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Contralateral cancer rates (%/ year) and logrank analyses
Years 0-4 Years 5-9 Years 10-14 Years 15+
Radiotherapy 0.61(346/56689) 0.71(258/36134)  0.61(126/20528) 0.48 (77 /16163)
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Rate ratio, from 1.01 SE 0.08 1.49 SE 0.12 1.31 SE0.16 1.06 SE0.18
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Fig. 1. The graph shows the effect of radiotherapy on
contralateral breast cancer incidence. The probability of
contralateral breast cancer incidence in radiotherapy is 1.8%
higher than that of control 15 years after the treatment. This
graph is cited from ’Effects of chemotherapy and hormonal
therapy for early breast cancer on recurrence and 15-year
survival: an overview of the randomized trials’ by Early Breast
Cancer Trialists’ Collaborative Group (EBCTCG).
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Fig. 2. The peripheral dose was measured by using a 2D array
with 729 ion chambers. A size of the chamber is 5 mmx5
mmx5 mm and the spatial resolution is 1 cm.
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Table 1. The accuracy evaluation of 2D array using 6 MV photon beam.

Percent peripheral dose relative to the dose at the Dm.x depth (%) using 6 MV photon beam

1.5 cm (Dmax) depth 5 cm depth
Distance from Calculated Measured Difference Calculated Measured Difference
field edge (cm) data data data data
1 5.8 6.1 03 91 92 01
2 3.7 43 0.6 52 6.0 0.8
3 2.6 33 0.7 37 45 0.8
4 2.0 25 0.5 2.6 33 0.7
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Table 2. The accuracy evaluation of 2D array using 15 MV photon beam.

Percent peripheral dose relative to the dose at the Dmax depth (%) using 15 MV photon beam

3 ecm (Dmax) depth 5 cm depth
Distance from Calculated Measured Difference Calculated Measured Difference
field edge (cm) data data data data
1 8.0 8.1 0.1 99 9.5 04
2 39 45 0.6 4.0 46 0.6
3 27 32 0.5 2.5 31 0.6
4 2.0 25 0.5 1.8 23 0.5
a 6 MV_W15_SSD80 b 6 MV_W15_SSD90
8.0 =SSP e PW_Heel 8.07 T T = PW Heel
7.0- —e— PW_Toe 704 —e— PW_Toe
’ —e— DW_Heel ’ —a— DW_Heel
6.0 - —e— DW_Toe 6.0 - —o— DW_Toe
S S
o 5.0 o 5.0
723 w
o o
D 4.0 S 4.0
5 5
© 3.01 © 3.01
s Q
2.0 2.0
1.0 1.0 1
0.0 T T T T T T T ¥ T 0.0 T T T T T T T T T 1
1 2 3 4 5 1 2 3 4 5

Distance from field edge (cm)

Distance from field edge (cm)

Fig. 3. The percent peripheral dose (%) was measured using a 15° physical wedge and an enhanced dynamic wedge. The 6 MV
energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and compared. The
percent peripheral dose of the enhanced dynamic wedge was always lower than that of the physical wedge. And the heel direction
peripheral dose was below the toe direction peripheral dose. (a) The measurement was performed under the 80 cm SSD. (b) The

measurement was performed under the 90 cm SSD.
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Fig. 4. The percent peripheral dose (%) was measured using a 15° physical wedge and an enhanced dynamic wedge. The 15 M\
energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and compared. The
heel direction peripheral dose was below the toe direction peripheral dose. (a) The measurement was performed under the 80 cn
SSD. The percent peripheral dose of the enhanced dynamic wedge was always lower than that of the physical wedge. (b) The
measurement was performed under the 90 cm SSD. The percent peripheral dose of the enhanced dynamic wedge was higher thar

that of the physical wedge at the point of 1 cm and 2 cm. But at the point over 2 c¢m, the dose of enhanced dynamic wedge wa:
lower than that of the physical wedge.
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Fig. 5. The percent peripheral dose (%) was measured using a 30° physical wedge and an enhanced dynamic wedge. The 6 MV
energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and compared. The
percent peripheral dose of the enhanced dynamic wedge was always lower than that of the physical wedge. And the heel directior

peripheral dose was below the toe direction peripheral dose. (a) The measurement was performed under the 80 cm SSD. (b) The
measurement was performed under the 90 cm SSD.
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Fig. 6. The percent peripheral dose (%) was measured using a 30° physical wedge and an enhanced dynamic wedge. The 15 MV
energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and compared. The
heel direction peripheral dose was always below the toe direction peripheral dose except 2 cm point of figure A. (a) The
measurement was performed under the 80 cm SSD. The percent peripheral dose of the enhanced dynamic wedge was always lower
than that of the physical wedge. (b) The measurement was performed under the 90 cm SSD. The percent peripheral dose of the
enhanced dynamic wedge was higher than that of the physical wedge at the point of 1 cm. But at the other point, the dose of
enhanced dynamic wedge was lower than that of the physical wedge.
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Fig. 7. The percent peripheral dose (%) was measured . using a 45° physical wedge and an enhanced dynamic wedge. The 6 MV
energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and compared. The
percent peripheral dose of the enhanced dynamic wedge was always lower than that of the physical wedge. And the heel direction

peripheral dose was below:.the toe direction peripheral dose. (a) The measurement was performed under the 80 cm SSD. (b) The
measurement was performed under the 90 cm SSD.
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Fig. 8. The percent peripheral dose (%) was measured using a 45° physical wedge and an enhanced dynamic wedge. The 15 MV
energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and compared. The
heel direction peripheral dose was always below the toe direction peripheral dose. (a) The measurement was performed under the
80 cm SSD. The percent peripheral dose of the enhanced dynamic wedge was always lower than that of the physical wedge. (b) The
measurement was performed under the 90 cm SSD. The percent peripheral dose of the enhanced dynamic wedge was higher thar
that of the physical wedge at the point of 1 cm and 2 cm. But at the other point, the dose of enhanced dynamic wedge was lowes

than that of the physical wedge.
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Fig. 9. The percent peripheral dose (%) was measured using a 60° physical wedge and an enhanced dynamic wedge. The 6 MV
energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and compared. The
percent peripheral dose of the enhanced dynamic wedge was always lower than that of the physical wedge. And the heel directior
peripheral dose was below the toe direction peripheral dose. (a) The measurement was performed under the 80 cm SSD. (b) The

measurement was performed under the 90 cm SSD.
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Fig. 10. The percent peripheral dose (%) was measured using a 60° physical wedge and an enhanced dynamic wedge. The 15 MV
energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and compared. The
heel direction peripheral dose was always below the toe direction peripheral dose. (a) The measurement was performed under the
80 cm SSD. The percent peripheral dose of the enhanced dynamic wedge was always lower than that of the physical wedge. (b) The
measurement was performed under the 90 cm SSD. The percent peripheral dose of the enhanced dynamic wedge was higher than
that of the physical wedge at the point of 1 cm. But at the other point, the dose of enhanced dynamic wedge was lower than that

of the physical wedge.
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Table 3. The range and average of percent doses in
peripheral region at various conditions.

Percent doses at various

conditions

Minimum Maximum Average

percent percent percent
dose (%) dose (%) dose (%)
Wedge Physical wedge 25 124 6.33
type Enhanced 14 119 508
dynamic wedge ’ ’ ’
Difference 11 0.5 125
Energy 6 MV 14 9.34 4.25
15 MV 3.05 124 7.16
Difference 1.65 3.06 291
Direction Heel 14 11.2 527
Toe 1.6 12.4 6.15
Difference 0.2 1.2 0.88
SSD 80 cm 14 124 55
90 cm 214 11.9 5.92
Difference 0.74 0.5 0.42
Wedge 15° 1.9 7.96 571
angle 30° 1.73 10.03 5.28
45° 14 94 5.94
60° 1.71 11.99 5.89
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Fig. 11. The difference between percent peripheral dose of the
physical wedge and percent peripheral dose of the enhanced
dynamic wedge increases while wedge angle increases. The SSD
is critical factor that effects on the percent peripheral dose. The
percent peripheral dose of shorter SSD is higher than the
percent peripheral dose of longer SSD.
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Fig. 12. The absolute peripheral dose (%) was measured by TLD using a 45° physical wedge and an enhanced dynamic wedge. The
6 MV energy was used and the field size was 10 cmx10 cm. Both heel and toe direction measurement were performed and
compared. The heel direction peripheral dose was below the toe direction peripheral dose. (a) The measurement was performed
under the 80 cm SSD. The percent peripheral dose of the enhanced dynamic wedge was always lower than that of the physical
wedge. (b) The measurement was performed under the 90 cm SSD. The percent peripheral dose of the enhanced dynamic wedge
was higher than that of the physical wedge at the point of 1 cm. But at the other point, the dose of enhanced dynamic wedge was

lower than that of the physical wedge.
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Table 4. The range and average of doses in peripheral
region at various conditions using TLD.

Doses at various conditions

Minimum Maximum Average

dose dose dose

(cGy) (cGy) (cGy)

Wedge Physical wedge 11.6 523 2491

type  Enhanced 71 46.1 21.13
dynamic wedge ’ ’ ’

Difference 45 6.2 3.78

Direction  Heel 71 394 20.8

Toe 8.0 52.3 25.23

Difference 09 129 443

SSD 80 cm 83 52.3 24.78

90 cm 7.1 405 21.25

Difference 1.2 11.8 3.53
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A Comparison of Peripheral Doses Scattered from
a Physical Wedge and an Enhanced Dynamic Wedge
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in order to evaluate the radio—protective advantage of an enhanced dynamic wedge (EDW) over a
physical wedge (PW), we measured peripheral doses scattered from both types of wedges using a 2D
array of ion—chambers.

A 2D array of ion—chambers was used for this purpose. In order to confirm the accuracy of the device,
we first compared measured profiles of open fields with the profiles calculated by our commissioned
treatment planning system. Then, we measured peripheral doses for the wedge angles of 15°, 30°, 45°,
and 60° at source to surface distances (SSD) of 80 ¢cm and 90 cm. The measured points were located
at 0.5 cm depth from 1 cm to 5 cm outside of the field edge. In addition, the measurements were
repeated by using thermoluminescence dosimeters (TLD). The peripheral doses of EDW were (1.4%
to 11.9%) lower than those of PW (2.5% to 12.4%). At 15 MV energy, the average peripheral doses
of both wedges were 2.9% higher than those at 6MV energy. At a small SSD (80 ¢m vs. 90 cm),
peripheral dose differences were more recognizable. The average peripheral doses to the heel direction
were 0.9% lower than those to the toe direction. The results from the TLD measurements confirmed
these findings with similar tendency. Dynamic wedges can reduce unnecessary scattered doses to
normal tissues outside of the field edge in many clinical situations. Such an advantage is more profound
in the treatment of steeper wedge angles, and shorter SSD.

Key Words: Enhanced dynamic wedge, Physical wedge, Peripheral dose, lon—-chambers, TLD
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