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Discussion

Neuroendocrine tumors (NETs) are a group of neoplasms with highly variable presentation 
and prognosis. Therefore, the selection of biomarkers and treatment needs to be tailored 
in the individual patient. This thesis attempted to further elucidate the correct selection of 
biomarkers and therapy for NETs and highlight quality of care.

Diagnosis and prognosis

Currently, the final confirmation of the diagnosis of a NET is still based on histology, because 
as to date no circulating liquid biomarker has sufficient diagnostic and prognostic value.1 
The general biomarkers chromogranin A (CgA) and neuron-specific enolase (NSE) are most 
widely used. They are best validated for prognostic significance, but lack sensitivity in the 
diagnostic phase. As a diagnostic marker for NETs, CgA has an overall sensitivity of 73% 
and a specificity of 95%, but many studies exclude patients with interfering conditions and 
thus the marker is poorly validated in the general population.2 NSE is mainly elevated in 
patients with poorly differentiated NETs and small-cell lung cancer. For the diagnosis of NETs 
in general, NSE has a sensitivity of only 39-43% and a specificity of 65-73%.3,4 Therefore, 
both CgA and NSE lack the diagnostic power needed for diagnosing NETs, but they hold 
some merit in predicting prognosis. Strongly elevated CgA has been associated with a HR of 
1.9-4.5 for death, but different cut-offs are used5,6. Also at follow-up, interfering conditions 
still hamper the prognostic value. Elevated NSE levels were associated with a hazard ratio 
(HR) of 2.0 for death in a single study 7. But while an increase of NSE or CgA during follow-
up can potentially indicate disease progression, it is not always associated with radiological 
progression and therefore, a biomarker increase alone will seldom lead to a decision change 
regarding treatment in real practice. As described in chapter 2 of this thesis, addition of uri-
nary 5-hydroxyindoleacitic acid (5-HIAA) excretion did not add to the prognostic value of this 
set of biomarkers. 5-HIAA is a metabolite of serotonin and can be measured in plasma and 
urine with equal reliability.8 A very elevated urinary 5-HIAA excretion was associated with a 
shorter survival with a hazard ratio of 1.62 (95% CI: 1.09-2.39). This association with shorter 
survival has been confirmed in several studies.9-13 However, after correction for stage, grad-
ing and other biomarkers, urinary 5-HIAA excretion was no longer a predictor for survival. 
Similar results were also reported in the only other study including CgA in the multivariate 
analysis.5 Chapter 3 confirmed this finding in pancreatic NET. In conclusion, CgA, NSE and 
5-HIAA are predictive for prognosis, but lack the power to support clinical decision making.

But while the current available biomarkers have certain flaws, they cannot be abolished 
altogether. NETs can present with a variety of clinical syndromes associated with hypersecre-
tion of hormones like serotonin, gastrin, glucagon, VIP and insulin. Especially these specific 
biomarkers are of great importance. It is essential that the clinician recognizes the symptoms 
of neuroendocrine syndromes for timely diagnosis and because they require specific treat-
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ment. The diagnosis of neuroendocrine syndromes should be based on a combination of 
symptoms and an elevated biomarker. This requires the treating physician to know the test 
characteristics, as for example a randomly elevated insulin is not diagnostic for a insulinoma. 
When the specific biomarkers gastrin, glucagon, VIP and insulin are correctly used they have 
a high diagnostic value and this ensures correct treatment of the NET patient .

The need for new diagnostic and prognostic biomarkers remains. New assays using circu-
lating tumor cells (CTC’s), circulating tumor DNA or mRNA are currently being studied. The 
sensitivity of CTC’s as a diagnostic test is limited, because only in about 50% of NET patients 
CTC’s can be detected.14 Several studies have shown promising results, using the “NETest” 
for the diagnosis or follow-up of NETs. The NETest measures circulating NET transcripts and 
uses an algorithm to produce a score reflecting the likelihood of a having a NET.15 The first 
studies with this test showed very promising results with area’s under the curve of more 
than 0.94.16 However, there is no fixed cut-off at this time and the undisclosed algorithm 
limits reproducibility. Furthermore, the NETest performed poorly in a Dutch population with 
a specificity of only 56%.17 With the limited performance of the different biomarkers, clinical 
decision making will probably remain to be based on radiology in the coming years.

Treatment

Chapters 5 to 7 of this thesis demonstrate that PRRT with 177Lu-DOTATATE is effective in 
treating hypersecretory NETs by reducing the symptomatic burden and improving quality of 
life. In addition 177Lu-DOTATATE has earlier been shown to increase progression-free survival 
in patients with low-grade metastatic small intestinal NET and high response rates have been 
reported in pancreatic NET patients.18,19 While PRRT is already an effective therapy with 
relatively few side effects, further steps for optimization of this therapy remain necessary. 
Currently somatostatin analogues (SSAs) are advised as the first step in the treatment of low-
grade NET in international guidelines.20 They also have an anti-proliferative effect and reduce 
the secretion of hormones thereby reducing symptoms of the hormonal syndromes.21-23 
This effectivity combined with low toxicity rates have led to SSAs being regarded as the 
first-line treatment for low-grade NET. 177Lu-DOTATATE has mainly been studied in patients 
with a progressive NET despite treatment with a SSA. Patients with functioning NETs should 
continue SSA after progression to continue to reduce hormone secretion, but the strategy 
for SSAs after PRRT in patients with non-functioning NET is not clear and requires further 
studies. Also, the timing of PRRT in the treatment of NETs needs further elucidation. There is 
limited experience with treatment with PRRT as a first line,19 but a sequencing trial with SSAs 
has never been performed. Especially the high symptomatic response rates after PRRT for 
functioning pancreatic NETs could be an argument for PRRT as a first line treatment in these 
patients. Furthermore, the sequencing with other therapies like everolimus and sunitnib in 
relation to PRRT should be a topic of future studies.
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A new strategy to increase effectivity of PRRT could be to combine 177Lu-DOTATATE with 
other drugs. The first result of trials combining PRRT with chemotherapy are expected in the 
coming years. Secondly, the effect of combining PRRT with poly(ADP-ribose) polymerase-1 
(PARP) inhibitors shows increases in cell cycle arrest and cell death in vitro.24,25 As a third, 
immunotherapy has shown very promising results in various malignancies, like melanoma 
and lung cancer.26,27 Currently expanding their clinical use are the immune-checkpoint inhibi-
tors, which act on the interaction between T-cells and tumor cells. The immune checkpoints 
regulate the immune response to maintain self-tolerance, but tumor cells can also dys-
regulate the expression of immune-checkpoints as a way to avoid recognition by cytotoxic 
T-cells. The first immune-checkpoint to be targeted was cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA4) which down modulates T-cell activation.28 A second target is programmed 
death-1 (PD-1). The ligands of PD-1 (PD-L1) are found on the surface of antigen-presenting 
cells, non-lymphoid cells and cancerous cells. Binding of PD-1 to its ligand PD-L1 inhibits the 
activation of T-cells.29 Based on the result of three randomized controlled trials the PD-L1 
inhibitor pembrolizumab has become first-line treatment in metastatic non-small cell lung 
cancer with PD-L1 expression in more or equal than 50% of tumor cells.30-32 In patient with 
non-small cell lung cancer with smaller percentages of PD-L1 expression, pembrolizumab 
did not significantly increase progression-free and overall survival.31,32 A ≥50% expression of 
PL-L1 was demonstrated in only 14% of small intestinal NET, but seems to be higher in poorly 
differentiated NEN.33,34 In a trial treating patients with small intestinal NET and pancreatic 
NET with pemprolizumab, less than 25% of patients were eligible for treatment based on 
PD-L1 positivity on histology. An objective response was seen in 6% of patients with a small 
intestinal NET and 12% of patients with a pancreatic NET resulting in a progression-free 
survival of respectively 5.6 and 4.5 months.35 Higher response rates are seen with spartali-
zumab, mainly in lung NET and neuroendocrine carcinoma (Yao J, ESMO 2018). The relatively 
low response rates are probably caused by the low-immune response as NETs have a low 
mutational burden and will thus have limited neo-antigens as a recognition site for the im-
mune system.36 It can therefore be expected that immune therapy will likely be effective in 
high-grade NEN only or primary sites with higher mutational burden. In lung cancer with 
low PD-L1 expression pembrolizumab did become effective in combination with chemo-
therapy.37 For NETs immune-checkpoint inhibitors could possibly be used in combination 
with other therapy, like PRRT. The cell damage caused by PRRT could potentially upregulate 
the immune response causing by increasing antigen presentation and this can be studied in 
future trials, but the especially in slow-growing NETs toxicity should be weighed against the 
potential benefit.

A change in radiopharmacon itself could potentially increase effectivity. In 2006 it was 
first demonstrated that somatostatin receptor (SSTR) antagonists labeled more receptor 
sites than agonists potentially increasing tumor uptake.38 Thereafter the antagonist 111In-
DOTABASS (111In-DOTA-pNO2-Phe-c(D-Cys-Tyr-D-Trp-Lys-Thr-Cys)D-TyrNH2 ) was tested to 
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four times higher tumor uptake than 111In-DTPA-octreotide.39 But also SSTR antagonists 
labeled with PET radioisotopes have been developed. The main advantage of the SSTR an-
tagonist is a lower uptake in normal organs resulting in a higher tumor to background.40 The 
higher tumor-background ratio might also be useful for therapeutics PRRT with somatostatin 
antagonists, resulted higher tumor-to-kidney and tumor-to-bone marrow ratios than PRRT 
with octreotate with promising response.41

Lastly, the treatment with 177Lu-DOTATATE could be expanded to other cancers. There is 
limited evidence for treating patients with medullary thyroid carcinoma and meningioma 
with 177Lu-DOTATATE .42(Beukhof CM, unpublished) Chapter 5 of this thesis demonstrated a 
beneficial effect of PRRT with 177Lu-DOTATATE for patients with a paraganglioma, following 
an earlier study also demonstrating considerable response rates.43 Considering these two 
studies and in light of limited treatment options, PRRT with 177Lu-DOTATATE can be recom-
mend for the treatment of paragangliomas. However, the burden of evidence remains lim-
ited and would benefit from prospective trials. A randomized controlled trial will probably be 
hampered by the low incidence of paragangliomas, but a prospective trial with standardized 
inclusion criteria is feasible and would increase the burden of evidence.

Quality of Care

For various malignancies centralizing care in expert centers has led to a significant increase 
in quality of care, mainly illustrated by fewer surgical complications and improved surgi-
cal outcome. In the Netherlands this has been demonstrated for ovarian, esophageal and 
pancreatic cancer. Centralization of care resulted in an increase of complete cytoreduction 
of ovarian cancers (42% to 52%, p<0.001).44 For esophageal cancer, an increase of hospital 
volume from 20 to 60 esophagectomies per year was associated with a decrease of 6 months 
mortality (HR 0.67, 95% CI: 0.58-0.77).45 Thirdly, overall survival for patients with pancreatic 
cancer in the Netherlands is longer in high-volume centers.46

In this thesis, patient were studied who were referred to an expert center for a NEN. It 
was demonstrated that a high percentage of patients had significant changes in diagnosis 
or treatment. This could potentially reflect a patient benefit, but survival rates, or patient 
satisfaction were not studied. One study demonstrated an increase in survival for patients 
treated in an Australian expert center: median overall survival was 112 months in the expert 
center in Australia versus only 32 months for patients treated elsewhere.47 This might be 
partly caused by patients receiving more lines of therapy, but the large difference in median 
survival does however suggest a certain bias.

Whether centralization also benefits the patient with a NET has not been proven yet, since 
only few papers report on patient satisfaction or survival in NET expert centers. However, the 
rarity of NETs and the lack of guidelines, make the benefit hardly undisputed. The benefit for 
a patient with a NET lies mainly in the cooperation of multiple dedicated specialties, central-
ized in the expert center. For the diagnosis, staging and grading of a NET experience in the 
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pathology diagnosis is required and correct selection and interpretation of nuclear imaging 
is essential. Thereafter, the treatment of the NET patient needs to be approached through 
a combination of endocrine and oncological principles. All these specialties are needed for 
treatment of the NET patient.

Additionally. ENETS has certain requirements to be registered as a so-called “ENETS Cen-
ter of Excellence” (CoE). These requirements include representation of different medical 
specialties (as mentioned above), a fixed structure for patient care and a minimum number 
of NET patients. The fixed structure with a multidisciplinary team (MDT) has been proven 
effective in various cancers and this benefit can be extrapolated to the NET MDT. However, 
for NET the volume standard has never been studied, but it is advised by ENETS (80 patients) 
and through the Dutch SONCOS standardization reports (50 patients). These numbers sug-
gest that volume equals quality, but rather than focusing on a number the emphasis should 
lie on various fixed quality of care criteria.

In conclusion, centralization has not been proven beneficial for NET patients, but benefit 
may be assumed. To obtain and maintain the benefit, expert centers should be obligated to 
continuously analyze their endpoints to prove their benefit and identify points for improve-
ments.

Discussion 7



References

	 1.	 Hofland J, Zandee WT, de Herder WW. Role of biomarker tests for diagnosis of neuroendocrine tu-
mours. Nat Rev Endocrinol 2018.

	 2.	 Yang X, Yang Y, Li Z, et al. Diagnostic value of circulating chromogranin a for neuroendocrine tumors: a 
systematic review and meta-analysis. PLoS One 2015; 10(4): e0124884.

	 3.	 Baudin E, Gigliotti A, Ducreux M, et al. Neuron-specific enolase and chromogranin A as markers of 
neuroendocrine tumours. Br J Cancer 1998; 78(8): 1102-7.

	 4.	 Nobels FR, Kwekkeboom DJ, Coopmans W, et al. Chromogranin A as serum marker for neuroendocrine 
neoplasia: comparison with neuron-specific enolase and the alpha-subunit of glycoprotein hormones. 
J Clin Endocrinol Metab 1997; 82(8): 2622-8.

	 5.	 Janson ET, Holmberg L, Stridsberg M, et al. Carcinoid tumors: analysis of prognostic factors and sur-
vival in 301 patients from a referral center. Ann Oncol 1997; 8(7): 685-90.

	 6.	 Bergestuen DS, Aabakken L, Holm K, Vatn M, Thiis-Evensen E. Small intestinal neuroendocrine tumors: 
Prognostic factors and survival. Scandinavian Journal of Gastroenterology 2009; 44(9): 1084-91.

	 7.	 van Adrichem RC, Kamp K, Vandamme T, Peeters M, Feelders RA, de Herder WW. Serum neuron-
specific enolase level is an independent predictor of overall survival in patients with gastroenteropan-
creatic neuroendocrine tumors. Ann Oncol 2015.

	 8.	 Adaway JE, Dobson R, Walsh J, et al. Serum and plasma 5-hydroxyindoleacetic acid as an alternative 
to 24-h urine 5-hydroxyindoleacetic acid measurement. Ann Clin Biochem 2015.

	 9.	 Turner GB, Johnston BT, McCance DR, et al. Circulating markers of prognosis and response to treat-
ment in patients with midgut carcinoid tumours. Gut 2006; 55(11): 1586-91.

	 10.	 van der Horst-Schrivers AN, Post WJ, Kema IP, et al. Persistent low urinary excretion of 5-HIAA is a 
marker for favourable survival during follow-up in patients with disseminated midgut carcinoid tu-
mours. Eur J Cancer 2007; 43(18): 2651-7.

	 11.	 Formica V, Wotherspoon A, Cunningham D, et al. The prognostic role of WHO classification, urinary 
5-hydroxyindoleacetic acid and liver function tests in metastatic neuroendocrine carcinomas of the 
gastroenteropancreatic tract. Br J Cancer 2007; 96(8): 1178-82.

	 12.	 Hellman P, Lundstrom T, Ohrvall U, et al. Effect of surgery on the outcome of midgut carcinoid disease 
with lymph node and liver metastases. World J Surg 2002; 26(8): 991-7.

	 13.	 Agranovich AL, Anderson GH, Manji M, Acker BD, Macdonald WC, Threlfall WJ. Carcinoid tumour of 
the gastrointestinal tract: prognostic factors and disease outcome. J Surg Oncol 1991; 47(1): 45-52.

	 14.	 Khan MS, Kirkwood A, Tsigani T, et al. Circulating tumor cells as prognostic markers in neuroendocrine 
tumors. J Clin Oncol 2013; 31(3): 365-72.

	 15.	 Modlin IM, Drozdov I, Kidd M. The identification of gut neuroendocrine tumor disease by multiple 
synchronous transcript analysis in blood. PLoS One 2013; 8(5): e63364.

	 16.	 Modlin IM, Drozdov I, Alaimo D, et al. A multianalyte PCR blood test outperforms single analyte ELISAs 
(chromogranin A, pancreastatin, neurokinin A) for neuroendocrine tumor detection. Endocr Relat 
Cancer 2014; 21(4): 615-28.

	 17.	 van Treijen MJC, Korse CM, van Leeuwaarde RS, et al. Blood Transcript Profiling for the Detection of 
Neuroendocrine Tumors: Results of a Large Independent Validation Study. Front Endocrinol (Laus-
anne) 2018; 9.

	 18.	 Strosberg J, El-Haddad G, Wolin E, et al. Phase 3 Trial of 177Lu-Dotatate for Midgut Neuroendocrine 
Tumors. N Engl J Med 2017; 376(2): 125-35.

	 19.	 Kwekkeboom DJ, de Herder WW, Kam BL, et al. Treatment with the radiolabeled somatostatin analog 
[177 Lu-DOTA 0,Tyr3]octreotate: toxicity, efficacy, and survival. J Clin Oncol 2008; 26(13): 2124-30.

8 Erasmus Medical Center Rotterdam



	 20.	 Pavel M, O’Toole D, Costa F, et al. ENETS Consensus Guidelines Update for the Management of Distant 
Metastatic Disease of Intestinal, Pancreatic, Bronchial Neuroendocrine Neoplasms (NEN) and NEN of 
Unknown Primary Site. Neuroendocrinology 2016; 103(2): 172-85.

	 21.	 Caplin ME, Pavel M, Ruszniewski P. Lanreotide in metastatic enteropancreatic neuroendocrine tumors. 
N Engl J Med 2014; 371(16): 1556-7.

	 22.	 Modlin IM, Pavel M, Kidd M, Gustafsson BI. Review article: somatostatin analogues in the treatment 
of gastroenteropancreatic neuroendocrine (carcinoid) tumours. Aliment Pharmacol Ther 2010; 31(2): 
169-88.

	 23.	 Rinke A, Muller HH, Schade-Brittinger C, et al. Placebo-controlled, double-blind, prospective, random-
ized study on the effect of octreotide LAR in the control of tumor growth in patients with metastatic 
neuroendocrine midgut tumors: a report from the PROMID Study Group. J Clin Oncol 2009; 27(28): 
4656-63.

	 24.	 Nonnekens J, van Kranenburg M, Beerens CE, et al. Potentiation of Peptide Receptor Radionuclide 
Therapy by the PARP Inhibitor Olaparib. Theranostics 2016; 6(11): 1821-32.

	 25.	 Purohit NK, Shah RG, Adant S, Hoepfner M, Shah GM, Beauregard JM. Potentiation of (177)Lu-
octreotate peptide receptor radionuclide therapy of human neuroendocrine tumor cells by PARP 
inhibitor. Oncotarget 2018; 9(37): 24693-706.

	 26.	 Schadendorf D, Hodi FS, Robert C, et al. Pooled Analysis of Long-Term Survival Data From Phase II 
and Phase III Trials of Ipilimumab in Unresectable or Metastatic Melanoma. J Clin Oncol 2015; 33(17): 
1889-94.

	 27.	 Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the treatment of non-small-cell lung cancer. N Engl 
J Med 2015; 372(21): 2018-28.

	 28.	 Leach DR, Krummel MF, Allison JP. Enhancement of antitumor immunity by CTLA-4 blockade. Science 
1996; 271(5256): 1734-6.

	 29.	 Dong H, Strome SE, Salomao DR, et al. Tumor-associated B7-H1 promotes T-cell apoptosis: a potential 
mechanism of immune evasion. Nat Med 2002; 8(8): 793-800.

	 30.	 De Lima Lopes G, Wu YL, Sadowski S, et al. P2.43: Pembrolizumab vs Platinum-Based Chemotherapy 
for PD-L1+ NSCLC: Phase 3, Randomized, Open-Label KEYNOTE-042 (NCT02220894): Track: Immu-
notherapy. Journal of thoracic oncology : official publication of the International Association for the 
Study of Lung Cancer 2016; 11(10s): S244-s5.

	 31.	 Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab versus Chemotherapy for PD-L1-
Positive Non-Small-Cell Lung Cancer. N Engl J Med 2016; 375(19): 1823-33.

	 32.	 Carbone DP, Reck M, Paz-Ares L, et al. First-Line Nivolumab in Stage IV or Recurrent Non-Small-Cell 
Lung Cancer. N Engl J Med 2017; 376(25): 2415-26.

	 33.	 Cives M, Strosberg J, Al Diffalha S, Coppola D. Analysis of the immune landscape of small bowel 
neuroendocrine tumors. Endocr Relat Cancer 2018; 26(1): 119-30.

	 34.	 Kim ST, Ha SY, Lee S, et al. The Impact of PD-L1 Expression in Patients with Metastatic GEP-NETs. 
Journal of Cancer 2016; 7(5): 484-9.

	 35.	 Ott PA, Bang YJ, Piha-Paul SA, et al. T-Cell-Inflamed Gene-Expression Profile, Programmed Death Ligand 
1 Expression, and Tumor Mutational Burden Predict Efficacy in Patients Treated With Pembrolizumab 
Across 20 Cancers: KEYNOTE-028. J Clin Oncol 2018: Jco2018782276.

	 36.	 Scarpa A, Chang DK, Nones K, et al. Whole-genome landscape of pancreatic neuroendocrine tumours. 
Nature 2017; 543(7643): 65-71.

	 37.	 Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. Pembrolizumab plus Chemotherapy in Metastatic Non-
Small-Cell Lung Cancer. N Engl J Med 2018; 378(22): 2078-92.

Discussion 9



	 38.	 Ginj M, Zhang H, Waser B, et al. Radiolabeled somatostatin receptor antagonists are preferable to 
agonists for in vivo peptide receptor targeting of tumors. Proc Natl Acad Sci U S A 2006; 103(44): 
16436-41.

	 39.	 Wild D, Fani M, Behe M, et al. First clinical evidence that imaging with somatostatin receptor antago-
nists is feasible. J Nucl Med 2011; 52(9): 1412-7.

	 40.	 Nicolas GP, Schreiter N, Kaul F, et al. Sensitivity Comparison of (68)Ga-OPS202 and (68)Ga-DOTATOC 
PET/CT in Patients with Gastroenteropancreatic Neuroendocrine Tumors: A Prospective Phase II Imag-
ing Study. J Nucl Med 2017; 59(6): 915-21.

	 41.	 Wild D, Fani M, Fischer R, et al. Comparison of somatostatin receptor agonist and antagonist for 
peptide receptor radionuclide therapy: a pilot study. J Nucl Med 2014; 55(8): 1248-52.

	 42.	 Seystahl K, Stoecklein V, Schuller U, et al. Somatostatin receptor-targeted radionuclide therapy for 
progressive meningioma: benefit linked to 68Ga-DOTATATE/-TOC uptake. Neuro-oncology 2016; 
18(11): 1538-47.

	 43.	 Kong G, Grozinsky-Glasberg S, Hofman MS, et al. Efficacy of Peptide Receptor Radionuclide Therapy 
for Functional Metastatic Paraganglioma and Pheochromocytoma. J Clin Endocrinol Metab 2017; 
102(9): 3278-87.

	 44.	 Eggink FA, Mom CH, Kruitwagen RF, et al. Improved outcomes due to changes in organization of care 
for patients with ovarian cancer in the Netherlands. Gynecologic oncology 2016; 141(3): 524-30.

	 45.	 Henneman D, Dikken JL, Putter H, et al. Centralization of esophagectomy: how far should we go? Ann 
Surg Oncol 2014; 21(13): 4068-74.

	 46.	 Gooiker GA, Lemmens VE, Besselink MG, et al. Impact of centralization of pancreatic cancer surgery 
on resection rates and survival. Br J Surg 2014; 101(8): 1000-5.

10 Erasmus Medical Center Rotterdam


