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syMpoL. . MP-3

In a recent -cnorandud'it vas stated that edge effects can lead
to undesirable dose distributions if pion Bragg peaks are oscillated
vertically through a tumor volume or if the patient is moved hori-
zontally during treatment. A method was suggested for elimination of
the undesirable effects for horizontal motion, but complete elimination
of edge effects for vertical motion is impossible. There is an edge
effect for vertical motion associated with the Bragg peak and a more
extensive effect associated with the plateau. In a recent lelorandunz,
Liska suggested a variable velocity for the peak through the tumor
volume as a means of elimination of what we refer to here as the plateau
edge effect. The purpose of the present memorandum is to describe
an analytical method for finding a vertical velocity distribution that
gives a comstant dose throughout a treatment volume to within less
than 1X.

The suggested method corrects the plateau edge effect but does not
eliminate the peak adge effect. Instead of elimination of the peak
effect, the method places it outside the tumor volume. TFigure I shovs
that each oscillation begins and ends with the peak just outside the
treatment volume, This causes the dose drop off to be not as sharp
as one might like but it is probably not serious. It means that under
ideal conditions, the dose at the lower edge of the tumor drops to
essentlally zero in a distance equal to one peak width which is about
1.5 to 2.0 cm. This is much better than is possible with photon

"é'= radiation.
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Figure I

In the discuseion that follows, it is assumed that ths following
parameters are known:

h = peak width

= ratio of peak dose to plateau dose with RBE values included
K = average peak dose rate including RBE

\71 = average velocity of peak across bottom boundary of treatment

volume. This is arbitrary and determines the dose delivered
per upward sweep of the peak.
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With these assumptions, the dose per upward journey of the peak
through any point in the treatment volume is
-¥I—+-r—r-.xh—

v r vl )

vhere v is the n;nrugc velocity of the peak through the point in question
and T is the total elapsed time of the motion from the lowest position
to the position where the top of the peak has just reached the point in
question. We can solve (1) for v and get

th

V--(—%T:—T'j | (2)
1

Ve now compute the velocities attained as the peak moves upward
through successive peak widths., Thus for the first peak width,
T=0,and ¥ = 51 .

Expression (2) gives only the average velocities. For the treatment
to be of any value, we nmust know actual velocities., The average
velocity vl through the first peak width does not determine a unique
velocity distribution. To get started, ve differentiate (2) to get
an acceleration for the motion across the first peak width. We get

- 2
. b hb} .
a (rh )2 - with T=0 3)
r-
Vi
We novw use
2
he=ve + 1/2:1!:1 (4)

to get the initial velocity vy for the motion across the first peak
width h. Here ty 1S the time for the top of the peak to cross
the first peak width. It is gotten from

h

tl - ‘;,-]': (5)
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We now procesd to the second peak width and compute the initial
velocity from

-y, +a,T . (6)

MR U b |

the average velocity ;2 from (2),

the time for crossing from
h

t, ==
v

2 9,
" and s, from

h = vty + 1/2.21:22 .

We repeat this process for the remainder of the upward journmey.

We shall now go through the procedure by working out a numerical
example for an assumed set of parameters. We assume

h =1.5cm

r =6

K = S0 rads/sec

51 = 10 ca/sec

The last assumption means that the dose is 7.5 rads per upward journey.
We compute tl’

1.5
tl I " 0.15 sec
and
v 2
& " 9 11,1111 cm/sec” .

We get i from

1.5 = 0.15 v1 +1/2 x 11,1111 x 0.0225 or

v, = 9.16667 cm/sec .
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Now we consider the second peak width., Its initisl velocity vy is

v, " 9.16667 + 11.1111 x 0.15

= 10.83333 cm/sec

rh 9 L,
v '(m/v1 -'r)"o.9 o5 - 12 aw/sec

. LS

" 12

= (0,125 sec.

To get s, Ve use

2

2
1.5 = vty + IIZaztz

1.5 = 10.83333 x 0.125 + 1/2 x a, x (0.125)% or

s, = 18.66504 cn/uc2

We repeat this process to complete the distribution as far as is
desired. Table I gives the results for a total vertical motion of
16.5 cm. This would enable a volume 15 cm thick to be treated. In
the table, the column headings have the following meanings:

n = ordinal npumber of peak width from the bottom

Vo " distance from bottom of tumor through nth peak width.

Tn = alapsed time from bottom of tumor through nth peak width
€, " time for top edge of peak to pass through the nth peak width

A vclocitj of peak as its top edge reaches the bottom edge of
the nth peak width. It is also the peak velocity as the edge
reaches the top of the n - 1 th peak width

;n = average velocity of top of peak through the nth peak width

a = acceleration of peak during passage of its top through the
nth peak width,
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For any value of y tha peak dose per sweep is %E-and the plateau

-6-

Table 1
T sec t_ sec v_ ca/sec
12 B n
0.15 0.15 9.16667
0.275 0.125 10.8333
0.379167 0.104167 13.1665
0.465972 0,086805 15.6338
0.538310 0.072338 18,9267
0.598592 0.060282 22.5458
0.648827 0.050235 27.2202
0.690689 0.041862 32.4982
0.725574 0.034885 39,1660
0.754812 0.029238 46.8308
0.779010 0.024198 55.7754

November 14, 1972

_ﬂ; cn/sec Ay cm/sec
10 11.1111
12 18,6650
14.4 23.6866
17.28 37.9346
20.7360 50.0294
24.8832 77.5432
29.8599 105.0650
35.8319 159.2810
42,9982 219.7180
51.5978 305.9214
61.9886 513.5781

dose is %- T. Values of peak dose, plateau dose and total dose per
sweep are given in Table II for the values of y that are indicated.

10191 1o

Pesk dose per
sweep (rads)

7.5000
6.2500
5.2083
4.3403
3.6169

3.0141

2.5117
2.0931
1.7443
1.4535
1.2099

Table IIX

Plateau dose per
sweep (rads)

0.0000
1.2500
2.2917
3.1597
3.8831
4.4859
4.9887
5.4069
5.7557
6.0465
6.2901

Total dose per
sveep (rads)

7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
7.5000
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Some remarks on the method

1. As shown in the tables, the method described gives the total elapsed
time and velocities attained to place exactly the same dose at peak
width intervals as the beam moves upward. The method also gives exactly
the elapsed time, the velocity attained and the exact dose for every
value of y., As an example, let us take y = 10 cm. This value extends

1 em into pesk width region for n = 7. We use

l= Ve + 1/2:71:z to get the time taken for this 1 cm.

Putting 4in values from Table I, we get
t = 0.034447

Ve add this to 16 to get T for 10 cm. The result is

0.633039

3

We multiply this by Eg and get plateau dose = 5,27533 rad.

Points with y » 10 cm will get peak dose while the top edge of the
peak moves from y = 10 ecm to y = 11.5 em. We find the time for this as
the time to go from 10 cm to 10.5 cm plus the time to go from 10.5 em to
11.5 em. The first of these is simply

t, = 0.034447 = 0.015788 sec

Ve get the time from 10.5 to 11.5 from
1= vge + 1/2a5t?

The result is 0.028746 sec. The sum of these t values
= 0,044534 sec

The peak dose is 50 x 0.04454 = 2.22670 rad.

The total dose is 7.5020 rads.

This differs insignificantly from the values of 7.5000 given in Tadle II.
This is true in general for y values intermediate betwsen those shown.
As other examples, for vy = 2.5 cm, the total dose is 7.4874 rad, for

y = 5.0 cm, the total is 7.4936 rad, and for y = 8.5 cm, the total 1is
7.4971 rad. These values sll differ by a small fraction of one percent
from the 7.5 rad per sweep for the y values in the tables.
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2. As seen in Table II, the contribution of the peak decrsases as the
peak moves upward (downward in the table). This means that most of the
dose for large values of y comes from lower LET radiation. This is
unfavorable for OER. This can mainly be overcome by giving half the
dose from an opposite port. If this is impossible, the OER of peak and
plateau might be included in determining the ratio r.

3. The solid curve in Fig. 2 shows velocity as a function of depth for
the data in the table. The curve actually is a series of straight line
segments across successive peak widths. This follows from the fact that
the peak crosses each successive peak width with constant acceleration.
If it should be desirable to have a smooth curve template for computer
control, a very small rounding of corners between peak widths could
produce such a curve with negligible affect on the dose rate.

4, The 50 rads/sec assumed for K is of no spacial significance. It
could follow from a dose rate of 1000 rad/min in the peak with an RBE of
3. The actual value to be used will have to be deternined after many
measursments of dose rate and RBE value.

The value 1.5 cm that was used for h appears reasonable on the basis
of present information. It might seem that the method described would
be quite sensitive to the value assumed for h. Actually this is not true.
For a given pion beam of fixed crose section, the average dose rate in
the pesk is inversely proportional to h which causes r also to be inversely
proportional to h., To show that the velocity distribution is not very
sensitive to the value used for h, the method has been used to work out a
distribution for h = 2.0 em. Since 2.0 = 4/3 of 1.5, we change r and K to
3/4 of their value for h = 1.5. The value of ;1 is chosen to give the
same dose rate of 7.5 rads per sweep as with h = 1.5 om. The resulting
velocity distribution is shown as the dotted curve in Fig. 2.

5. The upward motion of the beam may bs stopped at any point and if the
velocity distribution be reversed for the downward journey, the downward
dose will be the same as the upward dose. It is not true that the
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downward motion may be stopped anywhere. Fora uniform dose, the peak
must return to its lowest point. It then must move upward so that its
initial velocity at the tumor edge and its upward velocity distribution
from there are always the same.

As the patient moves as indicated in Fig. 1, the treatment thickness
will in general vary as shown. The oscillation should be computer
controlled so that the lower stopping region follows the contour, and
each oscillation should start off to give the same velocity distribution
in the treatment value. Since the method gives equal doses per oscil-

lation, the table speed will have to vary with thickness of treatment
value.

6. Throughout the discussion, dose rates have been expressed as rads,
when actually thay are rads times RBE. TFrom 1931 to 1959 it was common
to use "rem" as a unit for rads time RBE. With the introduction of the
terms "quality factor" and "dose equivalent’ in 1959 to be used in
radiation protection, the "rem” went with "dose equivalent" so that
radiation therapy is without an acceptable name for RBE x rads.

7. Machanical devices that can vary an absorber thickness to cause the
Bragg peak to move in a desired velocity pattern have been designed and
prototypes are undesr conatruction.3 Velocities and accelerations that
are needed should be easily attainable.

COPIED FOR
HSPT

ﬁ U 1 5 l 1 q 00132908.009



9r2

Novomber 14, 1

=10~

Distribution

Tos

~ aoueasyg [EOFIIOA UIIA ...oﬂ:..m«uw.m_ﬁn. hmw_um..ams..l...,w.,.,.uwrywww. .
. o T B . L e oy

V- 1. 2

7 ot G oitg . 9.

&.

i
(A
1
T
L A
I..

i
¢
i

]
IRl
1

]

ibasjuwa

H h a3 P . ot
Yo PRI PRI N { I B Jeiuls . .

i | Karsoten

COPIED FOR
HSPT

00132909.010



To:

3.

Distribution : -11- Novembexr 14, 1972

REFERENCES

Eric Rodgers, "A Suggested Plan for Trsatment with the LAMPF
Negative Pion Beam," Los Alamos Scientific Laboratory, Unpublished
Report, October 18, 1972

Donald J. Liska, "Determination of the Optimum Shape of Sweep
Curve for the Biomed Energy Absorber to Give Uniform Dose with

Depth,"” Los Alamos Scientific Laboratory, Unpublished Report,
October 12, 1972,

Donald J. Liska and Jerry D Wallace, "Biomed Pion Energy Control
Actuators,"” Los Alamos Scientific Laboratory, Unpublished Report,
September 1, 1972.

ER:km

Distribution:

1015

M. Kligerman, ADR‘!“/’
E. Barnes, UNM-MS /
W. Shlser, UNM-MS
G. Voelz, H-DO

C. Richmond, H-4
D. Petersen, H-4
M. Raju, H=4

C. Richman, H~4

L. Ro..n. HP-DO

D. N“l‘. MP-DO

D. B‘s‘m‘n' HP-DO
S. Shlaer, MP-1

T. Boyd, MP-8

E. Bush, MP-8

R. Schamaun

R. Jameson, MP-9
D. Liska, MP-9

J. Wallace, MP-9
C. George, MP-3

C. McCabe, MP-3
MP-3 Staff Members

MP-3 Fil
COPIED FOR
| HSPT 00132909.011
i



