
MRI for planning and characterization of uveal melanoma
patients treated with proton beam therapy
Jaarsma-Coes, M.G.

Citation
Jaarsma-Coes, M. G. (2023, February 2). MRI for planning and characterization
of uveal melanoma patients treated with proton beam therapy. Retrieved from
https://hdl.handle.net/1887/3514571
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University of
Leiden

Downloaded from: https://hdl.handle.net/1887/3514571
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3514571


MRI for planning and characterization of
uveal melanoma patients treated with

proton beam therapy

Myriam Jaarsma-Coes



ISBN: 978-94-6361-798-7
This work is part of the research program ’Protons4Vision’ with project number
14654, which is financed by the Dutch Research Council (NWO). Financial sup-
port for the printing of this thesis was kindly provided by Stichting Blindenhulp,
Rotterdamse Stichting Blindenbelangen and Landelijke Stichting voor Blinden en
Slechtzienden.
Typesetting by M.G.Jaarsma-Coes in LaTeX.
Cover design by M.G.Jaarsma-Coes.
Copyright © 2022 by M.G.Jaarsma-Coes.
An electronic version of this dissertation is available at the Leiden University
Repository.



MRI for planning and characterization of
uveal melanoma patients treated with

proton beam therapy

Proefschrift

ter verkrijging van
de graad van doctor aan de Universiteit Leiden,

op gezag van rector magnificus prof. dr. ir. H. Bijl,
volgens besluit van het college voor promoties
te verdedigen op donderdag 2 februari 2023

klokke 10:00 uur

door

Myriam Jaarsma-Coes
geboren te Gouda

in 1991



Promotoren

Prof. dr. A.G. Webb
Prof. dr. G.P.M. Luyten

Copromotor

dr.J.W.M. Beenakker

Promotiecommissie

Prof. dr. ir. M.P.J. van Osch
dr. P. de Graaf (Amsterdam UMC)
Prof. dr. M.S. Hoogeman (Erasmus University Medical Center)
Prof. dr. M.J. Jager
Prof. dr. A.M. Joussen (Charité Universitätsmedizin Berlin)



Contents

1 General introduction 1
1.1 Uveal melanoma on MRI . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Functional scans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3 This thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2 Measuring eye deformation between planning and proton beam
therapy position using magnetic resonance imaging 17
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.2 Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
2.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.5 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.6 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
2.7 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3 Inter-Observer variability in MR-based target volume delineation
of uveal melanoma 33
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.2 Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.6 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4 Comparison of MRI-based and conventional measurements for pro-
ton beam therapy of uveal melanoma 53
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
4.2 Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . 56
4.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
4.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
4.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4.6 Appendix - Optical biometry in uveal melanoma . . . . . . . . . . 71
4.7 Appendix - Ray tracing simulations . . . . . . . . . . . . . . . . . . 77

v



vi Contents

4.8 Appendix - MRI protocols for ocular-PT planning . . . . . . . . . 80
4.9 Appendix - Detailed comparison results . . . . . . . . . . . . . . . 82
4.10 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

5 MRI enables accurate diagnosis and follow-up in UM patients after
vitrectomy 97
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
5.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
5.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
5.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
5.6 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
5.7 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

6 Eye specific quantitative dynamic contrast enhanced MRI analysis
for patients with intraocular masses 107
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
6.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
6.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
6.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
6.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
6.6 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

7 General discussion 131
7.1 Ocular MRI from a ophthalmology perspective . . . . . . . . . . . 132
7.2 Future perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
7.3 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

Nederlandse samenvatting 147

Acknowledgements 151

Curriculum Vitæ 153

List of Publications 155


