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Interactive Dose Modification
a novel approach to proton therapy

treatment planning

Matthew Lowe | Matthew.Lowell@nhs.net

v



Pencil beam or ‘Spot’

NHS

The Christie

NHS Foundation Trust



NHS

I The Christie

NHS Foundation Trust

Spot weights, w

I




| The Christie

NHS Foundation Trust

Spot weights, w

Ml —




O Raw spot list

@® post-processed spot list

Energy Layer

Adjust selected Spots..

“—'pp[-:

NHS

The Christie

NHS Foundation Trust



NHS

The Christie

NHS Foundation Trust
=[x
Plan Information k w .\ C.‘gy / »:‘ w (“5‘ s * % ::

N~ b 1 @ -
(7%

ID/Type cm3 v
U pper N f Isodoses.
Lower 2 7700 cGy
B 7350 cGy
cTvi Lower
N 6650 cGy
Upper 880 cGy
Lower 0 cay

=Gy

Lower
Lower

Target ggeuUD

Target ¢

CTv2 CTVZ
Upp
L Upper

L¢

Lower
Lower

[S]Cavity_Oral
10.00 cm

Upper geuD

[S]Larynx_SG

» Fields Upper gEUD

» Perturbations

» Normal Tissue Objective [S]Pal'o“d_l_

Open Log
» Settings

Upper

Automatic Optimization Mode P Optimize Us.

~r




NHS

The Christie

NHS Foundation Trust

Calculate
dose
distribution

Modify
spot
weights

Compare
with
objectives

I
=

o
)

o
o

o
IS

Normalised volume

o
N

0.0
80 85 90 95 100 105 110 115 120

Dose /%




NHS

The Christie

NHS Foundation Trust

Calculate
dose
distribution

spot
weights Compare
with

objectives|

alised volume
o o

Norm

0.2

..'\
Y 4

0.0 —
80 85 90 95 100 105 110 115 120
Dose /%




Modify
spot
weights

Calculate
dose
distribution

Compare
with

objectives|

Evaluate
resulting
plan

Modify
objectives

NHS

The Christie

NHS Foundation Trust



NHS

The Christie

NHS Foundation Trust

Evaluate
resulting
plan

Calculate
dose

distribution

Modify
objectives




resulting
plan

Modify
objectives

Clinical
review

Modify plan

NHS

The Christie

NHS Foundation Trust



Interactive
Digge. =
A l\/lod|ﬂcat|on

NHS

The Christie

NHS Foundation Trust



Treatment

Planning System

Contouring
Planning

v

Interactive
Dose
> Modification

DICOM:
CT

Spot weights

Structures
Dose
Plan

Scripting:
Spot weights
Influence matrix

NHS

The Christie
NHS Foundation Trust

Treatment Treatment
Planning System Delivery




NHS

The Christie
NHS Foundation Trust

N Treatment Treatment
AN '

DICOM: . Spotweights Planning System Delivery

e CT
i | Structures
Contouring Dose

Planning Plan

Scripting:
Spot weights
Influence matrix

v



@ Interactive Dose Modification

All beams OOOQO

nteractive Dose Modification : DVH

X

NHS

The Christie

NHS Foundation Trust



& Interactive Dose Modification

All beams OQOOQO

@ Interactive Dose Modification : DVH

NHS

The Christie

NHS Foundation Trust



S
J

Response time:
~0.2s

Minimum spot
weights accounted
for in real-time

Demonstrated using an
Intel Xeon CPU E5-
2680 v3 @ 2.50GHz

Resolution:
0.98x0.98x1 mm

NHS

The Christie

NHS Foundation Trust



@ Interactive Dose Modification

All beams QOO

Dose=93.8% : 55.7 Gy

NHS

The Christie

NHS Foundation Trust

View and
modify fields
individually

£
Lock beams,
preventing
further
changes

Lock/unlock
beam



S Show spot
positions

P Place
pin

& Interactive Dose Modification

All beams OOOQO

10.00

Dose=98.3% : 54.9 Gy

NHS

The Christie

NHS Foundation Trust

View spot
positions and
weights

y
Pin dose to
minimise
change at a
given point



@ |nteractive Dose Modification

All beams OOQO

7

(e

w

115.0

Dose=101.8% : 67.2 Gy

NHS

The Christie

NHS Foundation Trust

< Undo &
bookmarkB&t

0 save
progress



v

o

Click or scroll to
change dose

Kels
e

| Shift l

w

Holdmg Shift and/or

Ctrl will increase effect

Show
| II isodose
labels

S Show spot
positions

P Place
pin

[ Remove
pins

Bookmarks:

Cycle through

115.0f @

individual beam doses /I Ctrl Il'l'l 1 II

ScroII through
slices

X Export
\ to TPS

R II Renormalise
L Lock/unlock
beam

Left click to
change dose
display

Right click to
switch between
absolute and
relative dose

Ctrl and any number to
store weights

Ctrl + Zto undo

CTV_High
Mean=103.9%
Max=114.3%
x=99.125
y=0.946822 \
| \

NHS

The Christie

NHS Foundation Trust

Number to
restore
(O to restore
initial weights)

- Hover or Left click to
recalculate DVHs

Dashed:
DVHs outdated

Transparent
dotted:
Original DVHs

Hover to see DVH statistics

Right click to
reselect ROls



Method

A

NHS

The Christie

NHS Foundation Trust

To change the dose at a point we need to
know which spots contribute to that point.

This is done using an influence matrix
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