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I. Introduction

Dosimetric measurements in a water phantom'have been made on the
currently best available dynamic pion beams (i.e., the fan tune, Mike's
run 466, and the spot tune, Mike's rua 467). Data will be shown
characterizing each beam. The data is then anaiyzed by comparing for
the static (tunes 23 and 52), fan, and spot beams, those qualities which
influence treatment planning, namely beam flatness, beam edges, dose
rates, beam shaping, LET distributions, and ease of treatment planning.
Results indicate that fan and spot beams can deliver superior (in terms
of dose distributions) treatments than the static beams, although

neither beam is superior in all qualities to the other. For this reason

1 feel that both dynamic treatwent modes should be developed as in scme
cases the fan tune would give superior tfeatments while in.others the
spot tune would.

As we are slowly progressing toward dynamic treatments we must
emphasize the need for complete three dimensional LET characterization
of each beam tune, accurate three dimensional calculation of isodose
distriburions, weaningful biological criteria for the effect of LET
variation, and improved methods of daily localization and treatment

verification. Although it can be demonstrated that superior physical

=
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E3§§§§§ dose distributions can be accomplished through dynamic treatments, the
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%Em effects of the above could be just as important in administering the
<
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=0 COMiL . FOR
HS: T

! O 8 1 3 0 u 00133448.001



For purposes of clarity five modes of treatment will be defined:

1

2)

3)

4)

5)

static -

collimation of fixed broad beam with a

single range shifter function per port.

fan with static collimation - a dynamic one-dimensional

spot with

scanning fan beam with static collimation and
a range shifter function which may vary with
position in the scanning dimension.

static collimation - a dynamic two~dimensional

fan with

scanning spot beam with static collimation and
and a range shifter function which may vary with
with position in the two scanning dimensions.

dynamic collimation - same as 2) except that

spot with

dynamic collimation may be correllated with range
shifter motion.

dynamic collimation - same as 4) except that

dynamic collimation may be correllated with

range shifter motion.

Each mode refers to the method of deliveting dose to a single port and

the superposition of multiple ports would define treatment plamnning. This

report will discusa only modes 1)-3), as no dosimetry presently exists for

4) and 5).

II.

1081305

A.

Results

Fan Tune Data (Mike's Run 466)

The present tune has a beam penetration of approximately 14.75cm

in water and could treat field sizes up to approximate l2cm wide in one

transverse dimension by any length in the scanning dimensions. This

would be one of eight beam tunes (12 required for static beams) required

—
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to treat most any tumor; &4 penetrations,each with a iZcm and 20cm
width fan. The depth dose curve for the tune is seen in figure 1.
Due to convergence in the Y plane the peak to plateau ratio is greater
than the static beam. However, this is of no consequence as once the
pions are spread laterally and range shifted, the peak to plateau
ratio depends only on the range shifter stroke and is relatively
independent of beam tune (convergence, momentym, Oor momentum &pread).
The convergence of the fan is seen in figure 2, a plot of

decrement lines in the YZ plane. The profile width’ (FWHM) is

approximately j,g cm while the 802~20% falloff is approximately
1.9 cm. To some extent the smallness of the former is important

to the ab%}ity of beam shaping. The latter makes the fan tune appear
to not need collimation in the Y dimension hdwever later results will
show this to be not necessarily true.

The divergence of the fan in the XZ plane is not so apparent.
The beam is broad in X and must be collimated similar to the static
beams. It is therefore important to have a relatively uniform and
symmetrical beam in X. Mike Paciotti's measurements indicate this
criteria is met, in fact so well that fields up to approximately
15 cm in the x dimensions could be treated within the 80X level.
Dosimetric measurements do not agree with these results as seen in
figures 3A ~D ', which show a skewed component in the beam.

This disagreement will be resolved early in the next treatment
cycle. If the dosimetric results hold true, then some fine tuning of
the fan tune will be required prior to its use with patients.

The peak dose rate of the fan tune is ,Zz— rads/min., This

is an insignificant number in estimating dose rates, the important
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number being the flux rate which is approximately _ 1.11 MU/uA-sec. This

more accurately represents the number of pions available for treatment.

The fact that this rate is some 18 % less than tunes 23 and 52, means
that one loses that amount in treatment dose rates irregardless of collimation,

range shifting, and other treatment conditions.

B. Spot Tune Data (Mike's Run 467)

The present tune has-a beam penetration of approximately l4.5cm in
water, the depth dose curve being plotted in figure 4. Again the peak to
plateau has no consequence to treatment planning. This tune would be one

of four beam tumes required to treat most any tumor.

The peak dose rate is 76 rads/min, but again the more
significant quantity, flux rate, is only .91 MU/uA-sec. This
is approximately 33, Z less than tunes 23 and S52.

The transverse extent of the spot is quite large. In figures S5A, 5B

an XY scan at depths in water of 5 cu and 12 cm

show the radial FWHM to be approximately. 6.3cm. This large size is
a disadvantage in the shaping of the beam as it limits the available
resolution.

The 80%-20% falloff of the spot is approximately 2.9 cm. This
becomes greater upon superimposing spot tunes so that collimation is indeed
necessary. The ability to collimate the spot tune is demonstrated in
figures 6A, 6B where the collimated profiles in the X and Y dimensions are
compared to the uncollimated profiles note the change in 802-20% falloff

from 2.5 cm to 2,2 cm for X and 3.6 cm to .2.4 cm

for Y.
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C. Evaluation of Treatment Modes with Relation to Beam Flatness, Edges,

and Dose Rates

One praposed advantage of dynamic beams over static beams is their
ability to produce uniform dose distributions in the scanning direction.
This 1s true of one dimension (Y) for the fan tune and two dimensions (X,Y)
for the spot tune. A measure of transverse beam uniformity is defined as
the 95%-80% falloff. This quantity is compared for tune 23, tune 52, spot
tune, and fan tune in figures 7A-7D, being 1l.8cm, 1l.6cm, l.4cm, and .8co
respectively. Each plot is either an XZ or YZ scan with a 6cm flat range
shifter function and a transverse width of approximately 8-10cm. The
dynamic beams,hgpaced 2cm apart, are both superiorito the static tunes. The
broad static beam tune 52 {s better than the narrow static tune 23, whereas
the fan tune being narrower than the spot tune produces a more uniform beam
in its scanning dimension. Of course in the non-scanning dimension of the
fan beam, uniformity can be expected to be similar to the static beams,
whereas both transverse dimensions of the spos beam should be comparable.

Figure 8 shows an XY plot of the superposition of 36 spot tunes inside
a 10cmx1Ocm area. Note the complexity of the weighting as indicated in the
figure at the location of each spot tune. Thae degree of uniformity could
possibly be improved, however this data represents approximately twenty
iterations (3-4 hrs work). Of course once one begins varying the range
shifter function, these weighting factors will undoubtedly vary. The point
is that due to the size of spot tune, each spot influences the dose ;ver a
very large neighborhood so that treatment planning becomes very difficult
and might be compared to the problem of trying to develop a three dimensional
range shifter function. This implies that treatment planning a single spot
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beam dynamic port could be three orders of magnitude more difficult than
present treatment planning.

Another consideration among the three modes ds beam edges. It is certainly
clear from figures 7C, 70, and 8 that the 80%-20% edges of uncollimated dynamic
beams are inferior to the collimated edges of the static beams. This implies
that all dynamic beams will need to be collimated and that no improvement in
beam edges should be expected from dynamic beams.

Originally it was speculated that dynamic beam treatment mcdes would
give increased dose rates. This was based on the belief that little beam
would be lost due to ccllimation in the scanning dimension(s). The
speculation was fallacious. TFirst, there is a transmission loss of pions
through the channel as shown earlier by the decreased HUA(A-sec of the

" dynamic beams.™ Second, the size of the spot tune produces poor edges which
means that a significant fraction of the beam is still thrown away with
collimation. Of course the collimation of the fan beam in the nonescanning
direction throws away just as much beam in that dimension as the static
beams. A comparison of dose rates for approximately identical treatments
in figures 7A-7D, with the other dimension assumed to be 10§m,yields dose
rates at 300 uA (main proton current) of approximately 9.0 r/min for
tune 23, 5.8 r/min for tune 52, 7.0 r/min for the fan tune, and 8.0 r/min
for the spot tune. The dynamic beams do not produce any significant changes
in dose rate. However one must consider dose rate and uniformity
simultaneously. The dynamic beams have dose rates comparable

with tune 23, but significantly better uniformity. On the other hand,

o
ga tune 52 has uniformity comparable to the dynamic tunes but a smaller dose
T =
‘;g m rate.
S
=~
fo) Therefore it is concluded that dynamic beams are superior to static beams
X

for the "uniformity-dose rate tradeoff” criteria. It is also concluded that

the fan tune gives excellent uniformity in the scanning dimension with fair

uniformity in the non scanning dimension; whereas the spot tune gives good
uniformity in both transverse dimensions.
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D. Beam Shaping

Perhaps the most significant advantage of dynamic scans over the static
is their ability to correlate the range shifter with their scanning dimension(s).
Consider a tumor which is é-lOcm long (e.g., 8-10 CT slices) and whose thickness
in the direction of the beam varies from 2-10cm over that length. For static
beam treatments a single 1lOcm range shifter function would be required
resulting in a significant over doseage to normal tissue at places where the
tumor thickness is less than 10cm. In figures 9A, B, the dose distributions
obtained from fan beams and spot beams for such a tumor are plotted. 1In both
bases the 807 line does not completely encompass the treatment volume. This
is due partly to improper weighting (the same weightings were used as in

_figures 7D, C) , but the improvement over the 'box" distribution of static
beams as depicied in figures 7A, 7B are clear. The spot tune results are
inferfor to those of the fan tune because of the large size of the spot. The
spot tune cannot be shaped as accurately as the fan tune along its scanning
dimensions; however, the fan tune cannot be shaped in the other transverse
dimension as the spot tune can.

Another important point is the gain in dose rate. An approximately
10~15% increase in dose rate over the dose rate for treating with a single
10cm constant range shifter function'can be expected. This would be a
significant gain in dose rate for the dynamic beamgover that expected
with static beams.

Another important feature is that the decreased dosi to surrounding
normal tissue contains very little high LET dose. In figure 10 the high LET
dose distribution for the fan tune treatment port df figure 9A is compared to
the treatment volume. This distribution is in "high LET" rads relative to
100 peak rads of figure 9A, and has been calculated assuming the high LET

dose profiles are near identical to the total dose profiles,
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One point to realize concerning the high LET dose distribution is that
where it is possible to achieve uniform total and high LET dose distribution
using parallel ppposed overlaﬁping static beams, this will not be true for
overlapping parallel opposed dynamic ports. At any XY point the high LET
dose distribution will be uniform in Z but will differ for XY points under

different width range shifter functions.

.
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III. Conclusion

The properties relevant to the comparison of static, fan and spot
beam treatments disqussed above are summarized in Table 1. Based on
dosimetric results neither dynamic mode of treatmet is superior to the
other although both are superior to static beams. In light of apparent
difficulties in the treatment planning of spot tunes, it is my recommenda-
tion that we proceed first with fan tune treatments as outlined in my
earlier memo,

TABLE 1

Summary of Static vs. Dynamic Treatment Porperties
Based on Dosimetry Measurements

Qualities . Static Fan Spot
uniformity in X' fair fair good
uniformity in Y fair excellent good
collimation & beam edges fair fair fair
dose rate good good good
YZ dose shaping bad excellent good
X2 dose shaping bad Bad good
high LET uniformity from

parallel opposed ports good bad bad
difficulty in Rx planning good ' fair bad
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