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Abstract
Given the rarity and indolent clinical course of gastroenteropancreatic neuroendo-
crine tumors (GEP- NETs), conditional survival might be the most suitable parameter 
for cancer survivors who wish to receive accurate prognostic information during 
follow- up. We have explored the updated incidence trend and the conditional sur-
vival of patients with GEP- NETs. Incidence trends from 2000 to 2014 were deter-
mined through an assessment of patients in the SEER cancer registry. Patients 
diagnosed between 1988 and 2011 were included in the conditional survival analysis, 
and the 3- year conditional cancer- specific survival (CCS3) was computed. The inci-
dence of GEP- NETs, which is far higher than the incidence of many malignant tu-
mors, is still increasing steadily (annual percentage change = 4.4). The risk of death 
from NETs is dynamic over time, and most deaths occur in the first 3 years after di-
agnosis. Patients with gastric, rectal, or appendiceal NETs hardly exhibit any excess 
mortality (CCS3 > 95%) given that they have already survived until a defined time- 
point within 10 years. The initial difference between each age group basically disap-
peared with an extension of the survival time since the initial diagnosis of gastric, 
appendiceal, or rectal NETs, but the difference persisted for tumors at other sites. 
Although patients with advanced- stage or higher- grade tumors have a worse survival 
at diagnosis than patients with early- stage or lower- grade tumors, the difference di-
minishes and might even disappear over time. For GEP- NETs that are rare but ex-
hibit slow growth, clinically relevant variations in conditional survival were observed 
based on the time since diagnosis. Therefore, conditional survival can serve as a 
guideline that can be used by cancer survivors to plan their future and doctors to plan 
surveillance schedules.
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1 |  INTRODUCTION

Neuroendocrine tumors (NETs) comprise a heterogeneous 
group of rare tumors that arise from cells throughout the dif-
fuse endocrine system. Gastroenteropancreatic NETs (GEP- 
NETs), which are the main subtype of NETs,1 can secrete 
peptides and neuroamines that cause distinct clinical syn-
dromes, including carcinoid syndromes.2-4

As demonstrated by the mounting number of articles pub-
lished each year (over 4000 articles have been reported every 
year in the last decade),5 the worldwide concern about NETs 
has been increasing, which is probably due to the reported 
increase in its incidence.6-8 However, updated data that focus 
on the incidence trend of GEP- NETs are lacking. Moreover, 
given the rarity and indolent clinical course of GEP- NETs, 
the number of NETs survivors has increased. Nevertheless, 
only a few relevant statistics are available to inform patients 
who have survived for a certain period after they are diag-
nosed with NETs of their prognosis at any given time. Due to 
a lack of related evidence, the current consensus guidelines 
recommend that patients with NETs after treatment of the 
primary tumor undergo a CT or MRI scan every 6- 12 months 
to monitor disease progression, but no definite guidance re-
garding the optimal surveillance time has been established. 
The current guidelines stipulate that monitoring should be 
performed for 10 years after treatment.3,9-11 Conventional 
survival curves after cancer diagnosis provide a rather grim 
outlook because most patients die within the first few years 
after diagnosis. Conditional survival (CS) is an important 
index in this respect,12 and more relevant information can be 
provided to cancer survivors for personal health- related plan-
ning and to clinicians for continued cancer surveillance.13

To the best of our knowledge, no previous study has eval-
uated CS among patients with GEP- NETs. Therefore, the 
aim of this study was to explore the updated incidence trend 
of GEP- NETs and to assess the 3- year conditional cancer- 
specific survival (CCS3) among patients after diagnosis with 
GEP- NETs using data from the surveillance, epidemiology, 
and end results (SEER) cancer registry.

2 |  PATIENTS AND METHODS

2.1 | Patients
As a population- based cancer registry that collects cancer in-
cidence and survival data from 18 regional population- based 
registries, the SEER database covers approximately 27.8% of 

the US population (based on the 2010 census). We screened the 
cases of GEP- NETs using the newest databases “Incidence -  
SEER 18 Regs Research Data + Hurricane Katrina Impacted 
Louisiana Cases, Nov 2016 Sub (2000- 2014) <Katrina/Rita 
Population Adjustment>” for incidence data and “Incidence -  
SEER 18 Regs Research Data + Hurricane Katrina Impacted 
Louisiana Cases, Nov 2016 Sub (1973- 2014 varying)” for 
survival data. The Site and Morphology of Collaborative 
Stage Data Collection System (CS Schema v0204+) was 
used to identify GEP- NET cases. The following codes were 
used for identification of the histological type and tumor 
location: NETStomach, NETSmallIntestine, NETAmpulla, 
CarcinoidAppendix, NETColon, and NETRectum. Due to 
the lack of specific codes that correspond to pancreatic NETs 
(P- NETs), we used ICD- O- 3 histology codes to identify pa-
tients with P- NETs, as detailed in a prior publication.14

2.2 | Incidence trend analysis
Patients with GEP- NETs who were diagnosed between 2000 
and 2014 were included in the incidence trend analysis. All 
incidence data were adjusted according to age and were 
standardized according to the 2000 US standard population. 
In addition, we used the weighted least squares method to cal-
culate the annual percent change (APC) using the SEER*Stat 
software.15

2.3 | Conditional survival (CS) analysis
We selected patients with GEP- NETs that were diagnosed 
between 1988 and 2011. The study dates were chosen based 
on the availability of complete data after 1988, and 2011 
was chosen as the last year of diagnosis to allow for at least 
3 years of actual follow- up. We included patients from the 
SEER database based on the following characteristics: mi-
croscopic confirmation of the tumor, presence of single pri-
mary tumor (one primary or the first of at least 2 primaries), 
availability of complete staging information, and survival for 
more than 1 month.

Conditional cancer- specific survival (CCS), which orig-
inated from conditional probability in biostatistics, can be 
calculated using the Kaplan- Meier method or the life table 
method. The estimate of CCS3 was defined as the probabil-
ity of remaining free of cancer mortality for an additional 
3 years given that a patient had survived for x years and 
was calculated as follows: x − CCS3 = CSS (x + 3)/CSS 
(x), where CSS is the cancer- specific survival.16 Variances 
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in conditional probabilities were estimated using the for-
mula established by Skuladottir et al17 Additionally, 95% 
confidence intervals (CIs) were determined with the as-
sumption that the CCS rates follow a normal distribution. 
The hazard curve for CSS was plotted using kernel density 
smoothing.18

Survival estimates were computed for 5 age groups 
(younger than 44 years, 45- 54 years, 55- 64 years, 65- 
74 years, and older than 75 years), except for patients with 
appendiceal NETs (A- NETs), who were subdivided into 2 
age groups (younger than 44 years and older than 45 years). 
Tumor staging was recorded based on the SEER database 
using the expanded extent of disease coding.19 Localized 
disease was defined as tumors that were confined within 
an organ with no obstruction of or invasion into regional 
structures. Regional disease included spread into surround-
ing structures, blood vessels, or local lymph nodes. Distant 
disease included extension or metastases into other organs 
or lymph nodes. Notably, the SEER grading system clas-
sifying tumors into well differentiated (SEER grade I), 
moderately differentiated (SEER grade II), poorly differ-
entiated (SEER grade III), and undifferentiated/anaplastic 
(SEER grade IV) relies on histologic differentiation, which 
is different from the 2010 WHO grading nomenclature. 
Therefore, Grade III and Grade IV were combined into 1 
category, as previously reported.4,6,20

Cancer patients had no excess mortality when the CCS3 
reached 100%, and no difference in survival was observed 
between cancer patients and the general population. Excess 
mortality was classified as follows: substantial, little, and 
hardly any based on CCS3 estimates of <90%, 90%- 95%, and 
>95%, respectively.12

All the statistical analyses were performed using SPSS 
software, version 18.0 for Windows (SPSS Inc., Chicago, IL, 
USA) and R software (version 3.4.0). All the tests were 2- 
sided, with the significance level set to P < .05.

3 |  RESULTS

3.1 | Incidence
Between 2000 and 2014, 45 203 patients diagnosed with 
GEP- NETs (based on a population size of 1 257 898 299) 
were identified by searching the SEER database. The year 
and age distribution of the patients are reported in Figure 
S1. The diagnostic age of most patients was between 50 and 
64 years. The age- adjusted incidence rates of GEP- NETs 
significantly increased over time, with an APC of 4.5 [95% 
CI 4.2- 4.8], but the opposite was observed for the trends of 
all GEP malignancies (APC = −2.0, 95% CI −2.2 to −1.9; 
Figure 1A,B). Similarity could be observed across sex and 
race categories (Figure 1C- F), except for GEP- NETs in 
American Indian/Native Alaskan populations, which showed 

a stable incidence (APC = 0, 95% CI −2.9 to 3.0). With re-
gard to GEP sites in patients diagnosed from 2000 to 2014, 
the growth was significant for A- NETs (APC = 22.3, 95% 
CI 17.5- 27.2) and P- NETs (APC = 9.8, 95% CI 8.5- 11.1; 
Figure 1G,I), but only NETs of the colon exhibited a con-
stant incidence trend (APC = −0.5, 95% CI −1.6 to 0.5). 
These specific findings of GEP- NETs are contrary to the 
trends in all malignant gastric tumors (APC = −2.4, 95% 
CI −2.6 to −2.2), colon malignancies (APC = −3.1 95% 
CI −3.3 to −2.8), and rectal cancers (APC = −2.4, 95% CI 
−2.5 to −2.2). Additionally, the findings are in accordance 
with the upward trend for all tumors of the small intestine 
(APC = 0.3, 95% CI 0.0- 0.6), appendix (APC = 3.4, 95% CI 
2.8- 4.1), and pancreas (APC = 0.8, 95% CI 0.6- 1.0). Based 
on the SEER data, the incidence rates of GEP- NETs and all 
gastroenteropancreatic cancers were determined to equal 3.5 
and 62.1, respectively, per 100 000 per year over the same 
period (2000- 2014), which means that NETs represent 5.84% 
of all newly diagnosed GEP cancers.

3.2 | Estimates of the 3- year conditional 
cancer- specific survival (CCS3)
Over the study period (1988- 2011), 28 056 patients met the 
inclusion criteria. The sociodemographic characteristics and 
clinicopathological features of the patients are presented 
in Table S1. Within this cohort, 2608 patients had gastric 
NETs (G- NETs), 8637 patients had small intestinal NETs 
(SI- NETs), 578 patients had A- NETs, 2992 patients had co-
lonic NETs (C- NETs), 9290 patients had rectal NETs (R- 
NETs), and 3951 patients had P- NETs. The Kaplan- Meier 
plots also demonstrated important survival differences based 
on different primary sites (P < .001). Additionally, the risk 
of NET- specific death varies with time because most of 
the deaths occurred in the first 3 years after diagnosis for 
all sites (Figure 2). The actuarial CSS over the 3 years after 
diagnosis and CCS3 for those who had already survived 
1- 10 years after diagnosis are presented at Figure S2. We 
evaluated the CSS patterns according to tumor site and age 
(Figure S3). Survival curves were then evaluated according 
to SEER stage and tumor grade, respectively (Figures S4 
and S5).

Table 1 summarizes the number of patients included in 
the conditional period survival analysis after 5 and 10 years 
for each tumor site and age and the CS after 5 and 10 years. 
Additionally, the number of years after diagnosis when mor-
tality showed little or hardly any change in a group of patients 
(when the CCS3 exceeds 90% or 95%, respectively) was de-
termined. Table 1 shows the number of patients available 
for the conditional period survival analysis for each tumor 
site and age after they had survived for 5 and 10 years and 
for the CCS3 after 5 and 10 years. Moreover, the number of 
years after diagnosis when patients exhibit little or hardly any 
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excess mortality (when CCS3 exceeds 90% or 95%, respec-
tively) was demonstrated. Table 2 shows the relevant results 
by stage based on the SEER staging system. Figure 3 shows 
the CCS3 for each additional year of survival in patients with 
tumors at each site according to age, whereas Figures 4 and 
5 show the results according to stage and grade, respectively.

3.3 | Gastric neuroendocrine tumors  
(G- NETs)
For patients with G- NETs, the CCS3 of those who were 
65- 74 years of age and those who were older than 75 years 
was 77.7% and 82.7%, respectively, which was significantly 

F I G U R E  1  Annual age- adjusted incidence rates of all GEP- NETs (A) and all GEP neoplasms (B). Annual age- adjusted incidence rates of 
GEP- NETs (C) and GEP neoplasms (D) by site. Annual age- adjusted incidence rates of GEP- NETs (E) and GEP neoplasms (F) by gender. Annual 
age- adjusted incidence rates of GEP- NETs (G) and GEP neoplasms (H) by race (2000- 2014)
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lower than that of patients younger than 65 years (approxi-
mately 90%; Figure 3A). The initial differences in the condi-
tional survival rate in all age groups largely disappeared after 
4 years of survival. Differences in the CCS3 among local-
ized, regional, and distant disease stages declined over time, 
especially after patients had survived for 7 years; moreover, 
little excess mortality was observed in patients with all stages 
of disease (Figure 4A). In addition, little excess mortality 
was also observed in patients with all tumor grades of disease 
after patients had survived for 5 years (Figure 5A).

3.4 | Small intestinal neuroendocrine 
tumors (SI- NETs)
Although the mortality rate of elderly patients with SI- NETs (older 
than 55 years of age) was still high after 10 years of survival, pa-
tients who were younger than 55 years maintained scarcely any 
excess mortality after diagnosis (Figure 3B). Although the differ-
ence in survival rate among the 3 stages (ie, localized, regional 
and distant) decreased over time, the difference remained until 
the patients had survived for 10 years (Figure 4B). Note that the 
difference between grade I, grade II, and grade III/IV disappeared 
after having survived for 5 years (Figure 5B).

3.5 | Appendiceal neuroendocrine tumors 
(A- NETs)
For patients with A- NETs who were younger than 45 years, 
almost no excess mortality was observed since diagnosis, 

whereas for patients older than 45 years, a similar trend was 
observed only after 3 years (Figure 3C). The CCS was fairly 
similar between the localized and regional stage groups, and 
the survival rate after diagnosis was similar to that of the gen-
eral population. Although patients with distant disease had a 
significantly poorer survival at diagnosis than those with lo-
calized or regional disease (0- year CCS3: 98.4% vs 97.2% vs 
66.0%), the difference disappeared after 6 years of survival 
(Figure 4C). Compared with grade I and grade II A- NETs 
patients, grade III/IV patients showed most pronounced 
changes in CCS3 over time (Figure 5C).

3.6 | Colonic neuroendocrine tumors  
(C- NETs)
The CCS3 at diagnosis was significantly lower for patients 
with C- NETs who were older than 75 years (54.1%) than 
for patients younger than 65 years (0- year CCS3 > 80%; 
Figure 3D). Although the survival difference between these 
age groups decreased with the prolongation of survival time, 
the excess mortality rate in the elderly group was still higher. 
Patients who were younger than 65 years had almost no ex-
cess mortality 2- 3 years after diagnosis, whereas this trend 
was not observed in patients older than 65 years even after 
10 years of survival. The survival rates of those with local-
ized, regional, and distant disease were also significantly 
different at diagnosis (Figure 4D). The differences between 
the localized and regional disease groups disappeared after 
4 years, whereas survival differences between those 2 groups 

F I G U R E  2  Kaplan- Meier plots of GEP- NETs (A) and hazard estimate of cancer- specific death among the entire cohorts (B) according to 
site. CSS, cancer specific survival
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F I G U R E  3  Three- year cancer- specific survival for every additional year survived after an initial diagnosis of cancer according to age groups: 
A, gastric NETs; B, small intestinal NETs; C, appendiceal NETs; D, colonic NETs; E, rectal NETs; and F, pancreatic NETs
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F I G U R E  4  Three- year cancer- specific survival for every additional year survived after an initial diagnosis of cancer according to SEER stage 
groups: A, gastric NETs; B, small intestinal NETs; C, appendiceal NETs; D, colonic NETs; E, rectal NETs; and F, pancreatic NETs
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and the distant disease group remained high. After 5 years 
of survival, the differences in the conditional survival rate 
between the localized and regional stage groups disappeared.

3.7 | Rectal neuroendocrine tumors  
(R- NETs)
Among patients with R- NETs, the CS in all age groups was 
comparable, and the mortality rate was similar to that of the 
general population after 2 years of survival (Figure 3E). The 
difference in survival among the different staging groups 
persisted (Figure 4E). Although the survival rate of patients 

with distant disease increased significantly with a prolonga-
tion of survival time, the excess mortality remained substan-
tial. Moreover, patients with localized disease exhibited hardly 
any excess mortality after diagnosis, which indicates a survival 
similar to that of the general population. Patients with grade 
III/IV disease exhibited little excess mortality after 4 years.

3.8 | Pancreatic neuroendocrine tumors  
(P- NETs)
A significant difference was found between age groups in 
terms of the CCS3 at diagnosis for patients with P- NETs 

F I G U R E  5  Three- year cancer- specific survival for every additional year survived after an initial diagnosis of cancer according to tumor grade 
groups: A, gastric NETs; B, small intestinal NETs, C, appendiceal NETs; D, colonic NETs; E, rectal NETs; and F, pancreatic NETs
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(Figure 3F). Although the survival difference between dif-
ferent age groups decreased with time, excess mortality re-
mained high among patients except for patients older than 
75 years who exhibited scarcely any excess mortality after 
9 years. Significant differences in survival could also be ob-
served among the 3 different stage groups (Figure 4F). These 
differences persisted until 10 years after diagnosis, even 
though they became somewhat smaller over time. Similarly, 
excess mortality remained substantial for all grade groups.

4 |  DISCUSSION

GEP- NETs, which are the most frequent subtype of NETs, 
occur equally in males and females, although the incidence 
in females has been higher than that in males since 2000 
(APC = 5.0 vs 4.0). From 2000 to 2014, the highest incidence 
of GEP- NETs has been recorded among Black population in 
the SEER database (Figure 1G). Regarding the tumor sites, 
the most frequent sites of GEP- NETs are the small intestine 
and the rectum. However, because A- NETs and P- NETs 
show the highest growth trend (APC values of 22.3 and 9.8, 
respectively), this distribution might change.

Most importantly, although GEP- NETs are rare (represent-
ing approximately 5.84% of all GEP tumors), the incidence 
of this disease is increasing (APC = 4.5, 95% CI 4.2- 4.8). 
Notably, according to the SEER data, the rate of this increase 
is notably higher than the reported incidence of most other 
neoplasms.21,22 The reason for this inverse trend compared 
with the incidence of general GEP tumors (APC = −2.0, 
95% CI −2.0 to −1.9) is unclear. Although it appears that 
improved histological classification and diagnostic methods 
might be contributing factors,23 the biological characteristics 
of the tumors might also account for this difference.

Of all the recent studies, this is the first one to focus on the 
changes in the CCS3 up to 10 years after the GEP- NET di-
agnosis. The most up- to- date analyses of conditional survival 
are becoming increasingly necessary due to the marked in-
crease in the number of long- term GEP- NET survivors. The 
current results indicate that CCS estimates for patients with 
GEP- NETs were dynamic and increased with time elapsed. 
Specifically, we are concerned about age- specific and stage- 
specific differences when the CCS approaches 100%, which 
indicates a lack of excess mortality among cancer patients 
relative to that in the general population.

Using long- term follow- up data from population- based 
cancer registries, we were able to analyze the latest and most 
detailed CCS data for gastroenteropancreatic neuroendocrine 
tumors at different sites. These results give us a better un-
derstanding of the excess mortality rate per year in terms of 
the survival of patients with GEP- NETs. We can assume that 
when the patient’s CCS3 is more than 95%, the survival time 
is similar to that of individuals of the same age in the general 

population. Accordingly, we found that NETs occurred in the 
stomach, rectum, or appendix of all patients, whereas NETs 
in young individuals were located in the small intestine or 
colon; NETs in elderly patients would be similar to those in 
the general population over a certain period of time within 
10 years after diagnosis. For the other sites considered, the 
CCS3 did not exceed 70%- 94%, which indicates that even if 
these patients survive for a specified time, the survival rate of 
these patients is still worse than that of the average age group. 
A higher mortality rate due to a greater comorbidity among 
patients, late adverse effects of treatment, late recurrences, 
and secondary tumors might be potential explanations for 
these observations.

The 3- year cancer- specific survival rates of young pa-
tients are often better than those of older ones in most tumor 
types.12,24-28 In our study, younger patients with NETs were 
also found to have a better prognosis than older patients, 
which is consistent with the observations of other studies.29,30 
Nevertheless, age- specific variations in the long- term CCS3 
of patients with GEP- NETs have not been evaluated in detail. 
Based on our results, the CS still varied according to age for 
up to 10 years after diagnosis, even though the effect of age 
usually decreased with time. However, these results need to 
be further validated when the stage at diagnosis is considered.

The CSS was also significantly different for the vari-
ous stage groups at diagnosis. Previous studies have shown 
that the difference in survival among patients with different 
stages of stomach, small intestine, appendix, colorectal, and 
pancreatic cancer decreases with increase in the survival time 
since diagnosis.31-35 However, the tumor stage is still an im-
portant prognostic factor, even for conditional survival after 
2- 5 years. In studies among patients with various cancers, 
differences among stage groups decreased or even disap-
peared over time since diagnosis.36 We also observed that the 
difference among patients with GEP- NETs in different stage 
groups decreases with time. In particular, patients with poor 
prognostic characteristics exhibited a substantial increase 
in CCS based on actual survival time. Although the data of 
the SEER histologic grade information in most GEP- NETs 
patients are missing in the SEER database, patients who 
initially had the least favorable tumor grade had the most pro-
nounced CCS3 changes. Thus, the assessment of CCS might 
be of greater clinical significance for high- risk patients who 
have survived for a specified period after diagnosis. In fact, 
risk predictors identified at the time of diagnosis do not ac-
count for the time that has already passed, and patients who 
survived for a certain period may have a favorable prognosis 
despite their initial higher risk.

Moreover, both Spanish- Hispanic- Latino and Non- 
Spanish- Hispanic- Latino patients had similar cancer- specific 
survival regardless of the location of the tumor, and 2 commu-
nities have similar trends of conditional cancer- specific sur-
vival (Figures S6 and S7). Further study about the incidence 
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and survival of the GEP- NETs in the Spanish- Hispanic- 
Latino and Non- Spanish- Hispanic- Latino population through 
more detailed large sample data in the future is necessary.

Finally, it must be admitted that our study is not devoid 
of limitations. We recognized that the SEER database pro-
vides a unique opportunity for researchers to test the hith-
erto unknown medical hypotheses on an unprecedented 
large amount of patient data and that population- based ep-
idemiological analysis can be performed at the same time. 
However, underreporting is a potential limitation of this 
databank. Moreover, missing data and the evolving defini-
tion of GEP- NETs could have led to misreporting, which 
might have generated potential selection bias. In addition, 
the grade of tumor was defined based on the differentia-
tion of the tumor in the SEER database, regardless of the 
Ki- 67 index, a marker of cellular proliferation, and the mi-
totic index, which is important for the grading of tumors. 
Therefore, a large- scale detailed cohort is necessary to elu-
cidate this problem in the future study. However, our study 
also has important strengths that must be noted. This is a 
population- based study, which might give rise to concerns 
about the generalizability of the findings, but we believe that 
the size of the present study is the largest to date and thus 
that the study can provide comprehensive information on the 
incidence trend of GEP- NETs in the USA.

In conclusion, the incidence of GEP- NETs continues 
to increase in the USA. In addition, the prognosis of NET 
survivors generally improves with each year of survival. 
Patients with NETs in the stomach, rectum, and appendix, 
as well as younger patients with NETs in the small intes-
tine or colon, hardly experience any excess mortality after a 
certain time. In fact, CCS estimates for patients with GEP- 
NETs improve markedly over time, particularly among pa-
tients with initial poor prognoses. Thus, the understanding 
and application of conditional survival can provide more 
survival information for patients, clinicians, and research-
ers, who can then use this information to make life plans 
and monitor the disease intensity during follow- up after a 
GEP- NET diagnosis.
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