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Proton Beam Techniques

Passive Beam Scattering
 Double Scattering System
* Loma Linda University
» Harvard MGH
* MPRI Room 1

Uniform Beam Scanning
* “Wobbling beam”
» Midwest Proton Radiotherapy Institute Rooms 2, 3

* University of Florida
« MD Anderson Cancer Center

Active Beam Scanning
e Spot Scanning
- PSI

« MD Anderson Cancer Center

e Harvard
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Proton Therapy Components:
Beamline




Passive Beam Scattering
Double Scattering System

Loma Linda University

Harvard MGH
MPRI Room 1 - Indiana University (Closed)
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Passive Beam Lateral Scattering

First Scatter Second Scatter

Proton Beam
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MODULATOR WHEEL
Pure Bragg Peak Spread Out Bragg Peak (SOBP)

Modulator consists of O\

multiple identical sectors

The modulator needs to be rotated around
its axis parallel to the proton beam
direction
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The Spread Out Bragg Peak

Contribution from
different modulator
/;!/ angles
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Modulator Wheel (HCL)
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Uniform Beam Scanning
“WobDbling beam”

Midwest Proton Radiotherapy Institute Rooms 2, 3 — Indiana (Closed)

University of Florida
MD Anderson Cancer Center
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Wobbling (Uniform Scanning) beam delivery system
at MPRI in Gantries

Transverse slice shape is defined by MLC or
Aperture

Vertical scan

Wobbling magnets

Depth controlled by energy

Tumour 1s treated in slices.

Diego

MOORES CANCER CENTER




Proton Beam Wobbling

Beam Wobbler
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BE TS e
Bussiere and Adams 2003
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Compensator 3D Distal Shaping

As well as spreading out
the Bragg peak, the final
range itself must be
shaped to the distal
surface of the target
volume taking into account
heterogeneities
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Proton Passive Beam Delivery

Proton Beam



Proton Beam with Beam Modification

Patient Contour

Compensator

* &

Inhomogeneity
(Air Pocket)

Target Area
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Active Beam Scanning
Spot Scanning

PSI
MD Anderson Cancer Center
Harvard

California Protons

University of Maryland

UC San Diego
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Active Beam Spot Scanning
(Pencil Beam Scanning, “PBS”)

Courtesy
of PSI



Pencil Beam Scanning Technique to Delivery
Highly Conformal Therapy

Scanning
Beam

Cumulative
Dose
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MOORES CANCER CENTER

Dong/MDACC



:
S
Ul
=l
=I5
e

a1
CO
DS

P

>
e
&
Q
0
)
<
>
=
-
®
O

22



Gantry Wheel
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IMPT VS

A e

Passive Scatter

UC San Diego

MOORES CANCER CENTER




IMPT vs Passive Scatter coronal 10 Gy cloud

Passive
Scatter
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IMPT vs Passive Scatter 50 Gy Cloud

|UW-IMPT - Unapproved - Frontal - ANON

Passive
Scatter
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Passive scatter vs IMPT
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BNOO1 — HGG
Hypofx RT vs Stnd Fx RT

STEP 2 REGISTRATION

STRATIFY
RPA Class: lll IV, orV
MGMT Status: Methylated, Unmethylated, or Indeterminate

RANDOMIZE"™

| |
- Arm A2: Reference Arm Arm C: Experimental Arm |
Photon irradiation using 3DCRT or IMRT: Proton dose-intensified irradiation using passive

46 Gy in 23 fractions followed by a sequential scattered, uniform scanning beam, PBS or IMPT:
boost for an additional 7 fractions to 60 Gy 50 Gy(RBE) in 30 fractions with a simultaneous

Plus integrated boost to 75 Gy(RBE) in 30 fractions.
Concomitant temozolomide Plus
Concomitant temozolomide

| 4 weeks after completion of chemoradiation:

Adjuvant temozolomide x 6-12 cycles 4 weeks after completion of chemoradiation:

*Randomization is 1:2 in favor of the experimental arm




BNOO3 — Obs vs RT
GTR Grade Il Meningioma

*Randomization is 1:1.

32

UC San Diego

MOORES CANCER CENTER




BNOO5 — Low Grade Glioma
IDH Mutant Low/Int Grade

RANDOMIZATION™

‘m 2
Arm 1 Al 2

_ : Proton radianon to 54Gyv (RBE)
Photon radianon using IMEL or o '

VMAT 1o 31Gy Adjuvanl (z1iozolomide 10 start 28

- : lavs after completion of radiatio
Adjuvant remozolomide to start days after completion of radiation

28 davs after completion of
radiation

* Randomnzalion 1s 2:1 in Lavor of protons

Tmpaired cognirive finction requires a Clinical Trials Barmrery compaosire score < -0.5.

UC San Diego
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Objectives - LGG

1. Cognitive preservation
. Secondary / Tertiary Endpoints
e QOL
. Safety

. Outcomes
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Photon vs Proton
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Meningioma case — skull base
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Brain Necrosis
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Radiation Necrosis and White Matter Lesions
in Pediatric Patients With Brain Tumors Treated
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Grade 1
Grade 2
Grade 4
Grade 5
Total (median, 5 mo;1-26)

Int J Radiation Oncol Biol Phys, Vol. 100, No. 4, pp. 987—996, 2018
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Brainstem Injury in Pediatric Patients With Posterior Fossa Tumors Treated With Proton
Beam Therapy and Associated Dosimetric Factors

Michelle S. Gentile, MD, PhD, Beow Y. Yeap, ScD, Harald Paganetti, PhD, Claire P. Goebel, BA, Dillon E. Gaudet, BA, Sara L. Gallotto,
MS, Elizabeth A. Weyman, BA, Michael L. Morgan, CMD, RT(R)(T), MSPH, Shannon M. MacDonald, MD, Drosoula Giantsoudi, PhD,
Judith Adams, CMD, Nancy J. Tarbell, MD, Hanne Kooy, PhD, Torunn I. Yock, MD

International Journal of Radiation Oncology ¢ Biology ¢ Physics

Volume 100, Issue 3, Pages 719-729 (March 2018)
DOI: 10.1016/j.ijrobp.2017.11.026
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Table 3 Crude rate of brainstem injury in study patients with conventional high-risk factors

Factor Total cohort (N=216). n (%) Patients with brainstem injury, n (%) P value

Young age (<5 y) 69 (31.9) 2 (29 67

No GTR 64 (29.6) 1 (1.6) 74

Neurologic complications after surgery 121 (56.0) 54.1) 02
Tracheostomy 9 (4.2) 0 (0) 98
PEG tube placement 35 (16.2) 0 (0) .59
Posterior fossa syndrome 50 (23.1) 3 (6.0)

High-dose chemotherapy with stem cell rescue 29 (13.4) 2 (6.9) 04

Chemotherapy 180 (83.3) 4 (2.2) .60

Abbreviations: GTR = gross total resection; PEG = percutaneous endoscopic gastrostomy.

In summary, our proton cohort data on pediatric patients
with primary brain tumors of the posterior fossa demonstrate
a low rate of brainstem injury with PRT (2% at 5 years),
which is consistent with photon cohort data. Our dosimetric
analysis further suggests this rate could be driven even lower
if the D,,.x and Vss are kept <55.8 Gy RBE and <6.0%.,
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Definition of RBE

- Photons

= Heavy lons
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RBE depends on
e energy/LET
* dose

e tiISSue

"I think you should be more
explicit here 1n step two."
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RBE as a tunction ot particle energy / LET
Lesion complexity Oxygen Enhancement Ratio

| INDIRECT
| ACTION

Track of/

incident particle

O lonization
e Excitation

Lesions can be repairable or non- g

repairable =
i DIRECT
1 ACTION

Hypoxic cells are more radio-
resistant than well oxygenated 3§

—— i ———— — — T — —" . . e e
- =

High-LET radiation produces
more non-repairable lesions
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RBE as a function of particle energy / LET
Carbon, CHO-Cells

=0 4.2 MeV /U

=L F76.9 MeV/u
. 8- 266.4 MeV/u ]
... --- 250 kV Réntgen

Survival

* Increasing effectiveness | o
* Number of complex les1 ° R N N A

* Transition from shoulde o LET lkeV/umi iego

® Saturation ettects at verv low energies ER CENTER
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RBE as a function of particle energy / LET
4 77T 7T
L (@) .

- Dose x RBE
Dose
RBE

dose (Gy), RBE

LET

LET (keV/um)

Wilkens and Oelfke: Phys Med Biol 2004 49; 2811-28

depth (cmj)
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Passive Scatter Techniques

Rt Cochlea Lt Cochlea Three-field d?se-sparmg (3FLD-DS) Three-field LET-sparing (3FLD-LS)

UC San Diego
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3FLD-DS 3FLD-LS 2FLD-DS1 2FLD-LS1 2FLD-LS2 2FLD-LS2F
- L W >4 B r B g %

| Dose x 1.1 |

| Dose x RBE |
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mately 2% compared with the dose-sparing techniques.
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2+ year follow-up
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2+ year follow-up

L T T

UCSD RI GE 3T CTIPM1
CTIPMUCSD1
11f15f2018

Ser Time:09:09:31

acq tm:09:09:31

O N

NSA1
MTX:256 256 0 O
HFS

T1 Post Contrast - Corrected, Registered
CONT:20 Multihance
CTI MRI CTO

64

UC San Diego

MOORES CANCER CENTER

Il IMIRKL W W




- Retired - CT_planning - Blend

|
Sho\oypg dose 18.518 37.037
from image 100

Relative dose [%]
74074 92,592 1111

K 6015.6 CT_planning
£
o
g 80
s
L= :
- = :
; g
&
= 40
5]
2
k]
e 20
m
o
0
0 1000 2000
BRAINLAB_120916

3000 4000 5000 6000
Dose [cGy]

Sho\l.rhg dose
from image
CT_planning

65

Showing dose
from image
CT_planning
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2 year follow-up
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Spot MU
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Thank You

Time for Questions?
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