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Introduction

Somatostatin analogs are currently indicated for the
relief of symptoms associated with hypersecretion syn-
dromes in patients with gastroenteropancreatic neu-
roendocrine tumors (NETs). However, antiproliferative
efficacy of somatostatin analogs is still debated.

In patients with metastatic well-differentiated neu-
roendocrine tumors (NETs), antiproliferative treatment
is intended to reduce tumor burden, delay tumor pro-
gression and prolong survival. Available antiprolifera-
tive treatment options include surgical, ablative, radio-
therapeutic, and pharmacological strategies, most of
which are associated with adverse effects that can com-
promise quality of life. Somatostatin analogs are associ-
ated with minimal adverse effects. For this reason, they
have been offered to patients with metastatic disease
not amenable to surgery. However, the ability of so-
matostatin analogs to control tumor growth remains
controversial. Antiproliferative effects have been report-
ed in uncontrolled in vivo and in vitro studies1,2, includ-
ing early case reports where tumor shrinkage and even
tumor disappearance were shown. In prior studies on
antiproliferative effects of somatostatin analogs in NET
patients, tumor stabilization was demonstrated in
about half of the patients but only very few objective re-
sponses (≤5%) were observed3-10. Some limitations of
these prior trials have to be taken into consideration:
None of these studies was placebo controlled and limit-
ed number of patients (range, 15-50 patients) was in-
cluded; most of them included a heterogeneous patient
population presenting with NETs of different origin and
biological behaviour. Furthermore, these studies did
not include treatment-naïve patients and different
dosages/formulations of somatostatin analogs were
used. Given these considerations, one could argue that
the observed disease stabilization may reflect the
course of the disease rather than the effect of treatment.
The PROMID study11 was conducted to evaluate an-
tiproliferative efficacy of 30 mg octreotide LAR in a well-

Tumori, 96: 847-857, 2010

defined population of patients with metastatic midgut
neuroendocrine tumors (NETs). This paper provides an
overview of the PROMID study and focuses on the re-
sults from the interim analysis that was pre-planned af-
ter the occurrence of 64 events.

Overview of the PROMID study

The PROMID study was a randomized, double-blind,
placebo-controlled, phase IIIb trial conducted at 18
German academic centers. To avoid a heterogeneous
population, only patients with well-differentiated
midgut tumors were included. The main inclusion crite-
ria were as follows: histologically confirmed, locally in-
operable or metastastic well-differentiated midgut NET;
primary tumor located in the midgut or unknown pri-
mary if a primary tumor outside the midgut was exclud-
ed; no curative therapeutic option available; measura-
ble disease by computed tomography (CT) or magnetic
resonance imaging (MRI) scan; functionally inactive or
mild carcinoid syndrome, Karnofsky index >60; treat-
ment-naïve patients (only previous surgical procedures
were allowed, whereas patients previously treated with
somatostatin analogs for ≥4 weeks or interferon alfa,
chemotherapy or chemoembolization were excluded).

After collection of written informed consent from all
participants and a screening phase to ascertain eligibil-
ity, eighty-five (85) patients from the planned 162 were
randomized in a 1:1 ratio to receive octreotide LAR 30
mg intramuscularly or placebo (NaCl) every 28 days.
Treatment was continued until CT- or MRI-documented
tumor progression. CT and/or MRI scans were evaluat-
ed by a blinded central reader. The primary endpoint
was time to tumor progression (TTP), defined as the
time from randomization until the first evidence of pro-
gressive disease or tumor-related death. Secondary
endpoints included survival time, defined as the time
from randomization to tumor-related death, tumor re-
sponse according to the World Health Organization
(WHO) criteria, biochemical response, symptom con-
trol, quality of life and safety.

With regard to statistical analysis, an optimized group
sequential design, with one interim analysis after obser-
vation of 64 events (progression or tumor-related death)
and the final analysis after observation of 124 events,
was fixed in the study protocol. Log-rank test was used
to calculate time to progression, with a two-sided P-val-
ue of 0.0122 as defined by Lan-De Mets α-spending
function indicating statistical significance. Survival
curve estimation was performed using the Kaplan-
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LAR group and 6 months in the placebo group (hazard
ratio [HR] = 0.34; 95% CI, 0.20-0.59; P = 0.000072; Figure
1). The intent-to-treat (ITT) analysis update for the
American Society of Clinical Oncology (ASCO) presen-
tation revealed only marginal changes for the primary
endpoint, with median TTP of 15.6 and 5.9 months in
the octreotide LAR and placebo groups, respectively
(HR = 0.33; 95% CI, 0.19-0.55; P = 0.000017; Figure 2).

Treatment outcome was similar in patients with func-
tionally active (HR = 0.23; 95% CI, 0.09-0.57) and inac-
tive tumors (HR = 0.25; 95% CI, 0.10 to 0.59, per protocol
analysis) and was not influenced by patients’ age and
chromogranin A levels. Conversely, the antiproliferative
response was more pronounced in patients with hepat-
ic tumor load ≤10% (HR = 0.21, 95% CI, 0.10-0.44; P
<0.0001, per protocol analysis) and resected primary tu-
mor.

Seven and nine deaths were observed in the oc-
treotide LAR and placebo groups, respectively. The HR

Meier method. Other statistical methods used included
univariate and multivariate Cox regression models,
Fisher’s exact test and Wilcoxon-Mann-Whitney test.

Results

Time to progression

Of the 85 enrolled patients, 42 were assigned to re-
ceive octreotide LAR and 43 were randomly assigned to
receive placebo. Patients characteristics were well bal-
anced between the two arms (Table 1). Median age was
slightly above 60 years and male and female patients
were almost equally distributed in both groups. Karnof-
sky score was quite good in most patients and carcinoid
syndrome was present in about 40% of patients in both
groups. 66% of all patients had a primary resection pri-
or to entering the study and hepatic tumor load was
≤10% in most cases. About 97% of patients had distant
metastases and about 95% presented a Ki-67 value up to
2%, meaning a G1 tumor grade. The only slight imbal-
ance was time since diagnosis, which was longer in the
octreotide group compared to the placebo group (7.5
months and 3.3 months, respectively).

At the time of the planned interim analysis, 67 tumor
progressions and 16 deaths were observed. Median time
to tumor progression was 14.3 months in the octreotide

Table 1 - Baseline patient demographics and clinical charac-
teristics

Octreotide LAR Placebo Total
(n = 42) (n = 43) (n = 85)

Median age, years* 63.5 61.0 62.0
[38,54,70,79] [39,52,67,82] [38,54,68,82]

Gender
Male (%) 47.6% 53.5% 50.6%
Female (%) 52.4% 46.5% 49.4%

Time since diagnosis, 7.5 3.3 4.3
months* [0.8,3.5,19.8, [0.8,1.8,8.9, [0.8,2.5,14.3,

271.7] 109.4] 271.7]

Karnofsky score
≤80 16.7% 11.6% 14.1%
>80 83.3% 88.4% 85.9%

Carcinoid syndrome 40.5% 37.2% 38.8%

Resection of primary 69.1% 62.8% 65.9%

Hepatic tumor load
0% 16.7% 11.6% 14.1%
>0-≤10% 59.5% 62.8% 61.2%
>10-≤25% 7.1% 4.7% 5.9%
>25-≤50% 11.9% 9.3% 10.6%
>50% 4.8% 11.6% 8.2%

Distant metastases 97.6% 97.7% 97.7%

Ki-67 up to 2% 97.6% 93.0% 95.3%

CgA elevated 61.9% 69.8% 65.9%

*Median (minimum, 1st quartile, 3rd quartile, maximum).
Figure 2 - Kaplan-Meier plot of time to progression or tumor-related
death. ITT analysis ASCO update (follow-up until May 2009).

Figure 1 - Kaplan-Meier plot of time to progression or tumor-related
death. ITT analysis.
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for overall survival was 0.81 (95% CI, 0.30 to 2.18). Be-
cause of the low number of deaths reported, median
overall survival could not be estimated.

Morphological response according to WHO criteria

After six months of treatment, tumor progression
rates were 23.8% in the otcreotide LAR group compared
with 53.5% in the placebo group. Disease stabilization
rates were 66.6% and 37.2% in the octreotide LAR and
placebo groups, respectively. Only one partial response
was observed in either group. No complete response oc-
curred. Comparison by the Wilcoxon-Mann-Whitney
test showed a significant difference in favour of ot-
creotide LAR (P = 0.0079; Table 2).

Adverse events/safety

Observed safety findings were consistent with those
reported in previous studies with otcreotide LAR in pa-
tients with NETs. Treatment-related deaths did not oc-
cur. Serious adverse events (AE) were reported in 11 pa-
tients treated with otcreotide LAR and in 10 patients
treated with placebo. WHO grade 2 to 4 adverse events,
regardless of causal relationship to treatment, occurred
more often in the otcreotide LAR arm and included di-
arrhea, flatulence and bile stones. Treatment was dis-
continued because of AEs in 5 of 42 otcreotide LAR re-
cipients and in 0 of 43 placebo recipients.

Conclusions

In this study, octreotide LAR significantly prolonged
time to tumor progression in a well-defined population
of patients with metastatic well-differentiated NETs of
midgut origin. The most favourable effect was tumor
stabilization, which was observed in 66.7% of octreotide
LAR recipients compared with 37.2% of placebo recipi-
ents at six months. Considerably, treatment outcome
was not influenced by tumor functional status. Patients

who benefited most from octreotide LAR treatment
were those with a low hepatic tumor load and with the
primary tumor resected. Whether or not octreotide LAR
prolongs overall survival can not be answered. Further
studies are needed to explore the impact of octreotide
LAR on survival and to investigate its potential role in
patients with NETs outside the midgut, in patients with
G2 tumors, as well as in patients with few remaining
metastases after cytoreductive surgery.
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Table 2 - Morphological response after 6 months of treatment
with otcreotide LAR or placebo. Wilcoxon-Mann-Whitney-test
(P = 0.0079)

Response Octreotide LAR Placebo

n % n %

42 43
Unknown 3 7.1 3 7.0
CR 0 0 0 0
PR 1 2.4 1 2.3
SD 28 66.6 16 37.2
PD 10 23.8 23 53.5

CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; LAR, long-acting release.



The role of chemotherapy in the treatment
of neuroendocrine tumors

Sergio Ricci

Medical Oncology Unit, University Hospital of Pisa, Pisa, Italy

Introduction

Neuroendocrine tumors (NETs) are highly heteroge-
neous neoplasms for which no standard treatment ex-
ists. Medical therapy is intended to improve quality of
life, control symptoms due to hypersecretion of hor-
mones and/or peptides, inhibit tumor cell proliferation
and, possibly, prolong survival. During the so-called cy-
totoxic era, i.e. the 1960s and 1970s, chemotherapy has
been the main treatment of disseminated neuroen-
docrine tumors (NETs). At that time, no other therapeu-
tic modality was available. Over the subsequent
decades, the development of new pharmacological
therapies for NETs, such as biotherapies and targeted
therapies, has considerably extended the therapeutic
armamentarium for neuroendocrine disease. Nowa-
days somatostatin analogs are generally used for well-
differentiated neuroendocrine carcinomas and func-
tioning tumors, whereas chemotherapy is mainly re-
served for rapidly growing disease which has progressed
on less toxic treatments and poorly differentiated en-
docrine carcinomas. Several chemotherapeutic regi-
mens have been evaluated, although not always with
satisfactory results. However, many of the reports pub-
lished in the literature are retrospective and/or involve
small numbers of patients, which is mainly imputable
to the relative rarity of NETs. Moreover, the assessment
of the response to chemotherapy has been sometimes
difficult, as these tumors exhibit long phases of sponta-
neous standstill, sudden explosive growth or even spon-
taneous regression. Over the years the assessment of the
response to chemotherapy has significantly improved,
and the increased knowledge on NETs has led to define
different levels of response that must be taken into con-
sideration when evaluating treatment, ie. objective re-
sponse, biochemical response and symptomatic re-
sponse. This paper provides an overview of the
chemotherapeutic strategies which have been used for
the management of NETs over the last five decades, and
defines the role of chemotherapy in the current, multi-
faceted therapeutic landscape.

“Traditional” mono- and polychemoterapeutic
regimens

The first experiences with chemotherapy in the treat-
ment of NETs were conducted on very small series of
patients and were based on the use of chemotherapeu-

tic agents in monotherapy. In pancreatic NETs, objec-
tive response rates (ORR) from 41% to 17% were report-
ed with streptozotocin (STZ), doxorubicin and cloro-
zoticin monoterapies, with a duration of response not
exceeding 16 months. Even more disappointing results
were observed for intestinal NETs, in which mono-
chemoterapies with doxorubicin (DOX), 5-fluorouracil
(5-FU), dacarbazine (DTIC), STZ and cisplatin (CDDP)
were associated with response rates up to 26% and a du-
ration of response of about 5-6 months.

The first polychemotherapy regimens used for the
treatment of metastatic NETs included mainly combi-
nations of STZ with 5-FU or DOX, which in some cases
were associated with a significant increase in response
rates and duration. The best results were observed in
patients treated with the combination STZ/DOX, in
which an ORR of 69% and a duration of response of 27
months were reported. Various other chemotherapeutic
regimens have also been employed, among which
etoposide (VP16)/CDDP1, 5-FU/DTIC/epiadriamycin2,
5-FU/lomustine3, FU/DOX and FU/STZ4. In general all
these regimens, some of which were evaluated in trials
on larger numbers of patients compared to previous
studies, yielded moderate responses around 20%. The
only exception was represented by anaplastic, poorly
differentiated NETs, where short-term response rates of
up to 67% were reported by Moertel et al. using the
VP16/CDDP combination1. With particular regard to
pancreatic NETs, the combinations STZ/adriamycin
and STZ/5-FU produced tumor response rates of 69%
and 45%, respectively, with quite satisfactory results in
terms of response duration (18 and 14 months, respec-
tively) and overall survival (2.2 and 1.4 years, respective-
ly). Moreover, the DOX/STZ combination proved to be
an efficient option for advanced well-differentiated
pancreatic endocrine carcinomas, with an overall re-
sponse rate of 36%, a median response duration of 19.7
months, and a median survival of 50.2% at 2 years and
of 24.4% at 3 years5. The same and other schedules of
polychemotherapy proved to be much less effective in
intestinal NETs, where they yielded response and sur-
vival rates significantly lower compared with those
achieved in pancreatic tumors.

As previously mentioned, Moertel et al. published in
1991 their experience with a regimen combining etopo-
side (VP16) and cisplatin (CDDP). More specifically, in
this study the authors found a major therapeutic activi-
ty in the 18 patients with poorly differentiated NETs,
with an objective response rate of 67% and a median
duration of response of 8 months, whereas a significant-
ly lower ORR of only 7% was observed in the 27 patients
with well-differentiated NETs.1 Since this publication,
polychemotherapy with VP16 and platinum com-
pounds has been considered as the reference treatment
for inoperable poorly differentiated NETs, and has been
further evaluated in retrospective confirmatory analy-
ses. However, although poorly differentiated NETs were
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found to be consistently chemosensitive to the etopo-
side plus cisplatin combination, their prognosis re-
mained poor, with most of the patients relapsing quick-
ly and reporting a 2-year survival lower than 20%6.

New chemoterapeutic agents: capecitabine and
oxaliplatin (XELOX)

More recently, capecitabine and oxaliplatin have be-
come available and have found clinical application in
the treatment of NETs. The combination of capecitabine
and oxaliplatin (XELOX) has been assessed by Bajetta et
al. in a phase II study on forty patients with advanced
NETs7. Of these patients, 13 had previously untreated
poorly differentiated NETs and 27 had well-differentiat-
ed NETs in progression after first-line therapy with so-
matostatin analogs. The XELOX regimen consisted of
the intravenous administration of oxaliplatin 130
mg/m2 on day 1 and the oral intake of capecitabine
2,000 mg/m2/die from day 2 to day 15, every 3 weeks.
Treatment was continued up to a maximum of 6 cycles,
if feasible. The primary objective was the response rate
including biochemical and symptomatic response; sec-
ondary objectives were time to progression (TTP) and
safety. All the 40 patients were evaluated for response
and toxicity. In the 13 patients with poorly differentiat-
ed NETs no complete response, 3 (23%) partial respons-
es, 1 stabilization (7%) and 9 (70%) disease progressions
were reported. In the low-grade population of 27 pa-
tients, 8 (30%) partial responses, 13 (48%) disease stabi-
lizations and 6 (22%) disease progressions were ob-
served. In this population, disease stabilization lasted
17 months (range, 3-39) and partial responses 12
months (range, 3-38; Table 1). In the low-grade popula-
tion, for five lung NETs (typical and atypical carcinoids)
there were three (60%) partial responses and one (20%)
disease stabilization.

Among the 31 patients evaluated for serum chromo-
granin A (CgA) concentrations, 27 (87%) had increased
CgA levels at baseline. After six chemotherapy cycles,

there was a normalization of CgA levels in 1 patient, a
decrease in 4 (14%) patients and stabilization in 2 (7%)
patients. Patients with biochemical responses showed
concordant tumour response. Symptomatic response
was evaluated in 10 patients with carcinoid syndrome
who continued treatment with somatostatin analogs
during chemotherapy. Of these, five patients (50%)
showed a complete disappearance of the syndrome,
whereas four patients (40%) had a reduction of intensi-
ty or frequency of episodes. In the patients with low-
grade tumors, median OS was 32 months and TTP was
20 months. The corresponding values for the patients
with high-grade tumors were 5 months and 4 months,
respectively, with a statistically significant difference in
terms of OS in favour of the low-grade type (Figure 1).

These results demonstrated that the XELOX regimen
can be an effective and tolerated treatment option for
patients with well-differentiated NETs who have pro-
gressed after somatostatin analogs. Conversely, even
though poorly differentiated NETs usually have a good
response rate to regimens combining VP16 and plat-
inum compounds, they show low sensitivity to the ox-
aliplatin and capecitabine association.

Combinations of chemotherapy and αα-interferon

Regimens combining chemotherapeutic agents with
interferon-α have been assessed with unsatisfactory re-
sults. Several studies on limited series evaluated the use
of 5-FU and alpha interferon (α-IFN) based on reports
of modest activity for both agents in NETs and on re-
ports of enhanced activity for the combination of these
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Table 1 - Objective responses observed in patients with high-
grade and low-grade NETs after treatment with XELOX

Hystological Total 
type patients (n) CR PR SD DP

High grade 13 - 3 (23%) 1 9 (70%)
Lung 5 - 2 1 2

Low-grade 27 - 8 (30%) 13 (48%) 6 (22%)
Lung 5 - 3 2 1

Total 40 - 11 (27.5%) 14 (35%) 15 (37.5%)

CR, complete response; PR, partial response; SD, stabilization of dis-
ease; PD, disease progression7. Figure 1 - Overall survival according to the histological type7.
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agents in other gastrointestinal malignancies. Results
indicated that this combination was disappointing both
in terms of tolerance and response rate. In fact, it did
not show any clear superiority over the individual
agents alone and was associated with considerable tox-
icity8,9. Similar results were observed for the combina-
tion of α-IFN with STZ and DOXO10.

Conclusions

In well-differentiated NETs with low proliferation rate,
mainly midgut carcinoids, chemotherapy is associated
with low response rates and a short duration of re-
sponse. Therefore, chemotherapy is not considered the
first-line treatment for these patients and can be taken
into account only after progression following other
therapeutic strategies. 

In poorly differentiated NETs with high proliferative
index, mainly pancreatic NETs and foregut carcinoids,
chemotherapy provides high response rates and a re-
sponse duration higher than 18 months, and is there-
fore considered a first-line treatment. Possible chemo -
therapeutic combinations include STZ/5-FU and
VP16/CDDP. 
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Introduction

Neuroendocrine tumors (NETs) of the gastroen-
teropancreatic (GEP) tract are a group of clinically and
pathologically heterogeneous neoplasms. Most of them
exhibit a slow growth, while others display highly aggres-
sive behaviour with rapidly progressing malignant dis-
ease. The presenting features of NETs are typically vague
and unspecific, but eventually most patients develop se-
vere, life-threatening symptoms because of excessive
hormone production from the tumor. From the clinical
point of view, NETs are considered “functioning” when
their secreted products produce symptoms such as flush-
ing and diarrhea, and they are considered “nonfunction-
ing” when hypersecretory symptoms are absent.

In spite of significant advances in diagnostic tech-
niques, NET patients typically experience long delays in
diagnosis1, and the majority of them are correctly diag-
nosed only at an advanced stage, when life-threatening
clinical symptoms have been developed and the disease
has already metastasized. Nonfunctioning tumors, in
particular, are less likely to be detected unless found in-
cidentally or when the primary or metastatic lesions
have grown large enough to cause mass effects (e.g.,
bowel or biliary duct obstruction)2. In contrast, func-
tioning tumors may be diagnosed earlier because of the
dramatic and specific manifestations of endocrine hy-
perfunction, and may even be recognized when the pri-
mary lesion is less than 1 cm in diameter. In the case of
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small bowel NETs, which are the most common NETs of
the GEP tract, however, the onset of symptoms is usual-
ly indicative of hepatic metastasis3. 

Because of the heterogeneity of NETs in terms of clini-
cal presentation and behaviour, the management and
treatment of these neoplasms represents an engaging
challenge to the clinician and requires an high level of ex-
pertise for diagnosis, pathology, cytoreductive or curative
surgery, oncology, interventional radiology and nuclear
medicine. No specific antineoplastic therapy is currently
available, and most patients cannot have access to the
multidisciplinary care necessary for an optimal manage-
ment of these tumors. Moreover, since NETs are quite
rare neoplasms, the number of patients annually seen at
most individual centers is rather scarce, which highly
limits the possibility to perform adequate studies and
systematically assess new treatments. Given the paucity
of sufficiently powered randomized, controlled, phase III
clinical trials with homogenous and large patient popula-
tions and adequate follow-up in this field, making the
right treatment choice is difficult and therapeutic deci-
sion-making must often rely on single-institution experi-
ences on limited series. Current therapeutic approaches
include biotherapy (α-interferons and somatostatin
analogs) to control the symptoms associated with hor-
mone hyperproduction; systemic chemotherapic regi-
mens for advanced disease; surgery with curative intent
(at the moment the only available option that can offer a
cure) or palliative cytoreductive surgery; receptor ra-
dionuclide therapy (PRRT) with radiolabelled somato-
statin analogs for inoperable or metastatic disease; and
tumor ablation by radiofrequency or chemoembolization
to reduce metastatic tumor bulk.

Surgery remains the treatment of choice for localized
GEP NETs, and so far represents the only curative op-
tion for these patients. Unfortunately, in most patients
surgery cannot be curative because of metastatic spread
at the time of diagnosis. However, surgery can still have
an important role also in patients with metastatic dis-
ease, especially for liver metastases. In particular, cy-
toreductive surgery, including resection of regional or
distant metastases, radiofrequency ablation (RF) and
cryotherapy, aims at improving symptoms by the con-
trol of peptide/amine excess, at improving quality of life
and, possibly, at extending survival. When R0 resection
is feasible, resection of metastasis is a potential curative
option. Liver transplantation can be considered in se-
lected cases, i.e., young patients without documented
spread outside the liver and resected primary tumor4.

Specific chemoterapeutic treatment, i.e., streptozo-
tocin (STZ), has been available since the 1960s. STZ has
been used especially in combination with other cyto-
toxic agents such as 5-fluorouracil (5-FU) or doxoru-
bicin, but has been of limited value for the treatment of
well-differentiated GEP-NETs, such as the typical
midgut carcinoids, with response rates around 10%-
15%. Conversely, chemotherapy with cisplatin and

etoposide has been the standard of care for malignant,
poorly differentiated NETs, achieving response rates of
30%-50%4. The main indication of chemotherapy is the
treatment of inoperable, poorly differentiated NETs4,5.

Biotherapy for NETs consists mainly in somatostatin
analogues and α-interferons. The main indication of so-
matostatin analogs is the treatment of functioning NETs
causing hormone-related clinical syndromes, while their
use in non-functioning NETs is still controversial, but
this use is strongly suggested by PROMID study data6.
Currently, the somatostatin analogs octreotide and lan-
reotide are the first line treatment of well differentiated
NETs, in which they have proved effective in the control
of symptoms and may also obtain disease stabilization.
In particular, patients who benefit from treatment with
somatostatin analogs include those with functional
NETs of foregut and midgut origin. Selection of patients
is based on a positive OctreoScan®4,7. Since the lack of
cross resistance between octreotide and lanreotide has
been demonstrated, patients on therapy with a somato-
statin analog for more than 1 year who stop responding
to treatment can be switched from octreotide to lan-
reotide and vice versa, without negative effects on thera-
peutic efficacy7,8.Alpha interferon (α-IFN) has been used
for more than 20 years in the treatment of mid-gut NETs,
with symptomatic and biochemical responses in 50% of
patients and tumor reduction in 10-15%. A combination
of somatostatin analogues and α-interferons has been
effective in patients with resistance to either drug4,7.

Peptide receptor radiotherapy (PRRT) can be dispensed
as second-line therapy to patients who display high-
grade uptake on somatostatin receptor scintigraphy.

Given the great biological and clinical diversity of GEP
NETs, the treatment of these tumors is becoming more
and more type-specific, and the design of a therapeutic
algorithm that could encompass all GEP NET subtypes
and conciliate the diverse opinions of all the interna-
tional leading experts in this field would be hardly con-
ceivable. Rather, the concept of a treatment algorithm
can find some practical application with reference to
particular segments or aspects of this complex and mul-
tifaceted disease. The present paper provides an at-
tempt to develop a therapeutic algorithm for the man-
agement of the well differentiated neuroendocrine car-
cinoma (WDEC), which represents one of the GEP NET
subtypes most frequently encountered in the clinical
practice. The proposed algorithm is based on the WHO
classification and the ENETS guidelines for treatment of
GEP-NETs on one hand, and of the experiences per-
formed at our institution on the other. 

Basic principles that should guide the design of
a treatment algorithm for GEP NETs

The development of a treatment algorithm should be
based on a standardized diagnostic procedure which
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takes into account several parameters, including mainly
the primary site, the tumor differentiation and prolifera-
tive activity, the extension of disease, and the presence
or absence of the carcinoid syndrome. Currently, the
World Health Organization (WHO) classification and the
European Neuroendocrine Tumor Society (ENETS)
guidelines for the treatment of GEP-NETs represent the
best available resources to make a correct recognition
and prognostic stratification of the individual GEP NETs,
in the attempt to offer an adequate treatment.

Once the neuroendocrine nature of the disease has
been confirmed, the tumor should be categorized as
well-differentiated endocrine tumour (WDET), well-dif-
ferentiated endocrine carcinoma (WDEC), or poorly
differentiated endocrine carcinoma (PDEC) according
to the WHO classification of 20009. At this point, its pro-
liferative activity should be determined by counting the
mitoses per high-power field and/or by immunostain-
ing for the cell cycle-dependent marker Ki67 (MIB1)
antigen. The value of the Ki67 labeling index provides
important prognostic information and serves as the ba-
sis for the grading of the tumor as G1 (<2%), G2 (>2-
20%) or G3 (>20%), according to the ENETS grading pro-
posal for GEP NETs. Further information on the size of
the tumor, its composition (presence of necrosis or cys-
tic changes), its relationship to anatomic structures, re-
section margins and adjacent organs, as well as the
presence of lymph node and other metastases, should
be collected to assess the extension of the disease ac-
cording to the ENETS TNM staging proposal10,11. 

The last factor that should be taken into consideration
for the design of a treatment algorithm is the presence
or absence of the carcinoid syndrome. The carcinoid
syndrome is a combination of symptoms caused by the
release of hormones into the bloodstream, and is pres-
ent in about 30% of well differentiated NETs of the small
intestine (midgut carcinoids) 4. The symptoms associat-
ed with carcinoid syndrome in its typical form may vary
depending on which hormones are released by the tu-
mors, and generally include flushing, diarrhea, wheez-
ing due to bronchospasm and endocardial fibrosis. An-
other less delineated form of the syndrome, namely the
atypical carcinoid syndrome, may be encountered in 5-
10% of patients with sporadic forms of gastric carci-
noids, and less frequently in patients with poorly differ-
entiated gastric NETs. The syndrome consists of patchy,
intensely red flush, sweating, itching, sometimes also
cutaneous oedema, bronchoconstriction, salivary gland
swelling and lacrimation. It is usually associated with
the presence of liver metastases and is due to the release
of histamine and serotonin12. 

Patients with carcinoid syndrome undergoing sur-
gery, endoscopic procedure, arterial embolization or
other types of intervention are at risk of developing a se-
vere, potentially fatal complication known as carcinoid
crisis. The carcinoid crisis may be provoked by induc-
tion of anaesthesia during washing of the abdomen, or

as a result of tumor manipulation or tumor necrosis
during surgery or intervention. It is characterized by
sudden changes in blood pressure, most often hypoten-
sion, sometimes with concomitant onset of prolonged
and excessive flushing, hyperthermia, and occasionally
severe bronchospasm. Some patients have attacks of
hypertension and even hypertensive crisis, due to the
release of catecholamines by the tumor. Carcinoid crisis
can result in death. Rapid reversal of this condition has
been referred with the acute intravenous administra-
tion of octreotide. However, octreotide prophylaxis is
highly recommended before surgery to prevent media-
tor release and the development of the crisis12.

Proposal of a therapeutic algorithm 
for the treatment of GEP NETs

When the primary site is known and the tumor is re-
sectable, the first line treatment of WDEC should be sur-
gery. Once the primary tumor has been removed and if
metastastic spread is limited to the liver, the patient
should be evaluated for radical resection of metastases
or for liver transplantation. If hepatic metastases are not
resectable or in presence of extrahepatic dissemination,
octreotide and lanreotide should be administered until
progression of disease, followed by chemo the ra -
py/PRRT or by the enrolment in a clinical trial with an
experimental therapy in patients progressing after less
than 1 year of therapy with somatostatin analogs, or by
the cross-over to octreotide or lanreotide in patients
who have received somatostatin analog therapy for
more than 1 year but then stopped responding to treat-
ment. Patients who progress on chemotherapy or PRRT
should be given supportive therapy. 

In a situation of unknown primary, lanreotide or oc-
treotide should be administered until progression of
disease, followed by chemotherapy/PRRT or by the en-
rolment in a clinical trial with an experimental therapy
in patients progressing after less than 1 year from the
start of therapy with somatostatin analogs, or by the
cross-over to octreotide or lanreotide in patients no
longer responding to octreotide or lanreotide after more
than 1 year of therapy. Patients who progress on chemo -
therapy or PRRT should receive supportive therapy.

Conclusions

Gastroenteropancreatic neuroendocrine tumors are
highly complex and heterogeneous neoplasms. Their
management continues to represent a challenge even
for the most skilled clinician, requiring an high degree
of expertise in several medical and surgical fields.
Therefore, the choice of therapy for GEP NETs must be
accurately pondered, and should be highly individual-
ized on the basis of current symptoms, tumor type and
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burden, and additional prognostic information. Surgery
remains the mainstay of treatment for localized disease,
and currently is the only potentially curative option. So-
matostatin analogs represent the therapy of choice for
functioning well differentiated forms, and can effective-
ly achieve the control of symptoms associated with hor-
mone hypersecretion and release. Chemotherapy is in-
stead reserved to poorly differentiated neuroendocrine
carcinomas. However, its efficacy in achieving sympto-
matic control is of limited value.

Well differentiated neuroendocrine carcinoma
(WDEC) represents one of the GEP NET subtypes most
frequently encountered in the clinical practice. When
primary localization is known and the tumor is re-
sectable, the first line treatment of WDEC should be sur-
gery. Second line therapy includes radical resection of
hepatic metastases or hepatic transplantation in pa-
tients with metastastic spread limited to the liver, or
treatment with somatostatin analogs in patients with
unresectable hepatic disease or extrahepatic metas-
tases. Chemotherapy, PRRT, or the cross-over to oc-
treotide or lanreotide should be considered at time of
progression. In a situation of unknown primary, lan-
reotide or octreotide should be administered until pro-
gression of disease, followed by chemotherapy, PRRT, or
the cross-over to octreotide or lanreotide. 
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Thoracic and gastrointestinal
neuroendocrine tumors: 
is it time for adjuvant treatment?
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Introduction

The aim of adjuvant treatment is to prevent metastat-
ic disease after radical surgery. The effective benefit of
adjuvant approach in thoracic and gastrointestinal neu-
roendocrine tumors (NETs) is still highly controversial
and should be assessed in a large clinical trial. However,
the possibility to perform such a trial represent a chal-
lenge, being hampered by several restrictions mainly
correlated to the relative rarity of these tumors as well as
by the extreme variability of their biologic and clinical
behaviour. The effective benefit of adjuvant approach in
thoracic and gastrointestinal neuroendocrine tumors
(NETs) is still under debate and should be assessed in a
large clinical trial. While trying to consider eventual ad-
juvant treatment for NET patients, there are first some
unsolved questions to be answered, namely who are the
patients that are candidates for adjuvant approach, and
how feasible it is to find a large cohort for such rare tu-
mors to reach high evidence level for recommendations?

The actual status of adjuvant approach 
for neuroendocrine tumors 

Thoracic and gastrointestinal neuroendocrine tumors
(NETs) are regarded as quite rare neoplasms. The esti-
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mated incidence is about 3/100,000 per year
(3000/100,000.000 per year) for the NETs arising from
the gastrointestinal (GI) tract and 0.6/100,000 per year
(600/100,000.000 per year) for NETs originating from
the bronchopulmonary system1,2. It means that, al-
though their incidence is low, there could be a theoreti-
cal possibility of gathering enough cases in a few years
for an international trial covering several larger coun-
tries. The effective numbers of NETs reported in clinical
series and single-institutions or international registries
are however very low. Soga et al.3 reported 11.842 cases
for a period over 60 years emanating from 67 countries,
64% with primary localization in the digestive system,
thus reflecting an overall incidence of 125 patients per
year, i.e., 2 patients per year per country. About half of
them was metastatic at diagnosis, a fact that decreases
the number to 1 non metastatic patient per country per
year. In a registry covering more recent years4, neuroen-
docrine carcinomas had a median incidence of 11 cases
per year, with the incidence sharply rising above this
number in the last 20 years. Liu et al.5 reported 26 gas-
tric neuroendocrine carcinomas from 1964 to 2005,
which amount to 3 cases every two years. Regional
lymph node metastases only at diagnosis occurred in 12
patients, that would make 12 candidates for adjuvant
treatment in 40 years in a single institution. Further-
more, in non-Asiatic data Khaled et al.6 reported 150 pa-
tients with gastrointestinal neuroendocrine carcinomas
at the Massachusetts general hospital for a 21 year peri-
od, that makes an incidence of 7 new patients per year.
However, 22% had synchronous "non carcinoid" tu-
mors and a significant percentage of residual patients
developed metachronous "non carcinoid" tumors, a
fact that would compromise results of any adjuvant ap-
proach. These data seem rather disappointing, and sug-
gest initial restrictions for conducting a classical
prospective controlled clinical trial that would provide
level IA evidence data, related to low number of yearly
cases both in high volume institutions and registries.
However, in the recent years an increasing number of
NET cases are better diagnosed, probably as a result of
the significant advances in immunochemistry and in di-
agnostic techniques in general, and within a coopera-
tive international group there could be an adequate
number of patients that could be gathered and possibly
enrolled into a large clinical trial.

In classical carcinomas of the digestive system adju-
vant treatment do not have the same effectiveness for
every localization, showing a moderate benefit for colon
cancer, a moderate benefit for rectal cancer, which is in-
creased by associated radiotherapy, doubtful if any ben-
efit for gastric cancer and unknown benefit for je-
junoileal cancer. By analogy with classical carcinomas,
candidates to adjuvant approach should be patients
with lymph node metastases only. However, this might
not be the right approach: primary localization, histol-
ogy and histologic grade, as well as the size of the pri-

mary tumor, may also be of utmost importance due to
data related to impact on survival. Tumors arising from
different districts of the GI tract may not have the same
metastatic potential, as suggested by the rates of metas-
tases at diagnosis of 15.1% for the rectum, 15.5% for the
stomach, 12.5% for the duodenum and 37.2% for the je-
junoileum7. Therefore, they should be assessed sepa-
rately. Furthermore, not only large masses, but also
small tumors below 1 cm or 0.5 cm of size should be in-
cluded in a controlled trial because they have metastat-
ic potential as well, as demonstrated by metastases rates
of 9.7%, 7.9%, 10.5% and 30.2% for rectal, gastric, duo-
denal, and jejunoileal tumors below 1 cm, respectively,
and of 3.7%, 4.6%, 8.3% and 17.2% for the correspon-
ding localizations below 0.5 cm7.

Based on available 5-years survival data, GI NETs
without metastases at presentation generally fare very
well after surgery even if they are not given adjuvant
treatment, with 96.9% of patients still alive after 5 years
from surgical intervention. Of course, patients with
metastases at presentation behave rather worse, with 5-
year survival rates lowering down to 64.7%. However, if
survival of patients without metastases at presentation
is so good, how can we calculate the benefit of adjuvant
therapy for the whole group of patients?

Another open question is what chemotherapy to use
in the adjuvant setting based on data from metastatic
disease. A number of chemotherapeutic combinations
have been evaluated in several phase II studies8-11 and
in a few phase III studies as well, but so far none of these
regimen has proved to be very effective, and response
rates in metastatic disease tend to be moderate or low.
For instance in three studies with streptozotocin and
5FU response rate were 33%, 22% and 16%. Two studies
investigated different doublets. The combination of
5FU and cyclophosphamide achieved a response rate of
26% in 47 patients and the combination of 5FU and
doxorubicin resulted in a response rate of only 16% in
25 patients. A triplet combining strepozotocin, 5FU and
cyclophosphamide was investigated in one study with a
response rate 22%. A more aggressive regimen combin-
ing streptozotocin, doxorubicin, 5FU and cyclophos-
phamide yielded a response rate of 31%, not different
for doublet chemotherapies.

Per analogy, 5-fluorouracil (5-FU) has a very moderate
activity in classical digestive tract cancers. The combi-
nation of 5-FU and leucovorin (LV) provides a benefit
for colon cancer patients, whereas its benefit is less
clear for patients with gastric or pancreatic carcinomas.
According to the metastatic potential, the category of GI
NETs most likely to benefit from adjuvant treatment
may be jejunoileal tumors. In effect, about one third of
patients with jejunoileal tumors metastasize, with rate
of metastases at diagnosis of 17.2% for tumors below 0.5
cm and 37.2% for tumors of more than 0.5 cm in size.
However, jejunoileal tumors are among the less sensi-
tive, with response rates to chemotherapy below 15%.
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The data on adjuvant approach in the present litera-
ture are scarce and do not allow to draw any conclusion
because they are derived from too small series. For in-
stance, Liu et al.5 reported that adjuvant chemotherapy
showed no survival benefit in gastric neuroendocrine
carcinomas, but one could argue if this datum can be
taken for granted in a study involving 10/26 cases.
Again, the number of patients is too small to assess the
benefit of adjuvant treatment for patients having a good
survival after 1, 2, 3, or 4 years, and an adequate evalua-
tion should be made on a large cohort including several
hundred patients. Of course, chemotherapy is not the
only modality that can be used in the adjuvant setting.
Somatostatin receptor-targeted radionuclide therapy
has been also occasionally employed, but again in very
small number of patients or even in single patients, and
significant conclusions cannot be drawn. 

Furthermore, to add to the confusion, we could men-
tion that some small cell NETs from extra gastrointestinal
and extra pulmonary localizations, such as those arising
from the cervix uteri, the larynx or the head and neck re-
gion, have won their right to have an adjuvant treatment
without any previous prospective controlled trial. The
approach is the same as for classical cancers occurring in
the same localization. If they are operable, these patients
are operated, postoperatively irradiated and sometimes
given an adjuvant chemotherapy, despite the fact that no
trial demonstrated the benefit of such an intervention. In
these cases, the introduction of adjuvant chemotherapy
into the clinical practice has been guided not by clinical
trials, but by clinical necessities.

Therefore, in the absence of well-established activity
for chemotherapy in this disease there is no rationale to
support the use of adjuvant chemotherapy.

Some more advanced data are available for pul-
monary NETs. Nowdays it is widely recognized that
small cell lung cancer (SCLC), being a systemic disease,
is not amenable to surgery and therefore to adjuvant
chemotherapy. As far as large cell neuroendocrine carci-
noma (LCNEC) is concerned, retrospective data indi-
cate some benefit of adjuvant approach. For instance,
Hage et al.12 showed a survival advantage in patient
treated with surgery plus adjuvant chemotherapy
(STZ/5-FU and ADM + CPM + VP-16) compared to sur-
gery alone. Probably, also this therapeutic strategy was
guided by clinical necessity, because LCNEC has the
worst survival among pulmonary large cell cancers13.
Other data demonstrated no survival benefit from non
platinum-based regimes, but a clear survival extension
with platinum-based ones in the adjuvant setting14. 

Conclusion

More or less clearly, there could be no illusion on the
possibility of performing a large breast cancer-type ad-
juvant trial for neuroendocrine tumors and for achiev-

ing an evidence level IA recommendation. The aggres-
sive potential of neuroendocrine carcinomas arising
from particular sites and/or with particular histology
asks at least for selected subgroups at risk, for directions
concerning adjuvant approach and the choice of
chemotherapy regimens. And we should not forget that
clinical practice often goes ahead of results of clinical
trials, especially when it is not possible to provide con-
sensus statements due to scarcity of data. Of course, the
idea of a decent trial should not be abandoned notwith-
standing the level of evidence it could reach.
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