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Abstract

Background: Small intestinal Neuroendocrine Neoplasms (SI-NENs) are the most com-
mon primary malignancy of the small bowel. The aim of this study is to define the survival
of patients with an SI-NEN in Auckland, Aotearoa New Zealand (AoNZ).
Methods: A retrospective study of all patients diagnosed with a jejunal or ileal SI-NEN in
the Auckland region between 2000 and 2012 was performed. The New Zealand NETwork!
Registry was searched to identify the study cohort. Retrospective data collection was per-
formed to collect stage, survival and follow up data.
Results: One hundred and seven patients were included in the study. The mean age of
patients was 62.8 years (SD 11.9). The 5 and 10-year disease-specific survival for all
patients was 66.1% (95% CI 56.5–75.7%) and 61.8% (95% CI 51.8–71.8%), respectively.
Ten-year disease-specific survival was 100% for stage I and II, 74% (95%CI 61.7–84.4%)
for stage III and 33.9% (95%CI 16.9–35.6%) for stage IV SI-NEN. Eleven of 40 (27.5%)
patients with stage III disease had recurrence and 3 of 7 (42.8%) patients with stage IV dis-
ease had recurrence. In patients with stage IV disease, neither primary resection (HR 2.25,
95% CI 0.92–5.5) nor distant resection (HR 1.72, 95% CI 0.63–4.7) were significantly asso-
ciated with a disease-specific or overall survival benefit.
Conclusion: This study demonstrates that stage at SI-NEN diagnosis is associated with sur-
vival, but resection of the primary or distant metastases in patients with stage IV disease is
not. There was no recurrence in patients with stage I or II disease after complete resection.

Introduction

Neuroendocrine neoplasms (NENs) are rare and are thought to arise

from neuroendocrine cells throughout the body.1 The majority of

NENS arise in the gastrointestinal tract. Gastrointestinal tract NENs

are classified in two broad groups: neuroendocrine tumours (NETs)

and neuroendocrine carcinomas (NECs).2 The majority of NENs

arise within the gastrointestinal tract and can be grouped based on

location.3,4 Small intestinal NENs (SI-NENs) are the most common

primary malignancy of the small bowel.1 The small bowel is the third

most common site for NENs behind the lung and rectum however the

most common site for NENs that develop metastatic disease.4

The incidence of NENs is increasing worldwide.5,6 The Surveil-

lance, Epidemiology, and End Results program has shown a 6.4-fold

increase in NENs in the USA since its inception in 1973.7 This

increase is likely multifactorial with factors including a true increase in

incidence, an increase in detection, and a change over time in histolog-

ical classification.5 Incidence of SI-NENs has increased in Queensland,

Australia by 222% from 0.36 cases per 100 000 between 1986 and

1995 to 1.16 cases per 100,00 between 2006 and 2015.8
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In general NETs are slow growing tumours with 5-year overall
survival of 70–80%.5 This is despite 20–45% of patients having
metastatic disease at the time of diagnosis.5,9–12 The high frequency
of metastases at diagnosis is a result of early stage tumours often
not causing symptoms or causing non-specific symptoms, meaning
patients frequently do not present until the NET causes a degree of
obstruction or becomes metastatic leading to carcinoid syndrome in
some cases.4 The indolent nature of SI-NENs complicates treatment
decisions as aggressive management that would not be considered
in other comparably staged gastrointestinal malignancies is often
considered in SI-NENs.4 NEC are poorly differentiated fast grow-
ing tumours. Patients typically present with metastatic disease and
have a median survival measured in months.13

An important component guiding treatment decisions by clinicians
is an understanding of the expected survival of patients. Although
survival has been described in patients with SI-NENs internationally
it has not been described in an Aotearoa New Zealand (AoNZ) popu-
lation. The aim of this study is to describe the survival of patients
with jejunal or ileal SI-NENs in Auckland, AoNZ.

Methods

Design

A retrospective study of all patients diagnosed with a jejunal or
ileal SI-NEN in the Auckland region between 2000 and 2012 was
performed. The New Zealand NETwork! Registry (NETR) was
searched to identify the study cohort.

New Zealand NETwork! Registry

NETR is a retrospective database that includes all NEN in AoNZ diag-
nosed 2008–2012, and all NEN in the Auckland Region (Auckland,
Waitemat�a, and Counties Manukau District Health Boards) diagnosed
from 1995 to 2012.14 The NETR identified cases by searching the
New Zealand Cancer Registry using ICD-O morphology codes and
searching public and private histology records in all 20 AoNZ District
Health Boards to ensure complete patient capture. Classification of
NEN was defined as per WHO 2010 nomenclature and included
gastroenteropancreatic (GEP) NENs, bronchopulmonary carcinoids and
neuroendocrine carcinoma, extrapulmonary small cell carcinoma, large
cell carcinoma, medullary thyroid carcinoma, Merkel cell carcinoma,
paraganglioma, phaechromocytoma and NENs of other primary sites
such as gynaecological and genitourinary. Pulmonary small cell carci-
noma were excluded.

Clinical data, including detailed histopathology, was collected
from individual electronic and paper medical records according to a
centralised protocol and data dictionary. Data was entered via a
remote desktop directly into a SQL-based database (MS Access),
secured using a double-password system (University of Auckland
network and separate password-protected database access).

The NETR was searched by identifying patients coded as ‘Small
bowel’, ‘Jejunal/Ileal’, ‘Duodenal’ in the ‘PrimaryLocation’ field, and
‘Small bowel’, ‘Jejunum and Ileum’, ‘Duodenum’ in the histology
‘SiteOrgan’ field. The histology ‘Diagnosis’ field was also searched for
key terms (‘*small bowel*’, ‘*jeju*’, ‘*ileal*’, ‘*ileum*’, ‘*duoden*’) as
a secondary check for complete patient capture. Small intestine was coded

as small bowel during data entry. For the purposes of this paper, the sea-
rch was limited to patients who were treated in one of Auckland’s three
District Health Boards. Ethnicity was retrospectively collected from cen-
tral hospital records.

Cohort inclusion and exclusion criteria

All SI-NENs were histologically diagnosed from a biopsy of a liver
metastasis or a surgical specimen. Patients were excluded if the tumour
was located in the duodenum, the location was indeterminate, there was
no histological diagnosis or there was insufficient available documenta-
tion to identify stage at time of diagnosis. Duodenal NENs were
excluded (n=21)(n=21) due to the different embryological origin and
management strategies. A patient was deemed to have a functional NEN
if on retrospective review the patient had an elevated urine 5-HIAA >50
(upper limit of normal) and documented flushing or diarrhoea.

The search of the NETR found 131 patients with SI-NENs of
which 24 were excluded . Two had no histological diagnosis, one
patient was diagnosed on post-mortem and 21 patients had inade-
quate documentation to determine the stage at diagnosis. A total of
107 patients were included in this study.

Survival and follow up

Overall survival (OS) was defined as the number of patients who had not
died from any cause. Disease-specific survival (DSS) was defined as the
number of patient who had not died from a cause relating to their NEN
diagnosis. Recurrence was defined as a patient who underwent a curative
intent R0 resection and subsequently had local or distant cancer recurrence.
OS, DSS and follow up was retrospectively collected. Using the unique
National Hospital Index number of each patient, routinely collected data
from the AoNZ Ministry of Health was used to provide updated follow-up
data. This included cause of death from death certificate information, pub-
licly funded hospital discharge information (via the National Minimum
Dataset) and pharmaceutical dispensing (Pharmaceutical Collection) data.

Stage

The TNM stage published by the European Neuroendocrine Tumour
Society (ENETS) was used to stage patients.15 Where stage was not
reported in a clinical letter, multidisciplinary meeting letter or histol-
ogy report, a retrospectively inferred stage was given by author
MJM and BL based on histology reports, radiology reports, clinical
letters and multidisciplinary letters. Due to low numbers TNM stage
was grouped into stage I, II (including IIa and IIb), III (including IIIa
and IIIb) and IV. Stage I and II are described separately but grouped
as stage I/II for statistical analysis due to low numbers.

Ethical approval

Ethical approval was granted by the Northern A Health and Dis-
ability Ethics Committee (ref 12/NTA/60).

Statistical analysis

Data was entered into SPSS (Version 25.0. Armonk, NY) for statis-
tical analysis. Categorical data was described as number,
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percentage, with normally distributed data described as mean, stan-
dard deviation (SD) and non-parametrically distributed data was
described as median and interquartile range (IQR). Kaplan–Meier
graphs were created using R (Version 3.2.5. Vienna, Austria) with
survival measured from the time of diagnosis to date of death. Log
rank tests were run to determine a difference in distribution in sur-
vival, and when significant, a pairwise log rank comparison was
performed with Bonferroni correction. Cox proportional hazard
regression models were used to calculate unadjusted hazard ratios
(HR) in patients with primary and distant resections.

Results

Demographics

One hundred and seven patients were included in the study. The mean
age of patients was 62.8 years (SD 11.9) at time of diagnosis with 44%
female and 56% male. About 72% of patients were European, 15%
AoNZ M�aori, 10% Pasifika and 3% other. An over-representation of
European patients and under-representation of Asian patients was found
when the study population’s ethnicity is compared with the 2018
New Zealand census population distribution.16 Table 1 outlines patients’
demographics overall and by stage. At presentation two (2%) patients
had stage I disease, seven (7%) patients had stage II disease, 58 (54%)
patients had stage III disease and 40 (37%) patients had stage IV
disease.

Stage and survival

Across all stages the 5 and 10 year OS was 59% (95% CI 49.2–
68.8%) and 43.7% (95% CI 32.1–55.3%), respectively, during an

average follow up of 72.5 months and 646.74 person years of
observation. As seen in Figure 1(a) a significant difference in OS
was found between TNM stages (p < 0.001). 10-year OS was
100% for stage I/II, 55.6% (95% CI 40.3–70.9%) for stage III and
13.4% (95% CI -1.69–28.5%) for stage IV. The median OS for
patients with stage IV disease was 56.2 months (95% CI 42.1–
70.3). Post-hoc testing revealed a statistically significant incremen-
tal decrease in OS between stage I/II and IV (p < 0.001), stage III
and IV (p < 0.001) and between stage I/II and III (p 0.0468).

The 5 and 10 year DSS for all patients was 66.1% (95% CI
56.5–75.7%) and 61.8% (95% CI 51.8–71.8%), respectively.
10-year DSS varied significantly across stages, as seen in Figure 1
(b) (p < 0.001). 10-year DSS was 100% for stage I/II, 74% (95%CI
61.7–84.4%) for stage III and 33.9% (95%CI 16.9–35.6%) for stage
IV. The median DSS for patients with stage IV disease was
64.5 months (95% CI,48.9–80). Post-hoc testing revealed a statisti-
cally significant incremental decrease in DSS between stage I/II
and IV (p 0.004) and stage III and IV (p < 0.001) but not between
stage I/II and III (p 0.1196).

Complete resection and recurrence

Complete macroscopic and microscopic resection was achieved in
57 patients (53.3%) and was associated with increased OS and DSS
(p < 0.001). Complete resection was achieved in 2 (100%) patients
with stage I disease, 7 (100%) patients with stage II disease,
41 (70.7%) patients with stage III disease and 7 (17.5%) patients
stage IV disease. In patients with complete resection there was no
recurrence in patients with stage I or II disease. Eleven of 40 (27.5%)
patients with stage III disease had recurrence and 3 of 7 (42.8%)
patients with stage IV disease had recurrence. Of the 4 patients who

Table 1 Demographic and clinical characteristics by stage at time of diagnosis

Stage I Stage II Stage III Stage IV Total

Total number 2 7 58 40 107
Age, mean (SD) 66.7 (4.4) 60.7 (12) 62.6 (12.4) 63.3 (11.7) 62.8 (11.9)
Female gender, n (%) 0 (0%) 5 (71%) 25 (43%) 17 (43%) 47 (44%)
Ethnicity, n (%)
European 2 (100%) 5 (71%) 44 (76%) 26 (65%) 77 (72%)
M�aori 0 (0%) 1 (14%) 10 (17%) 5 (13%) 16 (15%)
Pasifika 0 (0%) 0 (0%) 4 (7%) 7 (18%) 11 (10%)
Other 0 (0%) 1 (14%) 0 (0%) 2 (5%) 3 (3%)

Presentation, n (%)
Acute symptoms 0 (0%) 5 (71%) 27 (47%) 16 (40%) 48 (45%)
Asymptomatic 2 (100%) 1 (14%) 11 (19%) 4 (10%) 18 (17%)
Chronic symptoms 0 (0%) 1 (14%) 11 (19%) 13 (33%) 25 (23%)
Unknown 0 (0%) 0 (0%) 9 (16%) 7 (18%) 16 (15%)

Grade, n (%)
NET G1 0 (0%) 5 (71%) 33 (57%) 18 (45%) 56 (52%)
NET G2 0 (0%) 0 (0%) 9 (16%) 8 (20%) 17 (16%)
NEC 0 (0%) 0 (0%) 1 (2%) 1 (3%) 2 (2%)
Other 0 (0%) 0 (0%) 4 (7%) 5 (13%) 9 (8%)
Unknown 2 (100%) 2 (29%) 11 (19%) 8 (20%) 23 (21%)

Primary site, n (%)
Ileum 1 (50%) 1 (14%) 37 (64%) 17 (43%) 56 (52%)
Jejunum 0 (0%) 0 (0%) 4 (7%) 5 (13%) 9 (8%)
Not further specified 1 (50%) 6 (86%) 17 (29%) 18 (45%) 42 (39%)

Primary resection, n (%) 2 (100%) 7 (100%) 58 (100%) 31 (78%) 98 (92%)
Distant resection, n (%) 0 (0%) 0 (0%) 0 (0%) 11 (28%) 11 (10%)
Functional tumour, n (%) 0 (0%) 0 (0%) 8 (14%) 14 (35%) 22 (21%)
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Fig. 1. 10 year overall survival (a, left) and 10 year disease-specific survival (b, right) by stage at time of diagnosis.

Fig. 2. 10 year overall survival (a, left) and 10 year disease-specific survival (b, right) comparing primary resection with no primary resection in patients with
stage IV disease.

Fig. 3. 10 year survival (a, left) and disease-specific survival (b, right) comparing distant resection with no distant resection in patients with stage IV
disease.

© 2022 The Authors.
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did not have a recurrence with stage IV disease, two had resection of
ovarian metastatic deposits and two had resection of liver deposits with
one of these patients dying day 7 post-operatively. Of the three patients
who had recurrence, two had liver resections and one had metastatic
deposits resected from the omentum.

Primary and distant resection and survival

All patients with stage I, II or III disease underwent a primary
resection. Of patients with stage IV disease 31 (77.5%) underwent
a primary resection and 11 (28%) underwent a primary and distant
resection. All patients that underwent a distant resection also under-
went a primary resection. In patients with stage IV disease who
underwent a primary resection, no significant OS (HR 0.56, 95%
CI 0.23–1.32) or DSS (HR 0.44, 95% CI 0.18–1.10) benefit was
found as seen in Figure 2. Similarly, in these patients distant re-
section was not found to have an OS (HR 0.81, 95% CI 0.35–1.83)
or DSS (HR 0.58, 95% CI 0.21–1.58) benefit as seen in Figure 3.

Discussion

This study defines the survival of patients with NENs in Auckland,
AoNZ. It demonstrates that stage at diagnosis is associated with
survival, a low risk of recurrence in patients with stage I or II dis-
ease, and no association between primary or distant resection and
survival in patients with stage IV disease.

The overall 10-year disease-specific survival of 61.8% was lower
than the 85.3% recently reported in Australia, however within the
wide internationally reported range of 48.5–85.3%.5,9,12,17–19 This
lower survival is likely multifactorial and influenced by the difficul-
ties of direct comparison which include the different time periods
data was collected and variation in tumour grade, noting the signifi-
cant number of patients in this study whose grade was unclear.
Recent advance in treatment of NENs, including radio-labelled
somatostatin analogues and molecular therapy, have led to
improved survival which are not reflected in this study. The grading
and nomenclature of NENs has changed significantly since this
cohort of patients were diagnosed. Prior to the publication of the
2019 WHO classification of tumours of the digestive system all
NENs of the gastrointestinal tract with a Ki-67 > 20% or a mitotic
rate > 20/mm2 were categorized as NECs.20,21The new classifica-
tion system allows for a high grade but well differentiated NET,
that is, grade 3 NET, in recognition of the understanding that NETs
and NECs are biologically unrelated, despite sharing neuroendo-
crine differentiation. Data suggests they differ in the degree of bio-
logical aggressiveness and response to medical therapy and
therefore patient survival.21

This study shows that survival is highly dependent on stage at
presentation with patients presenting with metastatic disease having
significantly worse outcomes compared to patients with local or
locoregional disease. Over a third of patients in this study presented
with metastatic disease, a finding consistent with the literature
which suggests 20–45% present with metastatic disease.5,9–12 In
these patients there has been debate regarding the upfront re-
section of the primary tumour without curative intent. This study
found no survival benefit of primary resection in these patients,

albeit with a separation in the curves for disease specific survival.
The evidence suggests a benefit from primary resection to relieve
existing symptoms however the evidence is controversial when it
comes to primary resection prophylactically to avoid future symp-
toms and complications or with the aim of improving survival.22

Evidence on this topic is restricted to retrospective studies which
limits the interpretability.

Two systematic reviews and meta-analyses have reported a survival
benefit with primary resection in the setting of metastatic disease.23,24

Primary resection is included in recommendations by both ENETS
and the North American Neuroendocrine Tumour Society (NANETS)
in patients with stage IV disease without curative intent or emergent
symptoms.4,15 A recent study of asymptomatic patients with stage IV
SI-NETs has challenged this assertion as after propensity score
matching no difference in survival was found (HR, 0.98; 95% CI,
0.70–1.37).25 The current study adds to this literature and makes it
clear further high quality prospective clinical trials are required.

In patients with stage III and IV disease, disease specific sur-
vival from SI-NENs was more favourable than overall survival,
particularly at 10 years of follow up. This suggests that previous
estimates of survival, based on overall survival, may have over-
estimated the impact of SI-NENs. This highlights the indolent
nature of many SI-NENs with some patients succumbing to other
medical conditions rather than the SI-NEN. This has ramifications
for clinicians when discussing prognosis with patients, planning
for care of non-NEN co-morbidities, and leads to NENs being
treated more aggressively than other comparably staged other gas-
trointestinal malignancies.4

This study is limited by its retrospective design and small sample
size likely obscuring clinically meaningful differences between
groups. Comparison of primary and distant resection in patients
with metastatic disease is limited by the likelihood of significant
selection and immortal time bias, the small sample size and the lack
of data on targeted therapies other than surgery. The need for a
patient to have a histological diagnosis to be included in this study
may have led to ascertainment bias, predominantly in patients pre-
senting with stage IV disease. This cohort lacked standardized, up-
to-date grading and classification. It is therefore not possible to
meaningfully interpret the impact of grade in this study or compare
it to other studies. Restricting the study cohort to the Auckland
region allows prolonged follow up to detect late relapse, but
reduces the sample size, which reduces confidence in estimates of
survival in smaller subsets e.g., early-stage NENs.

This is the first AoNZ study to investigate the survival of patients
with NENs in AoNZ. This is essential information for clinicians
and patients as it guides therapeutic decisions and patient expecta-
tions. It demonstrates stage at diagnosis is associated with survival,
a low risk of recurrence in patients with stage I or II disease, and
no association between primary or distant resection and survival in
patients with stage IV disease.
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