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Abstract. Aim: To assess and report the efficacy of and
tolerance to bevacizumab-based chemotherapy in treatment
outcome of metastatic poorly differentiated neuroendocrine
tumors. Patients and Methods: From 2007 to 2018, 11
consecutive patients with metastatic poorly differentiated
neuroendocrine treated in first- or second-line with
bevacizumab-based chemotherapies were included in this
monocentric retrospective cohort. Tumor response was
evaluated by computed tomographic scans. Results:
Administered treatment included 5-fluorouracil and irinotecan
(FOLFIRI) bevacizumab, 5-fluorouracil and oxaliplatin
(FOLFOX) bevacizumab and 5-fluorouracil, oxaliplatin and
irinotecan (FOLFIRINOX) bevacizumab for four, two and five
patients, respectively. Three were treated in first-line and eight
in second-line after cisplatin–etoposide regimen. Using
Response Evaluation Criteria in Solid Tumors, partial
response was observed for seven patients, and stable disease
for one patient, giving a response rate of 63.6% (95%
confidence interval=35.2-92.1%) and disease control rate of
72.7% (95% confidence interval=46.6-99.0%). All patients
had died by the time of analysis, median progression-free
survival was 14 months, and median overall survival was 15.3
months. Observed toxicity with such protocols was classical
with 10 grade 3-4 toxic events, including three of
hematological toxicity, three of infection, and three of digestive
toxicity. Conclusion: Bevacizumab-based chemotherapy gave
surprising efficacy and safety in first-or second-line treatment
for metastatic poorly differentiated neuroendocrine tumor in
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this retrospective cohort. Prospective randomized trials of
such therapy are warranted.

Neuroendocrine carcinomas (NECs) are a group of
heterogeneous malignancies with a varied primary tumor
location, histological type and prognosis and account for
about 0.5% of newly-diagnosed cancers (1). The incidence
is currently on the rise because of better detection by
imaging, and is around 5/100,000 per year (1) with a higher
incidence in females (2). The primary tumor location of
NECs is heterogenous and involves many sites such as the
central nervous system, lung, gastrointestinal tract, thyroid,
skin, breast, and urogenital tract (3, 4). However, the
gastroinstestinal tract, with 60% of cases, and lungs, with
25% of cases, are the most frequent tumor sites (5).
These tumors are classified using the fourth version of the
WHO classification. Gastrointestinal NECs are subdivided
into three groups according to their mitotic index or Ki67
expression (6).
Poorly differentiated NECs are a minority subgroup of
digestive NECs which represents around 10% of these tumors
(3, 7, 8). These tumors can be found in the entire
gastrointestinal tract, but are more frequently found in
duodenopancreatic and colorectal localization. The prognosis
for patients suffering from NECs remains poor, with median
survival at around 11-17 months (5, 9, 10). For metastatic
disease, treatment is palliative using systemic chemotherapy.
The rarity of this pathology explains the low level of proof for
the American Society of Clinical Oncology recommendations.
There are very few clinical trials and no phase III study. The
most common first-line of chemotherapy consists of the
association of etoposide and cisplatin. Such therapies lead to
response rates of 40-70% (11, 12). However, all patients will
develop early secondary resistance and the median duration of
the radiologicaI response to such therapy is short. At
recurrence, no chemotherapeutic protocols have demonstrated
clinical benefit in clinical trials. Some reports suggest that
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Table I. Patient characteristics (n=11).
Characteristic

WHO classification, n
Grade 3
NCCN poorly differentiation status, n
Primary tumor location, n
Duodenopancreatic
Colorectal
Other
Age, years
Median (range)
Gender, n
Male
Female
ECOG performance status, n
0
1
2
NSE level, ng/mI
Median (range)
Metastasis at diagnosis, n
Liver metastasis, n
Previous chemotherapy, n
Cisplatin–etoposide
Other
Protocol, n
FOLFIRINOX + bevacizumab
FOLFIRI + bevacizumab
FOLFOX + bevacizumab

Value
11
11

2
4
5

61.7 (41-79)
6
5

3
8
0

20.7 (9.7-246.7)
10
11
7
1

5
4
2

ECOG: Eastern Cooperative Oncology Group. NSE: Neuron specific
enolase. NCCN: National Comprehensive Cancer Network.

temozolomide (13-15) and chemotherapeutic protocols used in
colorectal cancer, such as 5-fluorouracil and oxaliplatin
(FOLFOX) (16) or 5-fluorouracil and irinotecan (FOLFIRI)
(17), induce response. NECs of both low and high grades are
highly vascularized. Moreover, neoangiogenesis is more
pronounced in poorly differentiated tumors (18).
Antiangiogenic agents have demonstrated efficacy against
well-differentiated tumors and drugs such as sunitinib or
bevacizumab given in association with cytotoxic drugs has
shown efficacy in clinical trials (19, 20). Based on these data
and because of the low level of evidence for recommended
treatment, patients with metastatic poorly differentiated NECs
at our center were treated in first- or second-line like aggressive
colorectal cancer with classical bi- or tri-chemotherapy for
colorectal cancer with the addition of bevacizumab. In this
article, we report the safety and efficacy of this strategy.

Patients and Methods

Eligibility criteria. All consecutive patients with metastatic
histologically-proven poorly differentiated digestive NEC treated
with bevacizumab-based chemotherapy at the Georges Francois
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Table II. Observed toxicities according National Cancer Institute
Common Terminology Criteria for grading of adverse events version
5.0 scale (https://ctep.cancer.gov/protocolDevelopment/electronic_
applications/ctc.htm) (n=11).

Hematological
Anemia
Neutropenia
Thrombocytopenia
Non-hematological
Nausea/vomiting
Mucositis
Diarrhea
Neuropathy
Infection
Nose bleeding
High blood pressure
Proteinuria
Digestive hemorrhage
N, Number of patients.

All grades
7
4
4

2
1
5
5
3
1
1
1
1

NCI-CTC grade, n
Grade 3

Grade 4

1
1
0

0
1
0

0
1
2
0
1
0
0
0
0

0
0
0
0
2
0
0
0
1

Leclerc Cancer Center from April 2007 to June 2018 were included
in the study. Patients were retrospectively selected using the
computer software of chemotherapy prescription (CHIMIO®,
Computer Engineering, Paris France). All patients had either
metastatic or locally advanced non-operable tumors based on the
recommendation of a digestive surgeon. All patients received at
least one cycle of bevacizumab-based therapy. The study was
performed in accordance with standard procedures in France with
approval by the ethical institutional Review Boards (N20180012).
The database was declared to the National French Commission for
bioinformatics data and patient liberty (CNIL). All patients give
written consent at their first visit in the cancer center for research
use of their clinical data. This consent allowed us to use their
clinical and biological data in the cohort study.
Clinical, histological, biological, and radiological data [tumor
response according to Response Evaluation Criteria in Solid Tumors
(RECIST) v1.1 criteria (21)], and treatment outcomes were all
collected in the medical records.
Treatment. The FOLFIRI plus bevacizumab regimen consisted of
bevacizumab injection (5 mg/kg) followed by irinotecan (180 mg/m2
i.v. over 90 min) concurrently with folinic acid (400 mg/m2 i.v. over
120 min), followed by fluorouracil bolus (400 mg/m2 i.v. bolus) then
continuous intravenous infusion of fluorouracil (2,400 mg/m2 over
46 h). The FOLFOX plus bevacizumab regimen consisted of
bevacizumab injection (5 mg/kg) followed by oxaliplatin (85 mg/m2
i.v. over 120 min), followed by folinic acid (400 mg/m2 i.v. over
120 min) then fluorouracil bolus (400 mg/m2 i.v. bolus) then
continuous intravenous infusion of fluorouracil (2,400 mg/m2 over
46 h). The FOLFIRINOX plus bevacizumab regimen consisted of
bevacizumab injection (5 mg/kg) followed by oxaliplatin (85 mg/m2
i.v. over 120 min), followed by irinotecan (180 mg/m2 i.v. over
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90 min) concurrently with folinic acid (400 mg/m2 i.v. over 120 min),
followed by fluorouracil bolus (400 mg/m2 i.v. bolus) then continuous
intravenous infusion of fluorouracil (2400 mg/m2 over 46 h). Adverse
events were assessed using Common Terminology Criteria for Adverse
Events (CTCAE) v4.0 (22).

Statistical analysis. Efficacy was evaluated according to the
intention to-treat principle meaning that a patient was considered
assessable for response if they had measurable disease, and had
received at least one cycle of chemotherapy. All patients were
followed-up until death or loss to follow-up. Progression-free
survival (PFS) and overall survival (OS) were calculated using the
Kaplan–Meier method. PFS was calculated from the start of
bevacizumab to the date of disease progression upon computed
tomographic scan, and OS was calculated from the start of
bevacizumab to the date of death. The statistical software R
(http://www.R-project.org/) was used for statistical analysis and
graphical representations were made with Prism 7 (GraphPad, San
Diego, CA, USA).

Results

Patient characteristics. Between April 2007 and June 2018,
11 patients were treated at our Center by bevacizumab therapy
for metastatic poorly differentiated digestive neuroendocrine
tumor. Three patients were treated in first line and seven in
second line after cisplatin etoposide regimen. One patient was
treated after Adriblastine Streptozotocine regimen. The most
frequent location was the colorectum. Chemotherapeutic
regimens were FOLFIRINOX, FOLFIRI and FOLFOX for
five, four and two patients, respectively. Table I shows the
patients’ clinical characteristics.

Toxicity and feasibility. A total of 180 cycles of bevacizumabbased chemotherapy were administered (median=15; range=338). The median number of cycles of FOLFIRINOX,
FOLFIRI and FOLFOX was 19, 15 and 14.5, respectively.
The median number of cycles in first line was 20 and in
second line was 15.
Table II gives information on hematological and nonhematological toxicities. Grade 3 and 4 toxic events were
observed in 10 patients. Two cases of febrile neutropenia
were observed. A chemotherapy dose reduction or delay was
required for six patients because of hematological toxicity
for two, diarrhea for one, neuropathy for two and infection
for one.
Concerning bevacizumab-induced toxicity, no serious
adverse events were observed. Indeed, we did not observe
bowel perforation or brain bleeding. One patient presented
acute high digestive hemorrhage linked to esophageal varices
on cirrhosis. High blood pressure and epistaxis occurred in
two patients.
At the time of analysis, with a median follow-up of 21.2
months (range=5.1-53.3 months), all patients had died
because of disease progression.

Figure 1. Change in tumor size at the best response for the whole cohort
of 11 patients with poorly differentiated neuroendocrine carcinomas
treated with bevacizumab-based regimen.

Objective tumor responses and survival. According to
RECIST, we recorded no complete response, seven partial
responses, one case with stable disease and three with
progressive disease as best response. The response rate was,
therefore, 63.6% (95% confidence interval=35.2-92.1%) and
the disease control rate (partial responses + stable diseases)
was 72.7% (95% confidence interval=46.6-99.0%). Figure 1
represents the percentages of tumor growth at the best
response of each patient. For the whole cohort, PFS was a
median of 14 months (Figure 2A), and median OS was 15.3
months (Figure 2B). Clinical responses for all patients are
summarized in Table III.

Discussion

The treatment of metastatic poorly differentiated digestive
neuroendocrine tumor currently remains a challenging
question. These tumors require urgent systemic
chemotherapy. The most frequently used protocol combines
platinum salts (cisplatin or carboplatin) with etoposide.
NECs are highly sensitive to such cytotoxic drugs, with
response rates ranging from 40% to 75%. However, the
duration of treatment response is short and all patients
rapidly experience relapse and develop some resistance
leading to a median OS of around 15-18 months. The levels
of evidence for such protocol are, however, poor and only
based on old retrospective studies (3, 11).
No protocol is currently validated for use after tumor
progression. Based on the efficacy of temozolomide for welldifferentiated tumors, protocols using temozolomide alone or
its combination with capecitabine were proposed. Response
rates were around 30%, with 6 months PFS (13). By analogy
to small cell lung cancer, topotecan was proposed as a
possible agent in second-line therapy, but no study has tested
this hypothesis. Some retrospective reports also proposed
that FOLFIRI or FOLFOX could be used in this setting (16,
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Figure 2. Progression-free (A) and overall (B) survival of the 11 patients with poorly differentiated neuroendocrine carcinomas of our cohort treated
with bevacizumab-based regimen.
Table III. Individual clinical response.
Patient
1
2
3
4
5
6
7
8
9
10
11

Previous
therapy

Adriamycin+streptozocin
Carboplatin+etoposide
Cisplatin+etoposide
Cisplatin+etoposide
Cisplatin+etoposide
Cisplatin+etoposide
Cisplatin+etoposide
Cisplatin+etoposide
None
None
None

Treatment received
(Bev+)
FOLFOX
FOLFOX
FOLFIRI
FOLFIRI
FOLFIRI
FOLFIRI
FOLFIRINOX
FOLFIRINOX
FOLFIRINOX
FOLFIRINOX
FOLFIRINOX

Best
response
PR
PD
PR
PD
PR
PR
PD
PR
PR
PR
SD

Cycles
of Bev
26
3
15
7
15
38
4
19
10
23
20

PFS line
(months)
16.6
1.5
6.8
4.2
14.7
35.3
2.8
14.0
6.5
14.7
18.5

From first
(months)
36.6
5.1
15.6
14.5
46.3
53.3
22.8
31.6
7.0
15.6
20.4

OS

From Bev
(months)
21.7
2.8
10.1
4.6
15.3
37.7
4.4
16.8
7.0
15.6
20.4

PR: Partial response; SD: stable disease; PD: progressive disease; PFS: progression-free survival; OS: overall survival; Bev: bevacizumab.

17). Such regimens give response in around 30% of patients,
with PFS of about 4 months and OS of around 10 months.
More recently, the efficacy of first- and second-line
therapy was retrospectively evaluated in a large French
national cohort which included 253 patients. First- and
second-line palliative chemotherapies for metastatic NECs
were given in 176 (69%) and 100 (40%) patients. OS from
the beginning of first-line and second-line palliative
chemotherapy were 12.1 (10.1-13.7) and 7.2 (5.3-9.0)
months, respectively. Among patients treated in first line,
90% received cisplatin plus etoposide or carboplatin plus
etoposide regimen. Such therapy gave an overall response
rate of 50%, PFS of 6 (5.2-7.6) months and OS of 11.6 (9.213.5) months from start of the chemotherapy. In second line,
5966

patients mainly received FOLFIRI (n=72) or FOLFOX
(n=33). About 20% of patients experienced response and
about 40% of patients had controlled disease as best
response. However, PFS was short at between 2 and 3
months. OS was 5.9 (4.9-7.6) months for patients that
received FOLFIRI and 3.9 (2.2-8.9) months for patients
treated with FOLFOX (9).
Most NECs are hypervascular, this is one of their classical
characteristics for imaging diagnostics. Some studies have
shown that intratumoral microvascular density is more
important in NECs than in carcinomas (23-25). NEC cells
frequently synthesize vascular endothelial growth factor A
(VEGFA) or other VEGF molecules such as VEGFC and
VEGFD (26) and consequently this can promote tumor
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neoangiogenesis. In addition, more than 40% of NECs contain
elements of non-neuroendocrine histology. In the WHO
classification of digestive tumors, mixed neuroendocrine–nonneuroendocrine neoplasm is considered as a specific type and
is defined as mixed adenoneuroendocrine carcinoma (27).
Such data raise the hypothesis that in some cases,
neuroendocrine tumors may arise from dedifferentiation of an
adenocarcinoma component. These data suggest that such
tumors may gain benefit from similar therapy than those given
in digestive adenocarcinomas.
At our center, it was decided to propose bevacizumabbased chemotherapy in first- or second-line for metastatic
poorly differentiated digestive neuroendocrine tumor.
Because of the aggressiveness of this tumor type, the
classical regimen proposed is FOLFIRINOX bevacizumab,
which was demonstrated to give a higher response rate than
the combination of bi-chemotherapy plus bevacizumab in
metastatic colorectal cancer (28). Patients were only treated
with bevacizumab in combination with bi-chemotherapy
when the clinician had contraindications for FOLFIRINOX
usage. This strategy was validated after multidisciplinary
staff, and all patients gave their written consent. We also
examined the efficacy and toxicity of the protocol for each
patient. These regimens gave high response rates in both first
and second lines. PFS was 14 months and compared
favorably to cisplatin–etoposide as first line and
FOLFOX/FOLFIRI as second line. However, due to the
monocentric design and the small number of patients of this
study, such data must be confirmed by other studies.
Limitations of this study were its retrospective and noncomparative design, and the low number of patients.
However, few prospective studies have been performed to
assess efficacy of new chemotherapeutic regimens for
poorly differentiated NECs. In addition, in the literature we
did not find other prospective or retrospective studies that
address the antitumoral effect of combination of
chemotherapy plus antiangiogenic agent in poorly
differentiated NECs. In France, a prospective randomized
phase II study which will compare second-line FOLFIRI
versus FOLFIRI plus bevacizumab will start in 2018 to
address this question.
In conclusion, bevacizumab-based chemotherapy using
FOLFIRINOX or FOLFOX or FOLFIRI regimen showed
antitumor efficacy and safety as first- or second-line treatment
for metastatic poorly differentiated NECs. Larger-scale
prospective trials are ongoing to confirm this conclusion.
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