
Real-World Treatment Patterns and Clinical Outcomes

in Advanced Gastrointestinal Neuroendocrine Tumors (GI NET):

A Multicenter Retrospective Chart Review Study
MATTHEW H. KULKE,a,b AL B. BENSON ,c ARVIND DASARI ,d LYNN HUYNH,e BEILEI CAI ,f TODOR TOTEV ,e NINA ROESNER,e

MEI SHENG DUH ,e MAUREEN P. NEARY,f VICTORIA E. MAURER,c BRANDON E. SHIH,g CECILE G. DAGOHOY,d JENNIFER CHAN,a

EMILY K. BERGSLAND g

aDana-Farber Cancer Institute, Boston, Massachusetts, USA; bHematology/Oncology Section, Boston University Cancer Center, Boston,
Massachusetts, USA; cRobert H. Lurie Comprehensive Cancer Center, Northwestern University, Chicago, Illinois, USA; dMD Anderson
Cancer Center, University of Texas, Houston, Texas, USA; eAnalysis Group, Inc., Boston, Massachusetts, USA; fNovartis Pharmaceuticals
Corporation, East Hanover, New Jersey, USA; gHelen Diller Family Comprehensive Cancer Center, University of California San Francisco,
San Francisco, California, USA
Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Gastrointestinal neuroendocrine tumor • Treatment patterns • Somatostatin analogs • Real-world analysis

ABSTRACT

Background. We assessed treatment patterns and outcomes
of patients with advanced gastrointestinal (GI) neuroendocrine
tumors (NET) at four large tertiary referral centers in the U.S.
Patients and Methods. We performed a retrospective chart
review of patients aged ≥18 years at advanced GI NET diag-
nosis, treated between July 2011 and December 2014. Index
date was the histologically confirmed diagnosis date of
locally advanced/metastatic GI NET. Data included baseline
characteristics, treatment patterns, progression, death, and
GI NET-related health care resource utilization from index
date through last contact or death. Time-to-event analyses,
including treatment discontinuation, progression, and overall
survival (OS), were performed using Kaplan-Meier analysis.
Results. We identified 273 patients; 156 (57%) had primary
ileum NET, and 174 (64%) had functional NET. First-line
treatments included somatostatin analog (SSA) alone (89%)
or in combination (2%), liver-directed therapy (LDT; 8%), and

cytotoxic chemotherapy or interferon (2%). One hundred
fifty-five patients continued with second-line therapy, includ-
ing SSA alone (17%) or in combination (75%, with 3% com-
bined with peptide receptor radionuclide therapy), LDT (4%),
and other treatments (3%). Median time (months) to first-
line discontinuation was 154.0 for SSAs and 3.8 for cytotoxic
chemotherapy. Overall median time to investigator-assessed
progression following treatment initiation was 30.3 months.
Median OS (months) following first-line initiation was 151.8
for all patients and 178.9 for first-line SSA.
Conclusion. Our study illustrates the common use of SSAs
in both first-line and subsequent treatment of patients with
GI NETs, as well as the relatively long survival durations
and multiple additional treatments received by patients
with this condition. Treatment pattern assessment at later
times, following approval of newer treatments, is war-
ranted. The Oncologist 2019;24:1056–1065

Implications for Practice: This study, assessing treatment patterns over a period of up to 30 years, showed that SSAs, LDT,
cytotoxic chemotherapy, and interferon are common treatments for advanced GI NETs. SSAs alone or in combination with
other treatments were the most frequent therapy in first and subsequent lines. Patients in this study remained on SSAs
long-term, with median treatment duration of 12.8 years in first line. Treatment patterns should be assessed beyond this
study’s time period, given recent U.S. Food and Drug Administration approvals for additional treatments for GI NET, which
will likely be incorporated in the continuum of care of patients.
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INTRODUCTION

Neuroendocrine tumors (NETs) are generally slow-growing
malignancies arising from neuroendocrine cells found
throughout the body [1]. Although NETs have been consid-
ered rare, increasing incidence has been demonstrated
using Surveillance, Epidemiology and End Results (SEER)
cancer registry data in the U.S. From 1973 to 2012, inci-
dence in the U.S. rose from 1.09 per 100,000 to 6.98 per
100,000 persons [2]. Prevalence also increased, which
might be due to improved detection through endoscopic
and radiologic imaging and increasing survival time of peo-
ple with the disease [2, 3]. Adjusting for age, the estimated
20-year limited-duration prevalence of NETs in the U.S. was
171,321 as of January 1, 2014 [2]. Among gastrointestinal
(GI) NETs, incidence of NETs in the small intestine and rec-
tum has grown faster than those in the stomach and colon.
In 2008, the age-adjusted incidence rates of NETs per
100,000 persons were 1.2 for the small intestine, 1.1 for
the rectum, 0.4 for the stomach, and 0.3 for the colon [3].

Functional NET tumors cause distinct syndromes such
as carcinoid syndrome (CS) because of secreted peptides
and neuroamines [4]. Patients with symptoms of hormone
secretion often benefit from treatment with somatostatin
analogs (SSAs) [2], including octreotide, lanreotide, and
pasireotide; recently telotristat ethyl has also become
available as a treatment for CS diarrhea [5]. A range of
treatments are also available to control tumor growth.
These also include SSAs [6–8], as well as targeted therapy
such as everolimus [9], peptide receptor radionuclide ther-
apy (PRRT), interferon alfa, cytotoxic chemotherapy, and
liver-directed therapy (LDT) for hepatic-predominant dis-
ease [10]. SSAs are generally recommended as a first-line
treatment for the majority of patients, but no particular
treatment sequence has been defined for subsequent lines
of therapies [10]. Additionally, the value of continued SSA
treatment in subsequent lines of therapy in patients with
nonfunctional tumors is unknown. To better understand
treatment patterns and outcomes for patients with advanced
GI NETs, we performed a retrospective chart review of
patients and assessed treatment patterns for patients with
GI NETs treated at four major tertiary care centers in
the U.S.

MATERIALS AND METHODS

Study Design and Study Population
This study was a multicenter, noninterventional, retrospec-
tive chart review among patients with GI NET, conducted
at the following cancer centers: Dana-Farber Cancer Insti-
tute (DFCI) in Boston, MA; MD Anderson Cancer Center
(MDACC) in Houston, TX; Helen Diller Family Comprehen-
sive Cancer Center at University of California, San Francisco
(UCSF); and Robert H. Lurie Comprehensive Cancer Center
at Northwestern University in Chicago, IL. These cancer
centers were selected for inclusion in the study because
they have sizeable populations of patients with NET with
long duration of follow-up, allowing for the assessment of
long-term outcomes such as progression and survival.

Eligible patients included those with locally advanced
or metastatic GI NET, were at least 18 years of age at time
of diagnosis, and had a histologic diagnosis of a well-
differentiated or moderately differentiated NET. Those with
tumors of unknown primary site were eligible, provided that
the treating physician did not suspect medullary thyroid can-
cer, pancreatic NET, paraganglioma, or pheochromocytoma.
Patients were required to have been treated with SSAs, tar-
geted therapy (e.g., everolimus, sunitinib, bevacizumab),
cytotoxic chemotherapy, PRRT, LDT, or interferon alfa
between July 2011 and December 2014 (i.e., identification
period) and while under care at the institution; patients
were permitted to have initiated therapy prior to July 2011.
Eligible patients may have received some of their care out-
side of the institution provided that their advanced GI NET
treatment and clinical outcome information were available,
they received comprehensive care at the institution, and
they had at least two visits in the 14 months prior to the
last visit at the institution. Patients with poorly differenti-
ated histology, pancreatic NET, or mixed tumor types
(e.g., NET plus other histology, goblet cell carcinoid, compos-
ite carcinoid, adenocarcinoid) were excluded.

The observation period for a given patient was the time
from the date of diagnosis of advanced GI NET (index date)
until the later of date of last contact or death (Fig. 1). Base-
line patient characteristic data at index date, including
demographics, comorbidities, treatment history, and dis-
ease characteristics, were collected.

Treatment data, including types of treatment (i.e., phar-
macological, surgical, LDT, and radiotherapy), doses, dose
modifications, and dates of treatment initiation, termination
or discontinuation as recorded in medical charts, and rea-
sons for discontinuation, were collected for the observation
period. For the treatment pattern analysis, only pharmaco-
logical therapies, LDT, and radiotherapy were considered.
Surgeries, such as debulking procedures, were not included
in the treatment pattern analysis; surgery as a first-line
treatment for metastatic GI NET is only recommended when
a large portion of disease burden can be safely resected,
and few patients meet this criterion [11]. In determining
treatment sequence, treatment discontinuation was defined
as the first 1-month gap between treatments for the same
therapy, with the exception of LDT, for which the gap was
6 months between LDT treatments. Time to treatment dis-
continuation was defined as the time from initiation of a
therapy to its discontinuation for any reason. Overlap of
individual pharmacological or medical procedures longer
than 14 days was classified as a combination treatment regi-
men. Multiple LDT procedures occurring within a 6-month
period were considered as one LDT regimen. Addition of a
new agent demarcated the line of treatment (e.g., first line
and second line of therapy). Data on treatment at progres-
sion and treatment after progression were collected.

Clinical outcome data included tumor progression and
death. For tumor progression, physicians could review the
radiologists’ notes in the medical charts, to assess whether
a patient’s status improved (responded), stayed the same
(stabilized), or worsened (progressed).

© AlphaMed Press 2019www.TheOncologist.com

Kulke, Benson, Dasari et al. 1057



GI NET-related health care resource utilization (HRU)
data were also collected and included number and length
of inpatient stays, emergency room visits, and outpatient/
medical specialist visits.

Clinical research coordinators (CRCs) at the hospitals
screened patient records and identified the records of eligi-
ble patients based on inclusion criteria. CRCs then entered
information from the patient charts related to patient
demographic and clinical characteristics, treatment pat-
terns, clinical outcomes, and HRU into an electronic case
report form via a secure Web site; data abstraction was
conducted between August 8, 2016 and May 15, 2017.

Data were deidentified and complied with the patient con-
fidentiality requirements of the Health Insurance Portability
and Accountability Act. All study materials were approved by
local institutional review boards at each of the four institutions.

Statistical Analysis
Data collected from all centers were pooled for the analy-
sis. Descriptive statistics were calculated using frequencies
and proportions for categorical variables and means, stan-
dard deviations, and medians for continuous variables. A
Sankey treatment sequence flow chart was developed to
show specific treatments by line of therapy over time. A
GRAPHx chart was developed, in which each colored segment
indicates a treatment and the multicolored line segments
reflect treatment durations and sequences over time for indi-
vidual patients.

In the time-to-event analyses, the time origin was set at
the initiation of pharmacological therapies, LDT, or radiother-
apy. Median and 95% confidence intervals (CIs) for time to
treatment discontinuation, time to first physician-assessed
progression, time from first physician-assessed progression
to second physician-assessed progression, and overall sur-
vival from time of first-line treatment initiation were esti-
mated using Kaplan-Meier analysis in which patients who did
not have the event were censored. Incidence rates were cal-
culated to summarize GI NET-related hospitalizations, emer-
gency room visits, and outpatient visits from diagnosis of
advanced GI NET to the later of the date of last contact or
death. A Poisson probability density function was used to cal-
culate 95% CIs of incidence rates.

All analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC).

RESULTS

Two hundred and seventy-three eligible patients were
included in this study (80 at DFCI, 80 at MDACC, 59 at
UCSF, and 54 at Northwestern).

Demographic and Clinical Characteristics at Baseline
Among the 273 patients included in this study, half were
female, and the majority were white (83%), with a mean
age of 59 years at advanced NET diagnosis. The earliest
recorded advanced NET diagnosis was in March 1987, and
the latest recorded date of contact was in May 2017.
Patients were followed for a median of 4.7 years (range,
0.1–29.7) since diagnosis of advanced GI NET. Seventy per-
cent of patients had comorbidities, the most common being
hypertension (42%), other nonpancreatic cancers (13%),
diabetes without end-organ damage (12%), and hyperlipid-
emia (11%). The most common primary site of NET was
ileum (57%), and the most common sites of metastases were
liver (86%) and lymph nodes (45%). The mean number of
metastasis sites at advanced NET diagnosis was 1.4. Ki-67
proliferation index was available for 45% of patients with a
median proliferation index of 2% (interquartile range, 1%–
5%). Mitotic rate was available for 50% of patients with a
median rate of 1 (interquartile range, 1–2) mitosis per ten
high-power fields (HPFs). Among the 137 patients for whom
the mitotic rate was known, 62% had fewer than two mitotic
figures per ten HPFs, and 38% had at least two mitotic fig-
ures per ten HPFs. Neither Ki-67 proliferation index nor
mitotic rate was available for 34% of the patients, but histo-
logic differentiation was specified in the chart. Three percent
of patients had confirmed or suspected hereditary cancer
syndrome or family history of NET. The majority of patients
were diagnosed with functional NET (64%); of these, 99%
had CS and 1% had gastrinoma. The most common CS symp-
toms were diarrhea (87%) and flushing (73%). Table 1 sum-
marizes the baseline demographic and clinical characteristics
of the study population.

Observation period

- Treatment sequence

- Treatment duration

- Dose changes

- Treatment failure

- Progression

- Death

Index date

- Demographics

- Clinical characteristics

Time

Later of date of 

last contact or 

date of death

Date of chart review

(August 8, 2016 –

May 15, 2017)

Index date: 

Date of diagnosis of advanced 

GI NET

(March 12, 1987 –

October 22, 2014)

Identification period

Patient treated with one of the following therapies 

between July 1, 2011 and December  31, 2014

- SSAs

- Targeted therapy

- Cytotoxic chemotherapy

- Peptide receptor radionuclide therapy

- Liver-directed therapy

- Interferon alfa

Figure 1. Study design.
Abbreviations: GI, gastrointestinal; NET, neuroendocrine tumor; SSA, somatostatin analog.
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Treatment Patterns
Table 2 displays the first- and second-line treatment regi-
mens for the study population. The majority of patients
were treated with SSA: 240 (88%) of patients were treated
with octreotide alone and 5 (2%) in combination with LDT,
everolimus, or other treatment, as first-line therapy; 1 (<1%)
patient was treated with pasireotide, and none was treated
with lanreotide. Twenty-one (8%) underwent treatment
with LDT, and 5 (2%) were treated with cytotoxic chemo-
therapy (agents include capecitabine, carboplatin, etoposide,
gemcitabine, and temozolomide) or interferon as first-line
therapy. LDT included bland embolization, hepatic arterial
embolization, liver ablation, liver resection, microwave abla-
tion, radioembolization, radiofrequency ablation, transarter-
ial embolization, and transarterial chemoembolization. In
total, 155 (57%) of all patients received second-line therapy;
of these, 144 (93%) continued treatment with SSAs, most
commonly with the addition of a second agent. Figure 2
illustrates the switches in therapy from first-line to second-
line and up to seven lines of therapy. SSAs were a common
treatment across lines of therapy. In second-line and subse-
quent lines of therapy, there were instances in which PRRT
was combined with other treatment or given alone.

Figure 3 illustrates treatment duration and sequences.
All therapies received over the entire course of treatment
are shown, each with a different color. SSAs, specifically
octreotide, appear as the most frequently used therapy.
Median time to first-line discontinuation was 154.0 (95% CI,
95.1–not reached) months for SSAs and was 144.5 (95% CI,
83.0–177.4) months for octreotide alone, specifically. Those
with first-line octreotide treatment and functional NET had a
median time to discontinuation of 144.5 months, and those
with nonfunctional NET had a median of 117.1 months.

Table 1. Demographic and clinical characteristics at
baseline

Demographic and clinical characteristics
All patients
(n = 273), n (%)

Age at advanced NET diagnosis, mean
(SD), yr

59.0 (11.6)

Female 137 (50.2)

Racea

White 226 (82.8)

Black/African American 18 (6.6)

Hispanic/Latino 17 (6.2)

Asian/Pacific Islander 5 (1.8)

Native American/American Indian 1 (0.4)

Unknown/not sure 7 (2.6)

Comorbidities

Hypertension 114 (41.8)

Cancer other than pancreatic 35 (12.8)

Diabetes without end-organ damage 32 (11.7)

Hyperlipidemia 31 (11.4)

Depression 19 (7.0)

Hypothyroidism 19 (7.0)

Primary site of NETa

Ileum 156 (57.1)

Rectum 9 (3.3)

Jejunum 8 (2.9)

Duodenum 5 (1.8)

NET of unknown origin 3 (1.1)

Other GIb 79 (28.9)

Unknown 7 (2.6)

Metastasis sites at advanced NET
diagnosis (number of sites), mean (SD)

1.4 (0.8)

Histologic grade

Grade 1 174 (63.7)

Grade 2 58 (21.2)

Grade 3 1 (0.4)

Unknown 40 (14.7)

Ki-67 proliferation index available 124 (45.4)

Proliferation index, median
(interquartile range), %

2.0 (1.0–5.0)

Mitotic rate measure available 137 (50.2)

Mitotic rate (per HPF), median
(interquartile range)

1.0 (1.0–2.0)

Neither mitotic rate nor Ki-67
proliferation index available

94 (34.4)

Hereditary cancer syndrome or family
history of NET

Yes 5 (1.8)

No 266 (97.4)

Suspected but not confirmed 2 (0.7)

Type of NET

Functional 174 (63.7)

Carcinoid syndrome 173 (63.4)

Gastrinoma 1 (0.4)

Nonfunctional 99 (36.3)

(continued)

Table 1. (continued)

Demographic and clinical characteristics
All patients
(n = 273), n (%)

Type of carcinoid syndrome symptoms
experiencedc

Diarrhea 150 (86.7)

Flushing 127 (73.4)

Abdominal pain 22 (12.7)

Palpitations 11 (6.4)

Cramping 8 (4.6)

Heart valvular lesions 5 (2.9)

Wheezing 5 (2.9)

Headaches 3 (1.7)

Chest pain 1 (0.6)

Peripheral edema 1 (0.6)

Other 6 (3.5)
aMultiple responses were allowed, so counts and percentages
may not sum to the total n or 100%.
bOther primary NET sites include ampulla, appendix, cecum,
colon, small bowel (exact site unknown), small bowel mesen-
tery, small intestine, and stomach.
cThis is reported based on a subset of patients who experi-
enced symptoms. Multiple responses were allowed, so counts
and percentages may not sum to the total n or 100%.
Abbreviations: HPF, high-power field; NET, neuroendocrine tumor.
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Median time to first-line discontinuation was 3.8 (95% CI,
2.0–9.2) months for cytotoxic chemotherapy.

Only ten patients (4%) in the study population were
treated with lanreotide with doses ranging from 90 mg
every 4 weeks (n = 1) to 120 mg every 4 weeks (n = 5);
four patients received unknown dosage. In evaluating
octreotide doses administered during the observation
period, most patients (86%) initiated octreotide with a

dose of 30 mg every 4 weeks or less (supplemental online
Fig. 1). Dose modification occurred in 103 patients (38%),
with a maximum of six instances of modification (supple-
mental online Table 1). The median (interquartile range)
dose ever administered was 30 mg/4 weeks (20–30). Sup-
plemental online Figure 2 displays the patterns of octreo-
tide dose changes observed in at least 1% of patients
among those with known octreotide doses.

Clinical Outcomes
Median time to first progression following treatment initia-
tion was 27.9 (95% CI, 22.0–35.1) months for all patients. For
the 185 patients who initiated treatment for advanced GI
NET and progressed, Table 3 shows the treatment received
at time of first physician-assessed progression, the next treat-
ment received, and the median time from first to second pro-
gression. Among the 167 (90%) patients treated with SSA at
the time of first progression, 166 were treated with an
octreotide-based regimen, and one was treated with lanreo-
tide. Half of the patients (52%) treated with octreotide alone
at time of first progression were then treated with octreotide
and another therapy after progression. The patient treated
with lanreotide continued treatment with lanreotide after
progression. One patient received cytotoxic chemotherapy
(temozolomide and capecitabine) at the time of first progres-
sion and continued treatment with cytotoxic chemotherapy;
another patient was treated with a combination of non-SSA
therapies (bevacizumab and docetaxel) and continued after
progression. Among the 16 patients without treatment at
time of progression, 14 (88%) patients initiated a treatment
subsequent to progression, and 9 (56%) patients were trea-
ted with an SSA-based treatment. Median time from first to
second progression was 19.4 months for patients who contin-
ued treatment with octreotide alone, 14.8 months for
patients who added LDT to their octreotide regimen, and
9.7 months for patients who added targeted therapy to their
octreotide regimen (Table 3). For patients treated with cyto-
toxic chemotherapy at the time of first progression, median
time from first to second progression was 1.8 months.

Median overall survival among patients with advanced
GI NET after initiating first-line therapy was 151.8 (95% CI,
95.5–188.9) months; 28% of patients died. Patients with
first-line treatment with SSAs had median overall survival
of 178.9 (95% CI, 95.5–188.9) months. Those treated with
first-line octreotide also had median overall survival of
178.9 (95% CI, 95.5–188.9) months (functional NET: 178.9
[95% CI, 94.6–not estimable]; nonfunctional NET: 115.4
[95% CI, 87.2–not estimable]).

Health Care Resource Utilization
Patients with advanced GI NET had the following rates of
HRU (per person-year): 0.10 (95% CI, 0.08–0.11) emergency
room visits, 0.23 (95% CI, 0.21–026) hospitalizations, and
6.93 (95% CI, 6.80–7.07) outpatient visits.

DISCUSSION

This study, which evaluated treatment patterns and health
care utilization of patients with advanced GI NET at four
tertiary academic medical centers during the study period,

Table 2. Treatment regimens for the first two lines of
treatment

Treatment regimens

All patients with
complete treatment
information,a n (%)

First-line (n = 272)

SSA 246 (90.4)

Octreotide 240 (88.2)

Octreotide combinations 5 (1.8)

Octreotide, everolimus, and
other

1 (0.4)

Octreotide and LDT 1 (0.4)

Octreotide and other 3 (1.1)

Pasireotide 1 (0.4)

Cytotoxic chemotherapy 4 (1.5)

Interferon alfa 1 (0.4)

LDT 21 (7.7)

Second-line (n = 155)

SSA 144 (92.9)

Octreotide 17 (11.0)

Octreotide combinations 117 (75.5)

Octreotide and bevacizumab 4 (2.6)

Octreotide and cabozantinib 6 (3.9)

Octreotide and cytotoxic
chemotherapy

12 (7.7)

Octreotide and everolimus 23 (14.8)

Octreotide and external beam
radiation

2 (1.3)

Octreotide and interferon alfa 6 (3.9)

Octreotide and LDT 57 (36.8)

Octreotide and PRRT 4 (2.6)

Octreotide and other 13 (8.4)

Pasireotide 1 (0.6)

Octreotide and pasireotideb 4 (2.6)

Lanreotide 5 (3.2)

Bevacizumab and cytotoxic
chemotherapy

2 (1.3)

Everolimus 1 (0.6)

External beam radiation 2 (1.3)

LDT 6 (3.9)
aOne patient was excluded from the treatment patterns analysis
because of receiving treatment for only 6 days before treatment
discontinuation; this patient received no further treatment.
bPatients receiving octreotide and pasireotide as second-line ther-
apy did not receiving these treatments concurrently but rather
received them in close succession within the same time period.
Abbreviations: LDT, liver-directed therapy; PRRT, peptide receptor
radiotherapy; SSA, somatostatin analog.
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demonstrated that SSAs were a primary treatment choice
for most patients. Ninety percent of patients were treated
with an SSA alone or in combination with other treatments
as first-line therapy, and a significant number of patients
remained on SSA mono- or combination therapy during
subsequent lines of treatment. Octreotide was the most
frequently used SSA treatment. There was limited use of
lanreotide because the study evaluated patients receiving

treatment between July 2011 and December 2014, and the
U.S. Food and Drug Administration (FDA) approved lanreo-
tide for gastroenteropancreatic (GEP) NET in December
2014 [7]. There also was minimal use of targeted therapies
such as everolimus as first-line treatment in the current
study because the study period was prior to the February
2016 FDA approval of everolimus for GI NET [9]. Similarly,
few patients received PRRT in the current study because

Figure 2. Sankey diagram of treatment sequences. Notes: 1, One patient was excluded from the treatment patterns analysis
because of receiving treatment for only 6 days before treatment discontinuation; this patient received no further treatment. 2,
The count of patients for the second-line treatment does not include the 117 patients shown in the diagram who continued their
first-line treatment. 3, Other treatments include aflibercept, alimta, axitinib, cixutumumab, DNA-PK and TOR kinase inhibitor,
denosumab, endostatin, ganitumab, ipilimumab, octreotide implant, panzem, pazopanib, pembrolizumab, pemetrexed, remiciru-
mab, stereotactic radiation therapy, telotristat etiprate, VB-11, and zoledronic acid (Zometa).
Abbreviations: CC, cytotoxic chemotherapy; EBRT, external beam radiation therapy; LDT, liver-directed therapy; PRRT, peptide
receptor radionuclide therapy.
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177Lu-dotatate was FDA approved in January 2018 as the
first radiopharmaceutical for GEP NET [12]. All treatments
with 177Lu-dotatate were noted as given in a clinical trial
setting. In total, 23% of patients observed in this study
received various NET treatments as part of clinical trials.

The high rate of utilization of SSA was consistent with
National Comprehensive Cancer Network (NCCN) treatment
guidelines during the study time period. The guidelines from
NCCN in 2012 for metastatic GI NET listed octreotide with
category of evidence and consensus 2A, LDT (category 2B),
targeted therapy (category 3), and cytotoxic chemotherapy
(category 3) [13]. The guidelines from NCCN have expanded
since the time period of the current study; the 2018 guide-
lines include the SSAs octreotide and lanreotide (both cate-
gory 2A), and for disease progression include everolimus
(category 2A), PRRT with 177Lu-dotatate (category 1 for mid-
gut tumors), specific LDTs (category 2B), cytotoxic chemo-
therapy (category 3), and interferon alfa-2b (category 3)
[14]. Dose data for octreotide, the most commonly used
SSA in this study, were analyzed, and the analysis showed
most octreotide was prescribed at a standard dose of 30 mg
every 4 weeks, with most patients remaining at or below
this dose for their entire course of treatment. Furthermore,
this study adds to the literature by showing GI NET-related
resource utilization following advanced GI NET diagnosis,
whereas prior studies on resource utilization for patients
with NET have focused on all-cause utilization [15, 16].

Other observational studies have shown SSA is common
as first-line treatment but report varying proportions of
patients receiving it in the first line. This variation may be
due to different study populations and study time periods.
Benson et al. reported that 63% of patients with GI NET
were treated with SSAs, 33% with cytotoxic chemotherapy
monotherapy, and 12% with LDT during first-line pharma-
cologic therapy [17]. The Benson et al. study was con-
ducted with claims data among a commercially insured

population over the time period 2009–2014 [17]. Using
physician-reported data from academic and community
settings for patients who may have had surgery as their
only treatment, Strosberg et al. reported 77% of patients
with lung or GI NET were treated with SSAs [15]. Chuang
et al. used claims data from a commercially insured popu-
lation over the time period 2007–2010 and reported that
among those treated with SSAs or chemotherapy following
carcinoid tumor or pancreatic islet-cell tumor diagnosis,
more than 90% were treated with long-acting octreotide,
27% were treated with short-acting octreotide, and 1%
were treated with lanreotide depot during the 12 months
following diagnosis [16]. Similar to other studies, the cur-
rent study also showed that patients continued to use SSA
after first-line therapy. Benson et al. reported that among
first-line SSA users, 70% added treatment such as cytotoxic
chemotherapy or targeted therapy as second-line therapy,
and many of those who were not treated with SSA in the
first line received it in their second line [17].

This study is novel because it assessed treatment pat-
terns over a period of up to 30 years for a cohort of patients
who were regularly followed in cancer centers that captured
data on treatments and long-term clinical outcomes. The
long follow-up duration in this study allowed us to report
treatment patterns observed over the entirety of patients’
courses of treatment. The current study showed the flow
of patients moving from first-line therapy to subsequent
lines of therapies. Median treatment duration in the current
study, as assessed by Kaplan-Meier analysis, was 12 years for
SSAs. Because of small sample sizes, durations assessed for
other classes of therapy lacked certainty. Similarly, Benson
et al. reported longer treatment duration for SSAs versus
cytotoxic chemotherapy and targeted therapy; however, the
median times to discontinuation for first-line therapies were
lower. In that study, median (95% CI) treatment durations
were 1.61 (1.36–1.80) years for SSA, 0.50 (0.50–0.51) years

Figure 3. GRAPHx diagram of treatment sequences and durations of treatment by patient.
Abbreviation: PRRT, peptide receptor radionuclide therapy.
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for cytotoxic chemotherapy, and 0.47 (0.27–0.90) years for
targeted therapy [17]. Benson et al. also reported in a claims
database study that less than 10% of patients had a second-
line pharmacotherapy. It should be noted that the current

study used medical records at academic medical centers
rather than claims data as used by Benson et al., the latter
of which do not contain detailed clinical data, have much
shorter follow-up time, and reflect a different population of

Table 3. Treatment sequence from first physician-assessed tumor progression and analysis of time to next progression
(n = 185)

Treatment at first progression
Subsequent treatment following
progression n

Median time from first to
second progression, mo

Octreotide n = 130 (70.3%) Octreotide + LDT 28 14.8

Octreotide + TT 21 9.7

Octreotide + CC 6 5.2

Octreotide + PRRT 3 3.0

Octreotide + EBRT 1 0.7

Octreotide + combination therapya 4 20.5

Octreotide + otherb 4 4.1

LDT 2 28.5

Lanreotide 1 6.0

TT 1 20.3

Combination therapya 2 20.6

Remain on the same treatment 57 19.4

Octreotide + LDT n = 20 (10.8%) Octreotide + TT 5 8.1

Octreotide + CC 1 9.0

Octreotide + PRRT 1 0.7

Octreotide + combination therapya 1 78.2

PRRT 1 2.6

Remain on the same treatment 11 11.0

Octreotide + CC n = 2 (1.1%) Octreotide + combination therapya 1 8.8

Remain on the same treatment 1 2.1

Octreotide + TT n = 2 (1.1%) Octreotide + combination therapya 1 NA

Remain on the same treatment 1 NA

Octreotide + combination therapya n = 4 (2.2%) Octreotide + TT 1 47.9

Octreotide + combination therapya 1 15.4

Octreotide + otherb 1 6.6

Remain on the same treatment 1 NA

Octreotide + otherb n = 8 (4.3%) Octreotide + LDT 3 NA

Octreotide + TT 2 15.1

Octreotide + PRRT 1 14.4

Remain on the same treatment 2 2.1

Lanreotide n = 1 (0.5%) Remain on the same treatment 1 NA

CC n = 1 (0.5%) Remain on the same treatment 1 1.8

Combination therapya n = 1 (0.5%) Remain on the same treatment 1 NA

No treatment n = 16 (8.6%) Octreotide 7 15.6

LDT 2 NA

Lanreotide 2 9.1

EBRT 1 0.8

TT 1 NA

Combination therapya 1 1.6

Remain on no treatment 2 4.0
aPatients with two or more therapies excluding octreotide are counted as receiving combination therapy.
bOther therapies include aflibercept (Eylea), pemetrexed (Alimta), axitinib (Inlyta), denosumab (Xgeva, Prolia), endostatin, ganitumab/AMG-479,
pembrolizumab (Keytruda), telotristat ethyl/ telotristat etiprate (Xermelo), VB-111, and zoledronic acid (Zometa).
Abbreviations: CC, cytotoxic chemotherapy; EBRT, external beam radiation therapy; LDT, liver-directed therapy; NA, not available; PRRT, pep-
tide receptor radiotherapy; TT, targeted therapy.

© AlphaMed Press 2019www.TheOncologist.com

Kulke, Benson, Dasari et al. 1063



clinicians and patients compared with the data source for
the current study [17]. With the detailed medical records
and long observation period of the current study, treatments
at disease progression and time to subsequent progressions
could also be analyzed. This information, gathered from a
real-world clinical setting, is important in light of another
observational study that has shown that longer time to
disease progression is associated with improved overall sur-
vival [18]. Notably, the current study describes treatment
duration and time to progression for patients with different
treatments but does not adjust for differences in patient
characteristics; it is plausible that patients who received
combination therapies versus one therapy, for example, may
have more severe disease, and thus a shorter time to pro-
gression would be expected for these patients based on clin-
ical characteristics.

In the current study, a relatively high proportion of
patients (64%) had CS at the time of GI NET diagnosis. Prior
studies have reported a wide range of proportions of patients
with NET and CS, ranging from 3% to 74% across studies [19,
20]. Halperin et al. reported that 19% of those diagnosed with
NET between 2000 and 2011 in SEER-Medicare had CS within
6 months of NET diagnosis, with the percentage increasing
over time [19]. In that study, higher tumor grade and stage
were significantly associated with CS at NET diagnosis, and
patients with primary NET sites of small bowel, respiratory
organs, colon, and rectum were more likely to have CS at
diagnosis than those with NET of other origin [19]. In that
study, CS was also shown to be associated with advanced dis-
ease [19], which was an eligibility requirement for patients
in the current study. Using a U.S. cancer database, Fisher
et al. reported 43% of patients with metastatic NET had some
CS symptoms [20]. Pulgar et al. reported 57% of patients with
metastatic GEP NET had CS symptoms in an analysis of
U.S. oncology electronic health records [21]. The current
study did not ascertain whether treatment decisions were
made based on the antiproliferative or antisecretory charac-
teristics of treatment or both.

Median time to progression after treatment initiation
was 2.3 years for all patients in the current study and
2.5 years for those initiating treatment with SSAs. Ter-
Minassian et al. conducted an institutional database study of
patients with NET in the U.S. treated with SSAs and reported
progression-free survival of 2.2 years (95% CI, 1.8–2.9) for
patients with NET of small bowel origin [18]. In the current
study, patients with functional GI NET had median overall
survival (OS) of 14.9 years, whereas those with nonfunc-
tional GI NET had median OS of 9.6 years after starting first-
line treatment with long-acting octreotide. In an analysis of
SEER-Medicare data with a higher average age than the cur-
rent study, Halperin et al. showed that among patients with
metastatic grade I–II small-bowel NETs, median OS from
time of NET diagnosis was 4.7 (95% CI, 4.0–5.4) years in
patients with CS and 7.1 (95% CI, 5.2–8.1) years in patients
without CS [19].

Despite this study using a large database containing
detailed clinical information collected directly from medical
charts at these cancer centers, there were some limitations
in this study. First, lack of information about patient care at
outside institutions may have resulted in some

underreporting of treatment and health care resource utiliza-
tion (i.e., patients may have had additional therapy and medi-
cal procedures at another institution that were not captured
at institutions participating in this study); information in this
study was collected only for GI NET-related health care
resource utilization, as noted in the medical records, and may
be underestimated. We attempted to minimize such underre-
porting by requiring that patients frequently sought care at
the participating academic cancer center (i.e., 2 visits in the
14 months prior to the last visit at the institution). Second,
short- and long-acting octreotide could not be distinguished
in the data, and so they were reported in aggregate. How-
ever, by examining the dosage data and assuming that units
reported in micrograms and doses <10 mg every 4 weeks
referred to short-acting octreotide, we found that <5% of
patients were treated with short-acting octreotide; thus, con-
clusions here are most likely applicable to long-acting octreo-
tide. Third, as with all retrospective observational studies,
tumor progression was based on radiologist assessment or
physician notes; this process is subject to physician’s assess-
ment, as RECIST criteria are rarely used in real-world clinical
settings. In the current study, RECIST criteria were available
for only 21% of all scans. Radiographic scans may occur at dif-
ferent time intervals (e.g., patients with more aggressive dis-
ease may receive more frequent scans) resulting in detection
bias. Furthermore, results reported in this study are based on
data collected at four cancer referral centers and may not be
reflective of practice patterns observed in other institutions.
Lastly, this study is descriptive, and no statistical comparisons
were performed. Despite these limitations, the current study
used detailed clinical data, including information on the func-
tional status of the NETs, covering up to 30 years from four
academic institutions.

CONCLUSION

This study showed that SSAs, at recommended dose, are
commonly used as an initial treatment for patients with GI
NETs and are often continued, in combination with other
therapies for long-term treatment. We further demonstrated
relatively long overall survival for patients with advanced GI
NET treated at tertiary referral centers and the common use
of multiple lines of therapy for these patients. Follow-up
assessments of treatment patterns are needed to understand
the impact of newer treatments for GI NET.
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