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A population-based study of outcomes in patients 
with gastrointestinal neuroendocrine tumours

Background: Neuroendocrine tumours (NETs) are heterogeneous, with varying 
presentations and treatment options. To our knowledge, there are no randomized and 
few long-term studies of patient outcomes. The role of surgical and medical therapy 
for local, regional and metastatic disease continues to be evaluated in the literature.

Methods: We conducted a population-based search of the provincial cancer registry 
to identify patients with gastrointestinal NETs from the stomach, small intestine, 
colon and rectum diagnosed between 1990 and 2005 and assessed their outcomes. 

Results: We examined clinicopathological information on the outcomes of 530 patients 
with gastrointestinal NETs. The overall incidence of NETs increased from 11 per mil-
lion to 19 per million during the study period. Advancing stage and patient age were 
associated with poor overall or disease-specific outcomes. Surgery, both curative and pal-
liative, was associated with decreased risk of overall (hazard ratio [HR] 0.5, p < 0.001) and 
disease-specific (HR 0.5, p < 0.001) death. The biggest benefit was observed in patients 
with distant disease, in whom 5-year disease-specific survival for R0 resections was nearly 
double that for patients with macroscopic residual disease (92% v. 48%, p = 0.009). Older 
age was associated with poor 5-year overall and  disease-specific survival (p < 0.001).

Conclusion: There has been a significant increase in incidence of gastrointestinal 
NETs, and advancing patient age, but not sex, is linked to poor outcomes in terms of 
overall and disease-specific survival. Surgery, both curative and palliative, was associated 
with decreased risk of overall and disease-specific death. Compared with patients with 
residual macroscopic disease, patients with distant disease were nearly twice as likely to 
survive 5 years if they had R0 resections. The use of radioisotope therapy and long- 
acting octreotide therapy was also associated with improved outcomes overall.

Contexte : Les tumeurs neuroendocrines (TNE) sont hétérogènes, et les tableaux et 
options thérapeutiques sont variables. À notre connaissance, il n’existe pas d’études 
randomisées et il y a peu d’études à long terme sur les résultats chez les patients. Le 
rôle du traitement chirurgical et médicamenteux de la maladie locale, régionale et 
métastatique continue d’être évalué dans la littérature.  

Méthodes  : Nous avons procédé à une interrogation démographique du Registre 
provincial du cancer pour recenser les patients atteints de TNE gastro-intestinales 
provenant de l’estomac, de l’intestin grêle, du côlon et du rectum, diagnostiqués entre 
1990 et 2005 et nous avons évalué les résultats.

Résultats : Nous avons examiné les données clinico-pathologiques des résultats enregis-
trés chez 530 patients atteints de TNE gastro-intestinales. L’incidence globale des TNE a 
augmenté de 11 par million à 19 par million pendant la période de l’étude. Le stade de la 
maladie et l’âge avancés ont été associés à des résultats globaux ou spécifiques à la maladie 
moins favorables. La chirurgie, curative et palliative, a été associée à un risque moindre de 
décès global (risque relatif [RR] 0.5, p < 0,001) et spécifique à la maladie (RR 0,5, p < 
0,001). L’avantage le plus marqué a été observé chez les patients présentant une maladie 
distale, chez qui la survie à 5 ans spécifique à la maladie pour les résections R0 était près de 
2 fois celle des patients présentant une maladie macroscopique résiduelle (92 % c. 48 %, 
p = 0,009). L’âge avancé a été associé à une survie à 5 ans globale et spécifique à la maladie 
défavorable (p < 0,001).

Conclusion : L’incidence des TNE gastro-intestinales a significativement augmenté, 
et l’âge avancé des patients, mais non le sexe, est lié à des résultats défavorables aux 
plans de la survie globale et spécifique à la maladie. La chirurgie, curative et palliative, 
a été associée à un risque moindre de décès global et spécifique à la maladie. Compara-
tivement aux patients ayant une maladie macroscopique résiduelle, ceux qui avaient une 
maladie distale étaient près de 2 fois plus susceptibles de survivre 5 ans s’ils avaient des 

Todd McMullen, MD, PhD 
Akram Al-Jahdali, MD 
Christopher de Gara, MD 
Sunita Ghosh, PhD 
Alexander McEwan, MD 
Daniel Schiller, MD, MSc

Accepted Nov. 28, 2016; Early-released 
Apr. 1, 2017

Correspondence to: 
D. Schiller 
Rm 204 Community Services Center 
Royal Alexandra Hospital 
10240 Kingsway Ave 
Edmonton AB  T5H 3V9 
ds9@ualberta.ca

DOI: 10.1503/cjs.007616



RESEARCH

 Can J Surg, Vol. 60, No. 3, June 2017 193

N euroendocrine tumours (NETs), known historically 
as carcinoid tumours, were first described by 
Lubarsch in 1888. These tumours are distributed 

throughout the body but are mainly found within the gastro-
intestinal (GI) tract.1–3 Much of what is known about the inci-
dence, distribution and outcomes of carcinoid or GI NETs 
has been derived from large population-based studies.4,5 One 
of the largest and most recent population-based studies of GI 
tumours was completed in the United States using the Sur-
veillance, Epidemiology, and End Results (SEER) database, 
which documented a nearly 5-fold increase from 1979 to 
2004 in the incidence of GI NETs.6 These data have been 
mirrored in a recent Canadian study.7 However, patient out-
comes in large database studies are difficult to compare given 
the lack of uniform descriptions of staging as well as varying 
treatment paradigms for this disease. The general trends indi-
cate that more than 75% of patients survive 5 years and that 
the probability of survival is well reflected in stage classifica-
tion of local, regional and distant disease.1,4,5,8–11

We undertook a study of the incidence, presentation, 
stage, anatomic distribution and survival characteristics of 
GI NET tumours in a Canadian population served by 
2  academic centres with a common cancer registry. We 
endeavoured to show that the incidence of these tumours 
has changed over time and to understand how patient out-
comes vary with disease presentation and different treat-
ment modalities.

Methods

Alberta is the fourth most populous province in Canada, 
with a population of 3.8 million people. Between Jan.  1, 
1990, and Dec. 31, 2005, all cases of gastric, small intes-
tine, colonic and rectal NETs diagnosed in the province of 
Alberta were recorded in the Alberta Cancer Registry, as 
mandated by the Alberta Health Act. By probing this pro-
vincial registry, trained coders were able to identify all 
NETs diagnosed during the study period. Cases were 
excluded if the primary tumour location was not in the GI 
tract or if the pathology report was not consistent with a 
NET. Demographic characteristics extracted for each 
patient included age, sex and year of diagnosis. We 
extracted tumour-specific data, including clinical presenta-
tion, anatomic site of the tumour, stage at diagnosis (local, 
regional or metastatic) and evidence of carcinoid syndrome 
at diagnosis. The diagnosis of carcinoid syndrome was 
based on evidence of flushing, severe diarrhea, wheezing or 
cardiac symptoms consistent with elevated systemic 
5-hydroxyindoleacetic acid (5-HIAA) or chromogranin A. 
We cross-referenced the registry data to 2 separate hospi-
tal data sets to confirm the completeness of the registry 
data. We were also able to obtain medical records from the 

Netcare electronic health repository or the Medical 
Records Department of the Cross Cancer Institute to vali-
date the registry records. We assessed and validated the 
quality of the administrative data using the techniques out-
lined by Hinds and colleagues.12 In the present study we 
used the SEER staging system to compare outcomes. Stage 
of disease at presentation was defined as localized disease if 
there was no evidence of nodal involvement or distant 
metastatic disease, regional if there was evidence of nodal 
involvement, or metastatic. Anatomic location data were 
grouped as follows: stomach, small bowel, appendix, colon, 
rectum and other. We recorded whether the patient had 
surgery for either the primary tumour site or metastatic 
disease. The Alberta Cancer Board Research Ethics Board 
approved our study protocol. 

Statistical analysis

We calculated the annual incidence of new cases using the 
number of new cases diagnosed each year and the total 
population of the province for the corresponding year. 
Descriptive statistics were obtained for the study variables. 
We report means and standard deviations for the continu-
ous variables and frequencies and proportions for categor-
ical variables. For the purpose of analysis comparing sur-
vival data across different anatomic sites, we used the 
primary tumour site within small bowel as the reference 
group. We used Kaplan–Meier estimates and the respective 
95% confidence intervals (CIs) for median overall survival 
(OS) and disease-specific survival (DSS). We used log rank 
tests to compare the 2 survival curves, and we calculated 
age-adjusted 5-year OS and DSS rates for each stage, ana-
tomic location and geographic location. To determine the 
predictors of OS and DSS, we used the Cox proportional 
hazard model. The final multivariate model was chosen 
with all the significant variables. All statistical analyses were 
conducted using SAS Software (SAS Institute Inc.), and we 
considered results to be significant at p < 0.05.

Results

A total of 530 cases of gastrointestinal NETs met our eligi-
bility criteria. The overall incidence of NETs increased 
from 11 to 19 per million over the study period. The sex 
distribution did not vary significantly as a function of year 
in our study. Outcomes analyses historically used different 
staging criteria derived from different sources, including 
the American Joint Committee on Cancer (AJCC), Euro-
pean Neuroendocrine Tumor Society (ENETS) or the 
SEER databases, each with varying abilities to predict 
tumour behaviour.6–11 To facilitate comparison in the pre-
sent study we use a single, simplified staging system 

résections R0. Les traitements par radio-isotopes et octréotide à longue durée d’action 
ont aussi été associés à une amélioration globale des résultats.
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 comparable to that used by SEER, documenting local, 
regional and distant disease among the different tumour sites.

Presentation

The mean patient age was 59 (range 12–92) years, and half 
the patients were men (Table 1). Nearly half the patients 
(48%) presented with localized disease. There was evi-
dence of carcinoid syndrome in 12% of cases. The most 
common tumour location was the small bowel (48%), fol-
lowed by the colon or rectum, appendix and stomach. Of 
all the patients in the study 74% had surgery (Table 1).

The presentation of disease varied depending on the 
stage of disease. For patients with localized disease, 31% 
were identified from endoscopy, imaging, or incidental find-
ing at the time of laparotomy for some other indication. 
The next most common presentations were suspected 
appendicitis (21%), abdominal pain not yet diagnosed (17%) 
and GI bleeding or anemia (10%). In the remaining 17% of 
cases we could not determine the inciting clinical factor that 
led to the diagnosis. For patients with regional disease, the 
most common presentation was abdominal pain (47%) fol-
lowed by GI obstruction (36%), incidental finding (12%) 
and GI bleed or anemia (10%). Patients with metastatic dis-
ease most commonly presented with abdominal pain (55%), 
carcinoid syndrome (33%), GI obstruction (28%), incidental 
finding (13%) and GI bleed or anemia (6%).

Treatment

Most patients had surgery as part of their treatment, 
whereas 25% (n = 128) of the patients did not. Treatment 
by surgery varied according to the extent of disease at pre-
sentation; 70% of patients with localized disease, 99% of 
patients with regional disease and 65% of patients with dis-
tant metastases had surgery. Most patients treated with 
surgery had only 1 surgery (n = 387), whereas 40 patients 
had 2 surgeries and 3 patients had 3 surgeries. The rate of 
R0 resections among first surgical procedures was 62% 
compared with 45% for second surgical procedures and 
33% for third surgical procedures. Of the patients who did 
not have surgery, 58% (75 of 128) had endoscopic removal 
of their tumour, representing type 1 and 2 gastric NETs 
and rectal NETs. In the group of patients who did not 
have either surgery or endoscopic removal of their primary 
tumour (n = 64), 92% presented with distant disease. 
Radionuclide therapy was given to a subset (n = 90) of 
patients who presented with metastatic disease or pro-
gressed to distant disease.

Survival

Patients were followed for on average 76 months. Table 2 
shows the aggregate 5-year OS and DSS. Survival rates were 
calculated for the different groups according to stage, age, 

Table 1. Demographic and clinical characteristics

Characteristic No. (%)*

Male sex 267 (50)

Age, mean (range), yr 59 (12–92) 

Stage at diagnosis

Localized 257 (48)

Regional 104 (20)

Metastatic 163 (32)

Missing/unknown 6 (1)

Carcinoid syndrome at presentation

Yes 63 (12)

No 426 (80)

Missing 41 (7)

Anatomic distribution

Stomach 45 (9)

Small bowel 293 (55)

Duodenum 15 (3)

Jejunum 13 (2)

Ileum 156 (29)

Small bowel NOS 109 (20)

Appendix 95 (17)

Colorectal 97 (19)

Right colon 25 (5)

Left colon 2 (0.5)

Sigmoid colon 4 (1)

Colon NOS 6 (1)

Rectal 60 (11)

Surgery

Yes 401 (74)

No 128 (25)

No data 1 (< 1)

Radioisotope therapy

Yes 86 (17)

No 434 (83)

No data 10 (2)

NOS = not otherwise specified.

*Unless indicated otherwise.

Table 2. Five-year overall and disease-specific survival

Variable 5-year OS, % 5-year DSS, %

Stage

Localized 81 97

Regional 78 90

Metastatic 51 58

Age, yr

> 50 64 79

< 50 86 91

Sex

Male 69 85

Female 70 80

Site

Stomach 70 89

Small bowel 70 83

Appendix 84 94

Colon 73 80

Rectum 100 100

DSS = disease-specific survival; OS = overall survival.
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sex, anatomic distribution and whether or not surgery was 
performed. It is clear that for our cohort, increasing age but 
not sex was linked to poor outcomes, regardless of grade. 
On univariate analysis patients with metastatic disease had 
poorer outcomes for both OS and DSS (Table 3). For OS, 
there were significant differences on both univariate and 
multivariate analysis (Table 4). Patients older than 50 years 
were nearly 6 times as likely to die from any cause as 
patients younger than 50 years (Table 4). Sex, however, was 
not a factor in OS. Using NETs of the small bowel as a ref-
erence point, we found that patients with appendiceal and 
rectal tumours had significantly improved OS on univariate 
analysis, but the survival difference did not persist on multi-
variate analysis. Younger age was associated with improved 
disease-specific outcomes (Table 5). In addition, on multi-

variate analysis, men were less likely to die from their disease 
than women, and this was a significant deviation from the 
results seen for OS. For completeness, we examined patient 
outcomes comparing type 1 and 2 gastric NETs (n = 36) 
with type 3 (n = 9) to reveal that poor outcomes are almost 
solely attributable to patients with type 3 tumours.

Response to treatment

In our cohort surgical intervention was associated with 
improved OS and DSS by both univariate and multivariate 
analysis (Table 4, Table 5). When we looked at individual 
groups, surgery for localized tumours did not confer a DSS 
(p = 0.35) or OS benefit (p = 0.62) on multivariate analysis. 
The resection margins, whether R0, R1 or R2, did not 
appear to impact DSS for patients undergoing surgery for 
localized (p = 0.20) disease. All patients with regional dis-
ease had surgery, thus there was no comparator for analy-
sis. Patients with distant disease who underwent surgery 
demonstrated significantly improved outcomes (Fig. 1). If 
the surgeon was able to obtain an R0 resection, 92% of 
patients survived 5 years; for R1 resections the DSS was 
75% and for R2 resections it was 48%. This survival dif-
ference based on margin status was significant (p = 0.009).

We also examined survival for patients receiving radio-
isotope therapy. Patient selection for radioisotope therapy 
included patients with symptomatic disease, those unable 
to undergo surgery owing to comorbidities and those with 

Table 4. Univariate and multivariate analyses of 5-year overall survival

Univariate analysis Multivariate analysis

Variable HR (95% CI) p value HR (95% CI) p value

Age > 50 yr 5.7 (3.2–10.0) < 0.001 5.5 (2.9–10.4) < 0.001

Sex, male v. female 1.0 (0.7–1.4) 0.94 0.9 (0.65–1.23) 0.49

Site

Stomach v. small bowel 0.6 (0.2–2.6) 0.54 1.1 (0.28–4.7) 0.85

Appendix v. small bowel 0.3 (0.2–0.6) < 0.001 1.0 (0.5–1.7) 0.99

Colon v. small bowel 0.9 (0.5–1.6) 0.70 0.9 (0.5–1.7) 0.89

Rectum v. small bowel 0.5 (0.3–0.9) 0.048 0.8 (0.4–1.6) 0.51

Surgery, yes v. no 0.5 (0.3–0.7) < 0.001 0.6 (0.4–0.7) 0.004

CI = confidence interval; HR = hazard ratio.

Table 5. Univariate and multivariate analyses of 5-year disease-specific survival

Univariate analysis Multivariate analysis

Variable HR (95% CI) p value HR (95% CI) p value

Age > 50 yr 5.2 (2.4–11.3) < 0.001 4.1 (1.8–9.6) 0.001

Sex, male v. female 0.7 (0.4–1.0) 0.06 0.6 (0.4–0.9) 0.012

Site

Stomach v. small bowel 0.5 (0.2–1.2) 0.12 0.4 (0.2–1.3) 0.14

Appendix v. small bowel 0.2 (0.05–0.5) 0.003 0.4 (0.1–1.5) 0.17

Colon v. small bowel 1.2 (0.6–2.4) 0.54 1.6 (0.7–3.4) 0.23

Rectum v. small bowel 0.6 (0.2–1.3) 0.17 2.3 (0.9–6.0) 0.08

Surgery, yes v. no 0.3 (0.2–0.5) < 0.001 0.5 (0.3–0.7) < 0.001

CI = confidence interval; HR = hazard ratio.

Table 3. Five-year univariate survival analysis 
comparing stage

Survival; stage HR (95% CI) p value

Overall survival

Localized 1

Regional 1.2 (0.8–2.0) 0.38

Metastatic 2.9 (2.0–4.2) < 0.001

Disease-specific survival

Localized 1

Regional 2.7 (0.9–8.4) 0.08

Metastatic 18.8 (7.6–46.8) < 0.001

CI = confidence interval; HR = hazard ratio.
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disease that was not amenable to resection. Radioisotope 
therapy appears to impact OS on multivariate analysis 
(Fig. 2). Moreover, as the number of radioisotope therapies 
for a given patient increased, we observed improved OS 
with a hazard ratio of 0.84 (p < 0.001) and improved DSS 
with a hazard ratio of 0.83 (p = 0.001). Finally, we exam-
ined systemic octreotide therapy, which was given to 
nearly 1 in 5 patients (n = 99) primarily to treat symptoms 
of serotonin excess. We observed a small but significant 
improvement in survival (Fig. 3).

discussion

The overall incidence of NETs in our centre has increased 
significantly from 11 per million to 19 per million over a 
15-year period. Our results are concordant with those of 
other North American centres as well as with those of studies 
completed in Europe, where the incidence of GI NETs is 
rising.3,4,6–10 At least part of this increase is likely due to the 
increased access and use of cross-sectional imaging for inves-
tigation of abdominal presentations, but the true prevalence 
remains unknown.11,13 The anatomic distribution of NETs in 
our study reflects that seen in other studies, with small bowel 
and appendiceal tumours accounting for more than two-
thirds of all GI NETs.3,4,6,7,11 Our average age and equal inci-
dence between men and women are generally concordant 
with studies performed worldwide. With respect to advan-
cing stage and patient age, our results were similar to those 
published previously in terms of decreased survival.3,6,11 One 
of the novel findings of our study was that we did not see a 
sex bias in survival favouring women, as has been outlined by 
previous reports.6 In fact, male sex was associated with 
improved DSS (HR = 0.6, p = 0.014) on multivariate analysis.

We demonstrate potential value to surgical intervention 
in this challenging and complex group of patients. Surgery, 
both curative and palliative, is associated with a decreased 
risk of overall and disease-specific death by multivariate 
analysis. Surgical treatments of distant disease were associ-
ated with improved survival, where 5-year DSS for R0 
resections was nearly double that for patients with macro-
scopic disease. As with many surgical studies, there is likely 
a selection bias to explain the association between surgery 
and improved survival, as patients with advanced metastatic 
disease and/or multiple comorbidities are less often candi-
dates for surgery.14–18 However, we note that the most sig-
nificant survival benefit associated with surgery was 
observed in patients with advanced disease. In addition, 
there was an association between R0 status and improved 
disease-specific outcomes (p = 0.009). Our evidence is con-
cordant with that of other authors who documented 
improved outcomes with surgery for metastatic dis-
ease.15,17,18 The survival rate in our study for R0 resections 
is higher than that reported in other studies (55%–
80%).5,9,16,18 We attribute this improvement, in part, to the 
use of postoperative radioisotope therapy to minimize the 

Fig. 3. Kaplan–Meier plots of disease recurrence as a function of 
time based on the whether or not the patients with distant disease 
were treated with long-acting octreotide.
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Fig. 1. Kaplan–Meier plots of disease recurrence as a function of 
time based on the whether or not the patients with distant disease 
underwent surgery with curative or palliative intent.
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Fig. 2. Kaplan–Meier plots of disease recurrence as a function 
of time based on the whether or not the patients with distant 
disease underwent radioisotope therapy in the form of 
131- metaiodobenzylguanidine.
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risk of recurrence and control tumour growth. More than 
one-third of patients with distant disease received radio-
isotope therapy. Thus, our work further confirms that 
 multimodality efforts anchored with surgery may go beyond 
symptom relief and may in fact improve OS and DSS.

Radioisotope therapy may be used to control symptoms, 
but it may also translate into improved outcomes for 
patients with distant disease. The most significant impact of 
radiopharmaceutical therapy was identified in those patients 
given multiple doses, likely reflecting avidity and improved 
efficacy. To our knowledge there is no level 1 evidence to 
suggest that radiotherapy has a survival benefit, although a 
small, nonrandomized study by Nguyen and colleagues19 
documented improved survival for patients with metastatic 
NETs. In addition, a retrospective review by Sywak and 
colleagues20 showed improved 5-year OS when radio-
isotope therapy was used to treat metastatic midgut 
NETs.20 The survival benefit was most pronounced at 3 
and 5 years. These studies suggest a combined role for sur-
gery and radioisotope therapy for patients with metastatic 
NETs. The complexity of NETs in terms of origin, meta-
static potential and variations in disease avidity for radio-
isotope therapy make performing large, prospective ran-
domized trials difficult. Although the use of long-acting 
octreotide in this cohort was intended to treat carcinoid 
symptoms, we also saw a small improvement in survival 
overall, and there is recent evidence supporting its use to 
improve survival.21 Clearly, there is much more work 
needed to demonstrate the relative contributions of multi-
modal therapy to outcomes of patients with GI NETs.

conclusion

In this population study of NETs, we report a significant 
increase in the incidence of disease. Surgery, both curative 
and palliative, was associated with decreased risk of overall 
(HR = 0.6, p = 0.004) and disease-specific death (HR = 0.5, 
p < 0.001) on univariate and multivariate analysis. Patients 
with distant disease were nearly twice as likely as patients 
with residual macroscopic disease to survive 5 years if they 
had R0 resections. The use of radioisotope therapy was 
also associated with improved outcomes overall. Advan-
cing disease stage and patient age, but not male sex, were 
associated with poor outcomes in terms of OS and DSS.
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