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The most optimal dosimetry model for the application of large photon fields (dimen-
sions larger than 40x40 cm) at extended focus-phantom/patient distances has not
been adopted yet. A method based on a "classical" approach, that helps establishing a
database (PDD, output and OF, PSF, Sc and TMR parameters) is discussed. Large pho-
ton fields produced by a CLINAC 2100C, Varian, in the low energy mode (6 MV) were
analyzed by application of absolute and relative radiation dosimetry, as well as, by com-
parison with calculated data. A good agreement between measured and calculated val-
ues of radiation parameters examined, at FFD=180 and 300 cm, was observed. Slight
increase in discrepancy (about 10 percent) of the TMR at FFD=300 cm, for fields larg-
er than 50x50 cm and at larger depths was observed by comparison of calculated and
measured values. Discrepancies of outputs between measured and calculated values
(calculated by the inverse square law) were less than 2 percent. Most of the dosimet-
ric data obtained, points out the possibility of application of radiotherapy unit CLINAC
2100C (Varian) for therapies with large fields in given conditions.
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INTRODUCTION

L

arge fields (larger than 45x45 cm) can be applied in various
radiotherapy methods such as total body irradiation (TBI)
and half body irradiation (HBI), treatment of non-Hodgkin's

that determine radiation quality and quantity.

The determination of radiation parameters of large fields and
beams is the basis for the application of these fields in radiother-
apy. In this article a database (PDD, output and OF, PSF, Sc and

lymphoma, Ewing's sarcoma, lymphosarcoma, neuroblastoma,
etc. A special branch of radiation dosimetry has been developed
in the field of radiotherapy when a large part of patient's body has
to be irradiated with high-energy photon beams that might go
beyond the edge of patient's body. Special characteristics of these
fields cannot be determined by simple extrapolation of the results
obtained for small fields (up to 40x40cm, FFD=100cm), and they
often depend on technical-technological characteristics of the
radiotherapy device itself (5,6,8,9) and even therapy room design.
The most optimal model for application in clinical practice can be
found by monitoring behavior of large fields in the increased
focus-phantom distances (FFD), and by identifying the factors
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TMR parameters) for large fields were established in purpose to
be used for radiation treatment planning at the Institute for
Oncology and Radiology of Serbia.

MATERIALS AND METHODS

The measurements were taken at the Institute for Oncology and
Radiology of Serbia, on CLINAC 2100C, Varian, USA, radiothera-
py unit. The lower energy photon beam (X-6 MV) was used with
referential dose rate of 320 cGy/min. The energy of photon beam
of 6 MeV is chosen due to it's possible clinical application (by
positioning the patient primarily in AP and PA positions).

The thimble ionization chamber NE 2571A was used for absolute
measurements and the accompanying electrometer 2570/A.
Relative dosimetry measurements were taken by using MULTIDA-
TA water phantom of 60x59x50 ¢cm and RFA3 Therados water
phantom of 50x50x50 c¢cm. Two identical 9732-2 thimble ioniza-
tion chambers were used with internal active volume of 0.125 ¢cm
and an electrometer 9754, both produced by PTW company.
Two groups of measurements were taken at different FFD. The
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first group of fields at FFD=180 cm was created in vertical posi-
tion of the beam (directed towards the floor). The maximum field
during the vertical position of the beam was limited to 70x70 cm
which was compatible with FFD=180. The other group of fields
was created in horizontal position of the beam at FFD=300 cm
and the maximum field amounts to 120x120 cm, that is 170 cm
diagonally. The largest tested square field was 80x80 c¢cm. For the
fields of 90x90 c¢cm and larger, a discrepancy was observed
because the electronic system of scan frame was in the field then.
All radiation parameters were firstly determined at FFD=100 c¢m
(PDD, TMR, output, OF, Sc, PSF) for square fields with vertical
position of the beam. The sizes of the field were 10x10, 15x15,
20x20, 25x25, 30 x 30, 35 x 35, and 40x40 cm. All tested para-
meters were compared with the nominal values of the British
Radiology Institute (1,2). The data acquired at FFD=100 cm were
standard values representing referential therapy conditions and
are used for comparing the values obtained by measurements
taken for the large fields.

All radiation parameters (PDD, TMR, OF) were determined at
FFD=180 cm for the vertical position of the beam, The dimen-
sions of the fields being: 30x30, 40x40, 50x50 and 60x40,
60x60, 70x70 cm. The results obtained were compared with PDD
calculated values through the PDD conversion formula from one
FFD to another (from 100 cm to 180 cm):

PSF[S/F] _,

PDD\d,f,,S|= PDD\d, f,,S| F|——————F

where PDD (d, fy, S) is a percentage depth dose at the d depth,

at fy, fo represent FKD4 and FKD, respectively; S represents the

size of the field at the surface (SxS), PSF(S) determines the con-

tribution of the scattered radiation in the absorbed dose for cer-

tain size of the field SxS and certain FKD (1,2), while factor F is
given by

_Jytd f,+4,

Y fi+d, f,+d

(1)

N

(2)

and represents corresponding Mayneord's factor.

PDD, OF, Sc in the horizontal position of the beam for the same
dimensions of the field were compared. In these measurements
RFA3 water tank coupled with and the MULTIDATA system for air
scanning (scan frame) (4), was used because this water-tank has
a window for horizontal scanning (plastic foil tick less than
0.5mm). Assuming that quality of the beam for rectangular and
quadratic fields is identical, the rectangular fields were approxi-
mated with the standard square fields using the empiric formula
c=2ab/(a+Db), where ¢ represents sides of calculated square
equivalent field, while a and b being the sides of a rectangular field
(1-3).
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All radiation parameters (PDD, TMR, OF and output) were deter-
mined for FFD=300 cm setting, following filed dimensions of:
30x30, 40x40, 50x50, 60x60 and 120x40, 70x70, 80x80 cm.
Obtained PDD values were compared with the calculated values
using formula (1,2) (the conversion of PDD from FFD of 100 cm
to 300 cm). The RFA3 water phantom used allows the maximum
square field of 80x80 cm (FFD=300 cm), without the impact of
the beam on the electronic part of the measuring system.
Program RTD Il versions 3.0 (MULTIDATA) and the locally devel-
oped spreadsheet program called QW (version 7.0) have been
used for parameter calculation.

The TMR factors were calculated through PDD using:

S

Obtained TMR data were compared by calculating their relative
discrepancy (RD).

1 L PSHSFI(f +d)]

0 f+d
TMR{d,S] = 1 o x PDDd. £.5F /(f + )] PSHSfI(f +d,)]

f+d,

RESULTS AND DISCUSSION

Measurements in the horizontal beam at FFD=80 cm showed that
there were no significant differences in the actual values of the
beam parameters (PDD, TMR, OF) compared to those obtained
when there was scattering from the floor (floor about 20 cm from
the bottom of the phantom for vertical position of the beam), even
when the depth was bigger. In this way the measuring system
that "operates" at FF =300 cm was also tested.

The comparisons of the obtained PDD rectangular fields
40x60~(48 cm) at FFD=180 cm and 40x120~(60 cm) at
FFD=2300 cm with the obtained values for the square fields 50x50
and 60x60 cm respectively show good agreement (Table 1).

Table 1. Percent depth doses of square and rectangular fields at FFD=180 and
300 cm

depth H0x50  40x60 50x50 60x60 60x60 40x120 70x70 70x70 B0Ox80

FFD= FFD= FFD= FFD= FFD= FFD= FFD= FFD= FFD=
(™) {80cm  180cm 300cm 180cm 300cm 300cm 180cm 300 cm 300 om
15 100 100 100 100 100 100 100 100 100
2 9960 0048 9973 9960 9960 9990 9920 9955 9962
3 0670 9668 O760 9640 9776 O730 0660 9731 0748
4 9410 9401 9552 9380 9565 9470 9370 9524 9552
5 9120 9156 9328 9110 93456 9310 9100 9314 0354
6 8850 8871 9094 8810 9121 9010 8830 9102 9163
7 8570 8598 8654 8540 8692 8600 8530 8888 6950
8 8320 8295 8610 8290 8861 8560 8300 8674 B87.47
9 8040 8016 8366 8010 8430 8310 8000 8460 8544
10 7760 7784 8123 7760 8200 8110 7740 8247 8343
1 7500 7475 7882 7480 7972 7840 7490 8035 8144
12 7220 7254 7644 TI90 TI4T 7800 7200 7826 7948
13 6970 6946 7410 6950 7527 7400 6960 7620 7755
14 6710 6736 7162 6700 7310 7160 6730 7418 7566
15 6440 6500 6959 6470 7100 6930 6470 7218 7380
16 6230 6218 6741 6230 6894 6730 6230 7024 7199
17 6030 6015 6530 6000 6694 6500 6010 6834 7022
18 5760 5782 6325 5750 6499 6240 5770 6650 6848
19 5540 5521 6126 5540 6308 6150 5540 6470 6578
20 5310 5288 5034 5200 6121 5920 5300 6298 6511
21 5090 5096 5747 5080 5938 5740 5090 6131 6348
22 4880 4869 5567 4880 5757 5550 4880 5971 6186
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The differences in PDD values is the result of an incomplete
equivalence of field dimensions (especially with regard to the field
40x120~(60 cm), which resulted in a reduced contribution of the
scattered radiation from smaller sides in the measured point. The
rectangular fields, whose one dimension (length) was 60 and 120
cm, were not measured against the full phantom (the reduced
length of 5 and 35 cm appeared respectively for each side)
However, it did not significantly affect the obtained results.

There is a good agreement between the calculated TMR values at
FFD=300 cm (Table 2, column FFD=300 cm) and the calculat-
ed TMR values at FFD=180 c¢m (Table 2, column FFD=180 cm),
but only for the fields of 30x30 and 40x40 cm. Agreement for the
fields larger than 50x50 cm and at bigger depths was not so good
(RD up to 10.5 percent), obviously because of deficiency of the
phantom used. However, this situation is highly realistic in a clin-

ical practice.

There is a good agreement between the measured OF values at
FFD=300 cm (Table 3, column FFD=300 cm) with referential
data at FFD=100 cm (Table 3, column FFD=100cm) and the
measured values OF at FFD=180 c¢m (Table 3, column FFD=180
cm). The observed discrepancies OF (Table 3, column RD 100-
300 and 180-300) are within the experimental error. OF for
FFD=300 cm for all tested values are almost identical with refer-
ential ones at FFD=100 cm and the measured values at
FFD=180 cm. The shortcomings of the phantom also had an
impact on the rectangular fields, which is of greater relevance
with bigger length of the fields. The machine output for square
and rectangular fields measured by an absolute method showed
good agreement. The discrepancy of output, originating from the
inverse square law, was less than 2 percent and it is within the
AAPM (7) recommendations. The scatter contribution from floor
and walls of the treatment room was not observed under such

Table 2. Comparison of the TMR for square fields at FFD=300 and 180 cm

depth FFD=
(cm) 180cm

30430
FFD=
300cm

RD. FFD=
(%) 180cm

40x40
FFD=
300cm

RD.
(%)

FFD=
180cm

50x50
FFD=
300cm

60x60
RD. FFD= FFD= R.D. FFD= FFD= R.D. FFD=
(%) 180cm 300cm (%) 180cm 300cm (%) 300cm

70x70 80x50

15

1
0.998
0.987
0.962
0.946
0.929
0.906

0.88
0.86
0.839
0.816
0.79
0.772
0.746
0.725
0.704
0.683
0.663
0.641
0.619
0.599
0.58

1
0.998
0.986
0.967
0.947
0.926
0.904
0.880
0.857
0.833
0.810
0.786
0.763
0.740
0.718
0.697
0.675
0.654
0.633
0.613
0.593
0.573

0 1
0.03 0.996
-0.06 0.986
0.55 0.966
0.10 0.5
-033 093
-0.26 0913
-001 089
-0.36 087
-067 0847
-0.78 0828
-046 0.804
-115 0.784
-0.76 0.76
-0.95 0742
-1.04 0718
-1.11 0698
-1.30 0678
-1.23 0.655
-0.97 0.638
-095 0616
-1.16  0.597

1
0.999
0.984
0.967
0.949
0.930
0.910
0.889
0.868
0.846
0.825
0.804
0.782
0.760
0.740
0.721
0.700
0.681
0.661
0.642
0.624
0.606

0
0.26

-0.20

0.1

-0.13

0.00

-0.34
-0.07
0.25
-0.08
-0.36
-0.02
-0.28

0.00

-0.22

0.36
0.32
0.43
0.98
0.66
1.25
1.44

1
0.995
0.984
0.968
0.948
0.931

0.91
0.894
0.872
0.849

0.83
0.808
0.789
0.767
0.744
0.722
0.703
0.681
0.662
0.643
0.622
0.603

1
0.998
0.988
0.973
0.956
0.938
0.919
0.899
0.879
0.859
0.838
0.818
0.797
0.777
0.757
0.738
0.718
0.700
0.681
0.663
0.646
0.628

0 1 1 0 1 1 0 1

0.26 0998 0999 0.09 0997 0997 0.04 0.997
037 0898 00988 080 0982 0981 -0.08 0.981
048 0965 0973 083 0963 0967 046 0.967
086 0946 0957 1.14 0946 0952 067 0952
072 0926 0939 143 0927 0937 106 0936
097 0907 0922 1.60 0906 0920 1.55 0.920
059 0889 0803 1.59 089 0904 154 0.904
077 087 0884 1.66 0867 0886 223 0887
113 0851 0.866 173 0.848 0.869 251 0.870
101 0828 0846 220 083 0852 265 0.853
118 0805 0.827 278 0.805 0835 368 0.836
1.03 0786 0.808 284 0787 0.818 390 0.820
124 0764 0789 3.32 0769 0.800 3.98 0.803
1.77 0747 0771 316 0747 0.782 473 0.786
216 0727 0752 347 0727 0.765 528 0.770
218 0707 0735 3.90 0708 0.749 572 0.754
275 0681 0717 529 0687 0733 662 0.739
293 0666 0699 4.97 0666 0716 7.54 0.723
3.08 0642 0682 620 0643 0700 8.0 0.709
3.78 0623 0665 6.79 0624 0684 068 0.694
415 0603 0.647 7.36 0.605 0.668 10.48 0.680

Table 3. OF of square and rectangular fields at FFD=100 c¢m, 180 cm and 300cm
and relative discrepancies (RD %) for OF of square fields at FFD=300 c¢m, as
opposed to FFD=100 cm and FFD=180 cm, as well as relative discrepancies OF
of rectangular fields as compared with the square fields

5 L _ R.D. R.D. rectang. R.D.
q{‘;ﬁ)" 1':[]2% gi}'g;n 3';022;1 100-300 180-300 40x60 for180cm  qu.-rect
(%) (%)  40x120 for 300cm (%)
30 1080 1090 1089 0833 0092 B :
3 1092 1100 1101 0824 0091 .
40 1101 1108 1108 0727 0090 -
45 - 1114 1117 - 0289 . -
50 . 1125 1125 - 0000 1.126 0.089
55 - 1128 1131 - 0.266 - -
60 - 1136 1137 - 0088 1.147 0.880
65 i 1142 1142 - 0000 - -
70 : 1147 1146 - -0.087 -
80 . . 1154 - g .
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measurement conditions. Four hundred MU was given for each
field and it was measured at the depth of 5 cm, with referential
dose rate of 320 (cGy/min) for the FFD=100 cm. In measure-
ments taken at large FFD, a greater reliability was observed when
the ionization chamber NE Farmer 2571A was used (absolute
measurement) than while using the ionization chamber PTW
9732-2 (relative measurements) seemingly because of different
characteristics of the two chambers.

Table 4. Output for the square fields at FFD=300 cm

30x30 40x40
field size 30x30 expected 40x40 expected 50x50  60x60  40x120~[60]
output output
Output 8297 8242 8157 8092 8.082 8 8.0170
(MU/cGy) (RD.= (RD=
0.663%) 0.808%)
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CONCLUSION

We elaborated the application of methods of relative and absolute
dosimetry by using the standard automatic water phantoms for
the purpose of determining dosimetric characteristics of large
radiation fields at increased distances form the focus of the
device.

On the basis of the results obtained, a database of various para-
meters (PDD, TMR, OF, output, etc.) was set up to be used for the
planning of radiation treatments with large fields (TBI, HBI, non-
Hodgkin's lymphoma, Ewing's sarcoma, lymphosarcoma, neu-
roblastoma etc.) at increased FSD. The analysis of the obtained
parameters as compared with referential dosimetry data (stan-
dard size of the field and standard distances) was carried out
simultaneously.

For all examined sizes of square and rectangular fields, the mea-
sured values of outputs and output factors at FFD=180 and 300
cm comply, within the framework of experimental error, with ref-
erential values at 100 cm.

For fields up to dimensions of 40x40 cm at FFD=300 cm, a good
agreement of all tested parameters (PDD and TMR) with those
obtained at FFD=180 cm 100cm was observed. For larger fields
the discrepancy in TMR is about maximum10 percent (square
field of 70x70). Similar trend was observed with rectangular fields
(one of the sides was at least twice longer than the other). These
discrepancies were probably the result of an incomplete radiation
scatter in the phantom whose dimensions were, after all, smaller.
However, it was not possible to correct the mistake by using
"unlimited" phantom instead of the "limited" one, due to technical
reasons, but this situation is, in a clinical practice, more realistic
than "unlimited phantom" situation.

Most of the dosimetric data obtained, point to the possibility of
application of radiotherapy unit CLINAC 2100C (Varian) for thera-
pies with large fields in given conditions (particular treatment
room. However, additional dosimetry measurements need to be
taken following the measurements on anthropomorphous phan-
tom or relative dosimetry measurements using a phantom
designed specifically for this purpose.
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