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Table 1. Model of 5 Patients with Lung Cancer

Pt.  Patho. Stage  Tumor Dose planning
No. location
1. SQ TINOMO LLL 3 ports
(APw, PAw, LtLat)
2. NSCLC TINOMO LUL 2 ports
(APw, Lt.Latw)
3. 8Q T2NOMO  LLL 3 ports
(LAO, RPO, RAQ)
4.  SQ T2NOMO  RLL 5 ports
(RPO, LPO, LAOQ,
AP, PA)
5. NSCLC T2NOMQ RML 4 ports

(LAO, RAO, LPO, RPO)
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Fig. 1. Composition of the respiratory gating radiotherapy
device (RGRD). S:sensor, MS/W : micro switch, C/P: control
panel, RB: rubber bend.
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Fig. 2. Photograph of the respiratory gating radiotherapy de-
vice (RGRD).

L2
@

SAHIELEZIXI 2002:20(1):41~52

3. 3&0| st »7|9 ol HelE &I

X3k (A, WY, £%, AHelE T 2y WgE A

0|2 Ak RS AL WS o3 o|E

gk A 1Y 71%¢ aFskm Qi B AFelAE

$FLE0] FAY Aol XBAYL sla PAAS
O

SHA 2oy 58] Aeiold AARE w2 Stet
of A719) W9l Holsh AY Z Alshinferior & superion)o]F
ADE ZHR PAE XA ZEH (csimulaion?] Xi
matron (Varian, w13)8] 6] Slell Fske) AAlola 447
ALE SFEAY WEANE B F AETANEYG
1| (cine fluoroscope) 2. Flo] 418 ¥ATLE o2 o
Bogelgla AEAA (Ximavision, Varian, m]F)el] 9]
Jo Yute] AAMES ZREH WEATNY S5
A o|ZAe) E3to] Hrlelsiet

o

oX

oh iy

ot

Fig. 3. Treatment of lung cancer under LINAC machine with
the respiratory gating radiotherapy device (RGRD).
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Fig. 4. Movement of diaphragm by respiratory cycle with
freely breathing.
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Fig. 5. Cine fluorography for movement of diaphragm in supine position with freely

breathing.
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Fig. 6. Movement of diaphragm in supine position with free-
ly breathing.
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Fig. 7. Volume of CTV, lung and spinal cord for 5 patients
with lung cancer.
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Fig. 8. Volume of PTVs associated with margins for 5 pa-
tients with lung cancer.
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Fig. 11. A representative Dose Volume Histogram (DVH) of PTV, both lung and spinal cord for a patient

with lung cancer.
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Table 2. Dose Volume Statistics Data for One Patient (Pt. No. 3) Prescribed Dose : 60 Gy

Volume (cm®) Margin (cm)

Max DVH (cGy) Ve (%)

TCP (%) NTCP (%) V80 (cm’) V50 (cm®) D50 (cGy)

PTV 1287 05 6,183 95.30 78 - 128.7 128.6 5,980
1.56 302 95.0 80 - 128.7 128.7 6,050
2.06 354 944 81 - 128.7 128.7 6,100
Lt Lung 1,522.3 0.5 6,076 21.0 - 43 85 397 190
15 6,215 282 - 19 213 522 370
20 6,306 34.8 - 56 300 647 1,350
Rt Lung 1,522.3 0.5 1477 15.7 - 0 0 0 70
1.5 1,540 2.6 - 0 0 0 200
20 1,650 280 - 0 0 0 330
SC 58.4 05 3,965 0 - 2 0 01 70
15 6,220 12 - 8 0 74 100
20 6,427 12.3 - 23 10 138 350
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—— Abstract

Development of Conformal Radiotherapy with
Respiratory Gate Device

Sung Sil Chu, Ph.D., Kwang Hwan Cho, M.S., Chang Geol Lee, M.D. and Chang Ok Suh, M.D.

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

Pumpose : 3D conformal radiotherapy, the optimum dose delivered to the tumor and provided the risk of
normal tissue unless marginal miss, was restricted by organ motion. For tumors in the thorax and ab-
domen, the planning target volume (PTV) is decided including the margin for movement of tumor volumes
during treatment due to patients breathing. We designed the respiratory gating radiotherapy device (RGRD)
for using during CT simulation, dose planning and beam delivery at identical breathing period conditions.
Using RGRD, reducing the treatment margin for organ (thorax or abdomen) motion due to breathing and
improve dose distribution for 3D conformal radiotherapy.

Materials and Methods : The internal organ motion data for lung cancer patients were obtained by
examining the diaphragm in the supine position to find the position dependency. We made a respiratory
gating radiotherapy device (RGRD) that is composed of a strip band, drug sensor, micro switch, and a
connected on-off switch in a LINAC control box. During same breathing period by RGRD, spiral CT scan,
virtual simulation, and 3D dose planing for lung cancer patients were performed, without an extended PTV
margin for free breathing, and then the dose was delivered at the same positions. We calculated effective
volumes and normal tissue complication probabiliies (NTCP) using dose volume histograms for normal
lung, and analyzed changes in doses associated with selected NTCP levels and tumor control probabilities
(TCP) at these new dose levels. The effects of 3D conformal radiotherapy by RGRD were evaluated with
DVH (Dose Volume Histogram), TCP, NTCP and dose statistics.

Results : The average movement of a diaphragm was 1.5 cm in the supine position when patients
breathed freely. Depending on the location of the tumor, the magnitude of the PTV margin needs to be
extended from 1 cm to 3 c¢m, which can greatly increase normal tissue irradiation, and hence, results in
increase of the normal tissue complications probability. Simple and precise RGRD is very easy to setup
on patients and is sensitive to length variation (+2 mm), it also delivers on-off information to patients and
the LINAC machine. We evaluated the treatment plans of patients who had received conformal partial
organ lung irradiation for the treatment of thorax malignancies. Using RGRD, the PTV margin by free
breathing can be reduced about 2 cm for moving organs by breathing. TCP values are almost the same
values (4~5% increased) for iung cancer regardiess of increasing the PTV margin to 2.0 cm but NTCP
values are rapidly increased (60~70% increased) for upon extending PTV margins by 2.0 cm.
Conclusion : internal organ motion due to breathing can be reduced effectively using our simple RGRD.
This method can be used in clinical treatments to reduce organ motion induced margin, thereby reducing
normal tissue irradiation. Using treatment planning software, the dose to normal tissues was analyzed by
comparing dose statistics with and without RGRD. Potential benefits of radiotherapy derived from reduction
or elimination of planning target volume (PTV) margins associated with patient breathing through the eval-
uation of the lung cancer patients treated with 3D conformal radiotherapy.

Key Words : Respiratory gating radiotherapy device (RGRD), Internal organ motion, Dose volume Histo-
gram (DVH), Normal tissue complication probabiliies (NTCP), Tumor control probabilities
(TCP)
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