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Abstract

Purpose: The role of chemotherapy in low-/intermediate-
grade neuroendocrine tumors (NETs) is still debated. We
present the results of an Italian multicenter retrospective
study evaluating activity and toxicity of oxaliplatin-based
chemotherapy in patients with advanced NETs. Methods:
Clinical records from 5 referral centers were reviewed. Dis-
ease control rate (DCR) corresponding to PR + SD (partial re-
sponse + stable disease) at 6 months, progression-free sur-
vival (PFS), overall survival (OS) and toxicity were calculated.
Ki67 labeling index, grade of differentiation and excision-
repair-cross-complementing group 1 (ERCC-1) were analyzed
in tissue tumor samples. Results: Seventy-eight patients en-
tered the study. Primary sites were: pancreas in 46, gastro-

intestinal in 24, lung in 19 and unknown in 10% of patients.
The vast majority were G2 (2010 WHO classification). Eighty-
six percent of the patients were metastatic, and 87% were
pretreated and progressive to previous therapies. Sixty-five
percent of the patients received capecitabine/oxaliplatin
(CAPOX), 6% gemcitabine/oxaliplatin (GEMOX), and 29% leu-
covorin/fluorouracil/oxaliplatin (FOLFOX-6). PR occurred in
26% of the patients, half of them with pancreatic NETs, and
SD in 54%. With a median follow-up of 21 months, the me-
dian PFS and OS were 8 and 32 months with 70 and 45 events,
respectively. The most frequent G3 toxicities were neurolog-
ical and gastrointestinal. ERCC-1 immunohistochemical over-
expression was positive in 4/28 evaluated samples, with no
significant correlation with clinical outcome. Conclusion:
This analysis suggests that oxaliplatin-based chemotherapy
can be active with a manageable safety profile in advanced
NETSs irrespective of the primary sites and tumor grade. The
80% DCR and 8-month PFS could justify a prospective study
in NETs with intermediate biological characteristics, especial-
ly with pancreatic primary tumors. ©2016S. Karger AG, Basel
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Introduction

Neuroendocrine tumors (NETs) usually present as ad-
vanced, nonfunctioning and low/ intermediate grade of
malignancy, and only in a minority of cases as high grade
[1]. Though many NETs are clinically silent until late pre-
sentation with mass effect, they characteristically pro-
duce, store and secrete a variety of peptides and neu-
roamines, often leading to distinct clinical syndromes
including carcinoid syndrome.

Gastroenteropancreatic NETs (GEP NETs) are classi-
fied on the basis of their proliferation rate, as assessed by
either the mitotic index (MI) and/or nuclear Ki67 [2].
Low-grade or G1 are tumors with 0-2% Ki67 and/or <2
MI per 10 high-power fields (HPF); intermediate-grade
or G2 are tumors with 3-20% Ki67 and/or 2-20 MI per
10 HPF, and high-grade or G3 are tumors with >20%
Ki67 and/or >20 MI per 10 HPF. The G1 and G2 are called
NETs and G3 neuroendocrine carcinomas (NECs). This
terminology is only valid for GEP NETs. According to the
2004 WHO classification [3], lung NETs are classified in:
typical carcinoids (TCs), with <2 mitoses per 10 HPF
lacking necrosis; atypical carcinoids (ACs), with 2-10
mitoses per 10 HPF and/or punctate necrosis; large-cell
NECs (LCNECs), with >10 mitoses per 10 HPF (median
70), coarse nuclear chromatin and extensive necrosis, and
small-cell carcinomas (SCLCs) with >10 mitoses per 10
HPF (median 80), even chromatin and extensive necrosis.

Therapeutic options for NETs include local treatments
such as surgery, as well as interventional radiology and
systemic treatments, such as chemotherapy, somatostatin
analogs (SSAs), interferon-a 2b (IFN-2b), peptide recep-
tor radionuclide therapy (PRRT), and, only for pancre-
atic NET (PNET), molecular targeted agents including
everolimus (EVE) and sunitinib (SUN).

So far, any high quality randomized controlled studies
have shown the benefit of chemotherapy over best sup-
portive care (BSC) in NET. In contrast, EVE and SUN
proved efficacy, respectively, in progressive ‘well-/mod-
erately’ and ‘well-differentiated” PNET on the basis of
2 international multicenter randomized placebo-con-
trolled phase III trials [4, 5]. Moreover, octreotide LAR
and lanreotide have shown efficacy in ‘low’ grade 1 (<2%
Ki67, PROMID) [6] and grade 2 (<10% Ki67, CLARI-
NET) [7] midgut and nonfunctioning enteropancreatic
neuroendocrine neoplasms (NENs), respectively, also in
well-conducted phase 3 randomized controlled trials.

Focusing on chemotherapy, it is recommended in
NECs of any site [8] and in PNET. Cisplatin-/carboplat-
in-based regimens are considered the mainstay of NECs
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and LCNECs/SCLCs [9], whereas a greater variability of
choice exists regarding the other settings in which che-
motherapy could have a role. Currently, streptozotocin,
doxorubicin [10-13], temozolomide [14], 5-fluorouracil
(5-FU) [11, 12], capecitabine (CAP) [15, 16], oxaliplatin
[17-23] and gemcitabine (GEM) [18, 19] are still pre-
ferred in G2 PNETSs and lung carcinoids, but to date there
has not been a preferred regimen for G1/2 GEP NETs or
TCs/aTCs universally shared yet.

Oxaliplatin is a platinum analogue with the same mech-
anism of action as those of the other platinum derivatives
but with a different safety profile, known for its significant
activity in several gastrointestinal (GI) cancers [20-25].
Platinum agents cause platinum-DNA adducts, leading to
inter- and intrastrand crosslinks especially in highly pro-
liferating cells. Unless these are repaired, the cell will un-
dergo apoptotic death [26]. Nucleotide excision repair
participates in the repair of platinum-induced DNA dam-
age, with excision-repair-cross-complementing group 1
(ERCC-1) as one of several proteins involved, and it repre-
sents the rate-limiting protein in the process. ERCC-1 ex-
pression has been retrospectively associated with resis-
tance against platinum-based chemotherapy in different
types of cancer [26, 27]. A significantly higher expression
of ERCC-1 has been shown in TCs and ACs than in SCLCs.
This finding suggests that the high expression of ERCC-1
in TCs might indicate the reason for failure of platinum-
based chemotherapy in these patients and that ERCC-1 ex-
pression has a prognostic impact on lung carcinoids [28].

While oxaliplatin-based therapy has been reported to
be active in NETs, although based on few studies (Appen-
dix 1), no clinical and/or biological correlations with mo-
lecular factors are known so far. Based on this back-
ground, we studied this topic through a ‘real world” anal-
ysis of patients treated in several Italian centers.

Patients and Methods

Study Design

This is a retrospective analysis of patients consecutively treated
with oxaliplatin-based therapy from 1999 to 2013 selected from the
NET databases of 5 Italian referral centers with particular expertise
in the treatment of these rare tumors (European Institute of On-
cology, Milano; Careggi Hospital, Firenze; Santa Chiara Hospital,
Pisa; General Hospital, Modena, and S. Orsola-Malpighi General
Hospital, Bologna).

Patients and Tissue Specimens

Key inclusion criteria were: age >18 years, histological diagno-
sis of NET, advanced stage, progressive to a prior therapy or early
first diagnosis and ECOG (Eastern Cooperative Oncology Group)
performance status <2. Key exclusion criteria were: impaired car-
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diac function, severe liver or renal disease, inadequate bone mar-
row reserve and life expectancy <3 months. To minimize the risk
of possible bias, histological diagnosis was confirmed by 3 pathol-
ogists with particular expertise in NENs (M.B., A.S., E.P.), who
centrally (at the European Institute of Oncology) analyzed all tu-
mor samples coming from surgical specimens or biopsies from
metastatic sites, in order to evaluate the grade of differentiation,
Ki67 and ERCC-1.

The Ki67 expression (LI) was assessed by counting the number
of stained malignant cells, regardless of intensity, divided by the
total number of malignant cells.

As for ERCC-1, formalin-fixed and paraffin-embedded mate-
rial was used in the study. Briefly, 3- to 4-mm-thick sections were
made to react with the relevant mouse monoclonal antibody to
ERCC-1 (clone 8F1, dilution 1:100 for 30 min) purchased from
Aviva Systems Biology (San Diego, Calif., USA), and then incu-
bated with a commercially available detection kit (EnVision™
FLEX+; Dako, Glostrup, Denmark) following the manufacturer’s
instructions. Results were rendered in a semiquantitative way as the
percentage of immunoreactive cells, taking into account the entire
tumor area on the paraffin blocks and the relevant nuclear com-
partmentalization representing the average intensity of the stained
tumor cells (0 = no staining, 1 = weak staining, 2 = moderate stain-
ing, 3 = strong staining). Positive and negative controls were used
as appropriate for ensuring accuracy of immunostaining.

All toxicity events were classified according to the National
Cancer Institute Common Toxicity Criteria (NCI CTC) version
3.0 [29]. All patients provided written informed consent before
starting chemotherapy according to the internal procedures of
each institution.

Study Treatment

The CAPOX regimen consisted of intravenous (i.v.) adminis-
tration of oxaliplatin 130 mg/m? as a 2-hour i.v. infusion on day 1
followed by oral intake of CAP 2,000 mg/m? from day 1 to day 14
on a 3-weekly basis (q3w). The GEMOX provided GEM 1,000 mg/
m? as a 30-min i.v. infusion followed by oxaliplatin 100 mg/m? as
a2-houri.v. infusion g2w. The FOLFOX-6 regimen included 5-FU
85 mg/m? as a 2-hour infusion (day 1), leucovorin 200 mg/m? as
an i.v. administration on day 1 followed by 5-FU 400 mg/m? as a
bolus and 5-FU 2,400 mg/m? as a 46-hour infusion (days 1 and 2).
All types of therapy were carried out until disease progression or
unacceptable toxicity. Complete blood count, serum biochemistry
and liver function tests were repeated 24-48 h before the first day
of each treatment cycle. Drug safety was analyzed in all patients
treated with atleast 1 cycle. Chemotherapy was administered when
the absolute peripheral granulocyte neutrophil count was >1,500/
mm? and the platelet count was >100,000/mm?. Chemotherapy
doses were reduced if required according to the clinical practice at
the physician’s discretion.

Although this study had a retrospective design, and thus the
follow-up program was not fully standardized, computed tomog-
raphy (CT) or magnetic resonance imaging assessments were sug-
gested to be performed at baseline and at 3-month intervals after
starting chemotherapy, and were evaluated according to the RE-
CIST 1.0 criteria [30].

Statistical Methods
Patient characteristics, response to treatment and toxicity were
summarized using either means, standard deviations, medians,
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ranges (continuous variables), or counts and percentages (categor-
ical variables). Progression-free survival (PFS) was defined as the
time from the date of cycle 1-day 1 of oxaliplatin-based chemo-
therapy to the date of neoplasm progression or death from any
cause. Overall survival (OS) was defined as the time from the date
of cycle 1-day 1 to the date of death from any cause. Ninety-five
percent confidence intervals (Cls) for the disease control rate
(DCR) were estimated using the binomial exact formula. Median
PFS, median OS and survival curves were estimated by the Kaplan-
Meier method and tabulated alongside their 95% Cls. Survival
curves were compared using the log-rank test. Hazard ratios were
estimated using the Cox model with the Sidak adjustment for sig-
nificant comparisons, as appropriate. Patients were considered
evaluable if they received at least 1 cycle of chemotherapy. All tests
were two sided and considered significant at the 5% level. All sta-
tistical analyses were conducted using SAS 9.3 (Cary, N.C., USA).

Results

Patient Characteristics

Baseline characteristics of the patients are reported in
table 1. Primary tumor sites were: 36 pancreas (46%), 19
GI (24%), 15 lung (19%) and 8 unknown (10%). The GI
NEN subgroup was almost entirely composed of small
intestine (74%). Among the 55 GEP, 10 were classified as
G1, 36 G2 and 10 G3 according to the 2010 WHO clas-
sification. As for the 8 unknown primaries, 1 had Ki67
<2%,4Ki67 3-20%, 2 Ki67 >20% and 1 was missing Ki67.
Seven (5 pancreatic and 2 unknown primaries) out of the
13 >20% Ki67 NENs had a well-differentiated morphol-
ogy with Ki67 in the range of 21-55% (arbitrarily called
Tow G3’).

The 15 lung NENs were 2 TCs, 11 ACs, one LCNEC
and one not otherwise specified according to the 2004
WHO lung NET classification. The mean Ki67 of the
whole tumor population was 26.1% (IQR 5.0-20.0).

At the time of study treatment, 86% of patients had
distant metastases, mainly in the liver. Among patients
untreated at study entry, 30% were PNET, 30% GI, 20%
lung and 20% unknown primaries. All 87% of pretreated
patients had radiological tumor progression to previous
therapies, including chemotherapy (47%; 31% of them
platinum based), liver-directed treatments (surgery, trans-
arterial embolization, 37%), SSAs + IFN (42%), molecular
targeted agents (23%), and PRRT (23%).

Among patients pretreated with platinum-based che-
motherapy, 40% had PNET, 10% GI, 30% lung, and 20%
unknown primaries. Among the total of 476 full-dose cy-
cles of oxaliplatin, the median cycle number per patient
was 4.5 (range 1-9) for CAPOX, 3 (range 2-11) for GE-
MOX, and 7 (range 1-14) for FOLFOX-6.
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Table 1. Patient characteristics

Age at diagnosis, years 54 (25-79)
Age at treatment start, years 57 (27-84)
Time from diagnosis to treatment start, years 2(0-13)
Male gender 47 (60)
Performance status (ECOG)
0 70 (90)
1 8 (10)
Site of primary tumor
Pancreas 36 (46)
Gl 19 (24)
Lung 15 (19)
Unknown 8 (10)
Baseline status
Pretreated 68 (87)
Untreated 10 (13)
Grading
GEP NET (2010 WHO Classification) 55 (70)
Gl 10 (18)
G2 36 (65.5)
G3 10 (18)
Unknown primary 8 (10)
Ki67 <2% 1(12.5)
Ki67 3-20% 4 (50)
Ki67 >20% 2 (25)
Unknown 1(12.5)
Lung (2004 WHO classification) 15(19)
Typical carcinoid 2 (13)
Atypical carcinoid 11 (73)
LCNEC 1(7)
NOS 1(7)
Mean Ki67 (75/78)
All 26.1% (IQR: 5.0-20.0)
Pancreas 14.4% (IQR: 6.0-18.0)
GI 66.8% (IQR: 4.0-70.0)
Lung 18.2% (IQR: 3.0-20.0)
Unknown 16.5% (IQR: 4.0-25.0)
ERRCI1 (28/78)
Positive 4 (14)
Negative 24 (86)
Synchronous metastases
None 11 (14)
Hepatic 38 (49)
Extrahepatic 21(27)
Both 8 (10)
Metachronous metastases
None 56 (72)
Hepatic 5(6)
Extrahepatic 1(1)
Both 16 (21)

Oxaliplatin-Based Chemotherapy in NET's

Clinical status

Nonfunctioning 58 (74)
Functioning 20 (26)
Typical carcinoid syndrome 6 (30)
Atypical carcinoid syndrome 14 (70)

Functional imaging
SRS/68-gallium-DOTATOC PET-CT

Positive 24 (31)

Negative 19 (25)
18-FDG PET-CT

Positive 7(9)

Negative 4(5)

Data are presented as median (range), number (%) or as stated.
Clinical status refers to typical carcinoid syndrome and atypical
carcinoid syndrome. ECOG = Eastern Cooperative Oncology
Group; NOS = not otherwise specified; SRS = somatostatin recep-
tor scintigraphy; 68-gallium-DOTATOC PET-CT = positron
emission tomography-CT with 68 gallium DOTATOC radiola-
beled somatostatin analog; 18-FDG PET-CT = fluorodeoxyglu-
cose positron emission tomography-CT.

Clinical Outcomes

There were no cases of complete response (CR). The
objective tumor response rate [CR + partial response
(PR)] was 26%. The global DCR [PR + stable disease
(SD)] at 6 months was 10.0% (95% CI 3.7-20.5). Data
about tumor response related to primary site subgroups
and type of chemotherapy are reported in table 2. One
patient with PNET received both FOLFOX and GEMOX
regimen.

Specific Subgroups

The PR rate was 33% in PNETs, 26% in GI, 13% in
lung, and 13% in unknown primaries. Considering the
grading of the GEP PR group, 10% were <2% Ki67, 65%
3-20% and 15% >20%. As for the lung PR group, 5% were
ACs and 5% LCNEC. Among the 13 patients with high-
grade tumors (>20% Ki67 GEP/unknown NETs or
LCNECsS), 38 had PR, 46 SD and 15% progressive disease
(PD). Six out of the 7 well-differentiated NETs with 21—
55% Ki67 (‘low G3’) had PR/SD.

The 12 PR patients with a PNET were almost all pre-
treated (mostly non-platinum-based chemotherapy).
Among them, 4 patients received PRRT, but only 1 after
a non-platinum-based chemotherapy regimen. As for GI
setting, only 1 patient was pretreated with non-platinum-
based chemotherapy; the other 4 patients were untreated.

Neuroendocrinology 2016;103:806-814 809
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PFS

Survival probability
with 95% CI

Fig. 1. a Kaplan-Meier curves for PFS, defined as time from cycle 1, day 1 until objective tumor progression or
death due to any cause. b Kaplan-Meier curves for survival probability, defined as time from cycle 1, day 1 until

death due to any cause.

Focusing on the untreated group, they had mostly SD
(70%), and they were GEP (n = 4), lung (n = 1) and un-
known primary (n = 1). On the other hand, the pretreated
PR + SD GEP NET group were mostly progressive to
more than 2 systemic previous lines of therapy.

With a median follow-up of 21 months, the median
PES (fig. 1a) and OS (fig. 1b) were 8 and 32 months, with
70 and 45 events (tables 3, 4).

At univariate analysis, the mPFS was significantly as-
sociated with grading (p = 0.003; table 3). Moreover, a
multivariable analysis was not performed because grad-
ing was the only statistically significant factor. However,
the HR for OS and PFS were not statistically significant
(tables 3, 4).

Toxicity

The most frequent grade 3-4 clinical toxicities per
patient were peripheral neuropathy (10%), diarrhea (6%)
and hematological neutropenia (3%). The main hemato-
logical toxicity per cycle was nonfebrile neutropenia
(3%). Oxaliplatin discontinuation occurred in 2 patients
due to hypersensitivity reaction: one after 11 GEMOX cy-
cles and one after the first CAPOX cycle. There were no
cases of toxic death.

Immunohistochemical Analysis

ERCC-1 was evaluated in 28/78 patients, based on the
poor availability of biological materials. It was positive
(strong staining) in 4 out of the 28 patients evaluated
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Table 2. Activity and efficacy related to primary site

Outcome All Pancreas GI Lung Unknown
n=78) (n=36) (Mm=19) (n=15)0 (n=38)

CR + PR 20(26) 12(33)  5(26) 2(13)  1(13)

XELOX 12 (60) 7 (58) 3 (60) 2(100) ©

FOLFOX 6 (30) 3(25) 2 (40) 0 1 (100)

GEMOX 2(10) 2(17) 0 0 0

SD 42 (54  19(53)*  7(37) 10 (67) 6 (75)

XELOX 30(71)  15(79) 3 (43) 8(80) 4(67)

FOLFOX 11 (26) 4(21)  4(57) 1(10)  2(33)

GEMOX 2(5) 1(10) 0 1(10) 0

PD 14(18)  4(11)  6(32) 3200 1(12)

XELOX 9 (64) 2 (50) 3 (50) 3(100) 1(100)

FOLFOX 4(29) 1(25) 3(50) 0 0

GEMOX 1(7) 1(25) 0 0 0

NE 2(2) 1(3) 1(5) 0 0

PFS, months 8

OS, months 32

Data are presented as number (%). NE = Not evaluable. * One patient
received both FOLFOX and GEMOX.

(14%). Three out of 4 ERCC-1-positive neoplasms were
PNETs, all G2 except for one G3 with Ki67 22%, and the
latter unknown primary. Three had received CAPOX,
and 1 GEMOX with 1 PR and 3 SD.

Spada et al.
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Table 3. Median PFS and hazard ratio estimates by risk factors

Table 4. Median OS time and hazard ratio estimates by risk factors

Median PFS, years HR (95% CI) Events/ Median OS, years  HR (95% CI) Events/
(95% CI) patients (95% CI) patients
Site of primary tumor Site of primary tumor
Pancreas 0.81 (0.63,1.10) Ref 35/36 Pancreas 2.64 (1.26,4.17) Ref 23/36
Lung 0.63(0.23,0.96) 1.22(0.64,2.32) 13/15 Lung 1.77 (0.63,3.86) 1.60 (0.73, 3.53) 9/13
GI 0.46 (0.18,0.88) 1.46(0.81,2.76) 15/17 GI 1.74(0.79, -) 1.02(0.47,2.21)  9/18
p value 0.427 p value 0.427
FDG PET-CT FDG PET-CT
Yes 0.87(0.23,1.91) - 4/6 Yes Not reached - 2/7
No 2.35(0.20,9.61) - 4/4 No 3.86(1.89,-) - 2/4
p value Not done p value Not done
SRS/68-gallium PET-CT SRS/68-gallium PET-CT
Yes 0.67 (0.40,0.96) Ref 23/24 Yes 2.63(1.21,4.17) Ref 17/23
No 0.81(0.42,1.16) 1.05(0.55,1.99) 17/18 No 1.74(0.95,2.76) 1.05(0.55,1.99) 10/19
p value 0.891 p value 0.891
Grading Grading
ACs 0.45(0.20,1.91) Ref 9/11 Atypical 1.76 (0.12, -) Ref 7/10
Gl 0.38 (0.06,0.44) 4.31(1.41,13.2) 6/7 Gl 5.98 (0.16, -) 0.47 (0.11, 1.93) 3/8
G2 0.81 (0.63,1.02) 0.68 (0.33,1.42) 40/42 G2 3.43(1.74,5.58) 0.46(0.19,1.11) 24/43
G3 0.79 (0.13,1.04) 1.04(0.42,2.60) 10/10 G3 1.18 (0.45,4.58) 1.06(0.38,2.96)  8/10
p value 0.003% p value 0.128
Synchronous metastases Synchronous metastases
None 0.45 (0.08, 1.51) Ref 9/11 None 2.64 (0.63,3.76) Ref 6/11
Extrahepatic 0.71 (0.51,1.22) 0.62(0.28,1.39) 19/19 Extrahepatic 3.31(1.16,5.58) 0.97(0.37,2.55) 14/21

Extra + hepatic 0.42 (0.17,0.68) 1.62 (0.59,4.41)  7/7

Extra + hepatic 1.01 (0.26,1.21) 3.54(0.94,13.4)  4/8

Hepatic 0.71(0.50,0.93) 0.77 (0.36,1.62) 35/38 Hepatic 2.46 (1.74,4.58) 0.81(0.32,2.07) 21/35
p value 0.184 p value 0.102

Metachronous metastases Metachronous metastases
None 0.71 (0.50,0.93) Ref 51/53 None 2.76 (1.52,4.58) Ref 30/54
Extrahepatic 0.66 (0.41,1.10) 1.13(0.62,2.06) 14/16 Extrahepatic 3.76 (0.98,4.17) 1.11(0.55,2.23) 11/15
Extra + hepatic 0.08 - 1/1 Extra + hepatic 1.26 - 1/1
Hepatic 0.71(0.12,1.02) 1.74(0.62,4.90)  4/5 Hepatic 2.62(0.12,2.66) 1.49 (0.45,4.97) 3/5
p value 0.556 p value 0.795

Previous chemotherapy Previous chemotherapy
No 0.65 (0.45,0.86) Ref 40/43 No 2.46 (1.21,4.58) Ref 26/44
Yes 0.71(0.44,0.98) 1.13(0.69,1.86) 29/31 Yes 2.76 (1.52,4.17)  0.95(0.52,1.73) 19/30
p value 0.625 p value 0.873

Ki67 - 1.00 (0.86, 1.16)" Ki67 - 1.12 (0.94, 1.34)*
p value 0.974 p value 0.974

Overall PFS 0.68 (0.50,0.88) - 70/75 (0N} 2.63(1.72,3.86) - 45/75

HR = Hazard ratio; Ref = reference category; CI = confidence
interval; FDG PET-CT = fluorodeoxyglucose positron emission
tomography-CT; SRS = somatostatin receptor scintigraphy;
68-gallium PET-CT = positron emission tomography-CT with 68
gallium DOTATOC radiolabeled somatostatin analog. * Signifi-
cant comparisons (with Sidak adjustment): G1 vs. G2, p = 0.013;
Gl vs. ACs, p = 0.01. ® By unit increase.

Oxaliplatin-Based Chemotherapy in NET's

HR = Hazard ratio; FDG PET-CT = fluorodeoxyglucose posi-
tron emission tomography-CT; SRS = somatostatin receptor scin-
tigraphy; 68-gallium PET-CT = positron emission tomography-
CT with 68 gallium DOTATOC radiolabeled somatostatin analog;
Ref = reference category; CI = confidence interval. * By unit in-
crease.
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Discussion

Even in a ‘real-world’ setting and in heavily pretreated
patients, the 80% DCR, and the 8- and 32-month PFS and
OS, respectively, with a manageable toxicity profile, seem
to support the role of oxaliplatin-based chemotherapy as
an effective therapeutic option for these rare malignan-
cies.

In NECs, cisplatin/etoposide is the most commonly
proposed regimen based on the assumption that the clin-
ical behavior of NECs is similar to that of SCLCs [9, 10,
28,31, 38, 39]. In GEP NETSs and lung carcinoids, various
data have demonstrated a significant anticancer activity
mainly using alkylating agents as streptozotocin [10, 11,
13,40-42], and temozolomide [14] and some nonalkylat-
ing agents, such as doxorubicin [8], epirubicin, 5-FU,
CAP [11-13, 43], oxaliplatin [17] and GEM [18, 19], but
so far there has been no globally shared standard chemo-
therapy. In PNETs, although some experience has been
reported, the specific role of chemotherapy is still un-
known in patients with G1-2 PNETSs progressive on EVE
or SUN [4, 5], or in PNETSs with some negative prognos-
tic factors, such as positive fluorodeoxyglucose positron
emission tomography-computed tomography [32] or
high Ki67 [33]. In GI non-PNETs, lung carcinoids and
‘low-grade’ NECs (Ki67 <55%), chemotherapy has a less
defined role [34, 35, 37].

Furthermore, the correct timing of chemotherapy re-
lated to EVE in NETs is currently under investigation in
a two-arm randomized phase III trial (SEQTOR study.
EUDRACT No.: 2013-000726-66).

Recently, few studies with oxaliplatin-based chemo-
therapy have been published in this setting [17, 18, 36,
37] with quite a low total number of patients, and there
have been some other studies presented at the main
meetings (Appendix 1). To our knowledge, our study is
the largest series reported so far after a recently published
French study on 104 patients treated with GEMOX [36].
Similarly to the others, our series included a mixed NET
population; therefore, this feature could represent a lim-
it of our study due to different biology, genetic features
and expected outcome depending on different primary
tumor sites, tumor differentiation and role of pretreat-
ment. As in the 4 published studies [17-19, 36, 37], GEP
NETSs were the most frequent, of which PNETs were the
most common. Similar to the French series, we reported
the DCR detailed for primary sites, showing that PNETs
were more sensitive to oxaliplatin-based chemotherapy
compared to GI non-PNETSs and the other primary tu-
mors.
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Our study included low- and high-grade NETs, but in
contrast with the other studies we reported a more de-
tailed tumor characterization (differentiation and Ki67).
In particular, the study by Bajetta et al. [17] was only
based on the 2000 WHO classification (tumor differen-
tiation) and Ferrarotto et al. [37] reported three groups
of patients (named G1, G2 and G3), but specific data re-
garding Ki67, correlation with tumor morphology and
classification references are missing. Dussol et al. [19]
reported a grading system in terms of morphology as
originally described for GEP NETs. The 80% overall
DCR of our study overlaps with those of the studies by
Dussol et al. [19] and Bajetta et al. [17] with 81 and 62%,
respectively.

Despite the increasing number of therapeutic options
for patients with PNET, the higher level of evidence
achieved for some of them over the last decades and the
availability of multiple guidelines published by the major
societies engaged with this disease, a clear rationale on the
most appropriate medical sequence of treatments is still
lacking, and it seems to be mostly arbitrary.

Although we cannot clearly define the role of the pre-
vious treatment in our population due to the retrospec-
tive nature of our study, the heterogeneity and the poor-
ness of the sample, the lower PD and the higher PR rate
in the pretreated group versus the untreated one (14 vs.
26% and 31 vs. 13%, unlike the other studies) signify that
the previous treatments may have affected our results.
However, neither the OS nor PFS were significantly af-
fected.

The responsive pretreated GEP NET group of our se-
ries was progressive on 2 or more lines of therapy; there-
fore, it might be suggested to administer an oxaliplatin-
based chemotherapy after previous systemic treatments.

The above-mentioned studies lack a common biologi-
cal predictive factor which could help clinicians to select
potential responders to this therapy.

Some data show a better survival for ERCC-1-positive
patients in TC and AC as compared with ERCC-1-nega-
tive patients, but no data exist for GEP NET's so far. How-
ever, because of a low number of included patients and a
low number of events, the authors concluded that these
results should be confirmed in larger studies.

In our report, ERCC-1 expression resulted predomi-
nantly negative in the 86% of patients in whom it was
evaluated; therefore, its contribution to the clinical out-
comes in our patients is unclear. Despite the lack of a full
review of tissue specimens, we suggest further evaluating
the potential predictive role of ERCC-1 as an interesting
clue to response criteria.
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Although no definitive conclusions can be drawn from

our series of patients due to its retrospective nature and

heterogeneity of tumors, oxaliplatin-based chemothera-
py seems to be active in patients with advanced NETs, ir-

respective of the primary site and biology. These results
warrant a prospective trial with a homogenous clinical

and biological NET population, including a biological

study on the potential predictive role of ERCC-1 with a
reproducible method.
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Appendix 1. Trials with oxaliplatin-based chemotherapy in NENs by year of publication (mixed tumor population for each study).

First author [Ref.] ~ Publication Regimen Study Patients, PR SD PES, Os,
year type n % % months  months
Bajetta [17] 2007 XELOX Phase II 40 27.5 35 18 32
Pape [20] 2006 FOLFOX R 16 None 62 4 NR
Venook [21] 2008 FOLFOX6 + BEV Phase II 13 40 60 NR NR 19
Cassier [18] 2009 GEMOX R 20 17 67 7 23
Kunz [22] 2010 XELOX + BEV Phase II 40 23 71 13.7 -
Ferrarotto [37] 2013 XELOX R 24 29 71 9.8 NR
Dussol [19] 2015 GEMOX R 104 23 60 7.8 31.6
Walter [36] 2015 GEMOX R 44 17 69 14 35
FOLFOX

zumab; GEMOX = gemcitabine/oxaliplatin.

R = Retrospective; NR = not reached; XELOX = xeloda/oxaliplatin; FOLFOX = leucovorin/fluorouracil/oxaliplatin; BEV = bevaci-
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