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ABSTRACT

Background. Long-acting somatostatin analogs (SSAs) are
the primary first-line treatment of well-differentiated
advanced gastroenteropancreatic neuroendocrine tumors
(NETs), but data about their efficacy in pancreatic NETs
(panNETs) with Ki-67 ≥10% are still limited.
Materials and Methods. To assess the clinical outcomes of
advanced, nonfunctioning, well-differentiated panNETs with
Ki-67 ≥10% receiving first-line long-acting SSAs in a real-
world setting, we carried out a retrospective, multicenter
study including patients treated between 2014–2018 across
10 centers of the NET CONNECT Network. The primary
endpoints were time to next treatment (TNT) and
progression-free survival (PFS), whereas overall survival
(OS) and treatment safety were secondary endpoints.
Results. A total of 73 patients were included (68 grade [G]2,
5 G3), with liver metastases in 61 cases (84%). After a

median follow-up of 36.4 months (range, 6–173), the median
TNT and PFS were 14.2 months (95% confidence interval [CI],
11.6–16.2) and 11.9 months (95% CI, 8.6–14.1) respectively.
No statistically significant difference was observed according
to the somatostatin analog used (octreotide vs. lanreotide),
whereas increased tumor grade (hazard ratio [HR], 4.4; 95%
CI, 1.2–16.6; p = .04) and hepatic tumor load (HR, 2; 95% CI,
1–4; p = .03) were independently associated with shortened
PFS. The median OS recorded was 86 months (95% CI,
56.8–86 months), with poor outcomes observed when the
hepatic tumor burden was >25% (HR, 3.4; 95% CI, 1.2–10;
p = .01). Treatment-related adverse events were reported in
14 patients, most frequently diarrhea.
Conclusion. SSAs exert antiproliferative activity in panNETs
with Ki-67 ≥10%, particularly in G2 tumors, as well as when
hepatic tumor load is ≤25%. The Oncologist 2020;25:1–8

Implications for Practice: The results of the study call into question the antiproliferative activity of somatostatin analogs
(SSAs) in pancreatic neuroendocrine tumors with Ki-67 ≥10%. Patients with grade 2 tumors and with hepatic tumor load
≤25% appear to derive higher benefit from SSAs. Prospective studies are needed to validate these results to optimize tai-
lored therapeutic strategies for this specific patient population.
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INTRODUCTION

Long-acting somatostatin analogs (SSAs) are the primary
first-line treatment of advanced gastroenteropancreatic
(GEP) neuroendocrine tumors (NETs) [1–3]. Initially devel-
oped as antisecretory agents for the palliation of hormonal
symptoms associated with NETs, two phase III clinical trials
(the PROMID and the CLARINET studies) [4, 5] have demon-
strated their antiproliferative activity in well- or moderately
differentiated NETs.

The double-blind, placebo-controlled PROMID trial [4]
randomized 85 patients diagnosed with well-differentiated,
metastatic midgut NETs (mostly grade [G]1) to receive
either octreotide long-acting repeatable (LAR) 30 mg every
28 days or placebo. A significant improvement in the
median time to progression (TTP) from 6 months in the pla-
cebo arm to 14.3 months in the SSA arm (hazard ratio [HR],
0.34; p < .001) was reported. More recently, the double-
blind, placebo-controlled CLARINET trial [5] randomized
204 patients who had metastatic, OctreoScan-positive, hor-
monally nonfunctioning GEP-NETs with a Ki-67 index less
than 10% to receive lanreotide depot 120 mg every 4 weeks
or placebo. After a median study drug exposure of
24 months, the median progression-free survival (PFS) was
not reached in the lanreotide arm versus 18 months in the
placebo arm (HR, 0.47; p < .001). In a recent meta-analysis
[6], a significant cumulative benefit in terms of disease con-
trol was shown for SSAs in comparison with placebo (HR,
0.41; p < .01), and an excellent safety profile was reported.

Although SSAs have a pivotal role in the treatment of
GEP-NETs, evidence on their efficacy in specific patient
populations is still limited. Although subgroup analyses of
the CLARINET trial [5] showed that lanreotide had a positive
impact on the PFS of the 91 patients with pancreatic NETs
(panNETs) included in the study (median PFS, not reached
in the lanreotide arm vs 12.1 months in the placebo arm;
HR, 0.58; p < .06), data supporting the efficacy of SSAs in
panNETs with a Ki-67 ≥10% are presently lacking.

This study aimed at assessing the clinical outcomes of
patients with panNETs and a Ki-67 ≥10% treated with long-
acting SSAs as first-line antitumor therapy in a real-world
setting. Whereas time to next treatment (TNT) and PFS
were chosen as primary endpoints, overall survival (OS) and
treatment safety were used as secondary endpoints.

SUBJECTS, MATERIALS, AND METHODS

Study design and patient selection
A retrospective, real-world study investigating the efficacy
and safety of first-line SSAs in panNETs with Ki-67 ≥10% was
conducted in 10 NET expert centers belonging to the NET
CONNECT network (Beaujon University Hospital, Clichy,
France; Erasmus Medical Center, Rotterdam, The Nether-
lands; Moffitt Cancer Center, Tampa, FL; Peking University
Cancer Hospital, Beijing, China; Royal Free London NHS
Foundation Trust, London, U.K.; The Christie NHS Founda-
tion Trust, Manchester, U.K.; University Hospital Ramon y
Cajal, Madrid, Spain; University of Bari, Italy; University of
Warmia and Mazury, Olsztyn, Poland; Vall d’Hebron University

Hospital, Barcelona, Spain). The study protocol was approved
by the ethics or audit committees at each institution, where
required. Informed consent was waived, because of the retro-
spective nature of the study.

Chart reviews and existing institutional databases were
used to identify adult (>18 years) patients diagnosed with
metastatic (American Joint Committee on Cancer stage IV)
and histologically or cytologically proven panNETs with Ki-
67 ≥10%. Patients with poorly differentiated neuroendo-
crine carcinoma were excluded. Only patients who initiated
treatment with first-line octreotide LAR or lanreotide depot
between 2014 and 2018 and had at least 1 year of follow-
up were eligible. Locoregional therapies prior to the initia-
tion of the treatment with SSAs were not allowed. To limit
referral bias, we excluded patients who initiated treatment
with SSAs prior to referral to our institutions.

Data Collection
The following information was collected by reviewing
patient medical records: demographics, date of diagnosis,
location of metastases, volume of liver metastases
(as assessed by study investigators through scan review),
somatostatin receptor imaging status, Ki-67 proliferative
index, chromogranin A levels, occurrence of adverse events
while on treatment with SSAs, and follow-up data.

Statistical Analysis
Descriptive statistics were used for patient demographics
and clinical and pathological data. TNT was defined as the
time from initial SSA therapy to initiation of new systemic
or locoregional treatment. PFS was defined as the time
from SSA initiation to radiographic progression or death.
Progression status was assessed based on a review of medi-
cal notes and scan reports and not based on formal RECIST
radiographic readings. OS was measured from the date of
initial diagnosis until death from any cause, or patients
were censored at last known follow-up. Survival curves
were estimated using the Kaplan-Meier method and com-
pared by the log-rank test. Multivariable analysis was per-
formed using Cox proportional hazards regression. The
assumption of proportionality was verified by log-log plot.
Only variables with a p < .2 at univariate analysis were
included in the Cox multivariable model, and the HR was
interpreted as the instantaneous relative risk of an event
for an individual with the risk factor present compared with
an individual with the risk factor absent. Exact 95% confi-
dence intervals (CIs) were calculated for each proportion of
interest. All tests were two-sided, and statistical significance
was declared when p ≤ .05. All statistical analyses were per-
formed using MedCalc 12.7 (MedCalc Software, Ostend,
Belgium).

RESULTS

Demographics and Tumor Characteristics
A total of 73 patients diagnosed with nonfunctioning, well-
differentiated, metastatic panNETs treated with first-line
SSAs were included in the study. Demographic variables and
baseline clinicopathological characteristics are summarized in
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Table 1. Thirty-nine patients (53%) were male, and the mean
age at SSA initiation was 58 (�12) years. The majority
(68/73) of tumors were classified as G2 according to the
World Health Organization 2019 classification (Klimstra et al.
2019), and all G3 tumors were well-differentiated [7]. The Ki-
67 labeling index was ≤15% in 52 of 73 patients (71%). Path-
ological analyses were performed on biopsy and surgical
samples in 52 and 21 cases, respectively. Seventy-one tumors
were sporadic, whereas two occurred in the context of type
1 multiple endocrine neoplasia syndrome. Liver metastases
were diagnosed in 61 patients (84%), with hepatic tumor
load ≤25% and >25% in the 38% and 43% of the cohort,
respectively. The hepatic tumor volume was not reported in
19% of cases. The somatostatin receptor imaging (single-
photon emission–computed tomography or positron emis-
sion tomography–computed tomography) was positive or
heterogeneous (coexistence of both positive and negative
tumor lesions) in 92% and 7%, respectively, of the study pop-
ulation. Octreotide LAR or lanreotide depot were adminis-
tered in 35 and 38 patients, respectively, and the median
time from diagnosis until SSA initiation was 1.5 months
(range, 0–145). All patients had metastatic disease at start of
treatment with SSAs, with 61 of them (84%) having metasta-
ses at diagnosis or within 12 months of diagnosis (synchro-
nous) and the remaining (16%) developing metastasis after
12 months since the original diagnosis (metachronous). No
patients received above-label dosages of SSAs. Primary
tumor surgery was performed before SSA initiation in
21 (29%) patients, and the median frequency of follow-up
imaging during the treatment with SSAs was 3 months
(range, 1–12). At SSA progression, 43% of the patients
received cytotoxic treatments including chemotherapy or
peptide receptor radionuclide therapy (PRRT).

Treatment Outcomes
Patients received a median of twelve 28-day treatment
cycles. Reasons for discontinuation included radiographic
tumor progression (n = 55), clinical progression (n = 4), and
death (n = 2). Three patients were lost to follow-up,
whereas 9 patients remained on treatment at the time of
data analysis.

All enrolled patients were evaluable for TNT and PFS.
After a median follow-up duration of 36.4 months (range,
6–173), the median TNT was 14.2 months (95% CI, 11.6–
16.2 months), whereas the median PFS was 11.9 months
(95% CI, 8.6–14.1 months; Fig. 1). Stratified by tumor grade

Table 1. Baseline characteristics of the study population

Characteristics n (%)

Sex

Male 39 (53)

Female 34 (47)

Age, yr

Mean � SD 58 � 12

Time from diagnosis to SSA initiation, mo

Median (range) 1.5 (0–145)

Primary tumor surgery before SSA initiation

Whipple intervention 5 (7)

Pancreaticoduodenectomy 3 (4)

Distal pancreatectomy 9 (12)

Pancreatectomy not specified 4 (6)

None 52 (71)

Location of metastasis

Liver 61 (84)

Lymph nodes 35 (48)

Bone 13 (18)

Peritoneum 4 (5)

Lung 4 (5)

Liver tumor load

0% 12 (16)

>0%–10% 8 (11)

>10%–25% 8 (11)

>25%–50% 18 (25)

>50% 13 (18)

Not reported 14 (19)

SSTR imaging (OctreoScan or 68Ga-PET/CT)

Positive 67 (92)

Heterogeneous 5 (7)

Not performed 1 (1)

CgA serum levels

Normal 11 (15)

Elevated 36 (49)

Not reported 26 (36)

Ki-67%

10%–15% 52 (71)

16%–20% 16 (22)

21%–25% 3 (4)

>25% 2 (3)

Type of somastatin analog

Ocreotide LAR 35 (48)

Lanreotide depot 38 (52)

Second-line treatment received at SSA
progression

Chemotherapy 20 (28)

PRRT 11 (15)

Everolimus 9 (12)

Sunitinib 8 (11)

(continued)

Table 1. (continued)

Characteristics n (%)

High-dose SSA 5 (7)

Locoregional therapies 5 (7)

None 9 (12)

Unknown 6 (8)

Follow-up, mo

Median (range) 36.4 (4.3–173)

Abbreviations: CgA, chromogranin A; LAR, long-acting repeatable;
PRRT, peptide receptor radionuclide therapy; SSA, somatostatin
analog; SSTR, somatostatin receptor.

© 2020 AlphaMed Presswww.TheOncologist.com

Merola, Gordoa, Zhang et al. 3



(Fig. 2A, B), the median TNT was 14.7 months (95% CI,
12.8–18.5 months) for patients with G2 panNETs and
5.2 months (95% CI, 3–8.7 months) for those with G3 pan-
NETs (p = .0001). Similarly, the median PFS was significantly
prolonged in patients with G2 panNETs as compared with
those having G3 panNETs (12.4 months vs. 4 months;
p = .0007). As depicted in Figure 2C and D, patients with
hepatic tumor burden ≤25% showed longer PFS (median:
15 months; 95% CI, 12.2–19.8 months) and TNT (median:
19 months; 95% CI, 13.1–22.6 months) as compared with
those with higher liver tumor load, showing a median PFS
and TNT of 9.7 months (95% CI, 5.1–12.4 months; p = .04)
and 12.8 months (95% CI, 5.7–15.8 months; p = .07),
respectively. As shown in supplemental online Figure 1, in
patients who developed metastatic disease after 12 months
from tumor diagnosis, the median TNT and PFS were
22.6 months (95% CI, 12.8–37.7 months) and 18 months
(95% CI, 12.4–34.3 months), respectively, versus 14.2 months

(95% CI, 11.6–16.2 months; p = .12) and 11 months (95% CI,
6.6–13.8 months; p = .05) in subjects developing metastasis
within 12 months since diagnosis. There was no difference in
PFS and TNT according to somatostatin receptor imaging sta-
tus, serum chromogranin levels at treatment initiation, and
administered SSA (octreotide vs. lanreotide). By multivariable
analysis, both increased tumor grade (HR, 4.4; 95% CI,
1.2–16.6; p = .04) and hepatic tumor load >25% (HR, 2; 95%
CI, 1–4; p = .03) remained independently associated with
shortened PFS.

Overall Survival
At the time of data cutoff, 24 patients had died and
49 patients were alive. The median OS was 86 months (95%
CI, 56.8–86 months). Estimated rates of OS at 1, 3, and
5 years were 93% (�3%), 75.4% (�5.4%), and 57.9%
(�7.7%), respectively (Fig. 3A). As depicted in Figure 3B, a
hepatic tumor burden >25% predicted poor OS (median OS:

Figure 1. Kaplan-Meier estimates of time to next treatment (A) and progression-free survival (B).
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86 months vs. 56.8 months; p = .001), and this prognostic
effect was retained after multivariable analysis (HR, 3.4;
95% CI, 1.2–10; p = .01). All other investigated variables
(tumor grade, somatostatin receptor imaging status, serum
chromogranin levels at treatment initiation, presence of
bone metastases, synchronous/metachronous occurrence
of metastases) did not show any prognostic impact. The
median OS was 86 months (95% CI, 57–86 months) in
patients with G2 tumors and 56.8 months (95% CI, 19.6–
56.8 months) in patients with G3 tumors.

Safety
The side effects considered at least possibly related to
treatment are listed in Table 2. Overall, any-grade adverse
events (AEs) were reported in 14 of 73 patients. Diarrhea
was the most common toxicity and developed in 7 patients
(13%). Other AEs included pancreatic insufficiency with ste-
atorrhea (4%), cholangitis with biliary acute pancreatitis
(4%), and joint pain (4%).

DISCUSSION

To our knowledge, this is the first study to investigate the
antiproliferative activity of SSAs in the first-line treatment
of nonfunctioning, well-differentiated, sporadic or heredi-
tary, advanced panNETs with Ki-67 ≥10%. Among the
73 patients retrospectively enrolled in our multi-institutional
series, the SSAs octreotide LAR and lanreotide depot were
associated with a median TNT of 14.2 months (95% CI,
11.6–16.2) and a median PFS of 11.9 months (95% CI,

8.6–14.1). Although lower grade and limited hepatic tumor
load predicted better outcomes, similar efficacy results
were observed in patients receiving either octreotide or
lanreotide.

Based on the results of the PROMID and CLARINET trials
[4, 5], SSAs currently constitute the primary treatment for
patients with NETs. Nevertheless, given the characteristics
of the patients included in both trials, little is known regard-
ing the impact of SSA therapy in patients with more rapidly
proliferative NETs. The aim of our study was therefore to
retrospectively assess the real-world efficacy of SSAs among
patients with panNETs whose Ki-67 exceeds the 10% cutoff
used as an inclusion criterion in the CLARINET study [5].
Although cross-study comparisons should be drawn with
caution, the median PFS of 11.9 months recorded in our
study compares favorably with prior literature in the same
disease setting. Indeed, in a retrospective analysis of seven
patients harboring panNETs with a Ki-67 ≥10%, first-line
octreotide LAR was associated with a median TTP of
4 months (95% CI, 1.4–6.6 months) [8]. A median PFS of
10.3 months (95% CI, 2.1–18.4 months) was also reported
in a single-institution series including 20 patients with well-
differentiated GEP-NETs and a Ki-67 exceeding 10% who
received lanreotide primarily in the first-line setting [9].
Moreover, in a subanalysis of a phase II trial of lanreotide in
Japanese patients with advanced NETs, the median PFS
observed among the two patients having tumors with
Ki-67 ≥10% was only 12 weeks [10]. The heterogeneity of
primary tumor site, metastatic pattern, and treatment set-
ting along with the low number of patients analyzed in

Figure 2. Kaplan-Meier estimates of time to next treatment and progression-free survival by tumor grade (A and B, respectively)
and by hepatic tumor burden (C and D, respectively).
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these studies should be taken into account when inter-
preting our findings.

Systemic treatment options active in controlling tumor
growth in patients with well-differentiated panNETs
also include radiolabeled SSAs, everolimus, sunitinib, and

chemotherapy. Although the NETTER-1 study [11] investi-
gated 177Lu-DOTATATE plus octreotide LAR in patients with
advanced, OctreoScan-positive, midgut NETs progressive on
standard-dose SSAs, the NETTER-2 study (NCT03972488) is
currently assessing the efficacy of PRRT plus octreotide LAR
versus high-dose octreotide LAR in a population of patients
somehow similar to that analyzed in our study (well-
differentiated GEP-NETs with Ki-67 composed between 10%
and 55%). In this regard, a study of 33 patients pretreated
for advanced, somatostatin receptor–positive GEP neuroen-
docrine neoplasms (any degree of differentiation) with a Ki-
67 of at least 15% showed that 177Lu-DOTATATE was associ-
ated with an encouraging median PFS of 23 months (95%
CI, 14.9–31 months) [12]. Data on mTOR inhibitors or anti-
angiogenic agents in the treatment of rapidly proliferating
NETs are scant, and low number of patients hinder compari-
sons with our study. Recently, a phase II study investigated
everolimus at 10 mg daily in nine patients with 18FDG-
positive G2 panNETs (Ki-67 was ≥10% in 6 patients),

Figure 3. Kaplan-Meier estimates of overall survival in the overall population (A) and by liver tumor load (B).

Table 2. Treatment-related adverse events

Adverse event n (%)

Any adverse event 14 (27)

Diarrhea 7 (13)

Pancreatic insufficiency 2 (4)

Cholangitis/pancreatitis 2 (4)

Joint pain 2 (4)

Abdominal pain 1 (2)

Constipation 1 (2)

Blurred vision 1 (2)

© 2020 AlphaMed Press
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reporting a median PFS of 14 months (95% CI, 7–24
months) [13]. In a small series of 18 patients with panNETs
treated with sunitinib, the median PFS was 13 and 8 months
when the Ki-67 was <10% and ≥10%, respectively [14].
Notably, the efficacy of first-line chemotherapy in panNETs
with Ki-67 ≥10% has been specifically investigated in a ret-
rospective multicenter study of the French group of endo-
crine tumors [15]. Seventy-four patients were enrolled, and
a median PFS of 7.2, 7.5, and 7.2 months was recorded for
patients receiving streptozocin-, platinum-, or dacarbazine/
temozolomide-based regimens, respectively. Although the
PFS observed in our study compares favorably with that
reported in the French series, selection biases may hinder a
reliable comparison between the two cohorts. Moreover,
more promising data have been reported by other groups
for the capecitabine and temozolomide (CAPTEM) regimen
in a disease setting similar to that explored in the current
work [16]. In this context, no detrimental association has
been described between a Ki-67 ≥10% and treatment out-
comes in patients receiving CAPTEM [17].

The present study does not show statistically significant
differences in clinical outcomes according to the type of
SSA (octreotide vs. lanreotide). This is in line with prior litera-
ture, showing no difference in time to treatment discontinu-
ation (TTD) between the two SSAs (median TTD of 19.2 and
17.5 months for octreotide and lanreotide, respectively)
among 1,086 patients with pancreatic or extrapancreatic NET
of any grade identified using a provider-based claims data-
base [18]. In contrast, a multivariable model showed that
both liver tumor load (cutoff, 25%) and grading (G3 vs. G2)
were significant, independent predictors of PFS in our cohort.
This is partly consistent with the CLARINET trial (although in
a different patient population) [5], as well as with a previous
study by Kang et al. [9] that analyzed the efficacy of
lanreotide monotherapy in a cohort of GEP-NET patients
including panNETs with Ki-67 ≥10%.

The 5-year OS rate of 57.9% recorded in our study for a
cohort of G2/G3 panNETs with a Ki-67 ≥10% compares
favorably with that reported for either G1/G2 (54.7%) or G3
panNETs (23.2%) in a study analyzing 458 patients with
metastatic panNETs from the Spanish National Tumor Regis-
try [19]. This might suggest the inclusion of a population of
patients with more indolent disease biology in our series
and/or reflect the already described improvement of treat-
ment outcomes for those patients who are treated in high-
volume centers [20]. By multivariable analysis, only the
hepatic tumor load independently predicted OS in the pre-
sent study. Although bone metastases have been previously
described as a negative prognostic factor in patients with
NETs [21], in our series their presence did not significantly
affect clinical outcomes, possibly a consequence of low
numbers of patients with bone neoplastic involve-
ment (n = 13).

Although multiple series [22–25] have documented the
use of SSAs among patients with G3 NETs, this is, to our
knowledge, the first study to formally report the survival
outcomes associated with SSAs in an albeit small cohort of
patients with well-differentiated, G3 panNETs. The rationale
to treat patients with G3 panNETs with somatostatin-
based therapies relies on the expression of somatostatin

receptors, which has been described in small series to occur
in up to 80% of G3 GEP-NETs [26, 27]. Nevertheless, based
on the median PFS and TNT of 4 and 5.2 months, respec-
tively, observed in our study, the role of SSA therapy in G3
panNETs appears quite limited.

In our series, SSAs showed a manageable toxicity profile,
with a pattern of toxicities similar to that observed in previ-
ous studies. Rates of treatment-related adverse events
were lower than those reported by prospective clinical trials
of SSAs in patients with NETs [4, 5]. Given its retrospective
nature, our study might have underestimated the occur-
rence of toxicities.

Our study has several limitations. First, its retrospective,
nonrandomized design does not allow us to exclude selec-
tion biases leading to the enrollment of patients with more
favorable prognosis, therefore considered for treatment
with SSAs. However, a substantial proportion (42%) of
included patients displayed a liver tumor load greater than
25%, a figure that reflects the current “real-life” practice
among NET referral centers. Another possible bias of the
present work is the lack of a centralized radiology review to
assess disease progression of the included population. This
limitation might be counterbalanced by the long-standing
experience with NET management of the participating
centers, where progression is systematically reviewed in
NET-dedicated multidisciplinary meetings. The lack of stan-
dardized methods to assess liver burden and missing data
for several patients also limit our work.

CONCLUSIONS

SSAs exert antiproliferative activity against panNETs with
Ki-67 ≥10% and can be used instead of other more toxic
treatments. There appears to be an association between
lower tumor burden (<25%) and potential for benefit in this
population. Prospective and preferably controlled studies
are needed to validate these results to optimize tailored
therapeutic strategies for this specific patient population.
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