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Treatment planning using EYEPLAN
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Available ophthalmological and imaging information

Fundus Clip surgery Ultra sound
tumor form / location distances: clip - tumor tumor size (thickness, length, width)

distance: tumor - macula / optic disc distances: clip - limbus distances: optic disc - tumor / clip

AL: 24 m (SNR = 362.1)

D R1: 8.0 41.09 dpt x 104
4176 dpt x 14
r

41.42 dpt

x 104
VKT: 3.72
Ref.: 0dpt 0 dpt x 0° Ref.: 0dpt 0 dpt x 0

Status: phak

14

atus: phak

E

Biometry High resolution CT / MRI Optical coherence tomography (OCT)

eye length geometry of eye and tumor distance: tumor - macula
cornea radii clip positions distance: tumor - optic disc
anterior chamber depth material in the eye (normal, gas, Si-oil) distance: macula - optic disc
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Example: CT in EYEPLAN

high resolution CT spherical /elliptical eye  model fitted to CT-clips model manually fitted
- eye length & width model fitted to clips _, deviations between [0 CT b_y rotat_ion and
- sclera thickness model and CT translation, clips stay

* lens position & size in position

— worsening of y?

— time consuming (~3 hrs) and cumbersome
(between1998 to 2006 over 700 patients planned)
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Idea behind OCTOPUS A
Model based treatment planning like EYEPLAN

Additionally, fusion between EYEPLAN and 3D treatment planning:
* integration of 3D imaging (CT, MR, ...)
* integration of fundus imaging
 fundus based target delineation (like EYEPLAN)
» slice by slice target delineation based on CT, MR, ...

Dose calculation similar to EYEPLAN
(pencil beam planed, but not clinically realised)
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OCTOPUS: eye modelling

—Image Cube =| Transversal View E Sagittal View
Pixel Size: Ih_1ﬂ4u““ Fixels: I:25E

Slice Thickness: Ih.ZSUUUU Slices: I?’ISZ

— Eye Input

Tumor Eye: + Right * Left

Axial Length: W

Eye Ball Radius (L A S): |f12.uu Ij“_uu IE’IZ-UU

Comea Radius (L A 8): I»”;1 I];_Bﬁ |77.|;1

Limbus Diameter (L S): I;”_UU I?I1.UU

Lens Diameter (L A S): I:E_m 80 Ip_nn

SclerasComea Thickness: I.”]“— IF

Distance Comea-Lens: W il

Create | Clear |

Eye model set-up

* eye length (biometry) o
° eye Wldth (CT) :':‘o“rsPSa::‘n;etgn Siice Thickness:

wus Diagram | Tumor Eye: W Bight & 161

« cornea radius (biometry) | g o

n Parametlers | Eye Ball Radius (L A §):

" .
10.194000 Pixels:

I:I].ZEI]I]I]I] Slices:

— Eye Input

|;12.nn |;11.nn

* limbus diameter (surgery) e
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* lens position (CT/biometry) o
- macula position (OCT) Manual adaption of eye model to the CT
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OCTOPUS: clip identification from/by CT
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Diztances to eye surface:
Clipl 8.844%77

Clip2 -6.87487 ;
':11113 E - 13?3 Inter—clip distances:

Elip‘l —-A.1448 1-2: 5.365% 1-3: 16.7 1-4: 15.31 2-3: 19.51 2-4: 12.86 3—4: 18.72 mm

Clip—structure distances:
E 2113 1-Limbus: 16.89 2-Limbus: 16.85 3-Limbus: 18.65 4-Limbus: 17.85 mm

Chi square 1-Disc: 18.18 2-Disc: 11 3-Disec: 11.17 4-Disc: 18.11 mm
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OCTOPUS: CTV delineation

additional information used (indirect):

e  surgery: distance tumor - clip
Fundus matched to model considering * US: tumor size (thickness, width), position

positions of optic disc, macula and clips * OCT: distance tumor - macula/optic disc
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OCTOPUS: treatment plan
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work flow:

* setting isocentre (automatic)
* setting margins (manual)
* selecting gaze angle (manual)

» collimator adapted to CTV
(automatic)

* selecting wedge (manual):
automatic adaption of collimator

 fast dose / DVH calculation

result:

* treatment plan

» collimator milling file

« set-up file / DRR for positioning
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OCTOPUS: experience and results A

Integrated imaging (fundus, CT, MRI) — much faster planning (EYEPLAN + CT)

More realistic eye models

“Automatic compensation” of wedge scatter (increased collimator)

Increased use of 60° wedges and double wedges

Planning of complicated cases possible: no insight into the eye, silicone oil, cerglage, ...
New workflow: Planning starts, when CT, MRI, fundus images are available (clips from CT)
Evaluated by parallel planning of 100 patients in EYEPLAN and OCTOPUS in 2005

Over 3400 patients planed:

~ 2300 using CT and fundus (and US, OCT)
~950 using CT and MRI (and Fundus, US, OCT)
~ 150  only model based (photo, US) — iris melanoma

No change in tumor control observed:

~ 95.5% @ 3 years: Hocht et al. 2004 (EYEPLAN)
~96.4% @ 5 years: Seibel et al. 2015 (EYEPLAN, OCTOPUS)
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Conclusion or the 4 questions — part |

Total time to create a plan and adaptability of plans?
* 1to 2 hrs (with MRI 3 hrs) — plan is ready for testing with patient (simulation)
 simple adaptation during simulation: 2-10 min (patient stays on treatment chair)
« plan finalization (skin plane, twist, eye lids, silicone oil, ...): 30-90 min (without plan QA)

Potential areas of improvements; biggest weakness of your system?
* better tools for CTV delineation
« possibility of defining materials in the eye model, e.g. silicone oil
 upgrading simple dose calculation algorithm to pencil beam or Monte Carlo algorithm
— more realistic dose distributions near clips, for wedges, silicone oil
* HZB nozzle is integral part of OCTOPUS code
* hon-commercial program: further developments are limited
» Windows upgrades/changes are difficult
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Conclusion or the 4 questions — part |

Pros/cons of using a geometric model-based system vs. image-based approach?
model-based system:
« pro: fast and robust treatment planning (if clips near to tumor)
- con: limited in planning of complex case: silicone oil, highly irregular eyes

image based approach:

« pro: use of redundant information from different imaging modalities
less dependence on exact clip position (still clips near tumor); more realistic eye models

* con: planning takes much more time

Dealing with structures outside the eye (eyelids, lacrimal glands,...)
* eye lids could be modelled (if necessary): rim drawn, orange peel, 2.5 mm thickness
* lacrimal gland is ignored
« if possible, punctum is kept outside of treatment field using lid retractors
« if scars from clip surgery or extra ocular tissue have effect on range, manual correction is applied
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Thank you
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~+ each displayed ccﬂllmator stands for one patient
» over 4200 patients treated over the last 22 years &
« tumor control  ~96% et

* eye preservation ~95%

Ocular proton therapy is team work:
Ophthalmology CBF: A.M. Joussen, O. Zeitz, A. Boker, J. Urban,

Radiotherapy CBF: J. Gollrad, D. Bohmer, A. Besserer, V. Budach, N. Haberstroh, S. Runge, J. Helmecke,
L. Leser, N. Lucke,

Medical physics: J. Heufelder, D. Cordini, S. Seidel, R. Stark, A. Weber

Proton therapy HZB: A. Denker, G. Kourfakas, J. Rohrich, C. Zimmer, S. Ozierenski, J. Bundesmann,

T. Damerow, D. Hildebrandt, |. Kailouh, C. Rellier, T. Fanselow, U. Hiller, ...




