REHKA

WXEA bg

Cooloens C, Webb S,
Shirato H, Nishioka K,
Evans PM.

A margin model to account for
respiration-induced tumour motion

and its vanability.

Phys Med
Biol

Mizuno H, Kanai T,
Kusano Y, Ko S, Ono M,
Fukumura A, Abe K,
Nishizawa K, Shimbo M,
Sakata S, Ishikura S,
Ikeda H.

Feasibility study of glass dosimeter
postal dosimetry audit of high-energy
radiotherapy photon beams.

Radiother
Oncol

258-63

Nakamura K, Kodaira T,
Shikama N, Kagami Y,
Ishikura S, Shibata T,
Hiraoka M.

Accelerated fractionation versus
conventional fractionation radiation
therapy for glottic cancer of
T1-2NOMO Phase 111 study: Japan
Clinical Oncology Group study
(JCOG 0701).

Jpn J Clin

Oncol

387-389

Ishikura S.

Quality assurance of radiotherapy in

cancer treatment: Toward
improvement of patient safety and

quality of care,

Jpn J Clin

Oncol

AR

WA O T 70 R — 28 A &t B

EAEIT S REN - HEiaye

fed i T TR IR O
it B & A

- fe e 4

4

314-18

Hashimoto K, Mayahara
H, Takashima A,
Nakajima TE, Kato K,
Hamaguchi T, Ito Y,
Yamada Y, Kagami Y,
Itami J, Shimada Y:

Palliative radiation therapy for
hemorrhage of unresectable gastric
cancer: a single institution

experience.

J Cancer Res
Clin Oncol




RERERS WXZA b4 gRiEE | B85 | ~—T | HEF
Koga T, Morita A,
) EPU
Maruyama K, Tanaka M, | Long-term control of disseminated =
Ino Y, Shibahara J, Louis | pleomorphic xanthoastrocytoma with
Neuro Oncol | ahead 2009
DN, Reifenberger G, anaplastic features by means of ;
o
Itami J, Hara R, Saito N, stereotactic irradiation -
print
Todo T
Murakami N, Itami J,
Okuma K, Marino H, Urehtral dose and increment of IPSS
i Strahlenther
Nakagawa K, Ban T, in transperineal permanent interstitial Ol 184 | 515-19 2008
o
Nakazato M, Kanai K, implant of prostate cancer
Naoi K, Fuse M
Ogawa K, Yoshii Y,
Shikama N, Nakamura ) y
Spinal recurrence from intracranial
K, Uno T, Onishi H, Int J Radiat
y 5 germinoma: Risc factors and .
Itami J, Shioyama Tm - Oncol Biol 72 | 1347-54 | 2008
] treatment outcome for spinal
Iraha S, Hyodo A, Toita Phys
recurrence.
T, Kakinohana Y, Tamaki
W, Ito H, Murayama S
Kono Y, Kubota K,
Mitsumoto T, Tanaka A, = - ;
i b : Schintigraphic detection of I-125
Ishibashi A, Kobayashi
- seeds after permanent brachytherapy | J Nucl Med 49 541-45 2008
K, Ito K, Itami J,
for prostate cancer.
Kanemura M, Minowada
o H
Bt Y A l—ERREICHT D
{3 FHist i #% - PR | 57 25-9 2008
T R O FEl
TR AR — R SR P i D . .
{5t ) i - WE5E | S6 | 369-401 | 2008

IMRT

—61—




BRERKA WX FA bIVA RREL BE | ~—v | HERE
Yuichi Michikawa,
Keisuke Sugahara, Tomo
Suga, Yoshimi Ohtsuka,
S e In-gel multiple displacement
Kenichi Ishikawa, ) Anal
: amplification of long DNA fragments ) 383 151-58 2008
Atsuko Ishikawa, Naoko Biochem
e . diluted to the single molecule level.
Shiomi, Tadahiro
Shiomi, Mayumi
Iwakawa, Takashi Imai
IEBE, BHRS,
MFEL, FERAE,
- 2 L 3FE/Bai s ook S kil | HoH#dssy
KER. REAM. E MR OB L &% T 2008 43 | 371-83 2008
RS, 75 RENAH, g -
I HEE
HEKE—, REA®. B
WERETE, AIFFRL, A
LRSI % FF R o+ 5 PET/CT
RAK UTRES: 1: ing (2B 2 FMBFZE~GTV RN 20 | 127-31 | 2008
anning y— E e =g
R, MRRT & DT k [N,
o ke & BTV Ok~
HAREE, ZH#AIEE,
T - RTRRIARIZE ZF THE
5L 72 ? WHEAC O BRIE MR O B | ERERHCHAR | 53 | 1087-90 | 2008
14
FFSR - HOHARIEHE - O FNSRT ok {60 17 4t
/NIEEBL { 40 1001 2008
BHA ORI Medical
Efficacy of novel hypoxic cell
Karasawa K, Sunamura sensitiser doranidazole in the
M, Okamoto A, Nemoto treatment of locally advanced Radiother
< 87 326-30 2008
K, Matsuno S, Nishimura | pancreatic cancer: long-term results Oncol.
Y, Shibamoto Y of a placebo-controlled randomised
study.
B2 | PR,
RACE, AMTIE, B LA
TR 018 4y B BRI i 35 1827-32 2008
B, =R, § ’ i
FAK




RBEREXAS RXFZA M4 REREE | BE | XV | HEE
BBy, AWK,
3 - USHALE B
PIAERF, HiERH AT R4 i 40 | 1028-31 | 2008
T4 A
F, RKHL. mfAh
Shibamoto Y, Baba F, Incidence of brain atrophy and
Oda K, Hayashi S, decline in mini-mental state Int J Radiat
Kokubo M, Ishihara S, examination score after whole-brain Oncol Biol 72 1168-73 2008
Itoh Y, Ogino H, radiotherapy in patients with brain Phys.
Koizumi M. metastases: a prospective study.
A A= HA N e EERUR BTG
A ARFER, &L = 9 35 | Juls4 2008
AT ADSEHENE L AR
Arimura H, Egashira Y, ; o
: Computerized method for estimation
Shioyama Y, Nakamura
] of the location of a lung tumor on
K, Yoshidome S, Anai S, Phys Med
EPID cine images without implanted ] 54 665-77 2009
Nomoto S, Honda H, ) Biol.
. markers in stercotactic body
Toyofuku F, Higashida Y, )
i radiotherapy.
Onizuka Y, Terashima H.
Nakamura K, Shiovama
Y, Tokumaru S, Hayashi
i Variation of clinical target volume
N, Oya N, Hiraki Y, o
definition among Japanese radiation Jpn ] Clin
Kusuhara K, Toita T, 38 275-80 2008
oncologists in external beam Oncol.
Suefuji H, Hayabuchi N, >
. . radiotherapy for prostate cancer,
Terashima H, Makino M,
Jingu K.
B OB RIBROEN LMD
- N 2 4 BEM 12 A
FRF R THRIEAR 53 70 HRAHRIG R & T . 86-8 2008
Bk~ D PRI WA 5 L7 N
FiREE, misgx, |
= RS EE O RIARIC B 1T A TR | W AR
AP, A, | . & ) g 35 34-8 2008
: TR EEYREHR DD — LM
IIE5 44
7 A e bde € VR RRREEC
2T (1) EEHEROLEETE
WA, ks ) e = BEsHcH#R | s4 | 1979 | 2009

Loz 4 A AOFBIZONWT
ek gt v o

—63—




RFEEKAL WXLZA VA BEES e | ~—2 | HiEE
74N Lz X ERWERERIEIC
EE, BT, VWT (2) & B,
EHER. BEE. F | 2 (2) mhsEE o Ra R 72 . o 5000
RIS ETD7 AV AOFIAIZONT
ER: 8 T el
ek, FEFE, R EE U RIE R IC B T A iR o R B e B
AF@RA BRE—B, | RE—EEREDEOREEME | Y 35 28-33 2008
SR
J LI T o Bl =
WP s AR,
FiRER, KFE A, RSO BRI ICH T A& O | RGBT 28 354 s
P —ER, B, HRO—ENL AU BRIETE — e a
ERAAN, AEWE
HIE OS24, Wik,
AFEEA, TR,
PN EHECR | woemiemse - e o 0i
Aed., LEFES, K
; AN T WlFER & 1 LR =
=7, MR, % ¥ 3% BEREEES | 41 37-9 2008
; L , B Tho =R AO—H :
BBk, Ak, BT P
W, REAA, HlER ¥
B, R, FEEE
Nakagawa K, Yamashita Preoperative Radiation Response
H, Nakamura N, Igaki H, | Evaluated by 18-Fluorodeoxyglucose )
Dis Colon
Tago M, Hosoi Y, Positron Emission Tomography R 51 1055-60 2008
Momose T, Ohtomo K, Predicts Survival in Locally eetum.
Muto T, Nagawa H. Advanced Rectal Cancer.
Yamashita H, Nakagawa Radiotherapy for 41 patients with Radioth
K. Asari T, Murakami N, | stages I and Il MALT lymphoma: A Or:o ]er Apr 16 2008
col

Igaki H, Ohtomo K.

retrospective study.

= Y =




REEKL MXF A VA wEEL | BE | ~—V | HERFE
Hiroshi Igaki, Keisuke
Maruyama, Masao Tago,
Masahiro Shin, Naoya Cyst Formation after Stereotactic Stereotact
Murakami, Tomoyuki Radiosurgery for Intracranial Funct 86 231-6 2008
Koga, Keiichi Meningioma Neurosurg
Nakagawa, Nobutaka
Kawahara, Kuni Ohtomo
Igaki H, Nakagawa K, . .
N Three-dimensional conformal
Shiraishi K, Shiina S, . -
radiotherapy for hepatocellular Jpn J Clin
Kokudo N, Terahara A, 38 438-4 2008
carcinoma with inferior vena cava Oncol
Yamashita H, Sasano N, . -
invasion.
Omata M, Ohtomo K
Sone K, Nakagawa S,
Nakagawa K, Takizawa
hScrib, a human homologue of
S, Matsumoto Y, L
Drosophila neoplastic tumor
Nagasaka K, Tsuruga, T, y
L L suppressor, is a novel death substrate | Genes Cells May 29 2008
Hiraike H, Hiraike-Wada i
) targeted by caspase during the
0, Miyamoto Y, Oda K, )
- process of apoptosis.
Yasugi T, Kugu K, Yano
T, Taketani Y
Nakamura N, Sasano N,
Yamashita H, Igaki H, : ) i
: - Oral pilocarpine (5mg t.i.d.) used for )
Shiraishi K, Terahara A, ) Auris Nasus
xerostomia causes adverse effects in Jul 15 2008
AsakagT, Nakao K, Larynx
: Japanese.
Ebihara Y, Ohtomo K,
Nakagawa K.
FE¥EE, EHEE
KEE, HEFA, ¥
s, WAEL, K | EBETHEMR O IMRT (X 5/
EESRHCH® | 53 | 173945 | 2008

A, iGN, A
A, EARSR, FH
it

HR I O F) I RE R




RRERL

MXZA &

BREA

Koike R, Nishimura Y,
Nakamatsu K, Kanamori
S, Shibata T.

Concurrent chemoradiotherapy for
esophageal cancer with malignant

fistula.

Int J Radiat
Oncol Biol
Phys

Nakamatsu K, Suzuki M,
Nishimura Y, Kanamori
S, Koike R, Shibata T,
Shintani N, Okumura M,
Okajima K, Akai F.

Treatment outcomes and
dose-volume histogram analysis of
simultaneous integrated boost
method for malignant gliomas using

intensity modulated radiotherapy.

Int J Clin

Oncol

Okubo M, Nishimura Y,

Nakamatsu K, Okumura

M, Shibata T, Kanamori

S, Hanaoka K, Hosono
M.

Static and moving phantom studies
for radiation treatment planning in a
positron emission tomography and
computed tomography (PET/CT)

system.

Ann Nucl
Med

579-86

Isomura M, Oya N,
Tachiiri S, Kaneyasu Y,
Nishimura Y, Akimoto T,
Hareyama M,
Sugita T, Mitsuhashi N,
Yamashita T, Aoki M,
Sai H, Hirokawa Y,
Sakata K, Karasawa K,
Tomida A, Tsuruo T,
Miki Y, Noda T, Hiraoka
M.

ILI2RB2 and ABCA1 genes are

associated with susceptibility to

radiation dermatitis.

Clin Cancer

Res

Kazumi Nishino, Fumio
Imamura, Kiyonobu
Ueno, Junji Uchida,

Atsushi Imai, Satoaki
Nakamura, Osamu
Suzuki, Yuki Akazawa,

and Kinji Nishiyama.

Three-dimensional conformal
radiation therapy for in situ or early

invasive central airways lung cancer.

J Bronchol.

146-51

2008




REERS RXFA M4 RREL | 5 | ~—T | HEF
Reduction of irradiation volume and
toxicities with 3-D radiotherapy
Hideya Yamazaki, Kinji planning over conventional Anticancer
. ) 28 | 3912-20 2008
Nishiyama, et al radiotherapy for prostate cancer Res.
treated with long-term hormonal
therapy.
In vivo dosimetry of high-dose-rate
interstitial brachytherapy in the
Takayuki Nose, Masahio pelvic region: use of a Int J Radiat
Koizumi, Ken Yoshida, radiophotoluminescence glass Oncol Biol 70 626-33 2008
Kinji Nishiyama, et al. dosimeter for measurement of 1004 Phys.
points in 66 patients with pelvic
malignancy.
Nakamura, M.; Narita,
Y.: Matsuo, Y. y
] Geometrical differences in target
Narabayashi, M.; Nakata,
P volumes between slow CT and 4D
M.; Yano, S.; Miyabe, Y.; o 4142-14
. CT imaging in stereotactic body Med Phys 35(9) 2008
Matsugi, K.; Sawada, A.; ) 8
5 3 radiotherapy for lung tumors in the
Norihisa, Y.; Mizowaki, !
) upper and middle lobe.
T.; Nagata, Y.; Hiraoka,
M.
Norihisa, Y.; Nagata, Y.
Takayama, K.; Matsuo )
) Int J Radiat
Y.; Sakamoto, T.; Stereotactic body radiotherapy for
) Oncol Biol | 72(2) | 398-403 2008
Sakamoto, M.; oligometastatic lung tumors -
s
Mizowaki, T.; Yano, S.; :
Hiraoka, M.
R R, AR HE—
BR, 2R E=W WA
EE, PH ¥, KT | FEEWAORERFE IR M
kel s o . HihEssE | 2003) | 119-25 2008
HohE, SEM S, WAG | BEMRY & HIEESEE) - o BIARYT
MAE, AKE o, T
.




REERA RXZA bVA
R ER KA -
R, fE %, PRk
éj_ r‘km m._:m fe &faﬁ(:-fﬁﬁk%a‘ﬁfﬁ ..__isafé-‘ﬁs:ﬁ A A
&, @il w, RIA #iEEO
fEdk, W IEF, TM

HT.

(KR BH >R % B 5T BT

R ER, FME, W, | & WS S KR e b

403-07

'ﬁéf:’)ﬁﬁ# w4 R4

ARG
MAA K74
~ 2008

AT A AN
HHEWREH

GESSE U
E2fh

OB IA e
BHAFTA
» 2008

AF 4 FN
oy 1= 169-73
HOHEW R

A A B SRR
[ £




WFZERR R DFIATH) - Hl




PHYSICS CONTRIBUTION

Int. ). Radiation Oncology Biol. Phys., Vol. 70, No. 3, pp. 931-934, 2008
Copynght © 2008 Elsevier Inc,

Printed in the LISA. All rights reserved

(360-3016/085-see fromt maner

doi:10.1016/j.ijrobp.2007.10.003

THREE-DIMENSIONAL INTRAFRACTIONAL MOTION OF BREAST DURING
TANGENTIAL BREAST IRRADIATION MONITORED WITH HIGH-SAMPLING
FREQUENCY USING A REAL-TIME TUMOR-TRACKING RADIOTHERAPY SYSTEM

Rumiko Kivoshira, M.D., Sumichr Suivizu, M.D., Hirossi Tacuch:, M.D., Norio Katon, M.D.,
Masanaru Funno, M.D., Rikiya ONmmaru, M.D., Hiberumi Aoyama, M.D., Fumi Katon, M.D.,

TokuHiko OMATSU, M.D., Masayori IsHikawa, PH.D., anp Hrok1 SHiraTO, M.D.
Department of Radiology, Hokkaido University School of Medicine, Sapporo, Japan

Purpose: To evaluate the three-dimensional intrafraction motion of the breast during tangential breast irradiation
using a real-time tracking radiotherapy (RT) system with a high-sampling frequency.

Methods and Materials: A total of 17 patients with breast cancer who had received breast conservation RT were
included in this study. A 2.0-mm gold marker was placed on the skin near the nipple of the breast for RT. A fluo-
roscopic real-time tumor-tracking RT system was used to monitor the marker. The range of motion of each patient
was calculated in three directions.

Results: The mean £ standard deviation of the range of respiratory motion was 1.0 £ 0.6 mm (median, 0.9; 95%
confidence interval [CI] of the marker position, 0.4-2.6), 1.3 + 0.5 mm (median, 1.1; 95% CI, 0.5-2.5), and 2.6 + 1.4
(median, 2.3; 95% CI, 1.0-6.9) for the right-left, craniocaudal, and anteroposterior direction, respectively. No cor-
relation was found between the range of motion and the body mass index or respiratory function. The mean = stan-
dard deviation of the absolute value of the baseline shift in the right-lefl, craniocaudal, and anteroposterior
direction was 0.2 = 0.2 mm (range, 0.0-0.8 mm), 0.3 + 0.2 mm (range, 0.0-0.7 mm), and 0.8 + 0.7 mm (range,
0.1-1.8 mm), respectively.

Conclusion: Both the range of motion and the baseline shift were within a few millimeters in each direction. As long
as the conventional wedge-pair technique and the proper immobilization are used, the intrafraction three-dimen-

sional change in the breast surface did not much influence the dose distribution. © 2008 Elsevier Inc.

Breast cancer, Organ motion, Real-time tumor-tracking radiotherapy system, Intrafraction error.

INTRODUCTION

Breast conservation therapy, lumpectomy, and whole breast ra-
diotherapy (RT) have been accepted as the standard treatment
for early-stage breast carcinoma on the basis of trials compar-
ing breast conservation therapy with mastectomy (1, 2). Afier
breast conservation surgery, the breast is irradiated with lateral
and medial tangential fields using the wedge-pair technique.
Detailed observations of breast motion have been made during
RT using two-dimensional (2D) portal imaging systems (3, 4).
The portal image represents the relationship between the breast
and radiation field but does not have sufficient information
about the three-dimensional (3D) motion of the breast tissue.
Recently, complicated treatment methods such as the dynamic
wedge method, intensity-modulated RT, and partial breast RT
have been introduced for breast RT (5-8). The 3D intrafraction

motion of the breast has been given a lot of attention in
response 1o the introduction of these technologies.

The purpose of this study was to evaluate the 3D intrafrac-
tion magnitudes of respiratory motion of the breast precisely
with a high-sampling frequency. Our hope is that the results
of this study will provide the basic data needed to calculate an
appropriate internal margin in each direction for precise irra-
diation using a 3D treatment planning system.

METHODS AND MATERIALS

A total of 17 patients who received breast conservation treatment
were included in this study. The median age was 58 years (range,
37-76). In 16 of 17 patients whose weight and height were available,
the mean =+ standard deviation (SD) of the body mass index [BMI)
was 22.0 + 2.6 kg/m”, One of the women had malignant lymphoma

Reprint requests to: Hiroki Shirato, M.D., Department of Radiol-
ogy, Hokkaido University School of Medicine, North-15 West-7,
Sapporo, Japan. Tel: (81) 11-706-5974; Fax: (81) 11-706-7876;
E-mal: hshirato@ radi.med hokudai.ae. jp

Presented in part at the 48th Annual Meeting of the American
Society of Therapewtic Radiology and Oncology (ASTRO),

November 5-9, 2006, Philadelphia, PA.

Funded by a Grant-in-Aid from the Ministry of Education Cul-
ture, Spons, Science, and Technology of Japan.

Conflict of interest: none.

Received May 17, 2007, and in revised form Oct 1, 2007.
Accepted for publication Oct 2, 2007.



932 L J. Radiation Oncology @ Biology @ Physics

Volume 70, Number 3, 2008

Fig. 1. Gold marker (2 mm) placed on skin near nipple (broad arrow) of right breast. Patient in supine position, with
ipsilateral arm abducted and immobilized using Moldcare arm rest (Alcare, Tokyo, Japan). Patients were instructed 1o

maintain light, easy breathing during radiotherapy.

and underwent biopsy only. The remainder underwent breast con-
servation surgery. Of the 17 patients, 12 had right-sided and 5
left-sided breast cancer. All patients provided written informed
consent for the additional study using the real-time tracking radio-
therapy system.

Each patient was placed in the supine position with the ipsilat-
eral arm abducted and immobilized using a Moldcare arm rest (Al-
care, Tokyo, Japan) (9). The Moldcare is a custom-made arm rest
that comfortably immobilizes a 's arm during RT. A 2.0-
mm gold marker was placed near the nipple of the breast to be
irradiated (Fig. 1). Treatment planning was performed using com-
puted tomography images under normal breathing with a 3-mm
slice thickness for the breast region and 7 mm for the rest of the
region.

A fluoroscopic real-time tracking system was used to monitor the
position of the gold marker. The details of the tracking system have
been previously described (10-12). The system consists of four sets
of a diagnostic fluoroscope, an image processor unit, a trigger con-
trol unit, and an image display unit, as well as a conventional linear
accelerator with multileaf collimators. The system was developed 1o
determine the 3D position of a metallic marker on the human body
every (.03 s using two sets of diagnostic fluoroscopy.

In this study, breast motion was evaluated using tracking data
from the real-time wmor-tracking RT system. The software used
was the same as that used in previous series for lung tumors and
the digestive tract (13, 14). In brief, the marker coordinates were
used 10 measure the range (maximum minus minimum) of the
marker position. Fluoroscopic imaging of the breast motion was
taken for | min. During the fluoroscopic examination, 95% of the
marker position was within the border of the original marker posi-
tion. The Wilcoxon signed rank test was used to compare the range
of motion in each direction (right-left [R-L}, craniocaudal [CC],
and anteroposterior [AP]). A p value <0.05 was considered statisti-
cally significant. Regression analysis was performed between the
range of motion in the AP direction and BMI (weight in kilograms
divided by the height in square meters).

In 10 of 17 patients who underwent examination of respiratory
function, regression analysis was performed berween the range of

motion in the AP and two parameters of respiratory function as
follows:

%VC = actual VC/predicted VC x 100
FEV,% = FEV, /FVC (forced VC) x 100

where %VC is the ratio of vital capacity, VC is the vital capacity,
FEV,% is the ratio of forced expiratory volume in 1 s, and FVC
is the forced VC. We also calculated the baseline shift during
| min using linear regression fitting of the breast motion data.

RESULTS

Respiratory motion range

The mean + SD of the range of motion of the breast was
1.0 £ 0.6 mm (median, 0.9; 95% confidence interval [CI]
of the marker position, 0.4-2.6), 1.3 & 0.5 mm (median,
1.1; 95% CI, 0.5-2.5), and 2.6 £+ 1.4 mm (median, 2.3;
95% CI 1.0-6.9) for the R-L, CC, and AP direction, respec-
tively. The range of motion was the largest in the AP direc-
tion in all patients. The range of motion was the smallest in
the R-L direction in 15 of 17 patients. Figure 2 shows the
range of respiratory motion for each patient in the R-L,
CC, and AP directions. The range of motion in the AP direc-
tion was statistically greater than that in the other directions
(AP vs. R-L, p = 0.0003, and AP vs. CC, p = 0.0003, Wil-
coxon signed rank test; Fig. 3). The mean = SD of the range
of motion of the right breast was 1.2 + 0.6, 1.5 £ 0.5, and 3.1
+ 1.4 mm for the R-L, CC, and AP direction, respectively.
The mean = SD of the range of motion of the left breast
was 0.7 = 0.6,0.9 = 1.0, and 1.4 £ 1.2 mm for the R-L,
CC, and AP directions, respectively.

Regression analysis
No correlation was apparent between the range of motion
in the AP direction and the BMI. The body weight range was
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Fig. 2. Range of respiratory motion of each patient along righi-left
(R-L), craniocaudal (C-C), and anteroposterior (A-P) axis,

42-61.5 kg, and body height range was 146-167 cm. Also,
no correlation was found between the range of motion in
the R-L and CC directions and BML For the 10 women
with respiratory function data available, the mean ratio of
the vital capacity and ratio of the forced expiratory volume
in 1 s was 123.5% % 21.7% (range. 67.9-143.1%) and
120.3% = 24.1% (range. 64.5-146.7%), respectively. These
parameters did not correlate with the range of respiratory
motion in the AP direction.

Baseline shift

No subject had >1 mm baseline shift in the R-L or CC
directions; however, 4 patients had a >1 mm baseline shift
in the AP direction (Fig. 4). Two patients had no apparent
baseline shift in the R-L direction, and two had no apparent
baseline shift in the AP direction. The mean = SD of the
absolute value of the baseline shift in the R-L, CC, and AP
direction was 0.2 = 0.2 mm (range, 0.0-0.8 mm), 0.3 £
0.2 mm (range, 0.0-0.7 mm), and 0.8 + 0.7 mm (range,
0.1-1.8 mm), respectively.

P=0.0003

P=0.0003

-

Error bar : £180

[X]

Range of motion (mm)
w

i

R-L c-C AP
direchon

o

Fig. 3. Mean and standard deviation of range of respiratory motion
along right-left (R-L), craniocaudal (C-C), and anteroposterior
(A-P) axis.

DISCUSSION

Fein et al. (3) and Smith et al. (4) used an electronic on-line
portal imaging system with a 2D beam’s eye view. The
beam’s eye view represents the relationship between the
breast and the radiation field; however, it is not suitable for
investigating the 3D motion of the breast tissue. The present
on-line portal imaging system can acquire 30-60 images/
min. We monitored using a greater sampling frequency, 30
times/s, using a real-time tracking RT system, which poten-
tinlly has more accuracy in detecting finite motion,

Fein e7 al. (3) have shown that 2D intrafraction movement
of the breast resulted in CC motion (described as the interior
central margin in their report) of 0.85 mm (range, 0.1-3.2
mm) and motion tangential to the beam axis (the central
breast distance in their report) of 2.1 mm (range, 0.4-19
mm), The 2D data of their study were compatible with our
3D findings of a mean = SD of 1.3 & 0.5 mm (range, 0.5~
2.5 mm), 2.6 = 1.4 mm (range, 1.0-6.9 mm), and 1.0 £
0.6 mm (range, 0.4-2.6 mm) in the CC, AP, and R-L direc-
tion, respectively. In our study, the motion of the breast in the
AP direction was significantly greater than that in the R-L
direction, Therefore, our results suggest that the relatively
large intrafraction motion tangential to the beam axis in the

iy

10

L P 0 0
Time

second

Fig. 4, Example of baseline shift in anteroposterior (A-P) direction
during 60 min.
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study by Fein et al. (3) mainly resulted from the motion of the
breast in the AP direction rather than in the R-L direction.

We have speculated that obesity might be related to the
amplitude of surface marker movement on the breast and
measured the BMIL However, we found no predictive value
between the range of motion of the breast and BML, at least
in our data from relatively thin Japanese women. No predic-
tive value was found between the range of motion of surface
markers on the breast and the respiratory function tests, ratio
of vital capacity and ratio of forced expiratory volume in 1 5.
This is consistent with our previous analysis of motion during
RT for lung cancer, in which we did not find any significant
correlation between respiratory function and the magnitude
of marker movement in any direction (15).

We did not examine the interfraction uncertainty of
tangential breast RT in this study, because we found that
maintaining the gold marker on the chest wall during RT was
no better than using a tattoo on the skin surface as a surrogate.
Fein et al. (3) and Smith ef al. (4) have shown that intrafrac-
tional changes of the irradiated lung area were much smaller
than the interfraction changes of the lung area on electronic
portal imaging during tangential field breast RT. We agree
that the intrafractional changes on the breast surface are
usually only a few millimeters and should not influence the
dose distribution very much.

Seppenwoolde er al. (16) have already shown that a base-
line shift often occurs in the position of the internal fiducial
marker in lung cancer patients, They demonsirated that the
direction of the shift was largest in the AP direction. We

Volume 70, Number 3, 2008

also found the baseline shift in the position of the surface
marker on the skin to be mainly in the AP direction. The
time trends could be attributed to patient relaxation through-
out the treatment or o gravity acting on breast tissue shortly
after the patient was placed in the supine position with one
arm held overhead. When the conventional wedge-pair tech-
nique with the Moldcare arm rest was used, the baseline shift
was <2 mm, and often <1 mm; therefore, we concluded that
we did not need to be concerned about the baseline shift.
Even in intensity-modulated RT or focused partial RT for
breast cancer, gated RT or close observation during RT might
not be beneficial in most patients in terms of the intrafrac-
tional movement. However, for intensity-modulated RT,
with a longer treatment time, or for poor treatment position-
ing techniques without proper armrest equipment, the
intrafractional movement and baseline shift have the poten-
tial 1o increase the intrafractional dislocation. Gated RT or
close observation during RT, not fluoroscopic but optical,
might be useful for these situations. Recent sophisticated
methods such as 3D relocation of the breast using multiple
surface markers and infrared optical beams might be useful
for reducing the interfraction setup error (17).

Real-time tumor tracking RT systems inevitably use
diagnostic X-rays for the observation during RT. For breast
RT, optical observation of the skin surface is more appropri-
ate because it foregoes excessive X-ray exposure. Real-time
tracking RT is not used for breast RT in routine practice, but
the lessons from this study should be useful for contouring
the internal target volume in a hospital setting.
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Abstract

Purpose: To investigate the three-dimensional movement of internal fiducial markers near the adrenal tumors using a
real-time tumor-tracking radiotherapy (RTRT) system and to examine the feasibility of high-dose hypofractionated
radiotherapy for the adrenal tumors.

Materials and methods: The subjects considered in this study were 10 markers of the 9 patients treated with RTRT. A
total of 72 days in the prone position and 61 treatment days in the supine position for nine of the 10 markers were
analyzed. All but one patient were prescribed 48 Gy in eight fractions at the isocenter,

Results: The average absolute amplitude of the marker movement in the prone position was 6.1 + 4.4 mm (range
2.3—14.4), 11.1£7.1mm (3,5-25.2), and 7.0 £ 3.5 mm (3.9—12.5) in the left—right (LR), craniocaudal (CC), and
anterior—posterior (AP) directions, respectively. The average absolute amplitude in the supine position was
3.4£2.9mm (0.6-9.1), 9.9 9.8 mm (1.1-27.1), and 5.4+5.2mm (1.7—26.6) in the LR, CC, and AP directions,
respectively. Of the eight markers, which were examined in both the prone and supine positions, there was no
significant difference in the average absolute amplitude between the two positions. No symptomatic adverse effects
were observed within the median follow-up period of 16 months (range 5—21 months). The actuarial freedom-from-
local-progression rate was 100% at 12 months.

Conclusions: Three-dimensional motion of a fiducial marker near the adrenal tumors was detected. Hypofractionated

RTRT for adrenal tumors was feasible for patients with metastatic tumors.
© 2008 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 87 (2008) 418—424.

Keywords: Adrenal gland; Kidney; Organ motion; Radiotherapy

In the management of metastatic adrenal tumors, adre-
nalectomy is often performed with the intent to improve
survival [5,9,11,12,14—17,19], even though its complication
rates have been found to be 9-20% [5,9,11,12,14,15,19] and
radiotherapy for adrenal metastases is usually chosen as a
palliative option. Since the adrenal gland is located near or-
gans such as the stomach, duodenum, kidney, and liver, it
has been thought to be difficult to deliver sufficient doses
to adrenal tumors. Rigorous accounting of organ motion
may be necessary to ensure accurate radiotherapy of the
adrenal gland so that an adequate dose for tumor control
can be provided. Although several articles have been pub-
lished regarding the measurement of renal mobility
[1,2,4,29], to the best of our knowledge there are no data
on organ motion in the adrenal/perirenal region. We have
developed a method of inserting a fiducial marker near
the adrenal gland and have used a real-time tumor-tracking
radiotherapy (RTRT) system to investigate the three-dimen-
sional movement of markers near the adrenal tumors in the

supine and prone patient positions. The feasibility of high-
dose hypofractionated radiotherapy for adrenal tumors
was also clinically investigated.

Materials and methods

The RTRT system has already been described in detail in
other literature [21—23]. In brief, the process for synchro-
nizing the tracking of a marker with irradiation was as fol-
lows. Before treatment, a 2-mm gold marker was
implanted near the tumor by means of image-guided proce-
dures under local anesthesia, principally within 5 cm from
the center of the gross tumor volume (GTV). Fig. 1 shows
a representative case. After the insertion of the fiducial
marker, multidetector-row CT with a slice thickness and
an interval of 2 mm was performed in patient positions as
the patient held his breath at the end of expiration, the
point at which our previous research showed that gating
efficiency was highest [20]. The fluoroscopic RTRT system

0167-8140/5 - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.radonc.2008.03.013
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Fig. 1. Patient (No.8) with the left adrenal metastatic tumor treated with RTRT. There was an incidental left renal cyst near the tumor. (a) The
fiducial gold marker was implanted near the left adrenal tumor (arrowhead) using a percutaneous approach. The 18-Gauge needle used for gold
marker implantation (arrow) is visible in the CT image. (b) Implanted gold marker {arrow) was seen near the left adrenal tumor (arrowhead).
(¢) Radiation treatment plan. Red line showed 100% isodose line, agua line B0%, and orange line 50%. (d) Tumor (arrowhead) as seen before
RTRT. (e) Tumor had disappeared 12 months after RTRT with dose of 48 Gy in eight fractions.

consists of four sets of diagnostic fluoroscopic, image-pro-
cessor units, a trigger-control unit, an image-display unit,
and a conventional linear accelerator with multileaf colli-
mators. Using two of the four fluoroscopy image-processor
units, the system determines the three-dimensional position
of the gold marker (2 mm in diameter) 30 times per second
by using real-time pattern recognition and calibrated pro-
jection geometry. To avoid blocking the fluoroscopic images
with the gantry of the linear accelerator, any two of the
four X-ray systems can be selected. The linear accelerator
is triggered to irradiate the tumor only when the gold mar-
ker is located within 2.0 mm of the planned coordinates rel-
ative to the isocenter in the lateral, craniocaudal, and
anterior—posterior directions. The process of image acquisi-
tion and processing causes a small delay of 0.09 s between
the marker recognition and the start of irradiation. A cor-
rection algorithm predicts the marker position from the
speed of the marker movement, compensating for this
delay.

Patients with metastatic adrenal tumors were candidates
for RTRT if they were refractory to chemotherapy, or not
eligible for surgery or chemotherapy. We included patients

with perirenal metastatic lymphnodes as well as patients
with adrenal tumors in this study. They were required to
have a Karnofsky performance status of 70% or more and
were excluded if their life expectancies were six months
or less. Written informed consent was obtained from all pa-
tients before the treatment was initiated.

The subjects considered in this study were 9 male pa-
tients from October 2004 to September 2006. The median
age was 66 years old (range 5579 years old). Five of these
patients had right-sided adrenal tumors, two had left-sided
adrenal tumors, one patient had both-sided tumors, and one
patient had a paraaortic node near the left adrenal gland,
for a total of 10 tumors (Table 1). Each tumor had one fidu-
cial marker, and so 10 markers in 9 patients were analyzed.
All of the tumors were clinically diagnased as metastatic tu-
mors by computed tomography (CT) and/or positron emis-
sion tomography (PET). One patient with a left-sided
adrenal tumor simultaneously had a renal tumor at the
upper pole of the left kidney that was clinically diagnosed
as renal cell carcinoma by CT. This patient was treated with
RTRT for both tumors using a single fiducial marker at the
perirenal region.
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Table 1

follow-up

response

Maximum diameter Dose/fraction Follow-up time Local tumor  Status at the last
(months)

of GTV (cm)

Lung small cell carcionma 5.5

Lung adenocarcinoma

Patient No. Marker Age KPS Tumor site

35
4.0
3.0

Right adrenal gland
Left adrenal gland

90  Paraaortic lymphnode near HCC

left adrenal gland
80  Right adrenal gland

80

66 90  Left adrenal gland

74
55

Dead

PR

Prostate adenocarcinoma
Lung adenocarcinoma

SD (adrenal) Alive

Lung adenoacarcinoma

HCC

Lung adenocarcinoma
Abbreviations: No., number; KPS, Karnofsky performance status; GTV, gross tumor volume; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma; CR, complete response; PR,

partial response; SD, stable disease; Fr, fraction.

Lung adenocarcinoma

Upper pole of left kidney  RCC

Left adrenal gland

Radiotherapy for adrenal tumors

Multidetector-row CT was performed in both the prone
and supine patient positions in this study, We have adopted
the prone position in our protocol to reduce the dose to the
stomach and duodenum. Eight of the 9 patients tolerated
the protocol, but 1 patient complained of shortness of
breath and was treated in the supine position. Patients were
required to refrain from food for 4 h or more before the CT
scan and actual treatment to keep the stomach and duode-
num in a similar condition. Computed tomography was ta-
ken every three treatment days during the 2-week
treatment period before the actual irradiation due to the
possibility of the migration of the marker.

In this study, we investigated the difference between
prone position and supine position in the trajectory of the
marker and in the distance from the surface of the tumor
to the stomach and duodenum. The coordinates of the gold
marker implanted in the perirenal region were tracked con-
tinuously and recorded automatically to a hard disc every
0.033 s during RTRT in the prone treatment position for
1-2 min. Subsequently, the patient was moved to the su-
pine position, and the marker was tracked for 1—2 min so
that movement data could be acquired while in this posi-
tion. Patients were not immobilized in either position. Each
patient was treated with eight fractions for their tumors. A
total of 72 treatment days for nine of the 10 markers in the
prone position and 61 treatment days for nine of the 10
markers in the supine position were properly recorded.
The absolute amplitudes of marker movement were defined
as the distance between the maximum and minimum coordi-
nates along each of the axes (left—right, craniocaudal, and
anterior—posterior direction) in each log file [24], Variations
in amplitude among patients and also among treatment days
for the same patient were examined. The movements ob-
served in the different positions were compared in eight
markers and the amplitudes of these movements were
examined in each position. The minimum distance between
the surface of the tumor and the stomach and duodenum
was measured using the axial images of planning CT scans
performed both in the prone and in the supine positions.
The difference was evaluated using a paired or an unpaired
t test according to the subject. P < 0.05 was considered sta-
tistically significant.

Clinical target volume (CTV) was defined as the GTV on
CT with a 3-mm margin three-dimensionally. Planning tar-
get volume (PTV) was defined as CTV plus a 5-mm margin
three-dimensionally with optimal reduction near the stom-
ach and duodenum.

In principle, a dose of 48 Gy in eight fractions in 2 weeks
was prescribed at the isocenter with the dose in the PTV
greater than B0% of the isocenter dose. This dose fraction-
ation schedule had been commonly used in RTRT for liver
tumors [27]. One patient (No. 3) was treated with 30 Gy in
eight fractions because he had a history of abdominal irradi-
ation with 30 Gy in 10 fractions adjacent to the PTV in the
present study. The dose—volume constraint for the stomach
and duodenum was that 1 ml or less would receive 35 Gy in
eight fractions, which is equivalent to 52 Gy using a daily
fraction of 2 Gy (52 Gy/2 Gy) assuming an «/f ratio of 3
for late injury. As long as the contralateral kidney had suf-
ficient enhancement on the CT image with a normal serum
creatinine level, half of the ipsilateral renal volume was al-




lowed to be given 20 Gy in eight fractions, which is equiva-
lent to 22 Gy/2 Gy assuming an a/ ff ratio of 3 for late injury.

The patients were seen and examined by one or two of
the investigating physicians every 1—3 months. This evalua-
tion included a physical examination, laboratory evaluation,
and CT scan.

Disease progression was evaluated using the Response
Evaluation Criteria in Solid Tumors (RECIST criteria) [28].
Local failure was defined as progression of the treated tu-
mor. Adverse events were scored according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events, version 3.0. In 2 patients, one who had bilateral tu-
mors and another who underwent surgical removal of the
opposite adrenal gland aldosteronoma 14 years before
RTRT, we examined the adrenal hormonal level at rest be-
fore the treatment and every three months. The Kaplan—
Meier method was used to calculate the actuarial rates of
overall survival (0S) and freedom from local progression
(FFLP), from the first day of radiotherapy.

Results

In the procedure of marker insertion, there was no pa-
tient who experienced symptomatic complications. Posi-
tions of the 10 markers are shown in Figs. 2 and 3. No
further adverse effects related to the inserted markers
were observed. There was no apparent migration or disloca-
tion of the markers between the planning CT image and the
CT images taken during the treatment period.

The average absolute amplitude of the marker movement
in the prone position was 6.1 +4.4mm (range 2.3-14.4),
1.1+ 7.1 mm (range 3.5-25.2), and 7.0 +3.5mm (range
3.9—12.5) in the left—right (LR), craniocaudal (CC), and
anterior—posterior (AP) directions, respectively (Table 2).
The average absolute amplitude in the supine position was
3.4+2.9mm (range 0.6-9.1), 9.9+9.8mm (range 1.1—
27.1), and 5.4+5.2mm (range 1.7-26.6) in the LR, CC,
and AP directions, respectively (Table 2). The average abso-
lute amplitude was found to be significantly smaller in the
LR direction compared to the CC direction (p=0.0364)
and AP direction (p = 0.0441) in the supine position.

Relationships between the average absolute amplitude
and patient position and marker location are shown in Table

Fig. 2. A front view of the positions of 10 markers inserted in the
perirenal region in 9 patients. AG, adrenal gland.
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Fig. 3. A lateral view of the positions of 10 markers inserted in the
perirenal region in 9 patients. AG, adrenal gland.

3. There was no statistically significant difference in the
average absolute amplitude between the supine and prone
positions along the three axes. Irrespective of patient posi-
tion, no statistically significant difference in the average
absolute amplitude was found between the left and right
perirenal regions.

The minimum distances between the tumor and the
stomach and duodenum are shown in Table 4. The averages
of the minimum distances were 16.3+21.5mm and
17.6 + 24.8 mm in the prone and supine positions, respec-
tively. There were no significant differences in the mean
minimum distances between the supine position and the
prone position.

The volume of stomach and duodenum, which received
35 Gy or more, and the maximum dose at the stomach and
duodenum are shown in Table 4. All the tumors were trea-
ted without violation in the dose constraint in the protocol
except in one patient (No. 9) who had a left adrenal tumor
attached to the gastric wall. His volume of the stomach and
duodenum which received 35 Gy or more was larger than
1 ml. No patient complained of acute gastrointestinal ad-
verse effects. In 2 patients, whose adrenal hormonal levels
were examined -at rest before the treatment and 7 and
11 months after the treatment, respectively, there was no
decline in hormonal level. No other symptomatic adverse
effects were observed within the median follow-up period
of 16 months (range 5—21 months) in 9 patients. One pa-
tient (No. 9) who complained of tumor-related flank pain
had experienced improvement of the pain after RTRT. All
other patients without any tumor-related symptoms before
RTRT showed no tumor-related symptoms after their treat-
ment. By the time of the last follow-up, 7 patients had died.
There were five tumors that showed a complete response,
two with a partial response, and four with stable disease
according to RECIST criteria (Table 1). The actuarial O5
and FFLP rates at 12months were 78% and 100%,
respectively.

Discussion

Although there have been several articles regarding renal
mobility [1,2,4,7,29] the three-dimensional movement of
the adrenal gland or perirenal region has not yet been
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Table 2
Average absolute amplitude of the marker for each patient

Marker Average absolute amplitude + SD (mm)
Prone position Supine position
LR cC AP LR cC AP

11.3£9.6 25.2+10.5 10.7 £13.0 9.1:26 2712120 14.2+2.1
31.5:1.9 4.2+1.0 39213 1.3:02 3.0:09 1.820.1
3321 13.0:2.8 5.0+1.4 35«16 6.423.1 22214
2.5:1.5 35211 5427 0.6+0.1 1.2:0.1 0.7:0.1
1607 17.9+5.4 4.0:07 35217 22747 6.6:1.8
TA4:43 10.2+ 4.5 11.4+ 8.6 64283 8.2:42 12.5+ 19.6
14.4: 5.7 10.1£10.2 12.5+8.7 4.3+39 16.2+ 3.1 79=41
23:11 42214 47«11 1.4:0.2 3.0:05 2.2:04
7.7:45 11.2:6.6 5.2:1.2 = - =

- - - 0.7:04 1121 0.7:0.2
Total® 72 61244 111271 7.0+3.5 34229 9.9:9.8 5.4+£512

Abbreviations: SD, standard deviation; LR, left—right; CC, crania-caudal; AP, antero-posterior.

* The value of N represents the number of treatment days which were properly recorded.

® The average at "'Total’’ was calculated as (the sum of the average of each patient)/(number of patients). The standard deviation at
“"Total’* was the standard deviation for the average of each patient.
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Table 3
Relationships between the average absolute amplitude and patient position and marker location

Average absolute amplitude £ 5D (mm)
NE LR cC AP

Patient position
Prone 64 5.9:4.7 (0.117) 11.0 £ 7.6 (0.962) 7.213.7 (0.328)

Supine 59 38229 11.0:9.8 60251

Marker location in prone position
Right 32 5.7+5.8 (0.815) 9.1+6.5 (0.496) 6.3+ 4.2 (0.619)
Left 40 6.523.6 12.6+7.9 7.5+3.2

Marker location in supine position
Right 7 2.6 + 1.5 (0.484) 1.2+ 9.9 (0.734) 4.6+3.1 (0.712)
Left 34 41237 B8.8+10.7 6.126.7

Abbreviations as in Table 2,
® The value of N represents the sum of the number of treatment days which were properly recorded for each condition. Data in
parentheses are the p values for patient position; prone or spine and for marker location; right or left.

Table 4
The minimum distance between the surface of tumor and the stomach/duodenum, the volume of stomach/duodenum, which received
35 Gy or more, and the maximum dose at the stomach and duodenum

Patient No. Minimum distance (mm) Stomach and duodenum
Prone position Supine position Volume received 35 Gy or more (ml) Maximum dose (cGy)

30 30 0.0 2936
7 (right) 8 (right) 0.1 1970
55 (left) 68 (left) 0.0 1624
18 15 0.0 2158
0 0.4 4119

53 0.1 4018

<0.1* 3626

<0.1° 3628

0.0 416

4.6 4335

L R - R P

" Less than 0.1 ml
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reported. As far as we could survey, this is the first report of
the three-dimensional movement of the adrenal/perirenal
region measured in the prone and supine positions using inter-
nal fiducial markers. The present study can be the basis for
the determination of the PTV margin of adrenal gland tumors.
Contrary to our expectation, there was no statistically
significant difference in the average absolute amplitude be-
tween the supine and prone positions along the three axes
(LR, CC, and AP). Also, there were no statistically significant
differences in the distance between the tumor and the
stomach and that between the tumor and the duodenum
regardless of whether the patients were in the prone or su-
pine position. Thus, instead of the prone position, we now
use the supine position, which is more comfortable for pa-
tients. In fact, there seems to be a tendency for reduced
marker motion for patients in supine position in 5 of 8 pa-
tients as shown in Table 2. Although t-tests showed negative
results on 2D motion in our series, there might be some dif-
ference in a larger study or in more detailed 3D analysis.
There have been only a few series of radiation therapy
for metastatic adrenal tumors [10,25,31]. Zeng et al. re-
ported that 22 patients with adrenal metastases from hepa-
tocellular carcinoma were treated with palliative radiation
therapy (median dose of 50 Gy/25 fractions), and 13 of 14
patients who had pain related to adrenal tumors had com-
plete or marked pain relief [31]. In the present study, one
patient experienced improvement of the pain and all other
patients without any tumor-related symptoms before RTRT
showed no tumor-related symptoms after their treatment.
Since our treatment requires only a one-night stay in the
hospital followed by a 2-week treatment as an out-patient
in principle, patients would be more comfortable receiving
our treatment than receiving 50 Gy in 25 fractions.
several articles, with larger number of patients, on adre-
nalectomy for metastatic adrenal tumors reported that a
few of patients survived more than 5 years [5,11,12,14—
17,19]. In our series, the longest follow-up time was as short
as 21 months. Therefore, surgery still has an advantage in
terms of the possibility for the long-term survival until we
would have longer follow-up and show the similar findings.
When compared with open adrenalectomy, laparoscopic
adrenalectomy is associated with less intraoperative blood
loss, lower analgesic requirement, decreased convales-
cence, superior cosmesis, and lower post-operative compli-
cation rates [3,13,18]. Laparoscopic adrenalectomy is
currently considered to be the procedure of choice for be-
nign adrenal masses. Several retrospective studies also
showed the possible application of laparoscopic adrenalec-
tomy for solitary adrenal metastasis [5,9,11,15,17,19].
However, the use of laparoscopic adrenalectomy for adre-
nal metastasis is controversial [8,30]. Even though laparo-
scopic surgery is a less invasive procedure, perioperative
complications, such as diaphragm injury, inferior epigastric
injury, pancreatic fistula, wound infection and bleeding,
have been reported [5,9,11,15,17,19]. It was reported that
complication rates ranged from 9% to 13% in laparoscopic
surgical series [5,9,11,15,19]. Moreover, there have been
several case reports about port site recurrence after laparo-
scopic adrenalectomy for adrenal metastatic tumors [6,26].
Our results showed no symptomatic complications, and no
adrenal relapses were experienced in the treatment of 11

tumors. Although the number of patients was too small to
draw definitive conclusions, the present study suggested
that our procedure would be a feasible alternative to surgi-
cal adrenalectomy for treating adrenal metastasis.

The drawback to fluoroscopic imaging throughout treat-
ment is the additional patient dose. However, we have
found that the dose was negligible in most of occasions
and can be included in treatment planning if necessary
[22]. We still do not have any experience with RTRT for be-
nign adrenal tumors, which would also be a challenging pro-
cedure in patients who, for medical reasons, have a high risk
of surgical complication.

In conclusion, hypofractionated RTRT was feasible for pa-
tients with metastatic adrenal tumors. The motion of a fidu-
cial marker near the tumor was demonstrated using the
RTRT system. The minimum distances between the tumor
and the stomach and duodenum were 16.3 +21.5 mm and
17.6 + 24.8 mm in the prone and supine positions, respec-
tively, with no significant difference between the two.
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