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IMRT — concave dose distributions

Conventional 3D conformal
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Protons — concave dose distributions
single beam, no IMRT, so what’ s the point?
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Concave dose distributions with
pencil beam scanning: chest wall

H.-M. Lu et al., MGH
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Field patchmg
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e What is the advantage of IMPT over the

most sophisticated 3D conformal proton
therapy (3DCPT) with patched fields?
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We are talking about multi-field IMPT only!
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The most challenging geometric scenarios:

1. Tumor “wraps around” 2. Critical structure
critical structure “wraps around” tumor
Patch line
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Two clinical cases representing
those scenarios:

Dose delivered with
patching (% of total

Prescribed Patching prescribed proton
Patient proton dose Fields combinations dose) Comment
Paraspinal 27Gy (RBE) 4 2 100% Boost following
chondrosarcoma photon therapy
Skull-base 69 Gy (RBE) 9 2 17% Pediatric patient.
chondrosarcoma Patching: boost

to GTV after initial
proton therapy
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Case 1: Multiply recurrent G2 chondrosarcoma
T4 (Boost after photon therapy)
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Note on the side: An issue with distal —
lateral patching

Dose difference across the junction

1.2 T T ] = ) T
o A LATERAL fall- Off (80/20) 5 200 MeV‘-" :
£ 11 [ e quadratigfit | P R 3mm ]
> 1 |...®. DISTAL fall-off (80/20) __________ - 1.75__Me_\_/__‘__f ____________________ . —— /oMW S U S
o - Imear fit : . ‘ AA’ ra | | - SRR S S —
S 09F e
g : 5 150 MeVA * A" j = i
o A‘ A ‘ =
= 07 125 IVIeV A - ,“c',,,, A g
2 LRl o 2
= W Sl S WP PO el 7
_CI) ““::.‘k;.,A TR Ry _‘_‘—‘"“ ------------------------ — 8 :
= -.-za--—-- "' ] .
= ‘
@ . .
D H H H H . ! ,

i i i I 1 I 1 ! | |

6 & 10 12 14 16 18 20 22 25 2 15 41 05 0 05 1 15 2 25

. -2
Range / Depth in water [g cm ] Lateral position [cm]

MASSACHUSETTS
GENERAL HOSFITAI

RADIATION (ONCOLOGY



2"d patch field combination
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Proton plan (“3D conformahl" 3DCPT)
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smooth overlap

Same case with IMPT

extra dose
for coverage
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3D proton plan (3DCPT, no IM) vs. IMPT
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Another note on the side:
Penumbra sharpening with IMPT

Passive scattering IMPT

Uniform intensity profile Non uniform intensity profile

|- L T 120 .
[ Gauss width: o = 10 ] [ Gauss width: ¢ = 10
I 1.0 - -
5 B 0.8] .
9 o i
o ) s
A 2 0.6 -
- ] s
o o =
< CEP
= = 0.4
0.2} " “'\? ﬁ
0.0l )ﬁ&foﬁ%”é&;ﬁg. .
0 50 100 150 200 O 50 100 15 200
(a) Position (arbitrary units)

Pedroni et al., Med. Phys. 22 (1995) 37
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Message 1.

e “Sharp” (narrow) pencil beams are
necessary to exploit the full potential of
IMPT. IMPT delivered with a broad 10 mm
(sigma) pencil beam may have no benefit
over 3DCPT.

"All subsequent calculations done with 5 mm (o) pencil beams
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Case 2:
skull-base
chondro-
sarcoma
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Case 2: dose sparing 3DCPT vs. IMPT
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Robustness analysis: DVH

UNDER SETUP ERRCRS + 1 mm (BLUE lines)

{a) 100
90
80
70 N
F “Je2v Brainstem
T 60
€ sot
=2 F AN A
£ a0t
30 -
20
- — 3DCPT
10
---= IMPT _
PR (S N (T [T T (T SO ST ' .
Q0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Dose [CGE]
(b) 100 T 1 7 T 1 T
90\
80 ‘\", .
70 i ‘t“\AL/ .— RT Cochlea .
T 60 L i
£ 50 i
2 i i
S 40t \ .
30 N .
20 - .
10 b — soceT =Ty .
--== IMPT

P I I N I VE L |

P B . - S LN |

Dose [CGE]

|

L P
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

80

UNDER RANGE ERRORS % 2.5 mm {BLUE lines)

(c) 100 p==z7
90
80
70
X 60
£ 50}
= L
S 40}
30
20 - L
1o [ — 30CPT s
- n
---- IMPT e 50
FN SO TP TP RPN RPN RPN SRS RPRNN BRI PR BPR b 2 w9 WL S
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Dose [CGE]
(d) 100 T T T T T T T T Ty 1] 1 T T T T
r Q‘:l \\ }
90 | ll'-‘ ‘l‘ -
80 - _
- N
70 | \:._. \“ i
¥ 60 - Chiasm “::-‘ Y .
Pty [ |‘
€ 50} %4 i
= - Lo
S 40 vl .
20 | '?. \ .
20 5 .
— 3DCPT A
10 - ‘\‘ .
-=-- IMPT '.t ! ]
PR SR TV NP NP SV T S AP RPN PR\ S AP R
0 5

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Dose [CGE]



Robustness analysis: max. dose

MAX dose (D, ) under setup and range errors
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Message 2:

e Careful robustness analysis is essential to
evaluate the merit of IMPT. It may reveal
that a nominal advantage of IMPT turns
into an actual disadvantage.
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Future developments required to exploit
the full benefit of IMPT

e Sharper pencil beams -> finer “painting” of
intensity layers N

e Robust optimization, ideally in combinN
with multi-criteria optimization to control
the tradeoff between robustness and plan
conformality (W. Chen et al., PMB 57:591,
2012)

e Reduced range uncertainty (e.g. through
some form of in-vivo range measurement)
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IMPT — as important for proton therapy
as IMRT for x-rays?
e No, because:

— Complex concave dose distributions are
achievable with compensators and patching.

— Broad “brush” pencil beams available at most
centers today are limiting.

— Tools for robust analysis and optimization are
not quite mature yet.

e There is a significant potential advantage of
IMPT — but that requires a successful
completion of future developments.

P CENERAL HOSPIIA More details: Safai et al., PMB August 2013
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Concave dose distributions w/o IM
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