Comparison of beam energy metrics for acceptance of Halcyon Linac |, .

UTY. 4,
,‘Q@\Q\)ﬁ #?\(}??D'
>,

,_y:\”‘

-

i)

2020 -7 VIRTUAL

A0 ng

A

Song Gao', Mikhail A. Chetvertkov?, Bin Cai3, Abhishek Dwivedi4, Dimitris Mihailidis5, Xenia Ray®, Tucker Netherton', William E. Simon?, Laurence E. Court!, Peter A. Balter? JUINT AAPM ‘ CUMP MEETING

"University of Texas MD Anderson Cancer Center, Houston, Texas; 2Allegheny Health Network, Pittsburgh, Pennsylvania; 3Washington University School of Medicine, St. Louis, Missouri;
“Rutgers CINJ/Robert wood Johnson University Hospital, New Brunswick, New Jersey; *University of Pennsylvania, Philadelphia, Pennsylvania; ®University of California San Diego,

Moores Cancer Center, La Jolla , California; “Sun Nuclear Corporation, Melbourne, Florida

EASTERN TIME [GMT-4]

INTRODUCTION

Photon beam energy metrics based on off-axis ratio (OAR) have
been shown to more sensitive than those based on percentage-
depth dose (PDD) measurements.! Beam energy was verified with
beam profiles measured on the largest available field size with an
IC Profiler (ICP). The diagonal off-axis ratio (Fyy) was measured to
determine beam energy. Another method for determining photon
beam energy with an ICP is the quad-wedge (QW) which uses two
pairs of copper, wedge-shaped, attenuators placed on top of the
diagonal detector axes of the ICP. The energy metric from the QW
is the area ratio (AR) which is defined as the sum of measurement
points under the wedges (attenuated profiles along two diagonal
axes) normalized to the sum of measurement points from a similar
detector set on the X and Y axes (open field profiles).

We were able to change the beam energy by adjusting the
magnetron current in Halcyon. At each magnetron current setting
we obtained ICP measurements with and without the quad wedge
as well as PDDs with a 1D water scanner (1DS) allowing us to
compare Fpy, AR and changes in D10 (PDD at 10 cm depth) in
water as a function of changes in beam energy.

RESULTS

AIM

To determine if beam profile energy metrics are better than percent
depth doses (PDD) for ensuring that the beam matches the
treatment planning system (TPS) for the Halcyon and to compare
these metrics with the TPS across 5 Halcyon linacs from muiltiple
institutions.

METHOD

Energy metrics were tested with three methods as a function of
change in beam energy:
(1) PDDs measured with a 1DS,

(2) Fpy from profiles measured with an ICP,
(3) Area ratios (AR) measured with a photon QW on an ICP.

Each energy metric was measured at the nominal energy and five
intentional changes from nominal (0%): —10.0%, —5.0%, —2.5%,
+2.5% and +5.0%. We then investigated the relationships between
the Fpy and D10 from PDD at depth 10 cm, as well as the AR from
the QW profile and D10. Once these relationships are established,
the D10 can be either calculated from Fpy, or directly reported from
the ICP/QW system, depending on the use of open profile or QW
profile. Following the adjusted beam energy comparison of the three
methods on the single Halcyon “calibration linac”, five nominal
energy Halcyons were compared with results from TPS D10 values

and the D10 values using the Fyy method and the QW method.

Calibration:

Five beam energy changes were made from the nominal (0%)
energy: —10.0%, —-5.0%, —2.5%, +2.5% and +5.0%. The PDD data
were measured for 10 X 10 cm? field size with a 1D water scanning
system. The PDD curves were normalized to the d,, depth for
each energy and D10 values were calculated for every adjusted
energy. The Fpy, values were obtained from the open profiles using
the IC Profiler software for each beam energy. The relationship
between Fp, and D10 was linear at the adjusted beam energies
for four different off-axis distances (Fig. 1). We developed a
calibration by fitting the D10 vs Fp, data to a line using a least
squares fit. From this calibration linear fit equation, We can
calculate the D10 from the Fpy values measured with ICP at fixed
off-axis distances and compared to those values with the D10
values measured from the 1DS for each adjusted beam energy
(Table 1).

From the quad-wedge (QW) (profiles measured using ICP with
QW plate, we also established a linear relationship between area
ratio from QW profiles and D10 values scanned from 1DS at the
adjusted beam energies(Fig. 2). The ICP software includes the
functionality to report the D10 values from the quad-wedge profiles
for all energies based on this calibration. The D10 determined from
the quad-wedge profiles measured with ICP were compared with
those scanned in 1DS (Table 1).

Evaluation:

The D10 values of five Halcyon linacs from multiple institutions
determined from the diagonal normalized flatness (Fpy) and from
quad-wedge profile (QW) under the same measurement condition
are compared to the D10 values determined from the Eclipse
treatment planning system (TPS) as well as the water tank
scanned data (Table 2). The differences of D10 between Fy, and
treatment planning (TPS) calculations [D10(TPS) — D10(Fpy)]
indicated that the average = standard deviation was —0.16 =
0.24%, with a range from —0.47% to 0.20%. The differences of D10
between Fp, and water scans [D10(water) — D10(Fp,)] indicated
that was —0.22+ 0.20%, with a range from —0.60% to 0.46%.

Comparing D10 values determined from quad-wedge profile
(QW) to TPS calculations and in water scanned data, between
quad wedge (QW) and treatment planning (TPS) calculations
[D10(TPS) — D10(QW)] indicated that the average =+ standard
deviation was —0.82 = 1.27%, with a range from —2.43% to 0.6%.
The differences of D10 between QW and water scans [D10(water)
— D10(QW)] indicated that was —0.22 % 0.20%, with a range from
—2.24% to 0.98%.
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Fig. 2. The linear relationship
between the percent depth dose at
10 cm depth D10 scanned using
the 1DS and the area ratio from the
quad wedge profile measured with
the ionization chamber Profiler
(ICP) and quad wedge plate for
beam energies off the nominal
beam energy by —10.0%, —5.0%, —
2.5%, +2.5% and +5.0%.

Fig. 1. The linear relationship between
the PDD at 10 cm depth D10 scanned
using the 1D water tank scanner (1DS)
and the diagonal normalized flatness
(Fon) measured from the beam profile
with the ionization chamber array for
beam energies off the nominal beam
energy by -10.0%, -5.0%, -2.5%,
+2.5% and +5.0%.

Table 1. For beam energies off from the nominal beam energy by —10.0%, —
5.0%, —2.5%, 0%, +2.5% and +5.0%: The percent depth dose at a depth of
10 cm, (D10), scanned with a 1D water scanning system (1DS), the D10
values determined from the diagonal off-axis ratio (Fpy). The difference of
D10 between Fpy and 1DS. The D10 determined from quad wedge profile
(QW) and difference of D10 between QW and 1DS.

D10 (1DS) (%) 62.59 62.07 61.60 61.12  60.63 60.24

D10 (Fpy) (%) 6249 6211 6164 6117 6069  60.14
SEEE A 010 -005 004 -005 -006  0.10
WUNUONEAR 6243 6208 6161 6117 6069  60.04

5D10(1DS-QW) 016  -0.02 -0.01 -0.05 -0.06 0.20

Table 2. The percent depth dose at a depth of 10 cm, (D10), determined from the
diagonal off-axis ratio (Fpy) and from quad wedge profile (QW) of five Halcyons
from multiple institutions. The difference of D10 between Fpy and TPS (also QW
and TPS), and the difference of D10 between Fy, and water scans (also QW and
water scans); their averages and standard deviations (o).

| Method | Offaxisratio(Fp) | QuadWedge (QW)

D (F } 5010 6010 D“’ 5010 6010

AL (TPS-Fpy)  (water-Fpy) (Qw) (TPS-QW) (water-QW)
“ 61.74 -0.32 013 6174  -0.32 014
“ 61.89 047 007 6385  -2.43 -2.00
“ 61.64 022 -0.30 6364  -2.22 224
“ 61.43 -0.01 -0.60 61.12 0.30 022
“ 61.22 0.20 0.46 60.82 0.60 0.98
61.58 016 022 6224  -0.82 022
_ 0.24 0.24 0.20 127 127 0.20
CONCLUSIONS

The beam energy of the Halcyon/Eclipse system can be accepted and
commissioned with the profile based energy metric measured using an
ionization chamber array. The measurement results of five Halcyons from
multiple institutions indicated that: The percent depth dose at depth 10
cm, D10, measured with the off-axis ratio (Fpy) based energy metric is
better matched to D10 from TPS and PDD scans than those measured
with the quad-wedge profile based energy metric.
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