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Abstract
Background: This 8-year observational, multicenter, registry study was undertaken to assess the incidence
and regional trends in diagnosis, clinical management, and outcome assessments of patients with
gastroenteropancreatic neuroendocrine tumors (GEP-NET) in the Asia-Paci�c region, the Middle East,
Turkey, and South Africa.

Materials and Methods: Patient data including demographics, primary tumor site, tumor differentiation,
diagnosis, treatment modalities, outcomes were collected via a web-based data entry portal.

Results: Overall, 974 patients were enrolled, and 951 of which were evaluated (median age: 54 years).
Pancreas was the most commonly reported primary tumor site. Non‐functioning and functioning (most
common: carcinoid) tumors were reported in 61.9% and 27.9% of patients, respectively. Abdominal pain
was the most commonly reported symptom. Surgery was the most-commonly employed initial treatment,
followed by treatment with somatostatin analogs; >80% of patients had open surgery and R0 resection.
Satisfactory response to the initial treatment modality was reported for 56.4% of patients. Overall survival
rate was 96.3% at 6 months since diagnosis and 72.9% at 60 months. Median progression-free survival
was 60.9 months since �rst diagnosis and 60.5 months after �rst treatment, with a 6-month progression-
free survival of 95.0%.

Conclusion: The GEP-NET registry provides important information relating to the diagnosis and treatment
of patients in the participating countries. This analysis highlighted the need for improvements in the
clinical practice to ensure better evaluation and treatment management.

Introduction
Neuroendocrine tumors (NET) are rare, usually slow-growing heterogeneous malignancies originating
from neuroendocrine cells found throughout the body [1, 2]. According to the United States (US)
population-based Surveillance, Epidemiology, and End Results (SEER) registry, the incidence and
prevalence of NET have risen steeply over the past 3 decades from 1.1 per 100 000 in 1973 to 7.0 per 100
000 in 2012, and it continues to grow, regardless of tumor nature [3]. This increase in incidence of NET
may be attributed to improved diagnostic methods and disease awareness over time [4, 5]. Unlike the
increase in the incidence and prevalence observed in SEER, there is no statistically signi�cant difference
in overall survival (OS) duration among patients with local and regional NETs over time, although the OS
rates have improved by 21.3% in patients diagnosed during 2009-2012 compared with 2000-2004 [3]. 

Among NET, gastroenteropancreatic (GEP) NET are the most prevalent [1, 6, 7]. According to the US SEER
18 grouping (2000-2012), the incidence of GEP-NET was 3.6/100 000 [3]. GEP NETs are noted for their
lack of de�ning symptoms, which may lead to a delay in diagnosis [2, 8-10]. However, upon metastasis,
patients may develop debilitating symptoms associated with the release of highly bioactive substances.
These symptoms of metastasis (referred to as carcinoid syndrome) are associated with signi�cant
morbidity, and are often vague that misdiagnoses in the form of more common disorders, such as
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irritable bowel syndrome, are common. The misdiagnosis puts carcinoid syndrome patients at a higher
risk for carcinoid crises [2].  

In the Asia-Paci�c and Middle East regions as well as in Turkey and South Africa, there is a paucity of
published information on the epidemiology and treatment of GEP‐NETs [11-13]. In addition, there is a lack
of consensus on the diagnosis and treatment of GEP-NETs in these areas which may contribute to the
late diagnosis, inadequate treatment, underestimation of GEP-NET prevalence and inability to prioritize
treatment from the available options. Hence, the current study examined the incidence and regional
trends in diagnosis, clinical management, and outcome assessments of patients with GEP-NET in
countries participating in the GEP-NET Registry from Asia-Paci�c, Middle East, Turkey, and South Africa.

Materials And Methods

Study Design
The GEP-NET Registry was a longitudinal (8 years), observational, multicenter registry in participating
countries. Patient data, including demographics, primary tumor site, tumor differentiation, diagnosis,
treatment modalities, and outcomes, were collected via a web-based data entry portal retrospectively and
prospectively. There were no mandated visits in this registry; however, it was recommended that relevant
data regarding each patient be entered, as it emerged in order to optimize e�ciency and accuracy. For
each patient enrolled, there was a minimum requirement of 2 data collections per year, at 6-month
intervals, starting from baseline visit of each patient for up to 5 years, to ensure an ongoing data stream.
The initial enrollment period was anticipated to be about 36 months with a follow-up observational period
of 5 years.  

Study Outcomes
The primary objective of the study was to assess regional trends in the diagnosis, practical clinical
management and outcome measures of patients with GEP‐NET in participating countries. 

Secondary objectives included the description of clinical basis of GEP-NET diagnosis, site of surgery,
local ablative therapy, radiotherapy, nuclear medicine, somatostatin analogs, chemotherapy, and novel
targeted therapy in practical clinical management of GEP-NET, parameters utilized to evaluate tumor
response and disease biochemical response in clinical practice; assessment of the incidence of familial
syndromes with GEP-NET, OS and progression-free survival (PFS) of patients with GEP-NET. 

Patient Population 
Patients with con�rmed histopathological diagnosis of GEP-NET within 5 years prior to registry entry were
included. Patients, who were unlikely to be able to provide long-term follow-up information for reasons of
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unavailability or severe concomitant illnesses, as per investigator’s opinion, or simultaneous registration
at another participating site of the GEP-NET registry, were excluded.  

Study Variables
Baseline data collection included patient demographics, and historical data about the primary and
eligible diagnosis and certain aspects of the patients’ medical history. If applicable, it also included both
the recordings of relevant historical management prior to registry entry, as well as the current disease
status and management strategies. After baseline data collection, the follow-up data included ongoing
patients’, disease status, methods used to evaluate ongoing response, treatment changes and
development of other cancers or familial GEP‐NET. All assessments were based on the 2000 World Health
Organization (WHO) classi�cation as the study was initiated in 2009. 

The date of �rst treatment was captured from the eCRF medication or surgery forms (whichever was
earlier) triggered by the “Diagnosis of the �rst GEP-NET” form. Baseline was de�ned as the date when a
patient provided the informed consent form. The last visit date was de�ned as the date of death, date of
discontinuation from the registry, or the last date of data entry or data reported. The end of enrollment
was de�ned as 36 months after the �rst patient was enrolled. If a patient had no valid �rst treatment date
(the patients without surgery or medication information), the date of �rst treatment date was categorized
as the �rst diagnosis date.

Statistical Analysis
Since there was no hypothesis, there was no formal sample size determination and the statistical
analysis was largely descriptive. Descriptive analyses were performed using SAS® version 9.1.3 in a
secure and validated environment. The data were summarized with respect to demographic and baseline
characteristics, diagnostic and follow-up measures, disease stage, treatment patterns, dose optimization,
and effectiveness. Dose/regimen changes, reasons for dose/regimen change, time from surgery, and
treatment duration were summarized. Tumor response that was reported as either satisfactory or
unsatisfactory for the measurement of treatment effectiveness was summarized. The incidence of
recurrence, disease progression and death, and the aggregate variable of these incidences were
calculated. The OS and PFS were analyzed using the Kaplan-Meier method, and the data censoring
issues were incorporated for patients who withdrew from the registry. The missing data values were not
imputed. The descriptive statistics were also provided for relevant characteristics of the eligible diagnosis
and how it was managed, practices of primary and secondary genetic mutational analysis, and
development of other cancers and familial GEP-NET. Each outcome was summarized for all patients
combined and according to speci�c subgroups (eg, treatment modality, region, country, center, etc).

Results
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From August 2009 to March 2018, 1028 patients were screened, and 974 patients (94.7%) who met all the
eligibility criteria were enrolled into the registry. Of those, 951 patients (97.6%) were considered evaluable.
Numbers of evaluable patients recruited per country are presented in Supplementary Table 1. Among
enrolled patients, 638 (65.5%) did not complete the planned observational period. Of those 306 (31.4%)
patients were lost to follow-up, 260 (26.7%) died, 47 (4.8%) discontinued for other reasons, 24 (2.5%)
withdrew consent, and 1 (0.1%) enrolled in another clinical trial resulting in exclusion from this concurrent
GEP-NET registry participation. Median duration of follow-up was 38.7 months (range: 0–88 months).
Patient demographics are shown in Table 1. Median age of evaluable patients at the time of obtaining
informed consent was 55 years (range: 12–87 years), and median age at the time of �rst diagnosis of
GEP-NET was 54 years (range: 12–87 years). There were similar numbers of males (471 patients [49.5%])
and females (480 patients [50.5%]). Majority were Caucasians (551 patients [57.9%]), followed by Asians
(366 patients [38.5%]), Africans (21 patients [2.2%]), and other races (13 patients [1.4%]).

 
Table 1

Primary Tumor Site by WHO Classi�cation
Site Overall

N = 
951

Well-
differentiated
endocrine
tumor

n = 328

Well-
differentiated
endocrine
carcinoma

n = 367

Poorly
differentiated
endocrine
carcinoma

n = 122

Mixed exocrine-
endocrine
carcinoma

n = 9

Pancreas,
n (%)

408
(42.9)

149 (45.4) 162 (44.1) 41 (33.6) 2 (22.2)

Stomach, n
(%)

163
(17.1)

71 (21.6) 36 (9.8) 31 (25.4) 3 (33.3)

Colon-
rectum, n
(%)

106
(11.1)

31 (9.5) 45 (12.3) 16 (13.1) 1 (11.1)

Jejuno-
ileum, n
(%)

65
(6.8)

11 (3.4) 45 (12.3) 4 (3.3) 0

Duodenum,
n (%)

50
(5.3)

19 (5.8) 19 (5.2) 7 (5.7) 1 (11.1)

Appendix,
n (%)

39
(4.1)

16 (4.9) 16 (4.4) 1 (0.8) 2 (22.2)

Others, n
(%)

120
(12.6)

31 (9.5) 44 (12.0) 22 (18.0) 0

WHO, World Health Organization.

Among those who were evaluable, 100 patients (10.5%) had a history of other non-GEP-NET
malignancies, and most common types of non-GEP-NET malignancies in these patients were thyroid (14
patients [14%]), lower gastrointestinal region (13 patients [13%]), and breast carcinomas (10 patients
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[10%]). Only 18 patients (1.9%) had a family history (parents or siblings) of GEP-NET, 774 patients
(81.4%) had no family history, and it was unknown in 159 patients (16.7%).

Diagnosis and Symptoms of the First GEP-NET
Tumor tissue pathology was the most common method (99.6%) used to diagnose GEP-NET, followed by
computerized tomography (CT) scans (52.4%) (Fig. 1). Median number of measurement methods used
for diagnosing GEP-NET in a single patient was 2.0 (range, 1–7). Most common primary site of tumor
was pancreas (n = 408; 43%), followed by stomach (n = 163; 17%) (Table 1). By pathological con�rmation
of the primary diagnosis, 265 patients (27.9%) had a functioning GEP-NET, including carcinoid (63.8%),
insulinomas (17.4%), gastrinomas (11.7%), VIPomas (0.8%), glucagonomas (1.5%), somatostatinomas
(1.9%), and others (4.9%); 589 patients (61.9%) presented with nonfunctioning GEP-NET, and 25 patients
(2.6%) had unknown primary. Pathologic con�rmation was unknown/not applicable in 72 patients (7.6%)
(Fig. 2A).

At diagnosis, 740 patients (77.8%) had at least 1 symptom for the �rst GEP-NET. Most commonly
reported symptoms were abdominal pain, weight loss, and diarrhea (Fig. 2B). Among patients with
functioning and nonfunctioning GEP-NET the percentage of symptom burden is shown in Table 2.

 
Table 2

Symptom Burden across GEP-NET Patients
Number of Symptoms Functioning GEP-NET (%) Non-functioning GEP-NET(%)

No symptoms 15.1 23.3

At least 1 symptom 38.1 41.4

2 symptoms 23.4 21.2

3 symptoms 14.0 8.8

4 symptoms 5.7 2.7

≥ 5 symptoms 3.8 2.5

GEP-NET, gastroenteropancreatic neuroendocrine tumor.

Initial GEP-NET Treatment
Different modalities employed for the initial treatment of patients with GEP-NET were surgery (n = 573;
60.3%), somatostatin analogs (n = 161; 16.9%), chemotherapy (n = 143; 15.0%), radiotherapy (n = 33;
3.5%), embolization (n = 31; 3.3%), other medication (n = 13; 1.4%), alpha interferon therapy (n = 3; 0.3%),
and other treatment modalities (n = 107; 11.3%) (Fig. 3A). Among the patients who had undergone at
least one surgery at baseline for the purpose of initial diagnosis (59.8%), the goal of surgery was
achieved in 86.3% (Fig. 3B). After the initial treatment, 536 patients (56.4%) had a satisfactory tumor
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response or stable disease, while 84 patients (8.8%) had no or lack of tumor response. Various tests were
used in 667 (70.1%) patients for assessing tumor response to initial treatment of GEP-NET. Most
commonly used assessment method was CT scan, which was performed in 509 patients (76.3%) (Fig.
3C).

Treatment and Clinical Status of GEP-NET at Baseline
A total of 569 patients (59.8%) had surgery at least once at baseline in order to diagnose initially; 399
(70.1%), 66 (11.6%), and 58 patients (10.2%) underwent R0, R1, and R2 resections, respectively.
Proportion of patients who had a tumor tissue pathology test at baseline was 946 (99.5%). Most
common tumor tissue pathology reported was well-differentiated endocrine carcinomas in 367 patients
(38.8%), followed by well-differentiated endocrine tumor in 328 patients (34.7%). Poorly differentiated
and mixed exocrine-endocrine carcinomas were observed in 122 (12.9%) and 9 patients (1.0%),
respectively. Highly prevalent types among functional GEP-NET through tumor tissue pathology at
baseline were gastrinomas (7.6%) and insulinomas (5.3%), while 81.8% of patients had nonfunctional
GEP-NET. Chromogranin A (CgA) and synaptophysin were the best-tested tumor markers with CgA
positive in 677 patients (71.6%) and synaptophysin positive in 692 patients (73.2%) (Table 3).

 
Table 3

Tumor Tissue Pathology at Baseline

  N = 951

Number of patients who had tumor tissue pathology
test, n (%)

946 (99.5)

Tumor markers, n (%)

  CgA Synaptophysin NSE

Positive 677
(71.6)

692 (73.2) 112 (11.8)

Negative 89 (9.4) 26 (2.7) 17 (1.8)

Not done 179
(18.9)

227 (24.0) 816 (86.3)

Missing 1 (0.1) 1 (0.1) 1 (0.1)

Proliferative markers, n (%)

  Ki-67, n (%) Mitotic index,
n (%)

Done 476 (50.3) 193 (20.4)

Not done 464 (49.0) 367 (38.8)

CgA, chromagranin A; NSE, neuron-speci�c enolase.
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Overall Survival and Progression-Free Survival
Estimated median OS was not reached. Rate of OS at 6 months was 96.3%, and 72.9% in 60 months
Patients with poorly differentiated tumors showed worse survival with OS rates of: 90.2% in 6 months
and 46.4% in 60 months; PFS rates of: 90.2% in 6 months and 31% in 60 months. While, well-
differentiated tumors showed better survival (with 6 months OS rate of 98.8%, and 60 months of 82.3%;
and 6 months PFS rate of 93.3%, and 60 months of 41.2%). The overall survival by primary tumor site
and WHO classi�cation are presented in Figs. 4A and 4B. Median time for the PFS was 60.9 months from
the �rst diagnosis for the whole study population. Six months PFS rate was 95.0%, and at 60 months PFS
rate was 50.4%.

Safety
Number of patients with at least 1 adverse event was 56 (5.9%), and 21 patients (2.2%) had at least 1
serious adverse event. During the course of the study, 270 deaths (28.4%) were reported, with 209 (77.4%)
of these were related to GEP-NET.

Discussion
This GEP-NET registry study aimed to assess the incidence, and regional trends in diagnosis, practical
clinical management, and outcome measures of patients with GEP-NET in the Asia-Paci�c region, South
Africa, Turkey and the Middle East. Clinical basis of GEP-NET diagnosis, different therapies in practical
clinical management of GEP-NET, parameters utilized to evaluate the tumor response and disease
biochemical response in the clinical practice, OS, and PFS were also evaluated, similar to that of the
published literature. In this GEP-NET registry, the most common primary tumor site was the pancreas;
nonfunctioning, well-differentiated endocrine carcinoma was the most common type of tumor tissue
pathology. Based on the SEER database analysis of patients with neuroendocrine tumors, the
lung/bronchus was the most common site of NETs with 30.6%, while pancreas accounted for 10.8% of
NETs [14]. It was earlier reported that the patients with NETs in the pancreas had the highest risk of
mortality [14], and in the current study patients with GEP-NET with pancreas as the primary tumor site
showed median PFS of 74.6 months. Consistent with the earlier published literature, patients with poorly
differentiated endocrine carcinomas had poor survival outcomes in the present registry [15].

In this registry, surgery was the most commonly employed initial treatment for GEP-NET followed by
systemic therapy with somatostatin analogs and more than 80% of patients had R0 resection and open
surgeries preferred over laparoscopic surgeries. Best chance for cure, symptomatic relief, and/or long-
term survival is the success of the surgical resection of the primary tumor, regional nodal disease and
distant metastases [16, 17]. Surgery is recommended treatment in patients with GEP-NETs of any stage,
especially if primary tumor can be removed and 70–90% of its metastasis can be debulked [17–19].

It was previously reported that CT scan was the �rst assessment of suspected GEP-NET [20]. In this
registry, most commonly used method for the initial diagnosis of GEP-NET and for the assessment of
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tumor response post the initial treatment was also CT scan. Current study also revealed poor availability
of speci�c diagnostic methods, such as CgA testing, positron emission tomography (PET) or octreotide
scans, at different centers, which is likely to represent the difference in the accessibility of these tests in
different locations. Eventual decline in the rate of OS and PFS over 60 months in the current registry
further demonstrated that despite overall favorable prognosis, tumors continue to progress and
eventually lead to death in large number of patients, especially in patients with poorly differentiated
histology. Baseline TNM staging information was not available for all patients; hence, current study could
not delineate treatment and outcomes by stage of the disease. Furthermore, survival outcomes were not
evaluated based on surgery outcome status at the start of the study.

The strength of this study is the large patient population of 951 patients from over 70 centers in 15
countries across various geographical regions (Africa, Middle East, and Asia), which reinforces the
external validity/generalizability of the results in the emerging countries.

Observational studies in any therapeutic area are subject to inherent methodological and operational
limitations. For example, the data availability, and hence, completeness is highly variable as usual
medical care can differ among physicians, sites, and countries. In this non-interventional study, to
minimize the overall bias, the study involved many centers across many countries. Since this study was
designed in 2009, the comparison of these results to current data based on the updated “WHO
classi�cation criteria” is not appropriate. Besides, unavailability of WHO classi�ed data is an added
limitation to this study

Since WHO guidelines have been updated in 2010 and 2017, use of 2000 WHO guidelines is a limitation
of the study. Hence, comparison of the results from this study with current data should be done
cautiously.

Conclusion
To summarize, pancreas was the most common primary site; nonfunctioning, well-differentiated
endocrine carcinoma was the most common type of tumor grade; and patients with poorly differentiated
neuroendocrine carcinoma had poor survival outcomes. This study shows the lack of availability of
speci�c diagnostics methods such as CgA testing, PET or octreotide scans at different centers, which is
likely to represent the difference in accessibility of these tests in different locations. It also demonstrates
that in spite of overall favorable prognosis, tumors continue to progress and eventually lead to death in
large number of patients, especially in patients with poorly differentiated histology. This analysis has
highlighted the need for clinical practice improvement and outcome assessments to ensure better
evaluation and management of patients with GEPNET in participating countries from Asia-Paci�c, Middle
East, Turkey, and South Africa.

Abbreviations
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CgA, chromogranin A; CT, computed tomography; GEP, gastroenteropancreatic; GEP-NET,
gastroenteropancreatic neuroendocrine tumor; NET, neuroendocrine tumor; OS, overall survival; PFS,
progression-free survival; PET, positron emission tomography; SEER, Surveillance, Epidemiology, and End
Results; TNM, Tumor nodes and metastases; US, United States of America; WHO, World Health
Organization.
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Figures

Figure 1

Test used for the �rst diagnosis of GEP-NET. *Includes octreotide scintigraphy performed in 5.6%
patients. CgA, chromagranin A; CT, computerized tomography; HIAA, hydroxyindoleacetic acid; GEP-NET,
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gastroenteropancreatic neuroendocrine tumor; MRI, magnetic resonance imaging; PET, positron emission
tomography; Scintigraphy, Somatostatin Receptor Scintigraphy and Octreotide Scintigraphy

Figure 2

(A) Clinical presentation (B) Most common (> 2%) symptoms reported in patients with �rst GEP-NET.
GEPNET, gastroenteropancreatic neuroendocrine tumor; GI, gastrointestinal
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Figure 3

(A) Initial GEP-NET treatment (B) Surgery received for initial treatment (C) Disease evaluation methods
employed. *Includes octreotide scintigraphy performed in 9.4% patients. CgA, chromagranin A; CT,
computerized tomography; HIAA; hydroxyindoleacetic acid; GEPNET, gastroenteropancreatic
neuroendocrine tumor; MRI, magnetic resonance imaging; PET, positron emission tomography;
Scintigraphy*, Somatostatin Receptor Scintigraphy and Octreotide Scintigraphy
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Figure 4

(A) Overall survival by primary tumor site (B) Overall survival by WHO classi�cation. OS, overall survival;
WHO, World Health Organization
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