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Overview of talk

Homogeneous & inhomogenous
dose distributions

*Novel imaging for delineation of
target and dose

Clinical application : High Grade
Gliomas

«IMRT and Bioeffect planning

*New models of nc




Homogeneous dose

« Traditional goal of
RT planning Is to
deliver
homogeneous dose
distribution to the
entire target, and

minimal dose to
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Homogeneous dose

Tumour is biologically
homogeneous

Binary nature of tumour
control

Simple tolerance dose
models for effect on
normal tissues

Computationally
straightforward




Clinical challenges

e Pancoast tumour

 Tumour intimately
related to spinal cord

e Limit dose to tolerance
dose of critical normal
structure?

« Use additional phase of
treatment, sparing
critical normal structure




Dose iInhomogeneity

e This form of planning starts to introduce
dose inhomogeneity




Change In paradigm

 Traditional paradigm
— Rely on longitudinal clinical data and experienc

— Prescribe to accepted dose values for tar
tolerance doses for normal tissues




Dose painting

e Coined by Clifton Ling

 |dea of conforming
dose to biological
heterogeneity of the
tumour

* Remove dose
constraint to




Where do | paint the dose?

e Direct visualisation
& palpation of
tumour

 Knowledge of
anatomy, nodal
basins etc

e Imaging




Application of imaging

 Traditional cross
sectional imaging
alds location of the
tumour

e Improved soft
tissue imaging and
spatial resolution,
100 microns witl




Clonogen density

5000 cells/mm3 in the
contrast enhancing edge of

A /
tumour




Tumour Oxygenation

e BOLD MR
Oximetry

(Oxygen

extraction)
« 18F
Misonidazole " -
PET W W W




Labelling index

 18-FLT PET correlates with Ki-67
proliferation marker in lung cancers




“Theragnostic imaging”

e Using Imaging to assist in
treatment planning for
targeting of dose

« Deriving prognostic
Information from |mag|ng
to assist with

management




High grade gliomas




High grade gliomas (HGG)

Tumour arising from the
supporting cells (glial cells)
of the brain

Commonest brain tumour In
adults

Median survival is only 10
months

5% of patients sustain long
term cure




HGG Tumour Biology

« Rapid proliferation
o Cellular heterogeneity

* Areas of hypoxia :
growth arrest,
radioresistance




Conventional radiotherapy

e Improves survival from 4
months to 9-10 months

 Improves symptoms
(less headache and
neurological dysfunction)

o Early studies of higher
doses of RT failed to
show survival benefit




Radiotherapy Planning
problems

e Can’t accurately visualise
tumOur |nvad|ng |nto Whlte Visible Tumour
matter

e Oncologist must add
generous margins to vi
tumour

Treatment volume




HGG and Protons

« MGH group*
— Accelerated RT

— Doses of 90Gy to
central core of tumour

— Significant toxicity to

treatment but




Imaging Technology




Diffusion Tensor Imaging (DTI)

 Recent development of diffusion MR o

imaging '
e Sensitive to water diffusion al
matter tracts




Diffusion Tensor Imaging




White matter tract architecture

_ W IdnETR L
* Highly ordered water

diffusion pattern
parallel to direction of
white matter tract



White matter tract architecture

Infiltrated WMT
o Effect of tumour

infiltration into white ERRRE R
matter tract T



WMT invasion on DT

T2W MRI
(Post op)
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White matter invasion
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individualised Therapy



Individualising therapy

Conformal RT Photon IMRT




Photon IMRT

e Construct a complex
fluence profile by
advanced beam
collimation techniques

* Multiple leaves within
collimator move to
predefined positions
during the course of

radiotherapy tr




Photon IMRT

ﬁ

High Resolution
Sliding Window




e Photon IMRT : Small tumour

Look at areas of low dose outside target

Volume [%]  #Levels: 5 #Segm.: 63

A
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80
DVH (unnormalized) with exclusive volumes Dose [Gy]




e Photon IMRT : Medium sized tumour

Volume [%] #levels: 5 #Segm.: 71

100+ - - o
"1

DVH {unnormalized) with exclusive volumes Dose [Gy]




Individualisation of dose

° NTCP mOd el S try tO Normal tissue complication probability vs dose for the brain
eStImate r|Sk Of LA Endpoint: Necrosis/infarction

Reference Volume: Whole organ

normal tissue injury .
for a given dose oo 02s
0.6 m=0.15

distribution

e Optimise treat
to deli

|
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50

Dose - Gy
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Giro

Glioma Imaging & Radiotherapy Optimisation




Giro Study
& MR
DTI — WMT invasion

Additional pr DSC-MRI - Perfusion
t imaging -PET - Proliferation

- Hypoxia

lon on basis of tumour imaging c aracteris

Inte rmAediate

\/

ollow -up : Repeat DTI, DSC -MR

Improve NTCP models
Use rCBF changes as
endpoint, not overt brain
Necrosis

Disease recurrence

Use DTI for early
identification of tumour
recurrence

Glioma model data
Development of 4D
irtual glioma model




Assessing response to RT

m@ T
: f‘ﬂﬂ“\"“l




Assessing response

°* Lumaour response
— Quantitative assessment of CT / M

— Diffusion Tensor Imaging —
whiter matter chang

e Normal tiss



MR based perfusion imaging

 Injury to small blood vessels is
an important factor radiation
Injury of healthy brain tissue

e Dynamic contrast
enhancement MR imaging of
cerebral perfusion (DCE-MR
allows quantitative vo
assessmer




DCE-MRI Perfusion imaging

e Perfusion map showing
mean transit time for
contrast to move through
tissue bed

« Demonstrates area in
which small vessel
perfusion has been
reduced




Cerebral perfusion and RT

5
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Bio-effect planning




Inverse-planned IMRT

« Classical optimisation
problem

— Variation of beam profile
and fluence generates a
dose distribution

— Cost function quantifies
difference between test
dose distribution and
desired dose distribution

— Iterate through thousands of
possible plans, and accept
plan with lowest cost
function




Bio-effect IP-IMRT

Generate unique
Fluence map
for each beam

Calculate dose cost
function for each
voxel in data set

Normal tissue : cost function
Weighted by local
tissue injury parameter

Target : Dose cost function
weighted by local
tumour control parameter

Clonogen density

Normal tissue
perfusion

White matter
injury

lterate and
minimise cost
function

Proliferation rate

Hypoxia
Infiltration

Radiosensitivity



New clinical endpoints needed

 Brain necrosis NTCP

Normal tissue complication probability vs dose for the brain

model o
* Endpoint is avoided in n “e'e'efwwume: W ran
clinical practice | T

 No data for extrapolation
to high doses and
partial vol
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Parameter optimisation for MCO

* Need to determine what the weighting
factors for each parameter
— Clonogen density (MRI, Biopsy)
— Proliferation rate (FLT PE
— Hypoxia (Fmiso PET, B
nfiltration




Image based tissue models

e Tissue level models based on
— auto-segmentation

— automated extraction of

parameters

C Data_ withi



With permission from Dr Gordon Kindlmann, University of Utah



Improved Precision with Protons




Advantages of protons

 High LET radiation

— overcoming hypoxic radioresistanc
— No cell cycle dependent radi

« Steep dose gradie
— Skull bas




Integral dose & IMRT

e Conformation to
complex shapes /
requires | :
multiple beams
with complex
fluences

Large volume @
Irradic




Intensity Modulated Proton
Therapy

 IMPT can produce
similar dose
conformation with
lower dose to normal
tissues

e This Is of critical
Importance Iin
bioeffect planning, B =i
where maximum dos G, Sy
is limitec Al




An example case

17 year old with learning
difficulties develops chordoma of
skull base

Incomplete resection, referred for
post-operative radiotherapy

High doses (65-70Gy) required to
control tumour

Target dose exceeds the
tolerance dose of t




Target volume

Spinal cord dose limit
=50Gy In 30#

e PTV3 =65Gy
e PTV2 =60Gy
V1 =55Gy




Conformal photon therapy

e Complex plan with 6
fixed beam directions
and 12 arcs

* Achieves target dose
but note how dose is
scattered outside
target




IMRT (Photons)

» Better conformation of dose

« Still get significant dose outside the target
volume




IMPT (Protons)

o Parallel pair beam arrangement spares
significant amount of normal tissue




IMRT vs IMPT
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Conclusion

« Radiotherapy treatment needs to be
iIndividualised, to target dose precisely to the -
most biologically aggressive regions of the
tumour

 Photon IMRT can achieve this
Irradiating larger volumes




Precision Is the key
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