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Summary

The aim of this thesis was to quantify and harmonise nuclear imaging techniques for 

patients with neuroendocrine tumours (NETs), and to identify parameters associated 

with survival, toxicity and response after peptide receptor radionuclide therapy (PRRT) 

in order to advance post-therapy dosimetry and response evaluation, which may 

ultimately lead to personalised treatment. 

Part I - Quantitative nuclear imaging and post-therapy dosimetry in 
NETs
Nuclear medicine imaging techniques are embedded in current clinical care for patients 

with NETs, both in the diagnostic and therapeutic setting. However, assessment of 

diagnostic [68Ga]Gallium (68Ga)-DOTATATE PET/CT is mainly performed visually due to 

the lack of evidence for quantitative measurements and guidelines for harmonisation. 

Therefore, quantitative 68Ga PET/CT imaging was evaluated in a multicentre setting and 

described in Chapter 2. 68Ga RC-curves were on the lower limit of established standards 

for [18F]Fluorine (18F) without any corrections. After correction for local 68Ga/18F cross-

calibration, the mean 68Ga PET/CT quantification performance was 5% below mean of 

the 18F-performance specifications. Therefore, it is advised to maintain acquisition and 

reconstruction protocols as designed and validated for 18F to avoid multiple protocols, 

and to perform local corrections for 68Ga/18F calibration mismatch. 

The advantage of PRRT with [177Lu]Lutetium (177Lu)-DOTATATE is that this isotope 

emits γ-photons to enable post-therapy imaging, in addition to the therapeutic effect 

of the emitted β--particles. Two principal photopeaks at 113 keV and 208 keV can be 

selected for 177Lu imaging, often acquired with a medium energy low penetration (MELP) 

collimator and multiple scatter windows for scatter correction. Combinations of the 

aforementioned settings and a comparable collimator ([99mTc]Technetium-Krypton or 

Mullekom) were evaluated for image quality, recovery and spatial resolution in Chapter 3. 

The NEMA image quality phantom was filled with three sphere-to-background ratios and 

accordingly imaged with all combinations of acquisition and reconstruction parameters. 

Overall, 177Lu-SPECT/CT was optimal when acquired with the MELP collimator and 

reconstructed using the 208 keV photopeak with scatter correction. 

Quantitative post-therapy 177Lu-imaging-based dosimetry enables therapy evaluation by 

means of absorbed dose assessment. Sequential imaging acquisitions are required to 

determine the cumulative activity in a certain organ or tumour, since uptake and excretion 

of the radiopharmaceutical are dynamic processes. The state-of-the-art literature review 

in Chapter 4 shows that clinical dosimetry in PRRT is feasible, and can result in improved 
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treatment outcomes. However, current clinical dosimetry studies mainly focus on safety 

and apply non-voxel based dosimetry methods. The next step towards routine dosimetry 

in PRRT for NET should include the use of sophisticated methods with standardised 

time points and routine assessment of tumour and normal tissue uptake. Since NETs are 

rare tumours and follow-up of several years is required before treatment effects can be 

observed, multicentre data collection and comparison is essential to gather evidence for 

dosimetry. However, many different approaches are used in literature.

In Chapter 5, dosimetry results of two commercial software packages, OLINDA/EXM 

and PLANET Dose, were evaluated using the same clinical dataset with similar kinetic 

modelling. The mono-exponential fits of the time-activity curve showed the most 

comparable correlation between the measured and fitted data between the two 

software packages, with intraclass correlation coefficients >0.7 for kidneys and tumour 

lesions. The according dosimetric outcomes using the mono-exponential fitting were 

comparable with Spearman correlation coefficients >0.9 for kidneys and tumour lesions. 

The results in Chapter 5 showed that 177Lu-DOTATATE dosimetry results of two software 

packages are comparable in the same dataset. These results should be verified in future 

studies with emphasis on the effect of different acquisitions, protocols, timing of the 

post-therapy imaging acquisitions and target definitions. 

Part II - Clinical outcome after PRRT
Survival is the most important outcome parameter for patients and clinicians, and prior 

knowledge on clinical and treatment parameters associated with progression free 

survival and overall survival is helpful to determine whether or not a patient should be 

considered for PRRT. The multivariate analysis in Chapter 6 showed that higher Ki-67 

values had a negative outcome on both progression free survival and overall survival, 

in addition to higher Chromogranin-A levels and previous chemotherapy. Furthermore, 

progression free survival was negatively associated with previous interferon-α treatment 

and diabetes, while lower overall survival was related to prior ablation and higher 

performance status.

Although severe (CTCAE grade 3-4) haematotoxicity during PRRT is generally limited, 

grade 2 is common and could affect patient’s therapy management. Therefore, the 

course and incidence of haematotoxicity during PRRT was investigated in Chapter 7, 

as well as its influence on therapy management. Furthermore, differences in baseline 

characteristics between patients with different CTCAE haematotoxicity grades were 

explored. The highest observed haematotoxicity CTCAE grade was grade 0-1 in 55% of 

patients, grade 2 in 39% and grade 3-4 in 6%. In 21/100 of patients the treatment schedule 

was adjusted due to haematotoxicity, of whom in 3 patients PRRT was permanently 
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discontinued and the others could continue treatment. However, no differences in 

baseline patient and tumour characteristics between none to mild, moderate and severe 

haematotoxicity were identified. The results in this chapter suggest that the predictive 

value of pre-therapy parameters is limited for the incidence of haematotoxicity during 

PRRT, and with the low number of patients with established toxicity the selection criteria 

should not be adjusted. 

At this moment, response assessment after PRRT is performed by evaluation of change 

in size on anatomical imaging, however, NETs are slow-growing tumours and changes 

on anatomical imaging are often limited. Therefore, change in somatostatin receptor 

expression visualised on 68Ga-DOTATATE PET/CT or change in serum tumour marker 

Chromogranin-A could be biomarkers for earlier response assessment. 

The role of different response evaluation methods (anatomical imaging, 68Ga-DOTATATE 

PET/CT and Chromogranin-A) and their predictive value for overall survival was evaluated 

in Chapter 8. Patients with progressive disease after 9 months on anatomical imaging 

had a significantly worse OS compared to patients with stable disease or response. 

Progressive disease according to Response Evaluation Criteria in Solid Tumours (RECIST) 

after 9 months resulted in significant worse survival compared to patients with stable 

disease. Similarly, progressive disease at 9 months according to Choi was associated 

with worse OS of compared patients with stable disease, and also compared to patients 

with response. Furthermore, new lesions were detected earlier with 68Ga-DOTATATE 

PET/CT than with anatomical imaging, however this was not associated with overall 

survival. 

In conclusion, this thesis contributes to knowledge of NET-imaging quantification and 

post-therapy dosimetry, as well as prediction of toxicity, response and survival after 

PRRT. Future research should at least include (imaging) analysis and modelling to further 

investigate biomarkers for patient selection. Multimodality approaches, multidisciplinary 

meetings and multicentre collaborations are essential for evaluation and to accomplish 

harmonised and personalised workflows for patients with NETs receiving PRRT. 


