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L IREE R

EMRERRH

b %95 CDDP/5FU & GG IR DR IRTE

TERBEA ALY Y — HAHRIERE
EBEERKEE RIEGH

IR EHAAH

VS K E AR

CRMA S HA IR
OB OfE M OB
X B B E J WK W

B H ' AN
A #

B F RE N

RXEE
FIEGEME (D~ #) o L& Hisk3tF < CDDP (50mg/m'/HX2 HM) & 5FU (800mg/m'/H, 5
AR) £EGALERE L S EL RS bR BRELTo7, 676 (I~MRK: 4106, NV,

26 1) iAf LALEER L & BATMURE 2 R BT,

SHOLEFEITER Y ETTELE 575

(85%) THholz, REHD IELEFZIL00.5%THY, JEERETRILI8I%TH o7, WEABFREM
1, BEEEATAE, TSR oHiA 2B, MBS Pl TH ol M Grade 3~4 OF FEHNH]AT,
T 704 0% DERNS Grade 3~4 DEELBEATRD L, HERETRIRRR LR, o70%, 3HIT Grade
3~ 4O R BROBEHEE PO, AFZIBHETERIBE (ERL RIFThHod, BEHELHER
RBYUE SHROEEESYDAHLIENHIEELEETEIROLND,

Key words :
# (radiotherapy)

(= V. /R

IR R L, {LEREB L UHEIRE
o TARSENEN Eh s, B TIIRAIHE
JRERAT, TR IC BV T LSRR b AT RA R
YAAEShELBRRENTLI LY, HE, {LEXRE

LHSHRIER R M AS b LIEREID L D RIF RS

MESNTVEY, RELEAGLEIIBALTRWEA

M— LR 2, {EERERCBETRERETIH

R, “EORERER, *oRsREERIIEREL
ITHIHERERAGHEAEDENRALNL TS,
LdL, ThETOBEREROEED SEEDS
BHEERAREREORBHRCBVWTOARIRATY
AT TH B, Intergroup (INT) 0099 TR
BIAR L LRSS AR R LT 2 T v ¥ A{LEER
BTV, BELBWTERLTFROUBIELALD
EEAMRELTWAY, S OWEEIER LATRER
Tird 5, HEHREMERBORFIETELILS,
{EEMEOERENFRTHL AL EOEHLHY, &
NAMNTELIEEAFETAORBARELEL

2RI EE K % ¢ T 390-8621
BMATHM-1-1
BN REREZHEBMMAT
FERTE A

EIEEERS (nasopharyngeal cancer), {LE¥H4HRHE (chemoradiation),

BaRiG

»

B F e {bSREE L R SHR IR R O F S O R G IR
BEOELICENL L LT, ERESOEAEDER
BERICBLTEM— LARBIIB R TWRWY,

SEFE LI, SENHF TH S cis-platinum-diam-
minedichloride (CDDP) & {£ 8 # $t# 5-fluo-
rouracil (5FU) OZH# % By /2 LSRR & BTG
Frllif b ZBREOFAR L LU FET 2
Fodd, $i—L7ERAY Va— Ve BEWTSHERERT
BIA S IEALEELTELY, FOENZAREOHK
REHET S,

HERELUHE

FMEMAL Y —, BEERAE, WK ZE
K, RFRFES LUBMAED 6 R TLUT &A%
I TEAENRIERET o, EiEHEEIE, EIRER
FERTHIZL, EHTOEUTTHIOL, £5KE
R} (ECOG O performance status #10~2) T3
Zl, BPLEMS (WHO 540 Type I ~1) TH
B, UICCHSESESIRICTHE I~ 8 (2L,
BEREBMIIRC) ThHHIE, BFLEHME (B
IX2% 3,500mm’ LAk, m/MR 100,000mm® KA L, Hb
10.0g/dL B L) 2B THI L, RIFRIFHELSE T2
Tk, RIFCEMEEAETAIE (UBR VT F=
Yo bNTI A 0ml/min LE) BLURXHEIZLE D

945



#1 EHAR
£ 15~70 (3 ; 49)
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TH#E M

5
24
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NS A

X B = O B GO D =

FENEFAAPLBOLNDLZ ETHLY,

BREAY V2= VOBRBRTTIHREELTHED
FOBBOZERTY, T TLERETETSE, Ky
TFHHRELEO LA VRHET T06~36GCGy Tk
BT, RIZZHEDLSEFELETL, Fl&Hak
SRR TRERHBECH 566Gy FTHRE L, BE
%T&;bi@ﬁwﬂﬁﬁ&%ﬁﬁo&%ﬁEKMLT
i3, BEOMIELREEERLEBEDHIICL DEM
BatEi v, BRANERHEIIOGy & L7z, HEHR
BRICIX4~1I0MV-XRERWT, —E#HE18CGy T
5 B TR LA, b8 1L 5FU (800mg/m®*/
H)% 5 BRMEBCHmamMEEL 2%, CDDP (50
mg/m'/H) 2 “HMEH THMAIFERIEL 2,
CDDP 5B ICREREEFHTLIALO—HRE
3,500~4,000cc ZFERENZ LI KFEBFE DI =
BLUZREDLEREL BTS04 Ti, gL
IR$% 3,000mm?® B\ .k, MR 3 100,000mm?® BLE, #F
Lt - BHEEIHRINTWS I E 2L R
A ek Lz, $7:, BMERE 1,000mm? AT,
/MR 25,000mm® SN T b 7 o 7oA i R E b2 %
HEES5%EEL, MF2 LT Fo V@b 5mg/dL M
EOBE1Z1 CDDP 04k 5% L1z,

EREMGL-BABERBALL, 1~V 2RE
T2 TOMMERMLE, EREFORLTIRESD
BRIRBOWIEAIILAEEEARYMEL, £
EFOHETRGOWRFEICL A4 rEL
7oo HEFROHMIZIE Kaplan-Meier th% ™ M
DHEEEREIIZIE— L Wilcoson RELXHv p
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mELEn

0 1 2 3 4 5
M1 2EflosTBIUFERETF

& (B)

005 AT boTHEZD Y EHEL A, $72, R
SR BERMG A > o RILEBERIMEITE B E
IR OBEHRREMNITOWI B0 bBWAFORE
TE L, RBRHTHEIEATRIE R B 2 O BAHRER
HTHETE LA, FEBEROEMIZIE, National
Cancer Institution Common Toxicity Criteria
(NCI-CTC) version 2.0 V> TEFE LA,

7 R

iE Bl

1997 TR0 2000 12 B CleARRAFr Vo -
THERENTIERIRBTAITH s 72 (K1), BHES51H,
KHI6FITHY, SEFOEHO PR 49 R
(15~70) THh otz LEFID 76% DEFIHERFRAY T
~ViiChor, BRMMOPRMEII4 + A (15~
81) ChHot,

HREREE L DGR

SHE O LERENTFER Y HIT S RAER L 5T B
(85%) THh, {LEFENHTEMN_-ATH 12 b
D8 H, —EDAM 1B THo7z, T 1 HTIHLR
EDREDH—~ELHGEND T & HEHRIERD
AHEIFE NI,
BREICRS SNAHE O RE IR 665Gy
(54~80) THYH, 60 Gy kMOEFL4H (5%) T
Holz, BRY Y NHEBE~NOEKREOPRMER
63.9 Gy (32.4~80) THorlz, B ¥ T AL
~AORBENPRIEIL 7.2 Gy (27~52.2) Thol,
FIEMMAR o oLEIR 80 B (62~141) Th D, #
BBETHIM oh I 71 B (48~105) TH ok,
SEFRB L FEREER
SEFADIFLEFRII05%THY, JFEMER
R 78.3% Thor (1), BRRMHE I~1 # (41
W) DIEEFEFRIENI% ThHoltDIZHL, V



x 2 HEPR
Grade Grade 3-40
FEER  0-1 2 3 4 HEE(%)
B mEk 5 31 30 1 46
fFPEK 18 30 16 3 28
il 3 57 4 4 2 B
~FFar 27 27 11 2 19
FRs 62 3 I 1 2
I 63 3 1 0 1
150 25 31 11 0 16
O 16 31 16 4 29

1 (268 DENIZ60.2%THol (p=0.085)s F7t,
WHO 548 Type I~1 (F~1E51k : 55 81) D 3%
WRRETEIE 83.5% Th oIz L, Type I (B4
£ 1261) OFNIZHA0%THY, BERZFEIIRR
Thol: (p=0.012), BERBHAAR2ERMTH o7
U FID I FEEREFEILT0.7%, TL12:B0ETH-
43 BloF NI 82.0% THYEEIFEEZERIRONE
Hofr (p=0.260), F7=, R 10:ERETH-
2= 31HID 3 EMBREFRILIB6%THY, 410
HARETH o7 30 EFDEFNIXTT2%THIHEILE
EEII P ol (p=0.952),

BRL-N BIOMAEERITIE, REEMN4P, |
Y osgiAt 2 B, SKBERASH (MBLUENES
B, ENBIUFENE1H) Thotz,

HERER

BRsWABERGO—E 1R 2IIRT, AMRAL
¥k L7 Grade 3~4 O FRIRHLERIZHE
Xh, THHNBOEFIC Grade 3~4 DEERZHE
REDD, BHEAMETIZRA 22000, 36
7 Grade 3~4 ORI - 3EROBEFREROL,
SERE A 2 | ARSI —BERY e ATET A S,
EELBEELIET I LR EMEIREE L,

# B8

Pignon ROEB I VIREREHEEHRELATO DT
v ¥ ALICEREERE A ¥ BRAT L, (LA 2 UG R
ERSEIZIT Y BE BV TOALEREOFRENT
X, BOHREREIECT ) MEMEERIEOR BIEICR
ERGhol EERELTVWEY, LEREBILEVT
BAHA GBI ERE R T LABAORDREB L
Z80%EEIFTHLLOOM, HpREE LTORE
B BT LEEEOE AL ERET LA T v S ALl
BRBTREIOFRAERTR S Ao V0, ThEC
#HL, INTO009 28505, T BV 2H0 T ¥ ¥ A{LlL
BRSERIC B\ T ISR B AR b~ R R R OF A
I SHEABEAEN TV 2 MR EN M,

EELEFEOAASHERIMULL TV LWL OO,

CDDP #H4tiifiik & MMMIc AV 5 2 & T2 7
B ld A arimne ST SERIES B
(b2t 0 B I % 4T 9 B> CDDP B #H
BeOERIESEE, 100meg/m’ T 3BT A7 M3
EfF3 &) boTHB™, INT 0099 Ti R4t & FbE
iz CDDP (100mg/m?) % 344 7 Vg5 L1tk
W3EmiEy LT CDDP (80mg/m?) & 5FU (lg/m’,
4EM) ¥ 4BEMBTIEFIFEEAVTLEY, L

HL, EFEREOEREIXEL L RO/ LERIETIE

62%, F-AEIREETIZE6% EEETHo Y, —F,

Cheng 61T o 72 FHiZ INT 0099 2 EFETH
b, BstE:FEEELIC CDDP (60mg/m?) & 5FU (1
g/m', 5HME) 26EMBITT2H 47 VT, #H
L LTt CDDP (100mg/m?) & 5FU (1g/m?,

S5EME) 22447 MTHEVIHOTHY, {LEHEE
DEZEIT % EBFTH-7/2", Lin &3 CDDP

"(20mg/m?) & SFU (400mg/m’) % 4 B M#FH S

w5+ RS8N EDREEY mwa;w%;im#ﬁ%
LTWw3A®, Tan 6ATo 2R AEE (CDDP 25
mg/m’, 4 AREEHEIRSE, 3944 2 N) TRALERED
%ﬁ$u%%ut8ibm.ﬁbe?§ﬁﬂE#%
PEREEEHLAVEEERE LRV, KLOHEIT
28} L FIFsHEIC CDDP & 5FU # %5 LTwa#, A
HoliTe M H{bEsEdER THM TR T ¥ 4EI1IC
BSr )X EEFRAL T BRI
WEFThol, SHLILERREOEHEAGHhELE
BIZOWTOMESLETH S,

LSRRG & 2 5 SITHLTH RS
i, FE 1 OERREERITFTEREOREG
ik 2 ERephRiadd {, HIZNOEFMIBW T
@ HRRRELTIRMOHL"Y, —F, —
BORIRTIIRY [~V I TEED-LOLFEL,
W HE— LA RBRELR T RW, LaL, &
o) yAEESARO2WEN TA ORI RET
Y, (EEmEGACLI ERENREEHDLELTHD
FHThy, HASBOENEAVARRTRITEIED
HEEFHRETa I EEHLWT, ﬁk%ﬁﬁ&iﬁﬁ%i‘é‘ﬁﬂi
SIMER L ES ERNRILEFBEEHAL TV I LD,
FOEBEYHEOIIITALECEETH S, Erkal it
47 FE RV EEFRIIMTITFREFRITE TV,
T3~4 i3 TL IS ~UERHERREEAT 2.50~56.22, N2~3 i
NOZHARLE~2T2 LBV LR BEL TV, B
B S TOALERST RO IS (2R RIEE 2 52D 2 ViR
B OB~VBEIZHRLE LAEITIREN R EEZLLD
NELETHEI,

SEOMFETIE, HEHEHE LTERMIDFIOM, HIE
HROMILBERD S (BOON, TH—HOEATIEE
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BRI BHEEFEDLN, BEREELR YA TIE
BHAREOMIIEDTHL L, FEHEHBNRE T -3l
FBERE I & o ThEEEIfTON L, HELEHFER
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ALTERNATIVE THERAPY USING CDDP/5FU AND RADIOTHERAPY
FOR NASOPHARYNGEAL CANCER

Naoto SHIKAMA', Nobukazu FUWA?, Masato SHIKANO?®,
Takafumi TOITA*, Atsushi YUDA®, and Yasuyuki HAYASHI®

' Department of Radiclogy, Shinshu University, School of Medicine
! Department of Radiation Oncology, Aichi Cancer Center
) Department of Otolaryngology, Fukushima Medical University
! Department of Radiology, Faculty of Medicine,
University of the Ryukyus
® Department of Otolaryngology, Faculty of Medicine, Mie University
*Department of Radiology, Nagasaki University, Graduate
School of Biomedical Sciences, Medical School

We conducted a prospective study of an alternative chemoradiation protocol comprising CDDP
(50mg/m?/day, 2 days), 5FU (800mg/m*/day, 5days) and radiotherapy (66Gy in 36 fractions)
for locally advanced nasopharyngeal cancer (stage 0-IV). We treated 67 patients (stage II-II:
41 patients, IV :26) using this protocol. Fifty-seven patients (85%) received the full-course,
. three-cycle chemotherapy. Three-year overall survival rate of all patients was 90.5%, and 3-year
disease-free survival rate was 78.3%. The recurrent sites were the primary site in four patients,
neck lymph node in two and distant metastasis in eight. Severe myelosuppression (grade 3-4)
was observed in half of the patients, and severe mucositis (grade 3-4) in about 30%.
Chemotherapy induced severe dysfunction of liver or kidney (grade 3-4) was seen in three
patients. This treatment strategy may be very useful, but careful medical management is
essential.
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BACKGROUND. Stereotactic irradiation (STI) has been actively performed using
various methods to achieve better local control of Stage I nonsmall cell lung
carcinoma (NSCLC) in Japan. The authors retrospectively evaluated results from a
Japanese multiinstitutional study.

METHODS. Patients with Stage I NSCLC (n = 245; median age, 76 years; TINOMO,
n=155; T2NOMO, n=90) were treated with hypofractionated high-dose"S’H in 13
institutions. Stereotactic three-dimensional treatment was performed using non-
coplanar dynamic arcs or multiple static ports. A total dose of 18-75 gray (Gy) at
the isocenter was administered in 1-22 fractions. The median calculated biclogic
effective dose {BED) was 108 Gy (range, 57-180 Gy). -
RESULTS. During follow-up (median, 24 months; range, 7-78 months), pulmonary
complications of National Cancer Institute-Common Toxicity Criterla Grade > 2
were observed in only 6 patients (2.4%). Local progression occurred in 33 patients
(14.5%), and the local recurrence rate was 8.1% for BED = 100 Gy compared with
26.4% for < 100 Gy {P < 0.05). The 3-year overall survival rate of medically operable
patients was 88.4% for BED = 100 Gy compared with 69.4% for < 100 Gy (P < 0.05).
CONCLUSIONS. Hypofractionated high-dose STI with BED < 150 Gy was feasible
and beneficial for curative treatment of patients with Stage I NSCLC. For all
treatment methods and schedules, local control and survival rates were better with
BED = 100 Gy compared with < 100 Gy. Survival rates in selected patients
(medically operable, BED = 100 Gy) were excellent, and were potentially compa-
rable to those of surgery. Cancer 2004;101:1623-31.

© 2004 American Cancer Society.

KEYWORDS: stereotactic, radiotherapy, altered fractionation, nonsmall cell Jung
carcinoma, Stage |, dose escalation, multicenter study, local control, survival rate.

N onsmall cell lung carcinoma {(NSCLC) represents a leading cause
of mortality worldwide, Lung carcinomas are being detected in-
creasingly early, thanks to routine use of computed tomography (CT)
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scans. For patients with Stage I (TINOMO or T2NOMO)
NSCLC, full lobar or greater surgical resection repre-
sents a treatment choice that promises local control
rates = 80% and overall survival rates > 50% after 5
years.! However, surgical resection is often not feasi-
ble or invelves excessive risk for some patients with
lung carcinoma with tobacco-related illness, severe
cardiovascular disease, or other medical conditions. A
small proportion of patients who are eligible for sur-
gery may refuse procedures for personal reasons. Ra-
diotherapy can offer a therapeutic alternative for these
patients, but outcomes for conventional radiotherapy
are unsatisfactory, and are potentially amplified by
selection bias, with local control rates of 40-70% and
5-year survival rates of only 5-30%.2"* Doses of con-
ventional radiotherapy to treat NSCLC have been sug-
gested to be t0o low to achieve tumor control. How-
ever, providing a higher dose to the tumor without
increasing adverse effect was previously impossible,
due to technical uncertainties over focusing irradia-
tion only on the tumor-bearing area of the lung.
With the increasing accuracy of localization for
tumor-bearing areas using various imaging tech-
niques, hypofractionated or single high-dose stereo-
tactic irradiation (STI) has been actively investigated
for Stage I NSCLC in Japan.*? STI can also substan-
tially reduce overall treatment time from several
weeks for a conventional radiotherapy schedule to a
few days, offering important advantages to the patient.
A landmark study by Uematsu et al.,* one of the pio-
neers of STI for extracranial lesions, revealed excellent
survival rates for medically operable patients, approx-
imating those for full lobar surgical resection. Under
the guidelines of the Japanese Society of Radiation
Oncology study group,” Stage I NSCLC has been
treated using small-volume STI in numerous Japanese
institutions since the late 1990s, with far fewer symp-
tomatic adverse effects than conventional radiother-
apy. Although optimal STI techniques and schedules
for Stage I NSCLC remain unclear, the number of
patients with Stage I NSCLC treated nationwide using
small-volume, high-dose STI has accumulated rapidly.
Although differences in techniques and schedules may
vary widely, retrospective investigation of the results
of STI for Stage I NSCLC from the many institutions
that have used small-volume, high-dose irradiation in
this short period should yield some meaningful data.

. The current study retrospectively evaluated Japanese

multiinstitutional results for high-dose STI for Stage I
NSCLC, and sought to answer the following questions:
1) What is the optimal dose to limit toxicity and still
obtain local control? 2) Are the results from single-
institution studies reproducible? 3) Are STI results
comparable to those of surgery?

TABLE 1 .

Patient Characteristics

Total no. of patients 245

Age 35-92 yrs (median, 76 yrs)

PS PS 0,94, PS 1, 104 PS 2, 47

Pulmonary chronic disease  Positive, 196; negative, 98

Histology Squamous cell carcinoma, 110; adeno carcinoma, 109;
others, 26 /

Stage Stage [A, 155; Stage 1B, 90

7-58 mm (median, 28 mmj
Tnaperable, 158; operable, 87

Tumor diameter
Medical operability

PS: performance status.

MATERIALS AND METHODS

Eligibility Criteria

All patients enrolled in the current study satisfied the
following * eligibility criteria: 1) identification of
T1NOMO or T2ZNOMO primary lung carcinoma on chest
and abdominal CT scans, bronchoscopy, bone scintig-
raphy, or brain magnetic resonance imaging scans; 2)
histologic confirmation of NSCLC; 3) tumor diameter
< 60 mm; 4) performance status = 2 according to
World Health Organization guidelines; and 5) inoper-
able tumor due to poor medical condition or refusal to
undergo surgery.

No restrictions were utilized concerning the loca-
tion of eligible tumors, irrespective of whether they
were located adjacent to a-major bronchus, blood
vessel, chest wall, or the esophagus or spinal cord.
However, the spinal cord was kept out of the high-
dose area.

Patients were informed as to the concept, meth-
odology, and rationale of this treatment. Written in-
formed consent was obtained from all patients. The
study was approved by the ethics committee of each
institution and was performed in accordance with the
1983 revision of the Helsinki Declaration.

Patient Characteristics

‘A summary of patient characteristics is provided in

Table 1. From April 1995 to February 2003, 245 pa-
tients with primary NSCLC were treated with hypo-
fractionated high-dose STI in 13 institutions. Of the
245 patients, 158 (65%) were considered to be medi-
cally inoperable, due predominantly to chronic pul-
monary disease, advanced age, or other chronic ill-
ness. The remaining 87 patients (35%) were
considered to be medically operable, but had refused
surgery or had been advised to select STI by medical
oncologists.

Treatment Methods
All patients were irradiated using stereotactic tech-
niques. For the purposes of the current study, all ste-



TABLE 2
Treatment Schemes

6-MV X-ray, 12; 4-MV X-ray, 1

Respiratory gating, 5; breath hold, 2;
nom, 6

Vacuum pillow, 5; body frame, 4; non, 4

Regular, 4; conformal, 8

1-25 (multiple, 11; single, 2)

Multiple (6-20) static ports, 7; dynarmic

Beam energy
Measures for respiratory motion

Fixation of patients
Irradiation port shape
Fraction numbers
frradiation mode

arc, §
Single dose (at the isocenter) 3-35 Gy
Total dose (isocenter) of stereotactic 20-69 Gy

irradiation
Conventional radiotherapy 30-44 Gy/15-20 fractions in 27 patients;
non, 218 patients

BED = ndi1+d/a/b) at the isocenter 57-180 Gy (median, 108 Gy}

BED: biclogic effective dose; Gy: gray.

reotactic techniques fulfilled three requirements: 1)
reproducibility of the isocenter =< 5 mm, as confirmed
in every fraction; 2) slice thickness on CT scan = 3 mm
for three-dimensional (3D) treatment planning; and 3)
irradiation with multiple noncoplanar static ports or
dynamic arcs. Table 2 summarized various techniques
and instruments introduced to achieve STI in 13 in-
stitutions. To fulfill the first requirement, a CT scan or
two-directional portal graph was undertaken before
every treatment regimen 4n 12 institutions, whereas
real-time tumor tracking using a gold marker inserted
around the tumor'® was performed in 1 institution. A
CT scanner sharing a common couch with the linear
accelerator was placed in an irradiation room in two
institutions.!"1?

Treatment planning with irregularly shaped
beams using noncoplanar multiple (3-10) dynamic
arcs or multiple static ports (6-20 ports) was estab-
lished with the help of a 3D treatment-planning com-
puter. Beam shaping was performed in some institu-
tions using an integrated motorized multileaf
collimator with 0.5-1-cm leaf width at the isocenter.
Furthermore, various techniques using breathing con-
trol or gating methods and immobilization devices
such as a vacuum cushion with or without a stereo-
tactic body frame were utilized to reduce respiratory
internal margins. Respiratory gating or breath-hold
methods were used in seven institutions.

Planning CT scans were performed with 2 or
3-mm slice thickness and displayed using a window
level of =700 Hounsfield units (HU) and a window
width of 2000 HU. In some institutions, irradiation
and planning CT scans were performed under breath-
hold conditions. In other institutions, irradiation and
planning CT scans were performed under free shallow

Stereotactic Irradiation for NSCLC/Onishi et al. 1625

breathing, with images taken using slow scanning (4
seconds per slice).

The clinical target volume (CTV) marginally ex-
ceeded the macroscopic target volume by 0-5 mm.
The planning target volume (PTV) comprised the CTV,
a 2-5-mm internal margin, and a 0-5-mm safety mar-
gin. An example of an STI dose distribution for Stage I
lung tumors is shown in Figure 1. A high dose was
concentrated on the tumor-bearing area while sparing
surrounding normal lung tissues using STI.

Irradiation schedules also differed among institu-
tions. The number of fractions ranged between 1 and
25, with single doses of 3-12 Gy. A total dose of 18-75
Gy at the isocenter in 1-25 fractions was administered
with 6-MV X-rays within 20% heterogeneity in the PTV
dose. Twenty-seven patients had received conven-
tional irradiation doses of 30-44 Gy in 15-20 fractions
before STI due to physician preferences. No' chemo-
therapy regimens were administered before or during
radiotherapy.

To compare the effects of various treatment pro-
tocols with different fraction sizes and total doses, a
biologic effective dose (BED) was utilized in a linear-
quadratic model.!® BED was defined as nd(1+d/a/g),
with units of grays, where n is the fractionation num-
ber, d is the daily dose, and «/ 8 is assumed to be 10 for
tumors. BED was not corrected with values for tumor-
doubling time or treatment term.

The median BED at the isocenter was 108 Gy
(range, 57-180 Gy). BED was = 100 Gy in 173 patients
and < 100 Gy in 72 patients.

Dose constraints were set for the spinal cord only.
The BED limitation for the spinal cord was 80 Gy (a/f8
was assumed to be 2 Gy for chronic spinal cord tox-
icity). This dose constraint for the spinal cord was
achieved in all patients who satisfied all eligibility
criteria.

Evaluation .

The objectives of the current study were to retrospec-
tively evaluate toxicity and the local control and sur-
vival rates according to BED. Follow-up examinations
were performed by radiation oncologists for all pa-
tients. The first examination took place 4 weeks after

- treatment, and patients were subsequently seen every

1-3 months. Tumor response was evaluated using pre-
viously published National Cancer Institute (NCI) cri-
teria.'* Chest CT scans (slice thickness, 2-5 mm) were
usually obtained every 3 months for the first year, and
repeated every 4-6 months thereafter, A complete re-
sponse (CR) indicated that the tumor had completely
disappeared or was replaced by fibrotic tissue. A par-
tial response (PR) was defined as a = 30% reduction in
the maximum cross-sectional diameter. Distinguish-
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FIGURE 1. An exampte of three-dimensional freatment planning. (A) lsodose curves on axial CT through the center of the PTV. (B) Isodose curves on a coronal
reconstructed Image through the center of the PTV, {C) Three-dimensicnal Image showing all radiotherapy arcs and Isodose curves.

ing between residual tumor tissue and radiation fibro-
sis was difficult. Any suspicious residual confusing
density after radiotherapy was considered to be evi-
dence of PR, so the actual CR rate may be higher than
presented in the current study. Local disease recur-
rence was considered to have occurred only when
enlargement of the local tumor continued for > 6
months on follow-up CT scans. Findings on CT scans
were interpreted by two radiation oncologists. Ab-
sence of local disease recurrence was defined as lo-
cally controlled disease.

Lung, esophagus, bone marrow, and skin were
evaluated using Version 2 of the National Cancer In-
stitute-Common Toxicity Criteria (NCI-CTC).

Statistical Analysis ]

Local disease recurrence rates in the two groups were
compared using the chi-square test. BED amoeng pa-
tient groups at each pulmonary toxicity grade was
compared using Kruskal-Wallis tests. Cumulative sur-
vival curves were calculated and drawn using Kaplan-
Meier algorithms with the day of treatment as the
starting point. Subgroups were compared using log-
rank statistics. Values of P < 0.05 were considered to
be statistically significant. Statistical calculations were
conducted using Version 5.0 StatView software (SAS
Institute Inc., Cary, NC). ‘

RESULTS
All patients completed treatment with no particular
complaints. The median period of follow-up was 24

.months (range, 10-78 months). BED (a/g is assumed

to be 2 Gy for chronic toxicity of the spinal cord) did
not exceed 80 Gy in any of the patients.

Local Tumor Response
Of the 245 patients evaluated using CT scans, CR and
PR were achieved in 57 (23.3%) and 151 (61.6%) pa-

tients, respectively. The overall response rate (CR+PR)
was 84.8%. Overall response rates for tumors with BED
= 100 Gy (n = 173) and < 100 Gy (n = 72) were B84.5%
and 83.3%, respectively. An example of a CR is shown
in Figure 2.

Toxicity

Treatment toxicities are surmumarized in Table 3.
Symptomatic radiation-induced pulmonary complica-
tions (NCI-CTC criteria Grade > 1) were observed in
17 patients (6.9%). No significant differences in BED
were identified among patient groups at each pulmo-
nary toxicity grade, Pulmonary fibrosis or emphysema
before treatment was observed in 15 (88%) of the 17
patients with pulmonary complications > Grade 1.
Pulmonary symptoms resolved in most patients with
or without stercid therapy, but continuous oxygen
supply was required in three patients who displayed
poor respiratory function before irradiation. Chronic
segmental bronchitis and wall thickening causing at-
electasis on the peripheral lung was observed in one
patient. Grade 3 esophagitis was temporarily observed
in two patients with tumors adjacent to the esopha-
gus. Grade 3 or 4 dermatitis was observed in two
patients with tumors adjacent to the chest wall. No
vascular, cardiac, or bone marrow complications had
been encountered as of the last follow-up.

Disease Recurrence

Local disease recurrence occurred in 13.5% of all pa-
tients, with rates being significantly lower for BED
= 100 Gy (8.1%) compared with < 100 Gy (8.1% vs.
26.4%, P < 0.01). Patients with Stage 1B disease dis-
played significantly higher rates of local disease recur-
rence compared with patients with Stage IA disease.
However, no differences in the local disease recur-
rence rate were observed between patients with Stage
1A disease and patients with Stage IB disease for BED
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FIGURE 2. An example of a patient with a complete response (CR). The patient was an 80-year-old male with T2NO adenocarcinoma. (A) Computed tomography
scan {CT) before stereotactic irradiation (STI) of 70 gray/10 fractions/5 days. (B) CT scan 6 months after STI. CR was acquired and no radiation-induced pneumonia

was apparent,

TABLE 3
Toxiclty

Pneumonitis*
Grade 0, 32.8%
Grade 1, 59.6%
Grade 2, 4.1%
Grade 3, 1.2%
Crage 4, 1.2%
Esophapitis®
Grade 0, 95.6%
Grade 1, 2.4%
Grade 2, 1.2%
Grade 3, 0.8%
Dermatitis®
Grade 0, 98.0%
Grade 1, 0.8%
Grade 2, 0.4%
Grade 3, 0.4%
Grade 4, 0.4%
Pleural effusion (1.6%)
Rib fracture (0.8%)
Bone masrow suppression (0.0%)

* Graded according to National Cancer Institute-Common Toxicity Criteria {Version 2.6},

= 100 Gy. Rates of local disease recurrence were also
significantly lower in the tota! group and Stage IA and
Stage IB subgroups for BED = 100 Gy compared with
< 100 Gy. In particular, when BED was < 100 Gy, the
local disease recurrence rate in patients with stage IB
disease was 41.4% (12 of 29) compared with 16.3% (7
of 43) for patients with Stage IA disease. For BED
= 100 Gy, the local disease recurrence rate was 7.5%
for BED = 120 Gy (n = 80) and 9.8% for BED = 140 Gy
(n = 40). The local disease recurrence rates for ade-
nocarcinoma and squamous cell carcinoma were
13.6% (15 of 110) and 13.8% (15 of 109), respectively.

The patterns of first disease recurrence are listed
in Table 4. Some sites of disease recurrence over-
lapped, and isolated local, lyrnph node, and distant

-

disease recurrences were observed in 8.6%, 3.3%, and
9.8% of patients, respectively. The local disease recur-
rence rate of patients with Stage IB was twice that of
patients with Stage IA disease, whereas lymph node
and distant disease recurrence rates were- basically
identical in the two subgroups.

Survival

The overall 3 and 5-year survival rates were 56% and
47%, respectively. The cause-specific 3 and 5-year sur-
vival rates were both 78%. Overall survival rates dif-
fered significantly according to medical operability.
For example, intercurrent deaths occurred in 19.1% of
inoperable patients and in 3.4% of operable patients
(Fig. 3). Overall survival rates according to BED in all
patients revealed significant differences between the
subgroups for BED < 100 Gy and = 100 Gy (Fig. 4).
Overall survival rates according to BED in operable
patients revealed identical 3 and 5-year survival rates
of 88% for BED = 100 Gy (Fig. 5). Overall 5-year
survival rates according to stage in operable patients
irradiated with BED = 100 Gy were 90% for patients
with Stage IA disease and 84% for patients with Stage
IB disease (Fig. 6).

DISCUSSION

Surgical resection remains the standard management
for patients with Stage I NSCLC. The 5-year overall
survival rates for patients undergoing resection range
from 55% to 72% for Stage I NSCLC.'*"!7 Results for
treating early-stage NSCLC using conventional radio-
therapy are disappointing. Qiao et al.!® reviewed 18
studies on Stage I NSCLC treated using conventional
radiotherapy alone, and reported that the 3-year over-
all and cause-specific survival rates were 34 £ 9%
(mean #* standard error of the mean) and 39+10%,
respectively. Although CR represents an important
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TABLE 4 ‘
Patterns of First Disease Recurrences According to Stage and BED
Site of disease recurrence® Total no. of patlents (%) Stage IA (%) Stage IB (%} BED < 100 Gy (%) BED 2 100 Gy (%) -
Local disease recurrence 33/245{13.9) 15/155 (8.7} 18790 (20.0) 19172 {26.4) 14/173 (8.1)
Regional lymph node recurrence 201245 (8.2) 12/155 {7.7) 8790 (8.9} 872 (11.D) 121173 6.9)
Distant metastasis 367245 (14.7) 231155 {14.8) 13190 (14.4) 1472 (19.4) 221173 (127
BED: biolegic effective dose; Gy: gray.
“ Some of the disease recurrences overlzpped each other.
Survival Survival
14 ! 1
o Operable (n = 87} -
08 7 0.8 7 BED > 100 Gy (n = 172)
086 " L P<001 0.6
04 M ! 0.4 -
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FIGURE 3. Overall survival rate according to medical operability.

prognostic factor, particularly for tumors < 5 cm in
diameter,'®2° local disease recurrence is common af-
ter conventional radiotherapy for -early-stage
NSCLC.182122 geveral studies have shown the value of
dose escalation in Stage I NSCLC.'®-%° Although in-
creased radiation dose to the tumor is essential, esca-
lating the dose is difficult under conventional radio-
therapy techniques, given the relatively large amount
of normal lung tissue enclosed in the high-dose re-
gion, including internal and safety maréins to accom-
modate respiratory movements and daily setup errors.
The most common reactions caused by radiation dose
escalation are pneumonitic changes, which can in-
duce acute symptoms of fever and cough, leading to
interstitial fibrosis and subsequent reduction in lung
capacity. In patients with already compromised respi-

-ratory function, such reductions can prove fatal.

Because excessive dose escalation, which im-
proves local control in patients with NSCLC,'®#** is
so hard to obtain using conventional techniques, new
approaches must be taken to improve outcomes. In
1995, Blomgren et al.?® introduced a new STI tech-
nique for extracranial radiotherapy that was analo-

rrJfr«2.r /&7 rYm—ryY™rT7m™1
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FIGURE 4. Overall survival rate according to the biclogic effective dose in all
patients.

gous to cranial radiosurgery. The advantages of this
radiotherapeutic technique include narrow X-ray
beams, concentrated in such a manner as to provide
intense irradiation to small lesions at high doses, and
a small number of treatment fractions. The ability to
concentrate radiotherapy on a small tumor while
sparing sutrounding tissues had already been made
possible using STI. Results from treating small brain
metastases are excellent, with local control rates of
approximately 90%. Application of STI techniques to
the treatment of small lung tumors is reasonable, as
the ratio of high-dose radiation volume to normal
tissue volume should be smaller than that for the
brain. Moreover, the limited volume of radiation dam-
age on the lung or adjacent structures is unlikely to
result in the severity of symptoms possible with dam-
age to cerebral tissues. The current data reveal that
Grade 3 or 4 radiation pneumonitis was observed in
few patients (4%). Acute esophagitis, dermatitis, and
chronic bronchitis were also observed in relatively few
patients for whom tumors bordered on these organs.
No other life-threatening toxicities were encountered.
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FIGURE 6. Overall survival rate according to stage in medically operable
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However, the chronic effects of hypofractionated irra-
diation on major vessels, bronchus, esophagus, heart,
and spinal cord remain unknown. Lethal pulmonary
bleeding has been reported after a schedule of 24-Gy
single-dose irradiation (BED = 81.6 Gy).?® Long and
careful follow-up is therefore warranted.

Recently, STI for small lung turmnors using a linear
accelerator has gained acceptance as an effective
treatment modality. Irradiation methods and local
disease recurrence rates from several institutions in
which STI has been performed for primary Stage I
NSCLC are listed in Table 5.5°7272% Although BED
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analysis using the linear-quadratic model is not quite
appropriate for radiotherapy with a large single dose
or short treatment period,®® the model is useful to
compare outcomes from a variety of treatment sched-
ules using different single doses and number of frac-
tions. Cheung et al% summarized several clinical
studies. In their study, crude local recurrence rates
with conventional radiotherapy were 36-70%, with
BED of 59.6-76.4 Gy at an a/p ratio of 10. They rec-
ommended dose escalation to increase the local con-
trol rate. STI appears to represent an ideal modality for
dose escalation. Local tumor recurrence rates of Stage
I NSCLC after STI with a BED of 99-137 Gy were
0-6% for a median follow-up period of 19-60
months.>"%"?® The comparatively high local disease
recurrence rate reported by Hof et al.>* may be attrib-
utable to lower BED. In the current study, the local
control rate was 91.9% for BED = 100 Gy:'For BED
< 100 Gy, the local control rate was poor, particularly
in patients with Stage IB disease. Given our clinical
results, additional dose escalation studies may be pos-
sible. However, patients receiving BED ='120 Gy or
= 140 Gy did not display significantly better local
control rates than patients receiving lower BED, even
for patients with Stage IB disease. Satisfactory BED to
achieve local control for Stage I NSCLC is approxi-
mately 100 Gy. Representative examples of dose regi-
mens performed in the current study that provided
approximate BEDs > 100 Gy were 48 Gy/4 fractions or
50 Gy/5 fractions. However, treatment outcomes for
patients who received conventional irradiation before
STI in our study were not significantly different from
those of other patients. Although a longer follow-up is
necessary to determine final control rates of tumors in
our study, local control rates for STI may be equivalent
to surgical results, as most local disease recurrences
generally occur within 3 years after treatment.'®

In our study, the overall survival rates were excel-
lent for limited patients considered operable before
treatment and with BED = 100 Gy. The 88% three-year
overall survival rate in operable patients treated with
BED = 100 Gy was consistent with single institutional
results {(a 3-year overall survival rate of 88% in 29
medically operable patients) reported by Uematsu et
al.’ The patients in that study (from the Medical De-
fense College, Saitama, Japan) were not included in
the current multiinstitutional study. Survival rates af-
ter STI for BED = 100 Gy may well match those after
lobectomy for Stage 1 NSCLC. We believe that good
treatment outcomes from STI depend on a high BED,
a large single dose, a short treatment period, and
delivery of a modest dose to a large lung volume. STI
can reduce substantially overall treatment time from
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TABLE 5 '
Comparison of STI Methods and Local Control Rates for Stage I Nonsmall Cell Lung Carcinoma
Single Safety  Breath-holdor  Image- Median Local disease
Total tumor  dose  Treatment  BED Margin  respiratory guided follow-up  recurrence
Author No. of patfents  dose (Gy) Gy time (days)  (Gy}" (mm)®  gating repositioning  (mos) %)
Uematsu et al ¥ 50 50-60 56 5-12 100-120 0 No Yes 60 6
Nagata &t a5 2 48 12 12-13 106 0 No Yes 19 0
Fukumotoetal” 17 48-60 675 14 9137 0 Yes Yes P/ 6
Hof et al® 10 19-26 12 1 55-54 5 Yes No 15 2

Gy: gray; STI: stereotactic irradiation; BED: biological effective dose (a/f = 10).
* BED was recalculated at the isocenter.

b Safety margin: subtract the clinical target volume and maximurn respitatory motion fram the planning target voluie,

several weeks of conventional radiotherapy to a few
days, offering important advantages to the patient.

In conclusion, hypofractionated high-dose STI
with BED < 150 Gy represents a feasible and bene-
ficial method for obtaining curative treatment of
patients with Stage I NSCLC, Local control and sur-
vival rates were better for BED = 100 Gy than for
BED < 100 Gy for all treatment methods and sched-
ules. Survival rates for STI in selected patients (med-
ically operable and BED = 100 Gy) were excellent
and reproducible among institutions, irrespective of
specific treatment methods, and were potentially
equivalent to those of surgery. The current study
was a retrospective review, and unknown selection
biases for treated and analyzed patients may have
been present. Moreover, treatment parameters were
very heterogeneous. However, STI may become a
standard radical treatment strategy for Stage I
NSCLC, at least for compromised patients. More
patients and longer follow-up, or a prospective
Phase II study based on a single treatment schedule
followed by a Phase II! trial comparing surgical out-
comes with those of STI, are necessary to determine
standard treatments for Stage I NSCLC.
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Summary We have developed a novel irradiation technigue for lung cancer that com-
bines a linear accelerator and CT scanner with patient-controlled breath-hold and ra-
diation beam switching. We applied this technique to stereotactic three-dimensional
(3D) conformal radiotherapy for stage | non-small cell lung cancer (NSCLC) and evalu-
ated the primary therapeutic outcomes. A total of 35 patients with stage | (1514, 201B)
primary NSCLC (20 adeno, 13 squamous cell, and 2 others) were treated with this tech-
nique. Patients ranged from 65 to 92 years old (median, 78 years). Twenty-three {66%)
patients were medically inoperable due to mainly chronic pulmonary disease or high
age. Three-dimensional treatment plans were made using 10 different non-coplanar
dynamic arcs. The total dose of 60 Gy was delivered in 10 fractions (over 5-8 days) at
the minimum dose point in the planning target volume (PTV) using a 6 MV X-ray. After
adjusting the isocenter of the PTY to the planned position by a unit comprising CT and
linear accelerator, irradiation was performed under patient-controlled breath-hold
and radiation beam switching. All patients completed the treatment course with-
* out complaint. Complete response (CR) and partial response (PR) rates were 8/35

* presented at the 39th Annual Meeting of the American Society of Clinical Oncology, Chicago, 31 May-3 June 2003.
*Corresponding author, Tel.; +81-55-273-1111x4616; fax: +81-55-273-6744,
E-mait address: honishi@res.yamanashi-med.ac.jp (H. Onishi),

0169-5002/$ - see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/§.lungcan.2004.01.004
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(23%) and 25/35 (71%), respectively. Pulmonary complications of National Cancer
Institute-Common Toxicity Criteria grade >2 were noted in three (9%) patients. During
follow-up (range, 6—30 months; median, 13 months}, two (6%) patients developed lo-
cal progression and five (14%) developed distant or regional lymph node metastases.
Two-year overall survival rates for total patients and medically operable patients
were 58 and 83%, respectively. In conclusion, this new irradiation technique, utiliz- '
ing patient-controtled radiation beam switching under self-breath-hold after precise
alignment of the isocenter, allows safe high-dose stereotactic radiotherapy with suf-
ficient margins around the CTV and reduced treatment times. Based on the initial
results, excellent local control with minimal complications is expected for stage 1 -

NSCLC,

© 2004 Elsevier ireland Ltd. All rights reserved.

1. Introduction

Lung cancer is the leading cause of mortality among
males in Japan. Despite continued research into
novel therapeutic strategies, 5-year survival rates
for lung cancer remain at approximately 15% [1].
One of the main reasons for this disappointing sur-
vival rate is the relatively late diagnosis of lung can-
cer. However, lung cancers are increasingly being
detected in the earlier stages, thanks to the routine
use of computed tomography (CT). For early stage
lung cancers, the cure rate is 29—72% if surgical re-
section of the tumor can be achieved [2]. Surgical
resection may not be an option for lung cancer pa-
tients with tobacco-related illnesses, severe cardio-
vascular disease, or other medical conditions. Other
patients refuse surgery for personal reasons. Histor-
ical 5-year survival rates for early stage lung can-
cer patients treated using conventional radiother-
apy are 0—42% [3]. Recently, fractionated high-dose
stereotactic radiotherapy (SRT) has been actively
performed for early stage lung cancer [4—6]. In a
landmark study by Uematsu, SRT was performed us-
ing a novel combination of CT scanner and linear ac-
celerator (linac) [4,7]. This combined unit allowed
visualization of the tumor at the time of radiother-
apy, directing multiple non-coplanar beams of ra-
diation to converge on the tumor with great accu-
racy. Such real-time CT-guided treatment provides
precise targeting of the tumor and maximal sparing
of normal lung tissues.

SRT has focused attention on the need to con-
trol tumor motion due to respiration using meth-
ods that prevent enlargement of the irradiated lung
volume, such as respiratory gating, active breath
control, or breath-holding. We developed a new
irradiation technique comprising breath-hold and
patient-controlled radiation beam switching with a
moving CT scanner and linac unit (linac-CT) [8]. The
current study aimed to apply this technique to SRT
for stage | non-smail cell lung cancer (NSCLC) and to
evaluate the resultant primary clinical outcomes.

2. Material and methods
2.1, Eligibility criteria

All patients enrolled in this study satisfied_the
following eligibility criteria: (1) identification of
T1NOMO or TZNOMO primary lung cancer on chest
and abdomen CT, bronchoscopy, bone scintigram,
and brain magnetic resonance imaging; (2) his-
tologically confirmed NSCLC; (3) tumor diame-
ter <60mm; (4) performance status according
to World Health Organization guidelines <2; (5)
demonstrated ability to maintain breath-hold for
more than 10s; (6) demonstrated ability to under-
stand and perform self-breath-hold and radiaticn
beam control. Patients were informed as to the
concept, methodology, and rationale of this treat-
ment. Written informed consent was obtained from
all patients. This study was approved by the ethics
committee of our institution.

2.2. Patient characteristics

Between July 2000 and October 2002, a total of
38 patients were identified as candidates for the
irradiation procedure. However, three patients
(8%) were excluded, as they could not suitably
perform self-breath-holding and beam switching
techniques. A summary of patient characteristics
is provided in Table 1. A total of 35 patients were
treated using this irradiation procedure. Fourteen
patients displayed pulmonary emphysema or fibro-
sis before treatment. Twelve patients were consid-
ered medically operable, but had refused surgery
or were advised to select SRT by medical oncole-
gists. The remaining 23 patients were judged med-
ically inoperable due to poor respiratory function,
advanced age, or other chronic illness.

2.3. Treatment methods

Treatments were delivered using our newly devel-
oped unit, comprising a linear accelerator (linac)
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(EXL-15DP, Mitsubishi Electric, Tokyo, Japan) cou-
pled to a CT scanner (Hi-Speed DX/, GE Yokogawa
Medical Systems, Tokyo, Japan) and sharing a com-
mon couch (Fig. 1A). The center of the CT image
was aligned with the isocenter of the linac acceler-
ator when the couch was rotated 180°. During scan-
ning, the CT-gantry moved along rails on the floor
while the table remained stationary [8]. Accuracy
of matching between linac isocenter and CT image
center was <0.5mm.

In order to reproduce and maintain tumor po-
sition during irradiation, patients were trained
in procedures for self-breath-holding at inspi-
ration. Reproducibility of tumor position under
self-breath-hold was measured by three repeated
CT scans that were performed to obtain ran-
domly timed images of 2mm thickness in the
vicinity of the tumor during self-breath-hold.
Maximum difference in the center of tumor posi-
tion for the three CT scans was then calculated.
The uncertainty concerning the reproducibility of
patient-controlled breath-hold has previously been
presented [9). Chest CT under self-breath-hold

was performed for each patient and a plan was
established with the help of a three-dimensional
(3D) treatment-planning computer (FOCUS, version
3.2.1, CMS, St. Louis, MO}. Patients were positioned
on the CT table and a skin marker for the tempo- .
rary isocenter was placed using the cross-hair laser

system. An example of the 3D treatment plan is
showed in Fig. 2. Clinical target volume (CTV) was

equal to the gross tumor volume (GTV) delineated. -

on CT images displayed with a window level of
—300 Hounsfield units (HU) and a window width of
1700 HU. Planning target volume (PTV) was deter-
mined on CT images as the CTV plus the maximum
difference of the tumor position measured on the
aforementioned three repeated CT scans per-
formed during self-breath-holding with an addi-
tional margin of 5mm to compensate full internal
margin including intra-session reproducibility. Since
the tumor position was adjusted to the planned po-
sition before every session using CT images, set-up
error was neglected [8]. Elective nodal irradia-
tion to the hilar and mediastina! reglons was not
delivered.

A flowchart of the irradiation process is shown
in Fig. 3. The isocenter of the PTV was visu-
ally adjusted with CT images of 2mm thickness °
taken before every radiotherapy fraction to cor-
respond to the planned isocenter under patient
self-breath-hold using the CT scanner unified with
the linac (Fig. 1B). The couch was rotated 180° so
that the rotational center of the CT-gantry cor-
responded to the isocenter of the linac. A signal
indicating readiness to start irradiation was given
by a radiation technologist when alignment was ob-
tained (Fig. 1C). lrradiation was started only when
both switches for the patient and the console of
the linac were turned on. The actual switching of
the radiation beam was delayed <0.1s behind the
patient’s switching. The linac delivered a maximum
of 400 monitorunits/min. Patients determined
their breath-holding time and controlled radiation
beam as often as needed until the prescribed mon-
itor units were completed. Radiation technologists
were able to stop irradiation whenever necessary.

Tumor position during each radiotherapy session
was complementarily verified using an eltectronic
portal-imaging device. Electronic portal images
(EPIs) were real-time and taken every 2 s during ir-
radiation. Whenever the tumor was visually deter-
mined to move beyond the PTV on EPI, the radia-
tion technologist turned off the radiation beam and
jrradiation was restarted after realigning the tu-
mor under patient self-breath-hold. Mean time for
one radiotherapy session, including patient set-up,
adjustment of the isocenter, and irradiation, was
approximately 30 min,



