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ABSTRACT

Background. Using data from four tertiary referral centers
in the U.S., we assessed real-world treatment patterns and
clinical outcomes of patients with advanced lung neuroen-
docrine tumors (NETs).
Subjects, Materials, and Methods. We performed a retro-
spective chart review of adult patients with locally advan-
ced/metastatic (typical/atypical) lung NETs treated between
July 2011 and December 2014. Index date was histologically
confirmed typical/atypical carcinoid tumor diagnosis date.
Data included baseline characteristics, treatment patterns,
progression, death, and lung NET-related health care
resource use from index date through last contact/death.
Time to treatment discontinuation and first progression,
time from first to second progression, and overall survival
(OS) were estimated using Kaplan-Meier analysis.
Results. We identified 83 patients; 19 (23%) had functional
NET. First-line treatments included somatostatin analogs
(SSAs) alone (56%) or in combination with other therapies

(6%), cytotoxic chemotherapy (20%), external beam radia-
tion therapy (EBRT) (9%), liver-directed therapy (LDT) (4%),
and everolimus/other (5%). Sixty patients had second-line
therapy including SSA alone (18%) or in combination (40%),
cytotoxic chemotherapy (17%), everolimus (12%), LDT (7%),
EBRT (3%), and other treatments (3%). Median time
(months) to first-line discontinuation were as follows: SSAs,
43.3; cytotoxic chemotherapy, 3.6. Overall median time
(months) to investigator-assessed progression following
treatment initiation was 12.4. Median OS (months) follow-
ing treatment initiation was 66.4 for all patients and 81.5
for patients receiving SSAs.
Conclusion. SSAs, alone and in combination, are common
treatments for advanced lung NETs. Patients have additional
treatment options and relatively long survival compared
with patients with other advanced cancers. Treatment pat-
tern assessment following approval of newer treatments is
needed. The Oncologist 2019;24:1066–1075

Implications for Practice: Somatostatin analogs (SSAs), cytotoxic chemotherapy, EBRT, liver-directed therapy, and targeted
therapies are common treatments for locally advanced/metastatic (typical/atypical) lung neuroendocrine tumors (NETs).
SSAs alone or in combination with other treatment modalities were the most common first- and second-line therapy, fol-
lowed by cytotoxic chemotherapy. Patients continued treatment with SSAs long-term with median treatment duration of
43 months. Median overall survival was 66 months following initiation of first-line therapy for all patients. Treatment pat-
tern assessment beyond the time period of this study is needed given recent U.S. Food and Drug Administration approvals
for additional treatments for lung NETs that will likely be incorporated in the treatment landscape.
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INTRODUCTION

Neuroendocrine tumors (NETs) are slow-growing malignan-
cies arising from neuroendocrine cells throughout the body
[1]. Low- and intermediate-grade lung NETs are known as
typical and atypical pulmonary carcinoids, respectively.
Together they make up the second most common category
of NETs (behind gastrointestinal NETs) but account for only
1%–2% of all lung tumors [2]. Functional tumors cause dis-
tinct syndromes such as carcinoid syndrome (CS) when
they secrete peptides and neuroamines [3].

Although NETs are considered rare, increasing incidence
has been demonstrated using cancer registry data in the
U.S. From 1973 to 2012, incidence of lung NET in the
U.S. rose from 0.3 new cases to 1.6 new cases per 100,000
persons, likely due to an increase in imaging procedures in
medicine [4]. Low-dose computed tomography scans for
lung cancer screening in smokers may also contribute to
enhanced detection of lung NETs [2].

Currently, the only treatment approved by the U.S. Food
and Drug Administration (FDA) for NET of the lung is everoli-
mus, which was approved in 2016 [5]. Somatostatin analogs
(SSAs), including octreotide and lanreotide, benefit patients
with symptoms of hormone secretion, and recently telotri-
stat ethyl has also become available as a treatment for CS
diarrhea [6]. Although lanreotide was approved in 2014 by
the FDA for improvement of progression-free survival among
patients with well- or moderately differentiated, locally
advanced or metastatic gastroenteropancreatic (GEP)-NET [7]
and for the treatment of CS in 2017 [8], the ongoing phase III
SPINET trial is assessing lanreotide for the treatment of well-
differentiated typical or atypical lung NETs [9]. The FDA
approved the peptide receptor radionuclide therapy (PRRT)
177Lu-dotatate for GEP-NET but not lung NET in January 2018
[10]. Depending on the clinical characteristics of lung NET,
the National Comprehensive Cancer Network (NCCN)
guidelines in 2018 recommend, with different category of
evidence, treatment with SSAs octreotide and lanreotide,
everolimus, PRRT with 177Lu-dotatate, and cytotoxic chemo-
therapies [11].

The value of SSAs and other treatments in first, second,
and subsequent lines of therapy for lung NET has not been
described. The objective of this study was to assess long-
term, real-world treatment patterns and clinical outcomes
of patients with lung NET at four tertiary cancer centers
given there is only one recently FDA-approved treatment
and the NCCN recommendations include several treat-
ments. We performed a retrospective chart review of
patients to describe treatment patterns and clinical out-
comes for patients with advanced lung NETs treated at four
major tertiary care centers in the U.S.

SUBJECTS, MATERIALS, AND METHODS

Study Design and Study Population
This study was a multicenter, noninterventional, retrospec-
tive chart review among patients with lung NET, conducted
at MD Anderson Cancer Center (MDACC) in Houston, TX;
Dana-Farber Cancer Institute (DFCI) in Boston, MA; UCSF

Helen Diller Family Comprehensive Cancer Center in San
Francisco, CA; and Robert H. Lurie Comprehensive Cancer
Center in Chicago, IL. The cancer centers included in this
study have sizeable populations of NET patients with long
duration of follow-up, allowing for the assessment of long-
term outcomes such as progression and survival.

Eligible patients included adults diagnosed with locally
advanced or metastatic NET of lung origin with histologic
diagnosis of typical or atypical carcinoid tumor. Patients
were required to be treated with SSAs, targeted therapy
(e.g., everolimus, sunitinib, bevacizumab), cytotoxic chemo-
therapy (e.g., capecitabine, carboplatin, cisplatin, etopo-
side, temozolomide), PRRT, liver-directed therapy (LDT;
e.g., transarterial chemoembolization, radioembolization,
hepatic arterial embolization), or interferon-alfa between
July 2011 and December 2014 (i.e., identification period);
patients were permitted to have initiated therapy prior to
July 2011. Eligible patients may have received some of
their care outside of the institution, provided that they
received comprehensive care at the institution, had at least
two visits to the institution in the 14 months prior to the
patient’s last visit, and their advanced lung NET treatment
and clinical outcomes information was available. Patients
with poorly differentiated histology such as large cell
neuroendocrine carcinoma or small cell lung carcinoma,
gastrointestinal NET, pancreatic NET, mixed tumor types
(e.g., NET plus other histology, goblet cell carcinoid,
composite carcinoid, adenocarcinoid), or NET of unknown
primary site were excluded.

The observation period for a given patient was the time
from date of diagnosis of advanced lung NET (index date)
until the later of the date of last contact or death (Fig. 1).
Baseline patient characteristics during the preindex period
included demographics, comorbidities, treatment history,
and disease characteristics such as whether the patient had a
hereditary cancer syndrome and whether the patient’s NET
was functioning, based on medical notes. Data on treat-
ments, including types of treatment (i.e., pharmacological,
surgical, LDT, and radiotherapy), treatment doses, dose modi-
fications, dates of treatment initiation, termination, or dis-
continuation as recorded in medical charts, and reasons for
discontinuation, were collected for the observation period.

For the treatment pattern analysis, only pharmacologi-
cal therapies, LDT, and radiotherapy were considered.
Information on surgeries, such as debulking procedures,
were collected but not included in the treatment pattern
analysis; surgery as treatment for metastatic NET is only
possible when there are limited sites of disease and when
radical resection is possible for all the sites [2]. In deter-
mining 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 discontinuation was defined as the
time from initiation of a therapy to its discontinuation for
any reason. Overlap of individual pharmacological or medi-
cal procedures longer than 14 days were classified as com-
bination treatment regimen. Multiple LDT procedures
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occurring within a 6-month period were considered one
LDT regimen. Addition of a new agent demarcated the line
of treatment (e.g., first line and second line of therapy).
Data on treatments used at the time of disease progression
and following progression were collected.

Data for assessment of clinical outcomes included dates
and characteristics of tumor progressions, as well as date of
death. For tumor progressions, physicians assessed radiolo-
gists’ notes in the medical charts and used them to deter-
mine whether a patient’s status improved (responded),
stayed the same (stabilized), or worsened (progressed). Lung
NET-related health care resource utilization (HRU) data
included number and length of inpatient stays, emergency
room visits, and number and type of oncologist visits.

Clinical research coordinators (CRCs) at the hospitals
screened patient records and identified the records of eligi-
ble patients based on the inclusion criteria. CRCs then
entered data from the patient charts into an electronic case
report form via a secure website. Data abstraction was con-
ducted between August 15, 2016, and July 28, 2017. Data
were deidentified and complied with the patient confiden-
tiality 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 each center were pooled for the analysis.
Descriptive statistics were calculated using frequencies and
proportions for categorical variables and means, and standard
deviations and medians for continuous variables. A Sankey
treatment sequence flow chart was developed to show flow
of treatments by line of therapy over time. A GRAPHx flow
chart was developed, in which each colored segment indi-
cates a treatment, and the multicolored line segments reflect
treatment sequences over time for individual patients.

Time to treatment discontinuation, time to first
physician-assessed progression, time from first physician-
assessed progression to second physician-assessed progres-
sion, and overall survival from time of first-line treatment
initiation were estimated using Kaplan-Meier analysis, in
which patients who did not experience the event were

censored from the analysis. The time origin was set at the
initiation of pharmacological therapies, LDT, or radiotherapy
for the time-to-event analyses of treatment discontinuation,
first physician-assessed progression, and overall survival. Inci-
dence rates were calculated to summarize lung NET-related
hospitalizations, emergency room visits, and outpatient visits
from diagnosis of advanced lung NET to the later of the date
of last contact or death. A Poisson probability density func-
tion was used to calculate confidence intervals of incidence
rates.

All analyses were performed using SAS 9.4 (SAS Insti-
tute, Cary, NC).

RESULTS

Eighty-three eligible patients were included in the study
(41 MDACC, 27 DFCI, 9 UCSF, 6 Northwestern).

Table 1 summarizes baseline demographic and clinical
characteristics of the study population. Among the 83 patients
included in this study, about half were female (52%) and the
majority were white (78%); mean age at advanced lung NET
diagnosis was 60 years. The earliest recorded advanced NET
diagnosis was in February 2004, and the latest recorded date
of contact was in July 2017. Patients were followed for a
median of 49.1 months (range: 4.0–155.4) since diagnosis of
advanced lung NET. A minority of patients were diagnosed
with functional NETs (23%), all of whom had carcinoid syn-
drome. Most common carcinoid syndrome symptoms were
flushing (63%) and diarrhea (42%). Mean number of meta-
static sites at advanced NET diagnosis was 1.3 sites. Ki-67
proliferation index was available for 48% of patients, with a
median proliferation index of 10%. Mitotic rate was available
for 45% of patients, with a median rate of 2 mitoses per
10 high power fields (HPF). Among the 37 patients for whom
the mitotic rate was known, 41% had <2 mitotic figures per
10 HPF, and 59% had ≥2 mitotic figures per 10 HPF. Twenty-
one patients (25%) received at least one NET treatment in a
clinical trial setting.

Table 2 displays first- and second-line treatment regimens
for the study population. For first-line therapy, the majority
of patients were treated with SSAs alone (45 [56%]) or in
combination (5 [6%]) as first-line therapy; 16 (20%) patients

Figure 1. Study design.
Abbreviations: NET, neuroendocrine tumor; SSA, somatostatin analog.
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Table 1. Demographic and clinical characteristics at
baseline

Characteristics All patients (n = 83)

Mean age at advanced NET
diagnosis, years (SD)

59.7 (11.9)

Female, n (%) 43 (51.8)

Race, n (%)a

White 65 (78.3)

Black 3 (3.6)

Hispanic/Latino 6 (7.2)

Asian/Pacific Islander 5 (6.0)

Unknown/not sure 4 (4.8)

Comorbidities, n (%)b

Hypertension 41 (49.4)

Diabetes without end-organ damage 12 (14.5)

Hyperlipidemia 8 (9.6)

Hypothyroidism 7 (8.4)

Depression 6 (7.2)

NET grade and histologic
differentiation, n (%)

Typical carcinoid
(low-grade, well-differentiated NET)

36 (43.4)

Atypical carcinoid (intermediate-grade,
well-differentiated NET)

47 (56.6)

Ki-67 proliferation index available, n (%) 40 (48.2)

Proliferation index (%), median
(interquartile range)

10.0 (4.5–15.0)

Mitotic rate measure
available, n (%)

37 (44.6)

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

2.0 (1.0–4.0)

Neither mitotic rate nor
Ki-67 proliferation index available, n (%)

28 (33.7)

Metastasis sites at advanced
NET diagnosis (no. of sites), mean (SD)

1.3 (0.8)

Hereditary cancer syndrome
or family history of NET, n (%)

Yes (MEN-1) 2 (2.4)

No 81 (97.6)

Type of NET, n (%)

Functional 19 (22.9)

Carcinoid syndrome 19 (22.9)

Nonfunctional 61 (73.5)

Type of carcinoid syndrome
symptoms experienced, n (%)c

Flushing 12 (63.2)

Diarrhea 8 (42.1)

Wheezing 4 (21.1)

Palpitations 1 (5.3)

Other (including cough
and steatorrhea)

2 (10.5)

aMultiple responses were allowed, so counts and percentages may
not sum to the total n or 100%.
bComorbidities experienced by at least 5% of patients are displayed.
cThis is reported based on a subset of patients who experienced
symptoms.
Abbreviations: HPF, high power fields; MEN-1, multiple endocrine
neoplasia type 1; NET, neuroendocrine tumor.

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

Treatment regimen

All patients with
treatment
informationa

First line, n = 81, n (%)

SSA 50 (61.7)

Octreotide 45 (55.6)

Octreotide combinations 5 (6.2)

Octreotide and bevacizumab 1 (1.2)

Octreotide and everolimus 1 (1.2)

Octreotide and interferon alfa 1 (1.2)

Octreotide and EBRT 1 (1.2)

Octreotide and otherb 1 (1.2)

Cytotoxic chemotherapy 15 (18.5)

Cytotoxic chemotherapy and EBRT 1 (1.2)

EBRT 7 (8.6)

LDT 3 (3.7)

Everolimus 2 (2.5)

Everolimus and sorafenib 1 (1.2)

Everolimus and EBRT 1 (1.2)

Otherb 1 (1.2)

Second line, n = 60, n (%)

SSA 35 (58.3)

Octreotide 8 (13.3)

Lanreotide 2 (3.3)

Octreotide combinations 24 (40.0)

Octreotide and cytotoxic
chemotherapy

6 (10.0)

Octreotide and LDT 9 (15.0)

Octreotide and everolimus 2 (3.3)

Octreotide,
everolimus, and other

1 (1.7)

Octreotide and interferon alfa 2 (3.3)

Octreotide and EBRT 2 (3.3)

Octreotide and bevacizumab 1 (1.7)

Octreotide and otherb 1 (1.7)

Octreotide and pasireotidec 1 (1.7)

Cytotoxic chemotherapy 10 (16.7)

Everolimus 5 (8.3)

Everolimus and LDT 2 (3.3)

LDT 4 (6.7)

External beam radiation 2 (3.3)

Sunitinib 1 (1.7)

Otherb 1 (1.7)
aTwo patients were excluded from the treatment patterns analysis:
one had unknown date of treatment termination and the other
received treatment for only 2 days before end of follow-up.
bOther treatments include cixutumumab, denosumab, ganitumab,
IMC-A12 (cixutumumab), and zoledronic acid (Zometa, Novartis
Pharmaceuticals Corporation, East Hanover, New Jersey, USA).
cPatients treated with octreotide and pasireotide as second-line
therapy did not receive these treatments concurrently, but rather
in close succession within the same time period.
Abbreviations: EBRT, external beam radiation therapy; LDT, liver-directed
therapy; HAE, hepaticarterial embolization; SSA, somatostatin analog;
TACE, transarterial chemoembolization; TAE, transarterial embolization.
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were treated with cytotoxic chemotherapy, and the remain-
ing 15 (18%) were treated with EBRT, LDT, everolimus (alone
or in combination), or other therapies. Octreotide was the
only SSA used for first-line therapy. In total, 60 patients
(72%) received second-line therapy, of whom 24 (40%) were
treated with SSAs in combination with other therapies, and
11 (18%) switched to SSAs only. Octreotide was the second-
line SSA treatment for nearly all those treated with SSA; two
patients were treated with lanreotide and one with a combi-
nation of octreotide and pasireotide. In second-line, 10 (17%)
patients were treated with cytotoxic chemotherapy, and the
remaining 15 (25%) had treatment with everolimus, sunitinib,
LDT, EBRT, or other therapies.

Figure 2 illustrates the switches in therapy from first-
line to second-line and up to six lines of therapy. SSAs were
the dominant first-line therapy. Patients were treated with
SSAs in later lines as well, but the proportion of patients
using other therapies such as cytotoxic chemotherapy
increased in subsequent lines.

Figure 3 illustrates treatment duration and sequence.
SSAs and octreotide specifically appear the most frequent
therapy with a median of 43.3 (95% confidence interval [CI]:
25.4 to not reached) months until discontinuation of first-
line therapy for SSAs. Those with first-line octreotide treat-
ment and nonfunctional NET had a median of 29.3 months
until discontinuation, whereas the median was not reached
for patients with functional NET treated with first-line
octreotide. Median time to first-line discontinuation was 3.6
(95% CI: 2.4–5.3) months for cytotoxic chemotherapy and
2.7 (95% CI: 1.9–31.8) months for targeted therapy.

In assessing SSA dosing, only four patients (5%) were
treated with lanreotide with doses ranging from
60 mg/4 weeks (n = 1) to 120 mg/4 weeks (n = 2); one
patient had unknown dosage; only one patient changed dose
(from 90 to 60 mg/4 weeks because of toxicity). In evaluating
octreotide doses administered during the observation period,
most patients (85%) were known to initiate octreotide with a
dose of 30 mg/4 weeks or less (supplemental online Fig. 1).
Dose modification occurred in 23 (35%) patients receiving
octreotide with a maximum of five instances of modification
(supplemental online Table 1). The most frequently reported
reasons for dose changes were disease progression or patient
preference. The median (interquartile range) dose ever
administered was 30 mg/4 weeks (20, 30). Supplemental
online Figure 2 displays the patterns of octreotide dose
changes observed in at least 1% of patients among those
with known octreotide doses.

Median time to first progression as assessed by a physi-
cian following treatment initiation was 12.4 (95% CI:
9.9–15.7) months for all patients. For the 61 patients who
initiated treatment for advanced lung NET and progressed,
Table 3 shows the treatments at time of first physician-
assessed progression, next treatment received, and median
time from first to second physician-assessed progression.

Among patients with advanced lung NETs, median over-
all survival after initiating first-line therapy was 66.4 (95%
CI: 40.8–108.3) months; 47% of patients died. Patients with
first-line treatment with SSAs (octreotide) had median
overall survival of 81.5 (95% CI: 43.4–126.6) months (func-
tional NET: 66.4; nonfunctional NET: 81.5).

Patients with advanced lung NETs had the following rates
of lung NET-related HRU (per person-year): 0.09 (95% CI:
0.07–0.13) emergency room visits, 0.23 (95% CI: 0.19–0.029)
hospitalizations, and 10.16 (95% CI: 9.84–10.50) outpatient
visits.

DISCUSSION

This study conducted at four tertiary academic medical cen-
ters characterizes treatments and outcomes among patients
with advanced well-differentiated lung NET during a time
when everolimus became the only FDA-approved treat-
ment. This study demonstrated that SSAs were a primary
treatment choice for the majority of patients with advanced
well-differentiated lung NET. Sixty-two percent of patients
were treated with SSAs for their first-line therapy, and a sig-
nificant number of patients continued with treatment with
SSA alone or SSA with another therapy during subsequent
lines of therapy. Cytotoxic chemotherapy, EBRT, LDT, and
targeted therapy were common first-line treatment, with
nearly 20% of patients being treated with cytotoxic chemo-
therapy in first line.

Octreotide was the most frequent SSA treatment. There
was limited use of lanreotide likely because the study
evaluated patients receiving treatment between July 2011
and December 2014, prior to the FDA approval of lanreotide
for GEP-NET in 2014. The ongoing phase III SPINET trial is
assessing lanreotide for the treatment of well-differentiated
typical or atypical lung NETs [9]. There was minimal use of tar-
geted therapies, including everolimus, as a first-line therapy in
the current study, likely because the FDA approved everoli-
mus for lung NET treatment in February 2016, and the current
study required patients to have initiated treatment prior to
that time [5].

Similarly, no use of PRRT was observed in the current
study, recognizing that 177Lu-dotatate was FDA approved in
January 2018 for GEP-NET indication and is not yet well
studied in lung NETs [10].

The NCCN treatment guidelines have changed over the
past several years to include more recently available treat-
ments. The high rate of use of SSA was consistent with
NCCN treatment guidelines during the study time period.
The guidelines from NCCN in 2012 for metastatic NET listed
octreotide with category of evidence and consensus 2A;
for clinically significant progressive disease, the guidelines
listed LDT (category 2B), everolimus (category 3), and cyto-
toxic chemotherapy (category 3) [12]. The current guidelines
from NCCN have expanded such that the 2018 guidelines
include the following treatments with category of evidence
and consensus 2A for advanced or metastatic lung NET: SSAs
octreotide and lanreotide if somatostatin receptor positive,
everolimus, and PRRT with 177Lu-dotatate if somatostatin
receptor positive and progression on octreotide or lanreo-
tide treatment. Depending on the Ki-67 proliferation index
and mitotic index, current recommended treatment for
intermediate-grade (atypical) lung NET also includes the
cytotoxic chemotherapies (category 2A) cisplatin/etoposide,
carboplatin/etoposide, and temozolomide [11]. An analysis
of more recent data might reflect use of therapies not
available during the current study’s time period and also
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Figure 2. Sankey diagram of treatment sequences.
aTwo patients were excluded from the treatment patterns analysis: one had unknown date of treatment termination and the
other received treatment for only 2 days before end of follow-up.
bThe count of patients for the second-line treatment does not include the 39 patients shown in the diagram who continued their
first-line treatment.
cOnly one patient received more than six lines of treatment.
dOther therapy includes aflibercept, bevacizumab, cabozantinib, cixutumumab, cyberknife radiotherapy, denosumab, ganitumab,
IMC-A12 (cixutumumab), lapatinib, samarium-153, stereotactic body radiation therapy, sirolimus, sorafenib, stereotactic radiation ther-
apy, sunitinib, and Zometa (zoledronic acid;).
Abbreviations: CC, cytotoxic chemotherapy; EBRT, external beam radiation therapy; LDT, liver-directed therapy.
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reflect changes in NCCN guidelines. Notably, the category
of evidence for cytotoxic chemotherapy for patients with
atypical carcinoid tumor has become stronger in recent
guidelines.

In addition to characterizing the various treatments,
dose data for octreotide, the most common SSA treatment
in this study, were analyzed, and the analysis showed most
octreotide administrations were given at the standard dose
of 30 mg/4 weeks for CS treatment. Furthermore, whereas
prior studies on resource use for patients with NET have
focused on all-cause use [3, 13], this study adds to the
literature by showing lung NET-related resource use follow-
ing advanced lung NET diagnosis.

Other observational studies have shown SSAs are com-
mon for first-line treatment for NETs, but to varying degrees.
Variations in first-line use of SSAs may be due to differences
across study populations. Study time periods in relation to
the time of availability of particular SSAs may also impact
the reported use of particular SSAs by patients. Strosberg
et al. [13] reported 77% of patients with lung/gastrointestinal
(GI) NET in an analysis of physician-reported data from aca-
demic and community settings were ever treated with SSAs;
however, this study population included patients who may
have had surgery as their only treatment, whereas the cur-
rent study required patients to have some nonsurgical treat-
ment. In a claims data analysis of a commercially insured
population in 2007–2010, Chuang et al. [3] reported that
among those treated with SSAs or chemotherapy following

carcinoid or pancreatic islet-cell tumor diagnosis, 92% were
treated with long-acting octreotide, 27% were treated with
short-acting octreotide, and 1.4% were treated with lanreo-
tide depot during the 12 months immediately following
diagnosis.

Treatment for lung NET specifically has not been as
widely assessed, but a recent publication showed high use
of cytotoxic chemotherapy for this population of patients
with NET. In a U.S. claims analysis among patients treated
for lung NET during a time period similar to that of the cur-
rent study, Broder et al. [14] reported that among pharma-
cologically treated patients with lung NET, first-line therapy
was 78% cytotoxic chemotherapy, 18% SSA, and 1% tar-
geted therapy. It is not possible to ascertain whether the
higher reported use of cytotoxic chemotherapy among the
population in Broder et al. [14] could be due to patient
clinical characteristics, such as a high proportion of atypical
carcinoids, poorly differentiated or high-grade lung cancers,
or small cell cancers. In the study by Broder et al. [14],
fewer patients (only 8%) received second-line therapy com-
pared with patients in the current study. SSAs were the
most common second-line treatment in that study.

The current study’s examination of treatment flow from
first-line to subsequent lines of therapy demonstrated that
patients continued treatment with SSAs throughout their
treatment course. Similar to the current study, Broder
et al. [14] reported first-line treatment was longer for SSAs
relative to other pharmacologic treatment. There may be
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underlying differences in clinical and demographic charac-
teristics of patients receiving different therapies, which
may influence treatment duration.

Median time to first physician-assessed progression was
12.4 (95% CI: 9.9–15.7) months from initiation of first-line
therapy and 12.9 months (95% CI: 9.9–31.8) from initiation
of first-line treatment with SSA, in the current study. In an
institutional database study by Ter-Minassian et al. [15],
progression-free survival from initiation of an SSA was 1.2
(95% CI: 1.0–1.6) years for patients with NET of non-small
bowel. A small French study reported median progression-
free survival of 17.4 (95% CI: 8.7–26.0) months for patients
with pulmonary carcinoids and treated with SSAs [16]. A

small retrospective Swedish study [17] reported a median
progression-free survival of 5.3 months for patients with
metastatic bronchial NETs treated with single-agent temo-
zolomide. In the study by Ter-Minassian et al. a longer time
to disease progression and longer progression-free survival
were associated with longer overall survival, showing the
importance of studying progression endpoints [15].

Median overall survival was observed to be 66 months
following initiation of first-line treatment for lung NET in the
current study; 47% of patients with lung NET died. The Sur-
veillance, Epidemiology, and End Results (SEER) database
study by Dasari et al. [4] reported that patients with NETs in
the pancreas and lung were found to have the worst median

Table 3. Treatment sequence from first physician-assessed tumor progression and analysis of time to next progression
(n = 61)

Treatment at first progression
Next treatment following
progression

Time from first to
second progression, months

n Median

Octreotide n = 26 (42.6%) Octreotide + CC 4 2.6

Octreotide + TT 4 6.9

Octreotide + LDT 3 7.0

Octreotide + Interferon alfa 2 16.6

Octreotide + EBRT 1 26.7

CC 2 3.5

TT 2 13.8

LDT 1 3.5

Pasireotide 1 59.4

Remain on the same treatment 6 19.2

Octreotide + TT n = 3 (4.9%) Octreotide 1 4.2

Remain on the same treatment 2 4.2

Octreotide + LDT n = 1 (1.6%) Octreotide + LDT + CC 1 13.8

Octreotide + Zometa n = 1 (1.6%) Zometa 1 5.5

CC n = 6 (9.8%) LDT 2 11.2

EBRT 1 1.0

Octreotide 1 5.1

TT 1 5.1

Remain on the same treatment 1 14.5

TT n = 3 (4.9%) CC 2 4.2

Remain on the same treatment 1 5.3

TT + Pasireotide n = 1 (1.6%) Octreotide 1 9.0

LDT n = 2 (3.3%) LDT + TT 1 7.7

Remain on the same treatment 1 7.7

LDT + TT n = 1 (1.6%) LDT 1 4.2

EBRT n = 1 (1.6%) Octreotide 1 5.1

No treatment n = 16 (26.2%) Chemotherapy 4 8.5

LDT 2 5.0

Lanreotide 2 NA

Octreotide 2 5.5

TT 2 7.1

EBRT 1 8.5

Remain on the same treatment 3 5.5

Abbreviations: CC, cytotoxic chemotherapy; CS, carcinoid syndrome; EBRT, external beam radiation therapy; LDT, liver-directed therapy; NA,
not applicable; TT, targeted therapy.
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overall survival, with a median of 5.5 years for all stages of
lung NET and only 6 months for lung NET patients with dis-
tant metastasis; in contrast, those with GI NET had a median
overall survival of 16.2 years [4]. A single-site chart review
study in France reported median overall survival of
58.4 months (95% CI: 44.2–102.7) for patients with pulmo-
nary carcinoid treated with SSAs [16]. Shen et al. [18] ana-
lyzed SEER-Medicare data and reported that the death rate
was nearly fourfold higher among those with NETs with pri-
mary sites of the larynx, lung, or other respiratory organs ver-
sus those with a primary site of the small intestine.

Although this study used data collected from cancer cen-
ters with detailed clinical data, the current study has some
limitations that should be noted. Treatment sequences and
discontinuation information are based on patient medical
records. Short- and long-acting octreotide could not be dis-
tinguished in the data and were therefore reported together.
However, assuming that dosage amounts of <10 mg/4 weeks
referred to short-acting octreotide, we find that <5% of
patients were treated with short-acting octreotide; thus,
conclusions here are most likely applicable to long-acting
octreotide. Treatment with SSAs consisted almost entirely of
octreotide, as lanreotide was only approved, and not for lung
NET specifically, in December 2014 [7]. In addition, everoli-
mus was only recently approved for treating lung NET in
2016 [5], and PRRT was approved in 2018 and only for GEP-
NET [10]; considering these recent approvals, the treatment
landscape may continue to evolve. Tumor progression was
based on radiologist assessment or physician notes, which is
subject to physician’s assessment. In the current study, only
40% of all scans were assessed using RECIST criteria, indicat-
ing that real-world treatment settings for NET are unlikely to
incorporate RECIST criteria when assessing patients. Further-
more, detection bias may have occurred as patients with
more aggressive diseases may receive more frequent radio-
graphic scans. Results reported in this study are based on
data collected at four cancer referral centers and may not
reflect practice patterns observed in other institutions. Given
that the data set was somewhat small, we did not conduct
single-center analyses. Lack of information about patients’
care at outside institutions may have resulted in underreport-
ing of treatments and health care resource use. Lastly,
this study is descriptive—no statistical comparisons were
performed.

CONCLUSION

Despite these limitations, this study used detailed clinical
data and a long follow-up duration up to 10 years, and the
results are reflective of treatment patterns for patients with
lung NET at U.S. tertiary care facilities. This study showed
that SSAs, at the recommended dose, are common treat-
ment for long-term treatment of lung NET both alone and in

combination with other therapies and as both initial and sub-
sequent treatment. We further demonstrate the common
use of multiple lines of therapy for these patients and a rela-
tively long overall survival of patients with advanced lung
NET treated at tertiary referral centers. Assessments of treat-
ment patterns in the near future are needed to better under-
stand how newer treatments for lung NET may impact
treatment patterns and clinical outcomes.
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Editor's Note:
See the companion paper, “Real-World Treatment Patterns and Clinical Outcomes in Advanced Gastrointestinal
Neuroendocrine Tumors (GI NET): A Multicenter Retrospective Chart Review Study” by Matthew H. Kulke, Al B.
Benson, Arvind Dasari et al., on page 1056 of this issue.
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