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Stereotactic body radiotherapy (SBRT) for early stage lung cancer
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*1 #RBTHLMBHOELRR
total dose daily dose  reference median

author (year) (Gy) (Gy) it local control P
Uematsu (2001) 50-60 10 80% margin 94 % (47/50) 36 months
Arimoto (1998) 60 7.5 isocenter  92%1(22/24) 24 months
Timmerman (2003) 60 20 80% margin 81 % (30/37) 15 months
Onimaru (2003) 48-60 6-7.5 isocenter  80% (20/25) 17 months
Wulf (2004) 45-56.2 15-15.4 80% margin 95% (19/20) 10 months
Nagata (2005) 48 12 isocenter  98% (44/45) 30 months
Xia (2006) 70(50) 7(5) isocenter  95% (41/43) 27 months
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Abstract: Purpose: The purposes of this study were to assess the correlation between lung tumor motion and
the abdominal motion, and to estimate the position mismatch as the difference between the abdominal motion
trace used to the predicted lung tumor position and the measured lung tumor position.

Methods and Materials: Eleven patients who underwent stereotactic body radiotherapy between December
2006 and March 2008 were included in this study, Of all the patients, 6 were studied over 3 days under an
internal review board approved protocol. Breathing synchronized fluoroscopy was performed under free
breathing. Measurements of the anterior-posterior abdominal skin surface displacement by the Real-time
Positioning Management System (Varian Medical Systems, Inc., Palo Alto, CA) were correlated to
simultaneously acquired X-ray fluoroscopy (Acuity; Varian Medical Systems, Inc.) measurements of superior-
inferior tumor displacement. The lung tumor motion was analytically detected by a template matching algorithm
after image processing. To evaluate the tumor-abdominal motion phase relationship, a cross-correlation, was
calculated of the time-synchronized tumor motion and the abdominal motion. By comparing the predicted
lung tumor position in which phase difference was corrected to the measured lung tumor position, the position
mismatch was computed.

Results; The correlation coefficients between the lung tumor motion and abdominal motion ranged 0.89 from
0.97 and more reproducible from day to day. A hysteresis curve was observed due to phase difference between
the lung tumor motion and abdominal motion. The average of the position mismatch was up to 1.78 mm.
Conclusion: Even if the correlation coefficients between the abdominal motion and the tumor motion were
high for most cases, there were some differences between the predicted lung tumor position and the measured

lung tumor position.

Key words: Respiratory gated radiotherapy, Lung tumor motion, Respiration surrogate
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Fig. 1 A parallel display between RPM system monitor representing
abdominal wall motion using a reflective marker block, and
a chest fluoroscopic image from the anterior of a patient.
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Table | Individual patient characteristics

Patient Age Sex Location Multiple days
1 78 M RLL Yes
2 58 M RML No
3 17 M RLL Yes
A 62 F LLL Yes
5 81 M LLL No
6 81 M LUL Yes
7 77 F RLL Yes
8 78 M RLL No
9 78 M RML Yes
10 80 M LLL No
11 74 F RLL No

Abbreviations: M, male; F, female; RLL, right lower lobe; RML,
right middle lobe; LLL, left lower lobe; LUL, left upper lobe.

ctic Body Frume | 3

R~

Fig.3 Typical patient setup. A reflective marker block placed
midway between the patient's xiphoid process and umbilicus
was used in the recording of the respiration signal.

Fig. 4  Anexample of image processing.
(a) An original image.
(b) The median filter was used to reduce noise in images.
(c) The contrast between tumor and background was enhanced.
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Table 2 Tumor-abdominal motion comrelation coefficients over all

Table 3 Phase difference betweén superior-inferior tumor motion and

Patient Session | Session 2 Session 3 Patient Session 1 Session 2 Session 3
1 097 097 097 1 0.03 0.03 0.00
2 0.89 nfa ne 2 033 n/a nfa
3 096 0.96 0.95 3 0.10 0.13 0.10
4 097 0.96 0.94 4 0.10 0.13 0.07
5 0.96 na na 5 0.13 n'a nfa
6 0.93 095 0.94 6 0.07 0.07 0.07
7 0.89 0.96 093 7 013 0.10 0.13
B 0.96 nfa n/a 8 0.00 n/a n/a
9 0.93 0.97 097 9 0.03 0.10 0.10
10 0.96 nfa n/a 10 0.00 na n/a
11 0.89 n/a n/a 11 023 nfa n/a

Abbreviation: n/a, not available (patient did not participate in this
measurement session),
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Abbreviation: n/a, not available (patient did not participate in this
measurement session).

Notes: A positive value indicates that the lung tumor motion

is lagging behind abdominal ion. All values are in seconds.
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(a) Superior-inferior tumor motion and anterior-posterior abdominal motion as a function of time.
(b) Superior-inferior umeor position as a function of anterior-posterior abdominal position. Even if the respiratory
pattern is irregular, the correlation coefficient is high (|R|=0.97; p<0.0001).
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(a) Superior-inferior tumor motion and anterior-posterior abdominal motion as a function of time.
(b) Superior-inferior tumor position as a function of anterior-posterior abdominal position. The loop caused by
respiratory phase lag between abdominal and tumor motion was observed ([R[=0.89; p<0.0001).
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Table 4 The position mismatch between the predicted tumor position and the measured tumor position

Session | Session 2 Session 3
Patient b 99% C.L S 99% C.L o 99% C.L
Lower  Upper Lower  Upper Lower  Upper
1 049 047 0.52 0.71 0.68 073 0.61 0.59 0.64
2 178 1 1.85 wa wa
3 1.70 1.63 177 0.88 0.85 092 1.00 0.95 1.06
4 121 1.15 1.26 1.26 118 133 0.61 0.58 0.64
5 142 1.35 1.49 o/a n/a
6 0.44 0.42 0.46 0.73 0.70 076 0.67 0.64 0.70
7 0.84 0.80 0.88 0.53 0.50 0.55 0.86 0.83 0.90
8 0.46 0.44 0.48 n/a wa
9 077 0.73 0.81 0.45 042 048 0.69 0.66 071
10 1.73 1.66 1.81 n/a n/a
11 1.55 1.46 1.64 n/a wa

Abbreviations: C.L, confidence interval; n/a, not available (patient did not participate in this measurement session).

Notes: All values are in millimeters.

3. mEHUETaR

EEHIZBVT, WEEZAREATH L 7SS A 1| &l
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48 00 0 05 ) T LA (6] 2 RBLAGE S & 405 ) & AR B RRATT 125

A S IERE I OV R B A TSR L T vk
HECHENMITFREIEA LTI £, WHIZHT L TRR
B0 THMNEET LB DD, FHRTIIRSRT
Elw—H— &b HENE TR RELI L EHE
L, Tonascub” & EIED&ER LB/, THICH LTH
AR EERLTO, BEEEA D T3 LA M| &
FEL - EECE R INYELTE), ZOlLER
TELWEFALRONS, ThooThEyERRIC R
245104, HECRTWELRIETAY-Y Y OREDL
LERREEMEOL KGO LEEERXD. 12
L, 406l hiiico oflEimd o8
HN-liTHN, 1 B0 OEREMIGH LD bRV
EOMBRETRONR—ATA 7 P EOKET, WL
E4nEPHICRKE LT LELONS.

AROVE RS — 7 — L MBS OB & % @85 BT R U
WTELHEYERL, ThoBEMERUMEEEN
BT 0 L7 BB T8 & 0 5E L 7R fr [ >4 ik &
AT L7 HCOEFT, ML MEdERe o
{CHOHRBERRTFTSHY, hoOHMEBMLEEL
Tz L, MEEEZEGLAEAF g L 7 il 8 i B & 5
L 7= g s o123 hdtd LT

BE ARoBTIchih, ZHHEEB)E LAHESK
£ EEH B AR AR G OEIC, EBEAEY T
EMRL TS,

Ao —iL, Fl204F MR ML &L BITR
(S) (LB ES : 20229009) >—#BE L THEMBS L,

X ®

1) Keall PJ, Mageras GS, Balter IM, et al.: The management of
respiratory motion in radiation oncology report of AAPM Task
Group 76. Med Phys 33: 3874-3900, 2006.

2) Ohara K, Okumura T, Akisada M, et al.: Irradiation synchronized

with respiration gate. Int J Radiat Oncol Biol Phys 17 853-857,

1989,

Mageras GS, Yorke E, Rosenzweig K, et al.: Fluoroscopic

evaluation of diaphragmatic motion reduction with a respiratory

gated radiotherapy system. J Appl Clin Med Phys 2: 191-200,

2001.

4) Vedam SS, Kini VR, Keall PJ, et al.: Quantifying the predictability
of diaphragm motion during respiration with & noninvasive
external marker, Med Phys 30: 505-513, 2003.

5) AhnS, YiB, Suh Y, etal: A feasibility study on the prediction of
tumour location in the lung from skin motion. Br J Radiol 77:
588-596, 2004,

6) Hoisak JD, Sixel KE, Tirona PC, et al.: Correlation of lung tumor
motion with external surrogate indicators of respiration. Int J
Radiat Oncol Biol Phys 60: 1298-1306, 2004.

7) lonascu D, Jiang SB, Nishioka S, et al.: Internal-external
correlation investigations of respiratory induced motion of lung
tumors. Med Phys 34: 3893-3903, 2007.

8) Kini VR, Vedam SS, Keall PJ, et al.: Patient training in
respiratory-gated radiotherapy. Med Dosim 28: 7-11, 2003,

9) Kubo HD and Wang L: Introduction of audio gating to further
reduce organ motion in breathing sym:hroniwi radiotherapy.
Med Phys 29: 345-350, 2002.

10) George R, Chung TD, Vedam SS, et al: Audio-visual biofeedback
for respiratory-gated radiotherapy: Impact of audio instruction
and audio-visual biofeedback on respiratory-gated radiotherapy.
Int J Radiat Oncol Biol Phys 65: 924-933, 2006.

11) Nelson C, Starkschall G, Balter P, et al.: Respiration-correlated
treatment delivery using feedback-guided breathhold: A technical
study. Med Phys 32: 175-181, 2005.

3

B [BM]AREOBENE, BROFBEERN S A7 A THAFRABORBTER EXBS I 2L —4—TRAL LRARAR
OB R OGN £ FRE L, SRR TR L A E L RS RO R (LT, SR £
HtazeThor [HiE]2006F 128 5200848 3 AETOMIC, YR CHEMMMSAREMTLANERNENRELL £
D55 6 EFRREEEZASORBOT, 3 AMChHE->THEET-%. Realtime Positioning Management < 2 7 L (Varian
Medical Systems, Inc., Palo Alto, CA) TR L 7= B 88 25 il )i & A MEMEE4L B 774 0% & L 72XH8 > 2 2 L — 2 — (Acuity; Varian
Medical Systems, Inc.) (i & 3 FIC &R L, BEFFRET CeOMWMENRIL 2. MM L AAFIERICH L TERMZET -/, 7
A= by Fo S THMEOME R L . RO R L AERTL R, S UIEEMNE AL 2. 22, AT EHE
LAEBEEERNT, WMEEDSFMNL-HESGE KD, CheRELAMEBEEREERTICET, BEAETARE
WH LA [REEFRS ORI #2080 50.07OMEMRICHY, ThoOH4OEBBREL TV METOE & iHMEE
HROGHThYBERTELSEATY L AMBREBEMLFELL NBLETAROTFSMEBRATI7TBMMTE L. (8
B &< OEMT, METAR L METAE e OMEREMEE RIFTH - 0, WA TR L A BEEEAE & ME L B
B EOMICThFE LTk



