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Fig. 1. Reverse hockey-stick technique for post-mastectomy radiotherapy. SCL:Suprac-
lavicular lymph node, Lat CW : Lateral chest wall, Ant CW : Anterior chest wall, IM: In-

ternal mammary lymph node.
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Fig. 2. Design of individualized custom bolus and its application.
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Fig. 3. The isodose line distribution of a patient with left side breast cancer. (A & B),
Axial images without & with compensator respectively. (C & D), Sagittal images without
& with compensator respectively. Line color vs % dose; red 100%, green 95%, grayscale
90%, yellow 80%, skyblue 70%, blue 50%, forest 20%.
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Fig. 4. The isodose distribution of a patient with right side breast cancer. (A & B),
Axial images without & with compensator respectively. (C & D), Sagittal images without
& with compensator respectively. Line color vs % dose; red 100%, green 95%, grayscale
90%, yellow 80%, skyblue 70%, blue 50%, forest 20%.
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Fig. 5. The comparison of DVHs between with and without compensators. (A, C & E), DVH in a pa-
tient with right side breast cancer (No. 7). (B, D & F), DVH in a patient with left side breast cancer
(No. 8). (A & B), DVH of the ipsilateral lung. (C & D), DVH of the contralateral lung. (E & F), DVH
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SAeHTable 2. A% A gholl Qloid ZHuA4A 4§ A%

of FE2Z H3tE W
ek gl A 2 HokE KelE HolA
A gH g ALY B vlEe FAES
ek WS §5 sl B4
e AT 2,757 cGyollA 2327 GyE ZHastgdrhp<

ot U Ju

o) gl Aol

o] A

“

ok
L‘Sg}:

2 Ht A7k Vs, Vesolgith &

-2

0.01). A4S HFAdzk 712 893 cGydllA] 729 Gy & 7H43%

Table 1. NTCPs of the Normal Tissues (%)

Patient 1psilateral lung  Contralateral lung Heart

No. A B A B A B
1 670 250 0.0 0.0 00 00
2 68.0 450 0.0 0.0 00 00
3 90.0 560 0.0 0.0 00 00
4 69.0 322 0.0 0.0 00 00
5 920 550 0.0 0.0 00 00
6 750 510 0.0 0.0 0.0 00
7 940 450 0.0 0.0 0.0 00
8 770 370 0.0 0.0 00 00
9 920 770 0.0 0.0 50 00

10 780 540 0.0 0.0 00 00

A :without compensator, B : with compensator

Table 2. Dose Statistics of the lpsilateral Lung and Heart

Ak Vo 7k 2RAEAAE H LA L AE 5 9
ARNA 22k B 545%9F 168%F el 83 A5 45.
%9} 9.8% % IA Basigod, Vo 3k 5 oA H
174%0A 11.0%Z, AAAA 6.1%N4 22%5 74819}
92 ke TR BAEY Vo 9 Vet 107} 2F A
A ALsA AT W 65%F HS ¥ vnA A
L BY zABAA A4 f59F dFglol 2% o[we A2
e Hoirth

w

Jok

oh gl ZEE

12

4%

of nZ ol
ok mlo [k rlo

e 2AEAE F AgEe BAAXEY F2
A F Az B 5 Slok Ade ey F4
Aol ol & mlAl AE e AATeEH £ A
Z&A7)7] Aol ol B AT-EdlA 1 3}
9 vh 9ok FAAE AEEE FPAAN Aol H
Aol AlgH i AFEoA Fh AL FEATIAL
AEES ZTHIFIA Fides EaE & Ho] gled, o|F
ATElA AL 7P PR T olf sk o
e 2448 A s 7 dEelen & 5 ekt

Pis N Mean dose (Gy) Max.” dose (Gy) Min." dose (Gy) Vso© (%) Vos® (%)
s No.
A B A B A B A B. A B
Ipsilateral lung 1 24.5 20.5 735 75.6 155 1.72 498 39.0 15.3 7.5
2 25.6 229 69.5 774 1.81 1.53 51.9 449 13.0 9.6
3 294 243 65.3 714 1.90 1.86 58.5 48.0 17.5 11.3
4 25.7 21.4 68.5 65.3 1.81 2.03 50.8 420 154 74
5 29.8 24.2 67.8 69.5 1.78 1.69 58.5 47.6 21.7 10.1
6 26.4 235 68.5 70.7 1.71 1.78 51.9 443 16.5 15.2
7 30.5 23.0 75.3 75.2 1.85 0.31 60.2 457 274 13.1
8 26.8 21.9 68.4 76.7 1.81 173 523 40.7 18.5 13.0
9 30.1 27.0 70.0 714 3.06 277 59.5 521 144 13.4
10 269 24.0 68.9 65.7 1.86 1.85 54.1 484 14.7 9.2
Heart 1 10.6 8.2 54.1 50.3 1.09 1.40 14.7 9.1 1.8 0.0
2 39 4.6 404 394 0.84 0.86 11 1.0 0.0 0.0
3 49 4.0 43.8 424 0.94 0.93 22 1.7 0.0 0.0
4 15.2 10.8 60.0 62.0 1.64 191 241 14.7 10.5 31
5 43 88 58.1 52.0 1.65 1.47 221 105 8.6 0.3
6 104 9.3 53.5 60.7 1.18 1.77 13.9 11.0 3.5 19
7 58 4.0 48.8 349 145 0.98 6.5 0.1 02 0.0
8 131 8.2 54.6 58.4 1.42 155 20.2 8.7 6.6 57
9 28.4 20.3 60.1 59.5 232 2.55 52.6 34.8 284 104
10 8.9 7.3 63.1 55.0 152 152 10.3 6.5 13 01

A : without compensator, B : with compensator

‘maximum, 'minimum, Tvolume of the normal organ receiving at least 50% of the prescription dose, ‘volume of the normal
organ receiving at least 95% of the prescription dose
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—— Abstract

The Benefit of Individualized Custom Bolus in the Postmastectomy
Radiation Therapy : Numerical Analysis with 3-D Treatment Planning

Jae Ho Cho, M.D., Kwang Hwan Cho, M.S., Kichang Keum, M.D., Yongyih Han, Ph.D.
Yong Bae Kim, M.D., Sung Sil Chu, Ph.D. and Chang Ok Suh, M.D.

Department of Radiation Oncology, Yonsei University College of Medicine,
Yonsei Cancer Center, Seoul, Korea

Purpose : To reduce the irradiation dose to the lungs and heart in the case of chest wall irradiation using
an oppositional electron beam, we used an individualized custom bolus, which was precisely designed to
compensate for the differences in chest wall thickness. The benefits were evaluated by comparing the nor-
mal tissue complication probabilities (NTCPs) and dose statistics both with and without boluses.

Materials and Methods : Boluses were made, and their effects evaluated in ten patients treated using the
reverse hockey-stick technique. The electron beam energy was determined so as to administer 80% of
the irradiation prescription dose to the deepest lung~chest wall border, which was usually located at the
internal mammary lymph node chain. An individualized custom bolus was prepared to compensate for a
chest wall thinner than the prescription depth by meticulously measuring the chest wall thickness at 1 cm’
intervals on the planning CT images. A second planning CT was obtained overlying the individualized cus-
tom bolus for each patient's chest wall. 3-D treatment planning was performed using ADAC-Pinnacle® for
all patients with and without bolus. NTCPs based on “the Lyman-Kutcher” model were analyzed and the
mean, maximum, minimum doses, Vso and Ves for the heart and lungs were computed.

Resulis : The average NTCPs in the ipsilateral lung showed a statistically significant reduction (p<0.01),
from 80.2+3.43% to 47.714.61%, with the use of the individualized custom boluses. The mean lung irra-
diation dose to the ipsilateral lung was also significantly reduced by about 430 cGy, from 2757 cGy to
2,327 cGy (p<0.01). The Vs and Ves in the ipsilateral lung markedly decreased from the averages of 54.5
and 17.4% to 45.3 and 11.0%, respectively. The Vs and Vg in the heart also decreased from the aver-
ages of 168 and 6.1% to 9.8% and 2.2%, respectively. The NTCP in the contralateral lung and the heart
were 0%, even for the cases with no bolus because of the small effective mean radiation volume values
of 4.4 and 7.1%, respectively.

Conclusion : The use of an individualized custom bolus in the radiotherapy of postmastectomy chest wall
reduced the NTCP of the ipsilateral lung by about 24.5 to 40.5%, which can improve the complication free
cure probability of breast cancer patients.

Key Words : Postmastectomy radiotherapy, 3D-treatment planning, Individualized Custom bolus, Radiation
pneumonitis, Dose statistics

_934



