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Summary

Neuroendocrine tumors (NETs) are rare tumors with an incidence 3.5/100,000 per year 
and a prevalence of 35/100,000. The tumor arises from secretory cells of the neuroen-
docrine system. Patients with NET may experience various symptoms from the tumor 
mass, the output of hormones secreted by the tumor, and treatment accompanying 
side effects. Patients often present with metastatic disease which cannot be cured. 
Patients with metastatic small intestine NET have a median survival of 100 months, for 
metastasized pancreatic NET median survival is 60 months (1). Compared to patients 
with other metastasized malignancies this is relatively long. 
In clinical trials with new drugs, the ideal endpoint is clear and objective, such as overall 
survival (OS) and quality of life (QoL). However, over the last years well-powered ran-
domized controlled trials (RCTs) are performed in patients with NET, with progression 
free survival (PFS) as primary endpoint which serves as surrogate endpoint for OS. 
Given the heterogeneous patient population, the long natural course of the disease and 
the wide variability of subsequent lines of therapy after progression, the use of OS as 
primary endpoint is challenging in NET. Nevertheless, the aim of the research in this 
thesis was to measure and improve the clinical benefit of treatment and supportive 
care provided to patients with NET. We investigated tailored supportive measures for 
these patients as well as novel treatment approaches. One approach to improve QoL is 
with adequate information provision. Therefore, we investigated a web-based tailored 
information and support system. Furthermore, we studied if a dietary intervention and 
supplementation of deficient vitamins improved QoL. Moreover we analyzed whether le-
sions with high [18F]FDOPA uptake could be detected, potentially to select these for local 
treatment. Finally, as immunotherapy is an upcoming treatment modality in oncology, 
we analyzed the NET immune microenvironment. There is currently limited knowledge 
of the composition of the immune microenvironment and the role of immunotherapy in 
patients with NET.
In chapter 1 a general introduction and outline of the thesis is given. 
To define the clinical benefit of systemic antitumor treatment in patients with GEP-NET, 
in chapter 2 an overview of existing literature about trials comparing systemic antitu-
mor treatment for GEP-NET versus a control is presented and their clinical benefit is 
determined. Papers were selected after search of the electronic databases (PubMed 
and Embase). Papers reporting comparative trials, conducted in adult patients with 
GEP-NET were included for analysis. The clinical benefit of the investigated therapies 
reported in the selected trials was determined according to the European Society of 
Medical Oncology Magnitude of Clinical Benefit Scale (ESMO-MCBS) and the net 
health benefit score according to the American Society of Clinical Oncology (ASCO) 
revised framework by four independent assessors (2-4). The ESMO-MCBS and the net 
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health benefit (NHB) of ASCO revised framework could be applied, respectively, to only 
7 and 9 trials investigating systemic treatments in patients with NET. The currently used 
systemic treatments for patients with GEP-NET had low NHB scores according to the 
revised ASCO framework and none could be graded as susbstantial clinical beneficial 
according to the ESMO-MCBS. 
QoL is an important factor that contributes to clinical benefit. Factors associated with 
enhanced QoL include; less clinical symptoms, and adequate information provision. 
Patients with a NET frequently experience physical and psychosocial complaints. 
Strategies to provide information to optimize supportive care for these patients are of 
interest. The internet was reported earlier as a useful source of general information for 
some patients with NET (5). In chapter 3 we aimed to examine whether a web-based 
tailored information and support system (WINS) reduces distress and/or improves 
patients’ perception and satisfaction of received information, QoL and empowerment. 
First a feasibility study was performed in newly diagnosed NET patients (chapter 3a). 
Participants were randomized between standard care (n = 10) or intervention with in 
addition to standard care, access to the WINS (n = 10) during 12 weeks. During stan-
dard care all patients could consult an oncology nurse 24 hours a day, 7 days a week. 
Feasibility was measured by determination of the participation- and dropout rate. First 
of all, the use of the WINS was feasible. Furthermore contradictory effects on inform-
ing and supporting patients with NET were obtained. Thereafter a properly powered 
clinical trial was performed. Patients with NET, stratified for those newly diagnosed 
(< 6 months) or a longer duration of the disease, were randomized between standard 
care and intervention, consisting of standard care and access to the WINS, during 12 
weeks (chapter 3b). Patients completed questionnaires about distress with the distress 
thermometer and problem list, perception and satisfaction of received information with 
the QoL questionnaire (QLQ)-INFO 25, QoL with QLQ-C30 and QLQ-GINET21, and 
empowerment with the construct of empowerment (CEO) questionnaire. 92 Patients 
were randomized. The intervention group (n=53) also completed a questionnaire based 
on the technical acceptance model regarding their use of and opinion on the WINS. No 
difference in distress slope and slope of median global score on perceived information 
and satisfaction between the intervention and control group could be demonstrated. 
QoL did also not improve. Empowerment was better in the control group for 4 of the 5 
constructs. We concluded after this trial that the WINS did not improved distress and 
patients’ perception and satisfaction of received information more in patients with NET 
compared to patients only receiving standard care. This illustrates that the information 
and support provided by an oncology nurse and medical doctor, during standard care 
remains an important source of information for patients with NET. 
Other important factors influencing QoL in patients with NET are gastro-intestinal prob-
lems and increased frequency of bowel movements (6). These complaints could be 
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the consequence of tumor mass, secretion of neuroendocrine amines or somatostatin 
analogue (SSA) treatment. This can lead to impaired absorption of critical food compo-
nents such as vitamin B12, the fat-soluble vitamins A, D, E, and K. Furthermore, in case 
of high serotonin production in NET patients, deficiency of tryptophan, the precursor 
of serotonin and niacin (vitamin B3), can lead to symptoms of niacin deficiency. With a 
feasibility study we aimed to explore if personalized dietary advice and supplementa-
tion of deficient vitamins is feasible in patients with NET using a SSA. In this study, 
which is described in chapter 4, 15 patients with NET using a SSA for over 6 months 
were included. They were counseled by a dietician for a personalized dietary advice 
and got supplementation of deficient vitamins A, D, E, K, vitamin B12 and/or niacin. 
Feasibility was assessed by calculation of participation/dropout rate and number of 
(severe) adverse events related to the intervention. At baseline and after 4 and 18 
weeks, concentrations of the fat-soluble vitamins A, D, E, and K and vitamin B12 were 
determined in plasma and the main metabolite of vitamin B3, N1-methylnicotinamide 
(N1-MN) was analyzed in 24-hour urine collections. QoL, distress, empowerment and 
nutrition state were assessed. The participation rate was 75% and dropout rate was 
17%. No intervention related adverse events occurred. At start of the intervention, 
nine patients had one or more vitamin deficiencies. Despite the intervention including 
a personalized dietary advice and supplementation of deficient vitamins A, D, E, K, 
vitamin B12 or niacin, which improved vitamin levels in five patients, seven patients 
had one or more deficient vitamin levels after the intervention. New vitamin deficien-
cies developed in three patients during study period. A heterogeneous effect on QoL, 
distress, empowerment and nutrition state was observed. A personalized dietary advice 
with vitamin supplementation of deficient vitamins seemed to be feasible in SSA-using 
patients with NET. Furthermore we demonstrated that SSA-using patients with NET are 
at risk for vitamin A, D, E, K, B12 and niacin deficiencies, which are not easily corrected 
by dietary advices or standard vitamin supplementation. 
Clinical symptoms determine, among other factors, QoL. In NET patients tumor mass 
and the secretion of neuroendocrine amines by tumor cells are the two main causes of 
symptoms. Selecting the most active amine producing tumor lesions for local treatment 
might be beneficial for patients with small intestinal (SI-) NET to reduce neuroendocrine 
symptoms, i.e. the carcinoid syndrome. Tumor burden, investigated via 18Fluorine-L-
dihydroxyphenylalanine ([18F]FDOPA) uptake multiplied by volume was earlier shown to 
correlate with tumor markers of the serotonin and catecholamine pathway (7). There-
fore, in chapter 5 we analyzed interlesional heterogeneity with [18F]FDOPA positron 
emission tomography (PET) scans in patients with SI-NET and investigated if lesions 
with substantially higher [18F]FDOPA uptake than most other lesions could be identified. 
Peak standard uptake value (SUV) of a lesion was divided by the SUV mean of the 
corresponding organ to determine [18F]FDOPA uptake. The magnitude of heterogeneity 
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between lesions within a patient was calculated by dividing the lesion with highest by 
the one with lowest [18F]FDOPA uptake. Only in patients with ≥ 10 lesions, defined as 
evaluable patients, we determined whether lesions with high [18F]FDOPA uptake were 
present. Lesions with a higher tracer uptake than the upper inner or outer fence (> 1.5 
or 3 times the interquartile range above the third quartile) were defined as lesions with 
mild or extreme high [18F]FDOPA uptake, respectively. In 38 patients, of whom 35 had a 
serotonin producing tumor, over 680 lesions were detected by [18F]FDOPA. The uptake 
of [18F]FDOPA varied with a median of 8-fold, up to 44-fold, between lesions within a 
patient. In 12 of 20 evaluable patients lesions with mild high [18F]FDOPA uptake were 
found and in five, lesions with extreme high [18F]FDOPA uptake. 
This leads to the conclusion that, [18F]FDOPA uptake shows considerable intrapatient 
heterogeneity. Furthermore in some patients one or more lesions with mild or extreme 
high [18F]FDOPA uptake could be detected. This suggests that in patients with a se-
rotonin producing NET, [18F]FDOPA PET scans can support selection of lesions with 
substantially higher [18F]FDOPA uptake for local treatment. 
Chapter 6 describes a study with the aim to investigate the tumor immune microenvi-
ronment in patients with serotonin and non-serotonin producing NETs. Immunotherapy 
with immune checkpoint inhibitors including programmed death (PD) and programmed 
death ligand-1 (PD-L1) antibodies have antitumor activity across numerous tumor 
types. Factors that are associated with clinical response on immune checkpoint 
inhibitors are presence of T-cells and deficiency of mismatch repair (MMR) proteins. 
The enzymes, indoleamine 2,3-dioxygenase (IDO) and tryptophan 2,3-dioxygenase 
(TDO) that deplete tryptophan in the tumor microenvironment along the kynurenine 
pathway, are also involved in immunity. The tryptophan depleted microenvironment 
leads to suppression of effector T-cells or the conversion to tumor tolerant regulatory 
T-cells, leading to cancer immunosuppression (8-10). In serotonin producing NETs 
(SP-NETs), IDO and TDO play an important role since tryptophan is also the precursor 
of the serotonin pathway. Little is known about the complex interactions of NET tumor 
cells with their surrounding immune microenvironment. Consequently knowledge about 
potential targets for immunotherapy in patients with NET is limited. Therefore, the aim 
of this study was to investigate the tumor immune microenvironment, i.e. the presence 
of PD-L1, T-cells, IDO, TDO, MMR proteins and cancer associated fibroblasts in tissue 
of treatment-naive SP-NETs and non-serotonin producing NET patients (NSP-NETs). 
Immunohistochemically analyses were performed for PD-L1, T-cells, IDO, TDO, MMR 
and activated fibroblasts. Tumors of 33 patients with SP-NET and 18 patients with NSP-
NETs were studied. PD-L1 expression was seen in <1% of tumor and T-cells. T-cells 
were present in 33% of NETs, varying between 1-10% T-cells per high power field. IDO 
was expressed in tumor cells in 55% of SP-NETs and 22% of NSP-NETs (p=0.039). 
TDO was expressed in stromal cells in 64% of SP-NETs and 13% NSP-NETs (p=0.001). 
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None of the tumors had loss of MMR proteins. TDO positive stromal cells strongly 
expressed α-SMA and were therefore identified as cancer associated fibroblasts. We 
have demonstrated that NETs lack pre-existing immunity based on absence of PD-L1 
expression by tumor or T-cells, presence of only few infiltrating T-cells and no MMR 
deficient tumor. This illustrates that two mechanisms are responsible for the cold im-
mune microenvironment, namely the expression of IDO and TDO in a substantial part 
of NETs and the presence of cancer associated fibroblasts. 

Future perspectives
In our study with a web-based tailored information and support system, distress and 
satisfaction and perception of received information did not differ between the interven-
tion group using the web based system and controls receiving standard of care. This 
is in contrast to another web-based system where patients could have a direct interac-
tion with a nurse or physician. That randomized study was conducted in patients with 
advanced cancer. OS was prolonged in patients that were assigned to a program in 
which they could provide self-report symptoms at and between visits via a web-based 
questionnaire platform (11,12). In another web-based study, patients could monitor their 
symptoms, obtain individually tailored, evidence-based self-management support, ask 
questions to a clinical nurse specialist, communicate with other patients in a forum, 
and use a diary with the web-based system. The patients received questionnaires 
asking about reasons for using the different components of a specific WBS, and their 
usefulness (13). The highest rated component of that web-based system was e-mail 
communication with nurses, suggesting that more personalized information provision 
and communication is preferred. The contact and communication with health care 
professionals remain a crucial source of information and support for patients with NET. 
In the study reported in chapter 3, analyzing the WINS, patients in the control and 
intervention arm received standard care and therefore could call for every symptom or 
health question with a specialized nurse. The extensive standard care might be one of 
the reasons the WINS was not of additional value in patients with NET. Despite this, 
patients reported, they would like to obtain more information. These findings suggest 
that future web-based systems can have additional value in patients with NET if an 
interactive function is included that gives easy access to ask questions to a health care 
professional. 
We performed a feasibility study to improve symptoms that decrease QoL due to low 
vitamin status and unhealthy diet (chapter 4). With this study, we showed, in SSA-using 
patients with NET, that intervention with dietary advice and supplementation of defi-
ciency of vitamin A, D, E, K, B12 and niacin is feasible. Despite the intervention, which 
improved vitamin levels measured in blood or urine almost half of the patients had one 
or more deficient vitamin level. A heterogeneous effect on QoL was observed. We are 



Chapter 7

134

currently conducting a larger trial, (NCT03143946) in which we aim to decrease the 
number of NET patients with deficient vitamins A,D,E,K, B12 and niacin and thus to im-
prove QoL. Based on the data obtained from the feasibility study, we increased the dose 
and duration of vitamin supplementation of vitamin D and vitamin K, respectively. Since 
we performed one of the first trials in SSA-using patients with NET addressing nutrition, 
still multiple research questions are left including; do patients develop deficiencies of 
other micronutrients, how can we prevent patients to develop vitamin deficiencies, what 
is the role of nutrition state in quality of life, do patients with NET have a higher chance 
to develop malnutrition, or in case of use of SSA, to develop hypoglycaemia? GEP-NET 
and its treatment could lead to changes in gastro-enteropancreatic anatomy, to pan-
creas insufficiency and other toxicities and symptoms. Consequently, next to vitamin 
deficiencies, patients with NET probably also have higher risks to develop deficiencies 
of other micronutrients like, iron, calcium and folic acid. For future studies a stepwise 
approach is needed for SSA-using patients with NET, to determine how to improve the 
clinical benefit of a nutritional intervention. Currently there are not sufficient evidence 
based data on nutrition care for GEP-NET. Well-designed randomized trials are needed 
to get the knowledge in giving patients with NET optimal nutritional support.
In patients with GEP-NET QoL can depend on high neuroendocrine amine excretion. 
For patients with refractory carcinoid syndrome on SSAs, loco regional therapy of 
lesions with high production of these amines could be considered (14). We showed 
that [18F]FDOPA uptake varied between lesions within a SI-NET patient (chapter 5). 
Furthermore in some patients one or more lesions with mild or extreme high [18F]FDOPA 
uptake could be detected. Potentially, in patients with carcinoid syndrome [18F]FDOPA 
PET scans can be used to select lesions with substantially higher [18F]FDOPA uptake 
for local treatment like radiofrequency ablation, transarterial (chemo-) embolization, 
resection or selective interval radiation therapy. Although prospective or comparative 
trials of these local treatment modalities are lacking, small series describe symptom-
atic response rates of 75% for transarterial (chemo-) embolization, and an objective 
response rate of 50% for selective interval radiation therapy and transarterial (chemo-) 
embolization (15). In patients with colorectal liver metastases selective interval radia-
tion therapy with Yttrium-90 added to standard chemotherapy had a better median PFS 
than chemotherapy without selective interval radiation therapy (16). Currently patients 
with neuroendocrine tumors with liver metastases are recruited for a trial analyzing 
treatment with selective interval radiation therapy with Holmium166 after PRRT treat-
ment (NCT02067988). In another trial the potential benefit of local treatment with 
Yttrium90 labeled to 1,4,7,10-tetraazacyclododecane-N,N’,N″,N‴-tetraacetic acid-D-
Phe1-Tyr3-octreotide (DOTATOC) is analyzed in NET patients with liver metastases 
(NCT03197012). Potentially, [18F]FDOPA PET scans can be of value for selecting 
patients with substantially higher [18F]FDOPA uptake for these local treatments. 
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Recently, a phase III trial assessed the efficacy and safety of telotristat ethyl and dem-
onstrated a reduction in bowel movement frequency in the intervention group. This 
drug, in addition to SSA, was approved by the Food and Drug Administration and by 
the European Medicines Agency, for the treatment of patients with carcinoid syndrome 
diarrhea that SSA therapy has inadequately controlled (17). Unfortunately, this study did 
not investigate if the decreased bowel movements resulted in improved QoL. Improve-
ment of disease-related symptoms could contribute to improvement in QoL. To improve 
insight in clinical benefit, measurement of QoL, must be reported in future trials. 
For NET patients with good prognosis, improvement of QoL is of major importance. 
Therefore, QoL measurement should be part of NET related trials. The RADIANT-4 
trial investigated everolimus versus placebo in patients with advanced lung or gastro-
intestinal NETs. Treatment with everolimus was associated with improvement in PFS 
which was the primary endpoint of this trial. No difference between the two groups was 
observed in time to deterioration in QoL which was one of the secondary endpoints. Two 
hypotheses were reported to explain these results (18). Experienced toxicity of evero-
limus could be counterbalanced by the higher efficacy and potentially fewer disease 
related symptoms. Secondly, it was hypothesized that differences in QoL cannot be 
detected with the currently used methods. This might be a consequence of the indolent 
natural history of NET and the number of patients having symptoms at start of the 
study. Therefore, time to QoL deterioration would be a useful endpoint to measure in 
all NET trials, although not standardized (19). To improve ‘time to QoL deterioration’ as 
an endpoint, potential more simple methods to asses QoL in NET patients are needed, 
QoL assessments should be performed on a longer term, and a standardized approach 
to define time to deterioration is needed.
In chapter 6 we have demonstrated that NETs lack pre-existing immunity as they 
do not express PD-L1 on tumor or T-cells, there are only few infiltrating T-cells and 
none of the tumors was MMR protein deficient. The expression of IDO and TDO in a 
substantial part of NETs and the presence of cancer associated fibroblasts suggest 
two mechanisms responsible for the cold immune microenvironment. IDO inhibitors are 
currently clinically tested for their role to restore immune function with or without PD-1 
antibody inhibitors in phase II and III studies and an IDO1/TDO dual inhibitor is currently 
tested in a phase I study in patients with a solid tumor (NCT02073123 (20-23)). The 
phase III study, ECHO-301/KEYNOTE 252 was recently announced to be terminated 
early due to failure to improve PFS (24). In this study, patients with unresectable or 
metastatic melanoma were randomized to receive pembrolizumab in combination with 
either epacadostat (an IDO-inhibitor) or placebo. According to experts the IDO strategy 
has been moved to randomize clinical trials too fast (25). In our study we could not find 
an association between IDO expression and presence of T-cells and this might be an 
indication of the complex interaction of tumors and their immune microenvironment. 
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Preclinical studies in mouse models of various cancer types showed that cancer associ-
ated fibroblasts together with other stromal cells are being responsible for restricting the 
accumulation of T-cells in the vicinity of cancer cells (26). Furthermore, cancer associ-
ated fibroblasts act by secreting various growth factors like transforming growth factor-β 
(TGF-β) (27,28). Increased TGF-β in the tumor immune microenvironment is recently 
recognized to represent a primary mechanism of immune evasion that promotes T-cell 
exclusion (29). Combining TGF-β blockade with immune checkpoint blockade in mouse 
models increases the anti-tumor efficacy of the therapy, suggesting that identifying 
and targeting micro-environmental regulators of anti-tumor immunity may increase the 
reach of immunotherapy approaches (30). In pancreatic NET cell lines, TGF-β leads to 
G1 growth arrest and the existence of an autocrine anti-proliferative loop was seen in 
neuroendocrine tumor cells (31). However the midgut carcinoid cell line, KRJ-I, lacking 
TGF-β growth inhibition, utilizes the TGF-β system to induce gene responses associated 
with growth promotion, invasion, and metastases, in contrast with normal, physiologic, 
enterochromaffin cell lines (32). In immunohistochemical analysis in 8 out of 12 NET 
samples expressed TGF-β and co-expression of TGF-β in both tumor and surrounding 
tissue was detected in 4 tumor samples (31). There is however limited information as 
yet with regards to the role of TGF-β in the NET immune microenvironment.
Another potential drug, that could increase the immunity towards NETs and thereby 
their response to checkpoint inhibitors is interferon-α (IFN-α). Interferon is a registered 
drug for patients with NET (33). It plays a role in promoting tumor immunogenicity. IFN-α 
promotes a shift in host immunity against tumors, enhancing cell-mediated cytotoxicity 
and has a role in attracting CD4+ T-helper 1 lymphocytes traffic to the tumor (34). 
Furthermore CD8+ T-cells matured in the presence of IFN-α expressed significantly 
higher levels of PD-1 compared to CD8+ T-cells matured in presence of interleukin 12 
(35). Combination treatment of IFN-α could potentially lead to higher levels of PD-1 and 
more targets to be treated by PD-1 therapy, and is therefore interesting to investigate. A 
phase I study in advanced melanoma analyzing pegylated-IFN with pembrolizumab in 
advanced melanoma has shown an acceptable toxicity profile and evidence of clinical 
efficacy (36). In another phase I study, the combination with pembrolizumab and IFN-α 
was explored in patients with advanced melanoma or renal cell carcinoma. Limited anti-
tumor activity was observed. Response occurred in one of five patients with melanoma 
and two of 12 patients with renal cell carcinoma (37). Other clinical trials exploring the 
combination are ongoing. (NCT02112032, NCT02339324, (38)). Recently, the phase 
III trial SWOG SO518 analyzed the efficacy of bevacizumab plus octreotide LAR, com-
pared with IFN-α plus octreotide LAR in patients with advanced and progressive NET. 
This study could not show an advantage of bevacizumab with a PFS of 16.6 above 
IFN-α 15.4 (HR 0.93 (CI95% 0.73-1.18)).



7

137

Summary and future perspectives 

A long term control in tumor progression can be attained by IFN-α with an SSA in 
advanced NETs as presented in the SWOG SO518 (39,40). With the role of IFN-α 
in attracting CD4+ T-helper 1 lymphocytes traffic to the tumor, and leading to higher 
levels of PD-1 in T-cells, treatment with a PD-1 inhibitor combined with IFN-α probably 
become more effective in NET. Combining immune checkpoint blockade with micro-
environmental regulators like TGF-β blockers or with IFN-α increases the anti-tumor 
efficacy of the therapy and is therefore promising for NETs, which lack pre-existing 
immunity. However the first clinical trials exploring these combination therapies are on-
going in melanomas and other malignancies. To explore the effect of these combination 
therapies in patients with NET, the research has to be extended. 
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