They are actually the same plan (same beam arrangement, same MU,
etc.). The difference lies in the algorithm used for dose calculation. The
left panel shows the plan calculated with Monte Carlo. The right panel
shows the plan calculated with pencil beam and the simple equivalent
path length (EPL) method for heterogeneity correction.

Since they are the same plan, neither is better than the other. But the
Monte Carlo plan will be closer to the actually delivered dose.

method assumes electronic
equilibrium therefore its calculation is incorrect in that region.

algorithm handles electronic disequilibrium very
well. At the posterior boundary of the tumor in this case, scatter
dose is highly reduced because it is coming from the much less
dense lung tissue. This effect is smaller on the anterior portion of
the tumor because it is close to the chest wall. Monte Carlo
calculates this difference correctly.




Why are the isodose lines on the MC plan jittery?

* Monte Carlo is a stochastic method.




What statistical uncertainty is adequate for
clinical treatment plans?




These two plans were calculated with different dose calculation

Igorithms. What algorith likely to have b d here? :
algorithms at algorithms are likely to have been used here 5 The VB blon does not recomnize i

heterogeneity. The secondary electron
transport is not calculated correctly.

* The MC plan transports secondary
electron correctly. When the photon
energy is released in lung, or close to
lung, the secondary electrons it
generated can
than in tissue (because of lower
density).

* If you use higher energy photon, the
secondary electrons can travel even
further in lung.

* The top panel was calculated with
- , which
is one of the standard algorithms in

Eclipse, for example. i

* The bottom panel was done with
o , which is widely
v considered a benchmark for dose
1 ‘ calculation algorithms.

i ¢ Algorithms that take into account
secondary electron transport in 3D,
such as Pinnacle's

or Eclipse’s , will
behave similarly to MC and not to PBC. =
Their low isodose lines will protrude
deeper into the lung such as shown
here for the MC plan.

* These plans use 6X. Will they look more similar or more different if you use 18X?
 How will AAA compare to Pencil beam? More or less accurate in lung?



MaE

interface £ d

ith these PDDs.

-

is going on wi

i
m
i
(%4
-
[
5.
Q

]

—4— 18 MV homogeneous
—=— Co-Cr-Mo broad beam
—4— Co-Cr-Mo narrow beam

Depth (cm)

@50 yidag Juedled




Photoeffect dominant / Pair production
I dominant

Compton effect
dominant
1

3
E
2
L
H
b4

Z(Water)=7.4
IO B T B
005 0.1 0.5 1 5 10

Photon energy (MeV)

25 keV 25 MeV

100 keV



* What happens if you insert a low density (lung) slab
instead of the high-Z slab shown in the previous slide?

Percentage Depth Dose Field 10x10 e’ What happens to the PDD if you
D s | insert a cork slab instead?
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At the distal end of the high density slab, the 18X PDD is
qualitatively different from 6X PDD. Why?




How does a TPS calculate dose distribution? What is the difference between convolution and superposition?
Dose = TERMA * Kernel

Convolution method uses the same kernel everywhere,

Superposition method uses spatially dependent kernel,

radiological distances




How does Pencil Beam Convolution (PBC) work? What is collapsed cone convolution (CCC) algorithm?

points on the surface Pencil Beam

It handles forward scattering component
well but not so much for back and side

This is why it is called
scattering.

“collapsed” cone; you collapse the cone into one ray.
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