
ORIGINAL RESEARCH

Observational Study in a Real-World Setting
of Targeted Therapy in the Systemic Treatment
of Progressive Unresectable or Metastatic Well-
Differentiated Pancreatic Neuroendocrine Tumors
(pNETs) in France: OPALINE Study
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ABSTRACT

Introduction: Approval of sunitinib and ever-
olimus for the treatment of progressive, unre-
sectable or metastatic well-differentiated
pancreatic neuroendocrine tumors (pNETs) was

obtained in France in 2011 and 2012, respec-
tively. OPALINE was set up as an observational
study to evaluate the efficacy of sunitinib and
everolimus compared to usual pNET treatments
of chemotherapies and somatostatin analogues
that had been previously recommended by the
health authorities.
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Bocage, Dijon, France

E. Vicaut
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Methods: The OPALINE study assessed the
efficacy of everolimus and sunitinib in terms of
survival, disease progression and tolerance.
Patients (N = 144) were enrolled from May 2015
to September 2017, and their disease charac-
teristics were analyzed from diagnosis to 2 years
post-enrollment.
Results: At inclusion most patients had
comorbidities, and about 95% presented
metastases. Patients received on average 3.2
lines of treatment from diagnosis to inclusion
and two lines throughout the 2-year follow-up.
Seventy-nine patients (59.0%) received at least
one targeted therapy (TT) during their care
path. For these patients, the overall survival
(OS) was approximatively 176.5 months (95%
CI: 97.2-not evaluable), with a 2-year survival
rate estimated at 93.6% (SD 2.6%). Similar sur-
vival rates were observed whether the TTs were
prescribed sooner or later in the treatment path.
The main reasons for discontinuation of TTs
were disease progression (54 patients) and
adverse events (26 patients). Most patients
receiving TTs did not change their dose during
the follow-up reflecting the good treatment
tolerability over time. No new safety alert was
reported for everolimus and sunitinib during
this study.
Conclusion: Given their good tolerance and
positive impact on estimated OS, the two TTs
have an important role to play in the care path
of patients with pNETs.
ClinicalTrials.gov National Clinical Trial
Number: NCT02264665.

Keywords: Ambispective study; Everolimus;
Pancreatic neuroendocrine tumor; pNET;
Sunitinib; 2-Year morbi-mortality

Key Summary Points

Why carry out this study?

Two targeted therapies (TTs), everolimus
and sunitinib, demonstrated efficacy in
the treatment of patients with
unresectable pancreatic neuroendocrine
tumors (pNETs) in randomized placebo-
controlled phase III clinical trials based on
progression-free survival.

In its opinions of 2011 and 2012
concerning extension of the indication
respectively for sunitinib (Sutent�, Pfizer)
and everolimus (Afinitor�, Novartis
Pharma), the French health authority
(Haute Autorité de Santé) requested data
assessing the impact compared with other
treatments of sunitinib and everolimus
from a pNET registry.

OPALINE study was conducted to assess in
a real-world setting the use of everolimus
and sunitinib in the treatment of
progressive, unresectable or metastatic
well-differentiated pNETs in terms of
survival, disease progression and tolerance
during 2-year follow-up period.

What was learned from the study?

OPALINE study provided a real-world
picture of the care of patients with pNETs
in France between 2015 and 2019 and
described the place of TTs in their care
path.

Given their good tolerance and positive
impact on the estimated overall patient
survival, everolimus and sunitinib have an
important and specific role to play in the
care path of patients with pNETs.
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INTRODUCTION

Pancreatic neuroendocrine tumors (pNETs) are
a group of uncommon tumors arising from
hormone-producing cells in the pancreas.
When adjusted to the world population, pNETs
only represent a small proportion (2.8%) of
pancreatic cancers [1–5], but the prevalence is
higher, being estimated at 10% of pancreatic
cancers because of a more prolonged patient
survival than for pancreatic adenocarcinoma.
Patient management varies according to the
degree of differentiation based on the World
Health Organization (WHO) 2019. Neuroen-
docrine tumors (NETs) are classified as well-dif-
ferentiated tumors (grade 1–3) vs. poorly
differentiated carcinomas (grade 3) [6]. The
survival rates for well-differentiated pNET (85%)
have been reported to range between 38 and
43% at 5 years [2, 7, 8]. The decision criteria for
patient management are tumor extension,
tumor activity and symptoms. In France, all
patient cases are discussed in expert multidis-
ciplinary meetings of the RENATEN network,
and inclusion in therapeutic trials is always
considered. Depending on tumor aggressiveness
the recommended French guidelines for first-
line treatments of patients with progressive or
metastatic well-differentiated pNETs are
somatostatin analogues and chemotherapy. The
recommended second-line treatments include
somatostatin analogues, chemotherapy, ever-
olimus, sunitinib and locoregional therapies.
[177Lu-DOTA(0),Tyr3] Octreotate somatostatin
receptor-targeted radionuclide therapy (Lu-
DOTATATE) is approved for the treatment of
gastroenteropancreatic neuroendocrine tumors
including pNETS in Europe and the US, but was
considered not to have sufficient clinical inter-
est by the French health authorities [Haute
Autorité de Santé (HAS)] to justify health
insurance reimbursement in non-intestinal
neuroendocrine tumors. Targeted therapies
(TTs) are optional first-line treatments when
chemotherapy is contraindicated [9].

In the years preceding the OPALINE study
two TTs, sunitinib and everolimus, demon-
strated efficacy in the treatment of patients with
unresectable pNETs in phase III randomized

clinical studies vs. placebo, based on the pro-
gression-free survival (PFS) criterion [10, 11]. In
its opinions of 2011 and 2012, concerning
extension of the indication respectively for
sunitinib (Sutent�, Pfizer) and everolimus
(Afinitor�, Novartis Pharma), HAS requested
data assessing the impact compared with other
treatments of sunitinib and everolimus from a
pNET registry. Here, we describe the use of the
TTs in a real-world setting, with regard to other
therapies, in adult patients treated for a pro-
gressive unresectable or metastatic well-differ-
entiated pNET in terms of efficacy, morbidity
and mortality 2 years post-treatment initiation.
The characteristics of the patients and disease at
inclusion, PFS and 2-year overall survival (OS)
rates were assessed as well as their tolerance to
the study treatments (TTs and other
treatments).

METHODS

OPALINE study (NCT02264665) was a national,
observational, descriptive, ambispective, multi-
center study conducted in France.

Study Objectives

The primary objective of this observational
study was to describe, in a real-world setting,
the evolution of adult patients treated (TTs and
other treatments) for a progressive unre-
sectable or well-differentiated metastatic pNET
in terms of morbi-mortality at 2 years. PFS and
2-year OS rates as well as the tolerance of the
study treatments (TTs and other treatments)
were assessed.

The secondary objective of this study was to
describe the characteristics of the population of
patients treated for progressive unresectable or
well-differentiated metastatic pNETs.

Study Population

Physicians specialized in oncology, gastroen-
terology and endocrinology were contacted to
participate in the study and consecutively
enrolled patients according to the following
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inclusion criteria: adult patients ([ 18 years),
treated for histologically confirmed progressive
unresectable or metastatic well-differentiated
pNETs according to the judgment of the inves-
tigator with a TT (everolimus or sunitinib) or
another treatment (chemotherapy, analogues of
somatostatin, metabolic radiotherapy or inter-
feron-alpha). Patients treated beyond the fourth
line, those who had already received the TT in a
previous line of treatment (rechallenged
patient) and those with a poorly differentiated
neuroendocrine carcinoma were excluded from
the study. Patients were recruited over a period
of approximately 28 months (from May 12,
2015, to September 18, 2017) and were followed
for 24 months starting from their inclusion in
the study. The therapeutic management of each
patient was not modified by their participation
in the study and followed the recommendations
made during a Multidisciplinary Consultation
Meeting in accordance with the recommenda-
tions of good practice. The follow-up visits were
therefore carried out during the patient’s usual
consultations for tumor assessments. The refer-
ence population included patients who met the
eligibility criteria and received at least one
documented dose of TT or other treatment
during the study prospective follow-up. The
tolerance population included all the patients
who received at least one documented dose of
TT or other treatment during the prospective
phase of the study.

Data Collection

Data were extracted from patient records col-
lected during the usual patient consultations in
the centers, i.e., at inclusion and during tumor
assessment visits carried out every 2–3 months.
The patient electronic records were collected in
an electronic case report form (eCRF) and
uploaded directly to the study database. In this
study, both TTs, sunitinib and everolimus, were
considered as one entity. Indeed, sunitinib is an
oral multi-targeted kinase inhibitor and ever-
olimus is an oral mammalian target of rapa-
mycin (mTOR) inhibitor, and they have been
evaluated in similar phases III trials [10, 11] that
led to market authorization. Patient data were

analyzed prospectively for 24 months, and ret-
rospective history of treatment was collected.
The retrospective analysis included the initial
diagnosis of tumor and prior anti-cancer treat-
ments and tolerance. The prospective analysis
included tumor changes, treatment modifica-
tions after the inclusion in the study and tol-
erance. The characteristics of patients and
pathology at the treatment initiation as well as
data related to the treatment were also recorded
and analyzed.

Overall and Progression-Free Survival
Rates

The follow-up of patients was carried out
according to investigators’ standard of care. The
evaluations were carried out using computed
tomography (CT) scan and/or magnetic reso-
nance imaging (MRI). Radiological and clinical
responses based on examinations to assess
tumor development were collected to define the
PFS and OS rate at 2 years. OS was defined by
the time between the date of diagnosis and the
death from any cause. PFS was defined by the
time between treatment initiation (of the
ongoing line at the time of inclusion in the
study) and the date of the first evidence of
progression of the disease or death from any
cause during the main treatment received at
inclusion.

Safety and Tolerance

Treatment tolerance (TTs and other treatments)
was evaluated during the study period
prospectively or retrospectively from the date of
initiation of treatment. The evaluation included
the treatment discontinuations and their rea-
son, adverse events (AEs, grading according to
Common Terminology Criteria for Adverse
Events version 4.0 of May 2009) as well as their
possible complications observed during the
study. An AE starting after the last treatment
intake could be attributed to treatment if it
occurred up to 28 days after stopping the drugs
or the last assessment. If the investigator con-
sidered an AE as related to a given treatment,
this AE was included in this treatment group.
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Statistical Analysis

Quantitative variables were described using
counts, mean and median, standard deviation
(SD), interquartile range [Q1–Q3], minimum
and maximum as well as the number of missing
data. Estimates of OS and PFS were measured by
the Kaplan-Meier method. Due to its nature, the
study exhibited truncations and left censors.
A Kaplan-Meier estimator was used to estimate
the distribution of a left-truncated and right-
censored estimator [12]. The median survival
was estimated and presented with its 95% con-
fidence interval (CI). Statistical analyses were
performed with the SAS software version 9.4.

Ethics Statement

This study was conducted according to the
guidelines of the Declaration of Helsinki of
1964 and its later amendments. All participants
provided informed consent to participate in the
study. This study does not fall within the scope
of the program law no. 2006-450 of April 18,
2006, for research or in law no. 2004-806 of
August 9, 2004, article 88 chapter II article
L1121-1; the project was therefore not submit-
ted to the National Agency for the Safety of
Medicines and Health Products (Agence
National de Sécurité du Médicament, ANSM) or
to a French ethics committee (Comité de Pro-
tection des Personnes, CPP). However, the
investigators were paid to participate in this
study. This study was thus submitted to the
French National Medical Council (Conseil
National de l’Ordre des Médecins, CNOM). This
study required the collection and processing of
personal data for the purpose of health research,
therefore falling under Chapter IX of the Data
Protection Act of January 6, 1978, as amended.
An opinion from the advisory committee on the
processing of information in the field of health
research (Comité Consultatif sur le Traitement
de l’Information en matière de Recherche dans
le domaine de la Santé, CCTIRS) was therefore
requested as well as an authorization from the
Commission Nationale Informatique et Libertés
(CNIL).

RESULTS

Physician and Patient Disposition

The study lasted 54 months. Among the 72
centers contacted, 35 physicians in 35 centers
agreed to participate in the study. The profiles
of the active (those who have included at least
one patient) and non-active doctors were rela-
tively similar, in terms of specialty, type of
exercise (public, private, mixed), structure
(hospital, city doctor/clinic, anti-cancer center)
and the estimated number of patients with
pNET. Their profiles are summarized in Fig. 1.
The mean number of patients seen for pNET at
the time of inclusion was estimated at 16
patients per active center.

A total of 144 patients were included in the
study. A summary of the patient dispositions is
shown in Fig. 2. The patients were divided into
two groups, patients who received at least one
line with a TT during their care path (TT group)
and those who did not receive any line with a
TT (OT group). OT patients received
chemotherapy, somatostatin analogues, meta-
bolic radiotherapy or interferon alpha during
their treatment path.

Demographics and Characteristics
of the Disease

The patients included in the reference popula-
tion were aged between 34 and 93 [mean age:
63.4 (SD 12.6)] years, and the sex ratio was 1.5
(Table 1). Overall, the patients had Eastern
Cooperative Oncology Group (ECOG) perfor-
mance index B 1 (90.5% of patients). Ninety-
three (69.4%) patients presented at least one
comorbidity or history, and most patients had
between one and three comorbidities (data not
shown) such as lung disease, heart failure,
stroke, arterial hypertension, diabetes and
hypercholesterolemia. The most common
comorbidities were generally treated ([ 70% of
patients) (Table 2).

Metastatic tumors were common at diagno-
sis (70.1% patients) and at inclusion (about 95%
of patients). The tumor assessment at inclusion
showed that metastases were generally located
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in one or two sites, liver being the most com-
mon site [120 (89.6%) patients] (Table 2). Less
than 10% of patients had functional symptoms,
insulinoma being the most frequent.

Most of the study participants received
locoregional cancer treatments, mainly primary
surgery [60 (44.8%) patients], liver metastasis
surgery [26 (19.4%) patients] and (chemo)em-
bolization [25 (18.7%) patients], regardless of
the group considered (TT or OT) (Table 3). At
the time of inclusion, the Ki-67 proliferation
index was B 20% for 96/134 patients. A lower
number of patients had a determined mitotic
index (53/134 patients at inclusion) and had
always \ 20 mitoses per field. Some patients
benefited from a review by the TenPath network
(42 patients, information not provided for 32
patients), and overall, the examinations had
been performed approximatively 18 months
and less than a year preceding the patient

inclusion in the study for Octreoscan� (67
patients) and fluoro-deoxy-glucose positron
emission tomography (PET) scan (35 patients),
respectively (Table 3).

Treatments Prior to Inclusion

At the time of their enrollment in the study,
most patients (65.7%) had received at least one
previous treatment line. The study patients had
received on average 3.2 (SD 1.7) lines before
their inclusion in the study. Only 46 (34.3%)
patients initiated their anti-cancer treatment at
inclusion in the study (Table 4). These previous
lines of treatment included mainly chemother-
apy (67.0% patients), followed by omatostatin
analogues (46.6%) and TT (30.7%). The reason
for discontinuation of these previous treat-
ments was mainly disease progression (about
67% of patients for TT, 56% for chemotherapy
and up to 90% of patients for somatostatin
analogue), followed by scheduled discontinua-
tion and AE. Discontinuation due to AE was
mostly reported for previous lines with TTs [9
(33.3%) patients]. In the patients who had
received multiple lines of treatment before
inclusion in the study, the first line of treatment
had been mainly chemotherapy (53/88
patients) followed by somatostatin analogues
(27 patients); only 8 patients had a TT as first
line of treatment before their inclusion in the
study. Among patients who received a second
line of treatment before their inclusion in the
study, chemotherapy (15/40 patients) and TT
(15 patients) were the mostly used for this sec-
ond line. For patients who had a third line of
treatment before their inclusion in the study, an
equivalent proportion of patients received a TT
or chemotherapy (9 patients and 8 patients,
respectively, out of 24 patients). Disease pro-
gression was the main reason for discontinuing
the different treatments regardless of the treat-
ment line.

Treatments at Inclusion

Treatments at inclusion were everolimus (32
[58.2%] patients) and sunitinib (23 [41.8%]
patients) in patients initiating TT. The other

Fig. 1 Physician population. Profile of the active physi-
cians, per specialty, affiliation and medical structure.
Physicians actively participating in the study were mainly
gastroenterologists or oncologists, mainly affiliated to
public institutions and more particularly practicing in
hospital structures
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treatments at inclusion were mainly
chemotherapy [temozolomide 23 (29.1%)
patients, capecitabine 21 (26.6%) patients,
5-fluorouracil 15 (19.0%) patients, streptozocin
10 (12.7%) patients] and analogues of somato-
statin [lanreotide 23 (29.1%) patients and
octreotide 5 (6.3%) patients]. TTs were more
commonly prescribed as monotherapy (in [
70% of patients) at a dose in line with the
summary of product characteristics. At initia-
tion, sunitinib dose was 37.5 mg/day in

accordance with recommendations (for 87% of
patients), whereas a reduced dose of 25 mg/day
was given to 13% of patients. The initiation
dose of everolimus was 10 mg (for 84.4%) and
reduced to 5 mg (15.6%). When prescribed in
combination, it was with analogues of
somatostatin.

Fig. 2 Patient population
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Table 1 Patient characteristics at inclusion (reference
population)

Number of
patients

Age at inclusion (years)

Mean (SD) 63.4 (12.6)

Median [Q1; Q3] 65.3 [54.6; 71.7]

Gender

Men, n (%) 81 (60.4%)

Women, n (%) 53 (39.6%)

At least one comorbidity or history, n 134

Present, n (%) 93 (69.4%)

Arterial hypertension, n 134

Present, n (%) 48 (35.8%)

Treated, n (%) 45 (93.8%)

Diabetes, N 134

Present, n (%) 48 (35.8%)

Untreated, n (%) 45 (93.8%)

Hypercholesterolemia, N 134

Present, n (%) 14 (10.4%)

Treated, n (%) 10 (71.4%)

Renal function (clearance), N 99

\ 30 ml/min 0 (0.0%)

Between 30 and 60 ml/min 11 (11.1%)

[ 60 ml/min 88 (88.9%)

Other comorbidities or histories of

interesta, N
134

Present, n (%) 76 (56.7%)

Patients’ age, gender, comorbidities and history were ana-
lyzed at the time of their inclusion in the study. Most
patients were men, aged of 63 years on average. Most had
comorbidities at diagnosis, mainly hypertension, diabetes
and high cholesterol
Q1, first quartile; Q3, third quartile; SD, standard
deviation
aIncluding stroke, left ventricular ejection fraction (when
available), pulmonary disease, heart failure and coronary
insufficiency

Table 2 Disease characteristics at diagnosis and at inclu-
sion (reference population)

Number of
patients

Type of tumor at diagnosis, N 134

Localized, n (%) 40 (29.9%)

Metastatic, n (%) 94 (70.1%)

Pathology characteristics at inclusion,
N

134

Presence of metastases, n (%) 127 (94.8%)

Localizationa

Liver 120 (89.6%)

Hepatic invasion

B 50% 102 (76.1%)

[ 50% 18 (13.4%)

Peritoneum 19 (14.2%)

Bone 18 (13.4%)

Adenopathy 18 (13.4%)

Lung 5 (3.7%)

Functional symptomatology

Present, n (%) 13 (9.7%)

Gastrinoma, n (%) 2 (1.5%)

Insulinoma, n (%) 4 (3.0%)

Glucagonoma, n (%) 2 (1.5%)

VIPoma, n (%) 1 (0.7%)

Others, n (%) 4 (3.0%)

Metastases were frequent in the study participants, and
they were mainly located in the liver at the time of
inclusion in the study. Functional symptoms, mainly
insulinoma, could be found in a few patients at the time of
inclusion in the study
The percentages were calculated based on the total number
of patients
aAt the initiation of the current treatment line or initiated
at inclusion
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Table 3 Previous locoregional treatments and tests (ref-
erence population)

Number of patients

Previous locoregional treatments at inclusion

N 134

Received, n (%) a 75 (56.0%)

Primary surgery 60 (44.8%)

Surgery for liver metastases 26 (19.4%)

Chemoembolization/

embolization

25 (18.7%)

Radiofrequency ablation 11 (8.2%)

Other treatments 4 (3.0%)

Recent tests at inclusion

Octreoscan�, N 134

Recently performed, n (%) 67 (50.0%)

Not reported, n (%) 7 (5.2%)

Seniority (months)a, N 67

Mean (SD) 18.5 (20.3)

Median [Q1; Q3] 10.4 [4.3; 25.1]

Fixation, n 58

PET scan, N 134

Recently performed, n (%) 35 (26.1%)

Not reported, n (%) 7 (5.2%)

Seniority (months) a, N 35

Mean (SD) 9.52 (13.3)

Median [Q1; Q3] 4.5 [1.1; 11.9]

Fixation, n 29

Ki-67 value, N 134

Recently obtained, n (%) 108 (80.6%)

\ 3%, n (%) 22 (16.4%)

[3–20%], n (%) 74 (55.2%)

[ 20%, n (%) 12 (9.0%)

B 10%, n (%) 78 (58.2%)

[ 10%, n (%) 30 (22.4%)

Mitotic index, N 134

Table 3 continued

Number of patients

Recently obtained, n (%) 53 (39.6%)

\ 2 mitoses per field, n (%) 17 (12.7%)

[2–20] mitoses per field, n (%) 36 (26.9%)

Reviewed by TenPath, N 134

Recently obtained, n (%) 42 (31.3%)

Not reported, n (%) 32 (23.9%)

Most of the study patients had received locoregional cancer
treatments [mainly primary surgery, liver metastasis sur-
gery, and (chemo)embolization]. The Ki-67 proliferation
index was graded B 20% for most of the patients who had
a recent Ki-67 index analysis at the time of inclusion. A
lower number of patients had a determined mitotic index
which was always\ 20 mitoses per field. Some patients
benefited from a review TenPath network, an Octreoscan�

and/or a PET scan in the 2 years preceding their inclusion
in the study
aPercentage calculated on the number of patients who
received previous locoregional treatment
Q1, first quartile; Q3, third quartile; PET, positron
emission tomography; SD, standard deviation

Table 4 Previous treatment lines (reference population)

Number of treatment lines per patient

N 134

0, n (%) 46 (34.3%)

1, n (%) 48 (35.8%)

2, n (%) 16 (11.9%)

3, n (%) 24 (17.9%)

Patients who received at least one line of treatment

Per rank, N 134

No previous line, n (%) 46 (34.3%)

1st line, n (%) 88 (65.7%)

2nd line, n (%) 40 (29.9%)

3rd line, n (%) 24 (17.9%)

The treatment lines received before inclusion in the study
were analyzed retrospectively. The majority of patients had
already received a previous treatment line
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Treatments During the Entire Care Path

The treatment was modified or stopped during
the 2 years of prospective follow-up for 112
patients (83.6% of the reference population).
Patients received two lines of treatment during
the study follow-up period. Therefore, up to 79
(59.0%) patients received at least one TT during
their care path, which was mainly administered
in the second (42 patients), third (26 patients),
or fourth line (24 patients) (Table 5). For those
patients, the median duration of the TT was
18 months. The main reasons for discontinua-
tion were the same regardless of the period
considered (disease progression and AE). The
median duration of the TT decreased with the
rank of treatment line, where the concerned TT
was administered [from 24 (7; 48) months for
the first line (N = 15) to 5 (2; 16) months for the
fourth line (N = 24)]. The main reasons for dis-
continuation of TTs were disease progression
(54 patients) and AEs (26 patients), regardless of
the treatment line (Table 5).

All treatments combined, patients largely
received chemotherapy (74 patients) or
somatostatin analogues (44 patients) compared
to TTs in first line. Overall, the reasons for
treatment discontinuation over the entire care
path were primarily disease progression (up to
70 patients), scheduled discontinuation (up to
17 patients) or physician decision (up to 15
patients), regardless of the therapy or the
treatment line, for treatments received in first to
fourth line (Table 5).

Follow-Up, Progression-Free Survival
and Overall Survival Rates

The follow-up of patients was carried out
according to investigators’ standard of care.
Most of the patients (113 patients) received 3–5
examinations per year. The reported evalua-
tions were mainly carried out using CT scan
and/or MRI ([50% of patients). Survival anal-
yses were carried out using the initiation date of
the treatment line (in progress or initiated at
the inclusion visit) as the starting date.

In the reference population, the median OS,
using the date of diagnosis as starting date, was

estimated at 46.3 months [95% CI 32.8–not
evaluable (NE)], and the 2-year survival rate was
estimated at 68.7% (SD 4.9%; 95% CI
58.0–77.1%). For the 79 patients receiving at
least one TT during their care path, the OS was
176.5 months (95% CI 97.2–NE). The median
OS was 128.4 months (95% CI 46.7–NE) in
patients who did not receive a TT (non-signifi-
cant difference, test score p = 0.1946). In TT
patients who received a TT in first or second line
(52 patients), the median OS was estimated at
190.8 months (95% CI 97.2–NE); when the TT
was prescribed in the third line or later (27
patients), the median OS was estimated at
103.3 months (95% CI 78.0–NE) (non-signifi-
cant difference, test score p = 0.2258). In this TT
population, the 2-year survival rate was esti-
mated at 93.6% (SD 2.6%) and was maintained
across treatment lines: the 2-year survival rate
was estimated at 95.7% (95% CI 83.9–98.9%)
and 95.1% (70.1–99.3%) when the TT was pre-
scribed in first or second line and in third line or
later, respectively.

In patients who received at least one TT, the
median PFS duration was estimated at
9.1 months (95% CI 6.6–15.5) (Table 6).

Safety

Out of the 141 patients included in the toler-
ance population, 119 (84.4%) reported a total of
816 AEs. Nine AEs reported for eight patients (7
during the study period and 1 after the 2-year
follow-up period) resulted in death. When AEs
were analyzed according to the treatment taken
at least once during the study, the most com-
mon AEs suspected to be related to the treat-
ment were known treatment side effects. For
everolimus, the most common AEs were
inflammation of the mucosa (8 patients) and
stomatitis (5 patients). For sunitinib the com-
mon AEs included diarrhea (9 patients), neu-
tropenia (8 patients), upper abdominal pain (4
patients) and dysgeusia (4 patients). In patients
receiving chemotherapy, the most common AEs
were nausea (11 patients), peripheral neuropa-
thy (9 patients), thrombopenia (9 patients) and
diarrhea (8 patients). During treatment with
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Table 5 Use and reasons for discontinuation of the main treatments (targeted therapies and other treatments) over the
entire care path (according to the main treatment lines) (reference population)

Number of patients who received at least one line of targeted therapy

N 134

Targeted therapy 79 (59.0%)

None 55 (41.0%)

Main treatments 1st line 2nd line 3rd line 4th line

N 134 110 79 54

Targeted therapies 16 42 26 24

Chemotherapy 74 40 37 20

SSA 44 19 13 6

Metabolic radiotherapy 0 3 1 4

Others 0 6 2 0

Duration of the targeted therapy (months)

N 15 41 26 24

Mean (SD) 28.8 (24.8) 20.4 (17.4) 11.2 (10.5) 8.8 (9.7)

Median (Q1; Q3) 24 [7; 48] 18 [8; 26] 10 [3; 14] 5 [2; 16]

Overall reasons for discontinuation, regardless of the therapy

N 123 94 68 44

Disease progression 70 (56.9%) 61 (64.9%) 33 (48.5%) 22 (50.0%)

AE 9 (7.3%) 8 (8.5%) 18 (26.5%) 8 (18.2%)

Death 5 (4.1%) 1 (1.1%) 0 (0.0%) 3 (6.8%)

Scheduled discontinuation 17 (13.8%) 7 (7.5%) 2 (2.9%) 0 (0.0%)

Physician choice 15 (12.2%) 14 (14.9%) 12 (17.7%) 11 (25.0%)

Patient choice 2 (1.6%) 3 (3.2%) 3 (4.4%) 0 (0.0%)

Others 5 (4.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Main reasons for discontinuation of the targeted therapiesa

N 16 42 26 24

Disease progression 9 24 9 12

AE 2 (16.7%) 5 (11.9%) 12 (46.2%) 7 (29.2%)

Use and reasons for discontinuation of the main treatments over the entire care path. Throughout the 2 years of prospective follow-up study period, a large

proportion of patients received the targeted therapies, which were mainly administered in the second or third line. Patients rather received chemotherapy or

a somatostatin analogue as first-line treatment. During the study follow-up period, the main reasons for discontinuation were disease progression, scheduled

discontinuation or physician’s decision, regardless of the therapy or the treatment line. For the targeted treatments, the main reasons for discontinuation

were disease progression and AE
aThe percentages are calculated based on the number of patients receiving the targeted therapy

AE, adverse event; Q1, first quartile; Q3, third quartile; SSA, somatostatin analogue
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somatostatin analogues, the most common AE
was diarrhea (8 patients) (Table 7).

A total of 155 AEs reported for 66 patients
were SAEs. Sixty-four AEs reported for 38
patients led to permanent treatment discontin-
uation; 38 AEs and 12 SAEs suspected of being
treatment-related, and reported for 22 and 8
patients, respectively, led to permanent treat-
ment discontinuation. Grade 3 or C 4 SAEs
suspected of being related to the treatment have
been reported for the four treatments of interest
(everolimus, sunitinib, chemotherapy, ana-
logues of somatostatin). For everolimus treat-
ment, four patients had grade 3 AEs
(algoneurodystrophy, pneumonitis and fever),
one patient had one grade C 4 AE (venous
thrombosis), and one patient had four events of
grade 3 (mucositis, erythema, urticaria and
edema). All these events led to permanent dis-
continuation of the treatment except for
venous thrombosis (unknown) and fever (dose
reduction). For sunitinib treatment a grade 3
hepatic cytolysis led to permanent discontinu-
ation of the treatment. For chemotherapy

treatment, grade 3 and grade C 4 AEs were
reported for two and four patients, respectively.
The grade 3 AE was physical health deteriora-
tion; the grade C 4 AEs were grade 4 heart fail-
ure (one patient), grade 4 infectious
endocarditis (one patient), grade 4 water infla-
tion and grade 5 heart failure reported in the
same patient. All of these events led to discon-
tinuation of the treatment except for infectious
endocarditis and water inflation (without con-
sequence on treatment). For analogues of
somatostatin, grade 3 vomiting, without con-
sequence for the ongoing treatment, was
reported in one patient.

A total of 38 patients died during the 2-year
study follow-up period. The vast majority of
deaths (31 patients, 81.6% of deaths) was due to
disease progression and was not considered as
related to the treatment. The remaining deaths
(7 patients, 18.4% of deaths) occurred following
an AE that occurred during the study period and
were considered as unrelated to the treatment,
except one event, a multifactorial acute renal
failure, which was suspected to be related to the

Table 6 Analysis of the progression-free survival in patients who received at least one line with a targeted therapy
throughout the entire care path (reference population)

Progression-free survival in patients who received at least one targeted therapy

N 79

Data not available 0

Number of events 44

Progression 43

Death 1

Censored data 35

Unknown fate

Other reasons 35

Median (months) (95% CI) 9.1 (6.6–15.5)

Minimum survival (months) 0.9

Maximum survival (months) 87.0

The PFS was defined by the time between treatment initiation and the date of the first evidence of progression of the disease
or death from any cause during the main treatment received at inclusion. Patients receiving targeted therapies were generally
advanced in their care path regarding the number of previous treatment lines
CI, confidence interval
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Table 7 Adverse events suspected of being related to the study
treatment, by received treatment (at least once during the study), SOC
and PT for the most frequent treatments (everolimus, sunitinib,

chemotherapy and somatostatin analogue) (reported by[ 5% patients
for at least one treatment) (tolerance population)

SOC

PT n (%)

Everolimus

N = 52

Sunitinib

N = 36

CT

N = 82

SSA

N = 65

At least one related AE 31 (59.6%) 24 (66.7%) 48 (57.8%) 13 (20.0%)

General disorders and anomalies at the administration site 16 (30.8%) 8 (22.2%) 25 (30.1%) 2 (3.1%)

General deterioration of the state of health 0 (0.0%) 0 (0.0%) 2 (2.4%) 0 (0.0%)

Inflammation of the mucosa 8 (15.4%) 2 (5.6%) 2 (2.4%) 0 (0.0%)

Peripheral edema 5 (9.6%) 1 (2.8%) 2 (2.4%) 0 (0.0%)

Gastrointestinal disorders 9 (17.3%) 12 (33.3%) 20 (24.1%) 10 (15.4%)

Diarrhea 1 (1.9%) 5 (13.9%) 8 (9.6%) 8 (12.3%)

Nausea 0 (0.0%) 0 (0.0%) 11 (13.3%) 2 (3.1%)

Vomiting 2 (3.8%) 2 (5.6%) 6 (7.2%) 1 (1.5%)

Upper abdominal pain 2 (3.8%) 4 (11.1%) 1 (1.2%) 0 (0.0%)

Stomatitis 5 (9.6%) 1 (2.8%) 0 (0%) 0 (0.0%)

Gastroesophageal reflux 0 (0.0%) 2 (5.6%) 2 (2.4%) 0 (0.0%)

Blood and lymphatic system disorders 8 (15.4%) 10 (27.8%) 13 (15.7%) 1 (1.5%)

Neutropenia 1 (1.9%) 8 (22.2%) 6 (7.2%) 0 (0.0%)

Thrombopenia 3 (5.8%) 3 (8.3%) 9 (10.8%) 1 (1.5%)

Anemia 3 (5.8%) 2 (5.6%) 3 (3.6%) 0 (0.0%)

Nervous system disorders 5 (9.6%) 4 (11.1%) 20 (24.1%) 3 (4.6%)

Dysgeusia 2 (3.8%) 4 (11.1%) 3 (3.6%) 2 (3.1%)

Peripheral neuropathy 0 (0.0%) 0 (0.0%) 9 (10.8%) 0 (0.0%)

Paresthesia 0 (0.0%) 0 (0.0%) 6 (7.2%) 0 (0%)

Infections and infestations 5 (9.6%) 0 (0.0%) 5 (6.0%) 0 (0.0%)

Skin and subcutaneous tissue disorders 8 (15.4%) 11 (30.6%) 5 (6.0%) 0 (0.0%)

Hand-foot syndrome 0 (0.0%) 4 (11.1%) 1 (1.2%) 0 (0.0%)

Change in hair color 0 (0.0%) 3 (8.3%) 0 (0.0%) 0 (0.0%)

Investigations 4 (7.7%) 4 (11.1%) 4 (4.8%) 2 (3.1%)

Weight loss 3 (5.8%) 2 (5.6%) 1 (1.2%) 1 (1.5%)

Metabolism and nutrition disorders 8 (15.4%) 2 (5.6%) 7 (8.4%) 0 (0.0%)

Respiratory, thoracic and mediastinal disorders 6 (11.5%) 3 (8.3%) 0 (0.0%) 0 (0.0%)

Epistaxis 1 (1.9%) 2 (5.6%) 0 (0.0%) 0 (0.0%)

Hemoptysis 0 (0.0%) 2 (5.6%) 0 (0.0%) 0 (0.0%)

Kidney and urinary tract disorders 3 (5.8%) 0 (0.0%) 4 (4.8%) 0 (0.0%)

AE, adverse event; CT, chemotherapy; PT, preferred term; SOC, system organ class; SSA, somatostatin analogue
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chemotherapy received by the patient as first-
line treatment. No fatal AEs occurred in patients
treated with TT.

DISCUSSION

The OPALINE study provides a picture of the
care path and describes the place of TTs in a
real-world setting of patients with pNETs in
France between 2015 and 2019. Thus,
chemotherapies and analogues of somatostatin
remained the main treatments used as first line
(55% and 40%, respectively), unlike the TTs
(12% of patients) that were more frequently
used in subsequent therapeutic lines [13].
Despite their relatively recent introduction in
France at the time of the study initiation, the
uncommon use of TTs first at baseline suggests
that there is no ‘‘fashion effect’’ behind the use
of these treatments and that their first-line use
is reasonable in the context of pNETs.

The use of TTs was then in line with the
recommendations of expert societies (Thesaurus
National de Cancerologie Digestive, TNCD,
European Neuroendocrine Tumor Society,
ENETS) [9, 15], which restrict their use initially
after chemotherapy or somatostatin analogues.
However, their use in first line is better docu-
mented now, and more patients may receive TT
with a favorable profile (low burden disease, Ki-
67\ 10%, low progression curve) [16].

This study does not allow comparison
between the two TTs or clearly defining their
place regarding chemotherapy. Indeed, this
study is a reflection of real life, where decisions
are made on a case-by-case basis in a multidis-
ciplinary consultation meeting. The only ran-
domized sequential trial in pNETs that is
currently underway is the European Neuroen-
docrine Tumors Society/Spanish Task Force
Group for Neuroendocrine Tumors (GETNE)
trial called SEQTOR (NCT02246127). The SEQ-
TOR trial seeks to compare the efficacy and
safety of everolimus followed by chemotherapy
with streptozocin-fluorouracil (STZ-5FU) upon
progression or the reverse sequence in advanced
progressive pNETs and will allow better assess-
ment of the impact of the first therapeutic
sequence.

For the 79 (59.0%) patients who used at least
one TT during their care path, the median OS
time was estimated at approximatively
176.5 months. This is in line with the survival
duration reported in the literature for pNET
patients. In our study we show that the results
obtained in terms of PFS (9.1 months in patients
who took at least one TT) are worse when
patients are treated in later lines. Indeed, the
use of successive treatment lines leads to selec-
tion of the most resistant tumor clones [17]. In
the OPALINE study, some patients received TT
beyond the third line, with a markedly reduced
efficacy in terms of PFS: the median duration of
TT decreased significantly beyond the fourth
line of treatment, from 24 to 4 months on
average, underlying the better efficacy observed
for treatment-naı̈ve patients [16].

Treatment decision for advanced pNET
depends on multiple factors including the
extent of the disease and tumor characteristics
(grade, Ki-67 status, morphology), tumor func-
tionality, tumor biomarkers, tumor burden
(large liver tumor load and presence of extra-
hepatic metastases), individual factors (comor-
bidities), prior treatment regimens and
responses to them including side effects, pro-
gression rate and other symptoms [18]. Ki-67 is
considered a crucial element of the decision in
the OPALINE study, even if the cut-off of 10%
separated the survival curves (data not shown) it
was not possible to evaluate it according to the
treatment because of low numbers per sub-
group. A multidisciplinary approach is therefore
crucial for the management of patients with
rare diseases like pNET. Moreover, as treatment
options increase, the potential to change the
order of each treatment grows and the concept
of individualized care becomes more relevant.
The challenge is to be able to determine the
right sequence strategy for each individual
patient, with the difficulty of selecting not only
the first line but also the subsequent lines of
therapy. Although some ongoing clinical trials
(e.g., SEQTOR) may answer some questions
regarding the two therapies (chemotherapy vs.
TT in the SEQTOR study), others in progress in
GastroEnteropancreatic Neuroendocrine
Tumors (GEP-NETs) are questioning the place of
peptide receptor radionuclide therapy (PRRT)

2744 Adv Ther (2022) 39:2731–2748



vs. other therapies (chemotherapy or ever-
olimus) in the COMPOSE trial (NCT04919226),
PRRT and everolimus in the COMPETE trial
(NCT03049189), and PRRT and sunitinib in
OCLURANDOM trial (NCT02230176). PRRT
seems to present an interesting efficiency, but
could not be evaluated in our study because of
its unavailability in France for this indication
[19]. The different clinical trials will not answer
all the questions regarding other potential
sequence combinations if all available therapies
are taken into account. Additional research
therefore is needed to evaluate possible corre-
lations between different therapeutic sequences
and survival and/or tolerance. For example,
patients participating in the OPALINE study
received on average 3.2 lines of treatment dur-
ing their care path, and having a larger thera-
peutic arsenal available would have brought real
added value.

As recently reported by another real-world
study, management is generally personalized
and dependent on the patient’s profile [14]. The
best treatment sequence should be investigated
to allow patients to benefit from a maximum of
therapeutic lines. The care decision-making
processes are then personalized, and it becomes
complex and inappropriate to compare the
effectiveness of different treatments. In this
context, TTs (everolimus and sunitinib) really
appear to be additional therapeutic options in
the care of pNET patients. In addition, TTs are
oral treatments that can be managed on an
outpatient basis and as such offer a degree of
comfort compared with treatments adminis-
tered parenterally.

Although the selection criteria were not
restrictive, the population analyzed in the
OPALINE study remained comparable to clini-
cal registry studies regarding age of the patients,
their ECOG performance status and the inci-
dence of metastases. In both cases (randomized
clinical studies and OPALINE study), the pro-
portion of patients with metastases was C 90%.
However, functional symptoms seem less fre-
quent in the OPALINE study compared to clin-
ical studies (\10% vs. 24% for everolimus [11]
and around 50% for sunitinib [10]). The treat-
ment duration seemed longer in the OPALINE
study compared with the clinical registry

studies (median treatment duration of
18 months, with 57% of patients on TTs for at
least 12 months in the OPALINE study vs. 9–-
10 months for everolimus and 4–5 months for
sunitinib in clinical registry studies). In ran-
domized clinical studies, the criteria for treat-
ment discontinuation might be more strictly
defined (objective evaluation criteria such as
response evaluation criteria in solid tumors,
RECIST) than in real-world settings where the
clinical benefit of the patient is potentially
more determinant. In addition, the median PFS
estimated in OPALINE is similar to that reported
in clinical registration studies. These results
indicate a good tolerance of the TTs in real-
world settings and a real benefit from their real-
world use in a non-selected population. Indeed,
as highlighted in the OPALINE study, the main
reason for stopping treatment, in particular for
the first lines of treatment, is still disease pro-
gression, which seems different from other
recent series [20].

No particular safety signal was reported
during this study. AEs reported for the TTs were
expected events already documented in the
respective summary of product characteristics
for everolimus and sunitinib. During the follow-
up period, final discontinuations for toxicity
were relatively rare compared to those linked to
disease progression. In this unselected popula-
tion, the safety profile was comparable to that
established during the registry studies using a
selected population. The use of TTs did not
compromise the establishment of new treat-
ment lines after their discontinuation. The
median duration of treatment with TT was
longer (18 months) compared to that in the
registry studies. These two observations denote
a good tolerance of TTs and a real benefit from
their use in current practice in an unselected
population. Relatively few severe or serious
events were reported that required permanent
discontinuation of treatment. No death was
suspected to be related to the TTs. The real-
world safety profile of the TTs is therefore not
very different from that observed in clinical
registry studies.

The analysis of the characteristics of patients
on inclusion showed that the enrolled popula-
tion was relatively representative of the general
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population of patients with pNET: sex ratio of
1.5 [7], mainly non-functional (approximately
90% of patients) and presenting a high rate of
metastases (approximately 95%, generally hep-
atic), with comorbidities frequently encoun-
tered in these patients (diabetes and
hypertension). The results of this study can
therefore be extrapolated to some extent to all
patients with pNETs.

Nonetheless, the OPALINE study has several
limitations due to its observational nature and
the difficulty of recruiting a sufficient number
of patients with a rare condition. This disease
affects a limited number of people (portal for
rare diseases and orphan drugs, ORPHA.net,
ORPHA reference: 97,253, prevalence 1–5/
10,000). This is reflected by the average number
of patients seen in consultation by the recruit-
ing centers (16 patients per center) and the
average number of patients included in the
study by each active center (4 patients per cen-
ter). This study also included both patients ini-
tiating therapy at the time of inclusion and
patients undergoing treatment at inclusion,
regardless of the line of treatment. Therefore,
the analyses of OS used the date of diagnosis as
the starting date to eliminate any bias linked to
treatment lines that the patients received before
inclusion in the study. Finally, this study was
carried out in reference centers for the man-
agement of pNETs leading to an inevitable se-
lection bias.

CONCLUSION

OPALINE evaluated the use of TTs (everolimus
and sunitinib) in a real-world setting in patients
with progressive unresectable or metastatic
well-differentiated pNETs. In this pNET popu-
lation, the use of the TTs subsequent to treat-
ment with chemotherapy or analogues of
somatostatin was in line with French health
recommendations. The safety profile of TTs over
a longer follow-up period confirmed the one
established during registration studies. Finally,
the use of either one or the other of these
treatments was compatible with the introduc-
tion of new treatment lines after their discon-
tinuation. In conclusion, the TTs everolimus

and sunitinib are key therapeutic agents in the
context of ‘‘chronic’’ pathology that requires a
personalized and progressive management.
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Médecins, CNOM). This study required the
collection and processing of personal data for
the purpose of health research, therefore falling
under Chapter IX of the Data Protection Act of
January 6, 19786 as amended. An opinion from
the advisory committee on the processing of
information in the field of health research
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