PharMetrics databases, respectively.
After excluding patients who had treatment during a
6-mo pre-index period (and therefore were considered
to be continuing, rather than initiating, treatment);
received treatment before receiving a diagnosis of GI
NET; were < 18 years old; or were not continuously
enrolled in the 6-mo pre-index period, there remained
2258 newly treated GI NET patients who were included
in the study (Figure 2).

Gender was evenly split with n = 1103 (48.8%)
female patients and n = 1155 (51.2%) male. The
average age was 55.6 years (SD = 9.7) and 47.2% of
the patients were between 55 and 64 years. All regions
of the United States were represented. More than half
of patients, n = 1345 (59.6%), were treated with SSA
as first-line monotherapy, 964 with octreotide LAR, 380
with octreotide SA, and 1 with lanreotide. An additional
75 patients (3.3%) received SSA in combination with
other either CC, TT or IF. The second largest group, n
= 752 (33.3%), was treated with CC monotherapy,
and n = 81 (3.6%) received TT monotherapy (Table 1).
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Mean duration of first-line therapy was 361 d (SD =
385) for all newly treated patients. The mean observed
duration of treatment for first-line SSA monotherapy
users was 449 d (SD = 434.2). It was 215 d (SD =
228.8) for first-line CC monotherapy and 267 d (SD =
325.7) for first-line TT monotherapy (Table 2). By 588
d of treatment (1.61 years), half of SSA initiators had
discontinued treatment, compared to 182 d (0.498
years) for half of CC users and 171 d (0.47 years) for
half of TT users to discontinue treatment (Figure 3).
Liver directed therapy was used by 12.5% during first-
line pharmacologic therapy; another 3.7% received it
sometime after the first-line (Table 2).

By the end of the study follow-up period [mean
(SD, median) of 576 d (447.1, 454)] 58.9% (n =
1331) patients had stopped pharmacologic therapy
completely. These patients continued to be enrolled
in one of the databases but no longer had claims
for pharmacologic treatment. In Figure 4, these
patients can be identified as colored line segments
that terminate in gray segments of variable length,
with the gray representing the period of no treatment.
An additional 32.7% (n = 738) continued their initial
therapy until the end of their enrollment; these
patients were still receiving their first-line therapy at
the time they left a covered plan or reached the end
of study. This pattern is shown in Figure 4 as a colored
segment terminating in white. The remaining 8.4%
(n = 189) were observed to change pharmacologic
treatment during the follow-up period (a colored
segment terminating in different colored segment)
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Figure 3 Time to discontinuation of first-line treatment. By 588 d of treatment (1.61 yr), half of SSA initiators had discontinued treatment, compared to 182 d (0.498
yr) for half of CC users and 171 d (0.47 yr) for half of TT users to discontinue treatment. SSA: Somatostatin analogues; CC: Cytotoxic chemotherapy; TT: Targeted
therapy.
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Figure 4 Pharmacologic treatment. By end of study follow-up [mean (SD, median) of 576 d (447.1, 454)], 58.9% (n = 1331) patients had stopped pharmacologic
therapy completely. These patients (no pharmacologic treatment claims, but remained enrolled in one of the databases) can be identified as colored line segments
that terminate in gray segments of variable length, with the gray representing the period of no treatment. An additional 32.7% (n = 738) continued their initial therapy
until the end of their enroliment; these patients were still receiving their first-line therapy at the time they left a covered plan or reached the end of study. This pattern
is shown as a colored segment terminating in white. The remaining 8.4% (n = 189) were observed to change pharmacologic treatment during the follow-up period (a
colored segment terminating in different colored segment). Liver directed therapy (short, red segments) appears dispersed throughout periods of both pharmacologic
treatment (colored segments) and periods of no pharmacologic treatment (gray segments). SSA: Somatostatin analogues; CC: Cytotoxic chemotherapy; TT: Targeted
therapy; IF: Interferon.
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Table 3 Second-line treatment, stratified by first-line treatment » (%)

First-line treatment

Patients with

second-line treatment

SSA CC T SSA + CC SSA + TT TT + CC IF
n 128 33 14 5 7 1 1 189
67.7% 17.5% 7.4% 2.6% 3.7% 0.5% 0.5% 100.0%
Second-line treatment
SSA +TT 51 (39.8) 4 (12.1) 4 (28.6) 3 (60.0) 0(0) 1(100.0) 63 (33.3)
SSA + CC 33 (25.8) 6(18.2) 0(0) 5(71.4) 0(0) 0(0) 44 (23.3)
CC 24 (18.8) 4 (28.6) 0 (0) 1(14.3) 0(0) 0 (0) 29 (15.3)
SSA 16 (48.5) 5(35.7) 0 (0) 0(0) 1 (100.0) 0 (0) 22 (11.6)
T 12 (94) 7(21.2) 2 (40.0) 0(0) 0 (0) 0 (0) 21 (11.1)
SSA +IF 3(23) 0 (0) 0(0) 0 (0) 0(0) 0(0) 0(0) 3 (1.6)
IF 2 (1.6) 0 (0) 0(0) 0 (0) 0(0) 0 (0) 0 (0) 2(1.1)
TT + CC 1(0.8) 0 (0) 1(7.1) 0 (0) 0(0) 0(0) 2(1.1)
SSA + TT + CC 1(0.8) 0 (0) 0(0) 0 (0) 1(14.3) 0(0) 0(0) 2(1.1)
SSA + CC +IF 1(0.8) 0 (0) 0(0) 0 (0) 0(0) 0 (0) 0(0) 1(0.5)

SSA: Somatostatin analogues; CC: Cytotoxic chemotherapy; TT: Targeted therapy; IF: Interferon.

high-risk patients showed the lowest concordance
with only 36% being treated per recommendation'*?.
In a prospective study of women with breast cancer,
Giorano and colleagues found that 83% of patients
55-64 years old received care concordant with
chemotherapy guidelines compared with 29% of
patients 75 or older'*®..

The finding that only a small proportion of patients
are observed to receive second-line treatment is
also surprising. The 5-year survival of patients with
advanced GI NET is more than 70%. Most surviving
patients would be expected to receive continued
treatment, whether in the form of liver-directed
treatment or pharmacotherapy. We considered
multiple explanations for this finding. First, although
median follow-up was over 15 mo, many patients
were eventually lost to follow-up when they disenrolled
from a plan included in our databases. One third of
patients were continuing to use their index treatment
when they were lost to follow-up. Whether (or when)
these individuals progressed to second-line treatment
cannot be determined using these databases. If these
patients were systematically different from the ones
who remained under observation, our results would be
biased.

Despite this significant loss to follow-up, nearly
60% of patients were observed to continue enroliment
but stop therapy. That is, they survived and remained
in the data set, but no second-line pharmacotherapy
use could be identified. We considered the possibility
that these patients received some liver-directed
treatment that alleviated their symptoms or controlled
their disease, obviating the need for second-line
treatment. However, we found no evidence of this:
liver-directed treatment was observed in only 5.5%
of patients around the time they stopped first-line
treatment. We also considered whether some patients
may have had a secondary source of payment, such
that their claims for pharmacotherapy did not appear
in our databases. Just over 11% of patients were 65
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and older and would have been eligible for Medicare.
Payment rules regarding patients with both commercial
coverage and Medicare are complex!** but generally
require the commercial payer (for which we did have
data) to be primarily responsible for payment. In cases
where Medicare had primary responsibility, we would
have missed claims for pharmacologic or liver-directed
therapy and thus underestimated treatment. The
magnitude of this problem is impossible to know using
our current data source. A study using Medicare data
and examining patients over 65 only might be less
likely to suffer from this bias. Finally, it may indeed be
the case that some patients stop therapy completely.
Such patients may be terminal and choose not to
undergo further treatment, or they may be relatively
asymptomatic and decline to be treated on that basis.
Further research with detailed clinical data would be
needed to confirm which, if any, of these explanations
is the most accurate.

In this large, claims-based, retrospective study
of real-world pharmacologic treatment patterns, we
found that 60% of GI NET patients began therapy
with SSA and about one-third with CC. The relatively
long time to discontinuation of SSA, as well as their
use in combination with other agents, suggests they
may be well tolerated and potentially have sustained
effectiveness. We also found that over half of the
patients discontinued treatment after first-line and
only less than 10% of the patients received second-
line treatment despite the availability of a number
of different options. To address the limitations of
this study and expand knowledge of real-world treat-
ment patterns, a study using more detailed clinical
information such as medical charts or physician
surveys is warranted. In addition, future studies should
consider using databases that would allow for greater
longitudinal follow-up, such as registries, to assist in
the further understanding of treatment patterns and
length of therapy.
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COMMENTS

Background

Neuroendocrine tumors (NET) comprise a broad set of rare tumors. Almost 2/3
arise in the gastrointestinal (Gl) tract. The management of GI NET is based
on a variety of factors including stage, anatomic location, and the presence
and type of symptoms. The most recent NCCN guidelines for unresectable
and metastatic GI NET recommend somatostatin analogues (SSA) as first-
line treatment, but do not recommend a particular treatment sequence for the
remaining therapies.

Research frontiers

This study’s results add to the limited knowledge about real-world treatment
patterns for GI NET, which is especially significant in light of the lack of
treatment guidelines regarding treatment sequences beyond first-line therapy.

Innovations and breakthroughs

This study used two very large, nationally representative claims databases
to describe real-world treatment of GI NET. The three key findings were: first,
the most common initial pharmacologic treatment was with SSA, with average
duration of use of just over 18 mo; second, although 60% of patients initiated
treatment with SSA alone or in combination, most of the remainder began
treatment with cytotoxic chemotherapy, therapy recommended by NCCN
only if no other options (SSA, targeted therapy, or liver directed treatment)
are feasible; and third, despite the many available treatment options, less
than one in 10 patients was observed to receive treatment with second-line
pharmacotherapy of any type. The authors findings are consistent with a recent
large case series from a tertiary referral center that found SSA and CC were
the two most common treatment strategies used for gastroenteropancreatic
NET. Previous studies have also found significant divergence between clinical
guidelines and treatment in other, more common, cancers.

Applications

This study suggests that there is frequent use of CC in GI NET treatment,
although CC is relatively ineffective in these patients and recommended only
if other options are not feasible. This may be a result of clinicians unfamiliarity
with either best practice recommendations or the available, albeit limited,
data on GI NET treatment. To address the limitations of this study and expand
knowledge of real-world treatment patterns, a study using more detailed
clinical information such as medical charts or physician surveys is warranted.
In addition, future studies should consider using databases that would allow
for greater longitudinal follow-up, such as registries, to assist in the further
understanding of treatment patterns and length of therapy.

Terminology

NET arise from cells that release hormones in response to nerve stimulation.
Insurance claims databases compile coded information related to charges for
medical care for large populations, but they do not contain clinically detailed
records.

Peer-review
The article aims to describe real-world treatment patterns of GI NET.
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