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ABSTRACT —— Objective. Stereotactic body radiotherapy (SBRT) has recently been investigated as an alternative
treatment in place of surgery in clinical trials, especially in medically inoperable (MI) patients. However, no clear
rationale for the criteria used to determine whether or not a patient is MI has yet been demonstrated. Methods.
Between January 2004 and October 2012, 740 patients underwent surgical resection of clinical stage IA non-small
cell lung cancer (NSCLC). In the present study, MI was defined as an FEV10 of <081, %DLCO of <40%, PaO2 of
<70 mmHg, PaCOz2 of >50 mmHg or three or more severe comorbidities, based on the criteria of MI frequently
used in clinical trials of SBRT for NSCLC patients. The clinicopathological characteristics and surgical outcomes
were compared between the MI patients (n =91) and operable patients (n = 649). Results. The proportion of males
(P =0.002), elderly subjects (P<0.001) and smokers (P<0.001) were higher among the MI patients than the oper-
able patients. Limited surgery (wedge lung resection or segmentectomy) was performed in 37 (40.7%) MI patients
and 227 (35.0%) operable patients (P = 0.289). Mediastinal lymph node dissection was performed in 48 (52.7%) MI
patients and 413 (63.6%) operable patients (P = 0.045). The rate of overall morbidity was higher in the MI patients
(38.5% in the MI patients vs 23.4% in the operable patients, P =0.002). The 30-day and 90-day mortality rates
among the MI patients were 1.1% and 3.3%, respectively. Although overall survival was significantly worse in
the MI patients (P = 0.002), there were no significant differences in cancer-specific survival between the groups
(P =0.293). Conclusions. Surgical resection can be performed safely in MI patients, with an equivalent cancer-
specific survival to that observed in operable patients. Therefore, the current criteria used to determine whether
a patient is MI for clinical trials of SBRT for NSCLC are not appropriate for evaluating the true degree of oper-
ability.
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pCO2 >50 mmHg, d L IZEELGFEEEZ 320
HIHEEZ MR E L, s, BE0HE, FH&%
EIZ DWW T Operable B & bl L 72, #8R. (1) MI o#H
W& W7o REZ LB (12%). (2) MI BRI TP, w5
s, BEEICAEREICES o7z Q)Mo MmiRIci,
MHER CHBEZIXRD SN h o7z, (4)MI B0 JEiTE
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1.1%/33% TH-7z. 5) EEFHEIE MIHTHEICK

Moo, BERNARHAFICRAREIRO LN
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PICTH D, LIRAEE L 135 2 2\, SBRT ORERAERIZ B
A% MI DS, SHRABETLENEDS.
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HARNRSEEZDO T A F5 4 >~ (2013 £ Tik, B
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BEFED L {IE SBRT R I T 5 (7L — K B).
National Comprehensive Cancer Network (NCCN) & #
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D, R (A 1) FE/NRITa I 23 2 BRHETG R

X, HRKOHFA K54 Tl EHITMIPEPITE-T
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STARS trial ; NCT00840749, ACOSOG-Z4099 ; NCT
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HEPECDIZHL N TH . MiZEYIBRAEE 2 Ol
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DIk E AR > NEHFETH B, FHITOWTIE,
Japan Clinical Oncology Group (LL'F JCOG) & West Ja-
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Table 1. Criteria Indicating Patients to Be “Medically Inoperable” Used in Clinical Trials of Stereotactic Body Radiothera-

py for Non-small Cell Lung Cancer

Timmerman’s phase II

RTOG0236

JCOGO0403

Baseline FEV10 <40% of predicted

of predicted
%DLCO <40%
Pa0O: <70 mmHg
PaCO:z >50 mmHg

predicted

Severe chronic heart disease

Baseline FEV19 <40% of predicted

Post-operative predicted FEVio <30% Post-operative predicted FEV1o <30% of predicted
Severely reduced diffusion capacity

Baseline hypoxemia and/or hypercapnia

Exercise oxygen consumption <50% of predicted
Severe pulmonary hypertension

Exercise oxygen consumption <50% of pjapetes mellitus with severe end organ damage

Baseline FEV10 <800 ml
Pa02 <65 mmHg
Cardiac failure requiring medication

Prior myocardial infarction or unsta-
ble angina within 6 months

Uncontrollable arrhythmia

Diabetes mellitus uncontrollable by
insulin

Severe cerebral, cardiac, or peripheral vascular disease

BRI LEHEORH Z WIS 5 HEETHSH. SBRT
&, F—Fr v M —EDORE S MR L LR EOY
—MEDIR T K = DR DD O, BB ZIES AT 5 cm
F COERIDEIL & 72 5. 011 F 7z, BEEOBEHHRATE
rEnzy—4y MMEE2S, GO - R, JE - ]E
X, fl, H, T EoOEEIEET 2L E IR
MEEZEITLE) 20, BRIHIARTERIZZRS.12 L7z
235 T, LUF 25—y 2= I FEPENRG (200§ 5 SBRT @3
BESNhTWAD.

1. WEBEEE 5 cm LT 0 HEgIES; T,
FEinfe 2572 v (T1~2NOMO).

2. MWERIEEE L T v (IEPRAY) .

3. EVEVERi DA PEAS T,

4, —EOMHBERE Rz T B (JCOG403 :
PaOz =60 mmHg (room air), FEVio =700 ml).

5. TIAEE 72 W L A4 T RE 1.

1~4 22T, HiETHBMOBWBHETH L L F
A HN%HS, BEIE S 2IER IR TH LS. LA L,
SBRT DK ABRDZ 1%, 5 X RICL THEITS T
w5,

SBRT DERRFRERIZ B\ T MI O H W2 FATIE & B E
X9 % FHTICBI S 5325, SBRT % 3H:243 % B
BHEZ1 TR <, FFICEORENEIEICZ > ThRSh
TV OWTIEAHTH L. BEETFMiziERT L T
WBBEHETEH, FMONERLY X7, WERIRIZOWT
Vo B A e E N2, FNEHET S LIIHER
IRTI LI LIRS, F/z, OMitgEEA I 7 —
& i MI OB#EICE YT S L9 2856 TH, BFOH
WHEEDT 7 T4 ET 4 —RVDLWLIHEEDREDND,
NEHE DK AR EIBRTRE L HIRT 3% 7 — A3 %0 b
TS 5.

SBRT DEEFRHERICH T2 Ml DEH
MI FEHBERE 1269 %5 Timmerman & @ 85 1T AH & Ex12

) 2 SEiEERS R E

&, ZitiakdLmaTn & KRR L L ChifT S h72RE 0
RTOG0236 3575 8 X OARFE D JCOGO403 BRI IZ 31T
5 MI OEFH%, Table 1 127”3 . &Fille & OHlitkaE &
EELAIHEOFES ML 2 BET HHTF & LTHITS
NTn5b.

HHEHRRIZBWTHRIE, i~ 0 BEFE DT R 2
2RI LC, HUCHIBRTIRED MI 222503 5 D Tld %
<, OMZEUIBRASTEE 2 B8 (FAETTTTRER), @M%
PIBRIZTE s, BURUIBR R XU BR 722 & W R 2
G/ NFATTRESD), GF/NFM 3 5 TE R WEH (Fil
BB 12 TR 2 g LT 5. JCOG0403
AR TIE, BERiONFIE~NDIT VT —2 g U2
& o T, BAEFMOREG, M/AFARTTRES, FHTARER
DVFTNPITHEEINT WS Z EHEEHEEICED SN
Tw5. U

IEXZEKZICH T2 M REAREEES (C3XF§ 5 Fif

MR - FHik

ANEFE1EL SBRT OEFRAERIC BT 5 ML OEFHE %
2, FEVio =081, %DLCO <40%, pO2 =70 mmHg,
pCO2 >50 mmHg, d L IZEELGFEEEZ 320
A3 5EEEY ML LB L7z, HELRIEFEEONTIL,
BLE, (OREZE, PAZEMEEIIRTE LE, MAEZE, £ X
ViR ST RN, MEN & %9 5 HAE,
W7 EOEHB X AR & CTHS. SBRT DR
Biclx, 1o THHEELRIMFAREELZAE T2 EFITMIIZ
GENDID, Ta DMl OEBEDIAS, X0k L VELHE
LS5 2 5. Fxlx, poorrisk BETH > THMHEEFA
M2 RkEL L TN Z BIRL T 5. F7/2, EELR
PR B A AT 2 BHE X L TlE, FREBEOFEMEITH
BilZT 9L b LT, BEICEANNEHEAIT-> T 5.

2004 4F 1 H~2012 4% 10 H 1281 Bk L 7z cIA il o JE/N
FBERE 740 Bl 5 &, RO % 723 MIEH 1L
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Table 2. Comparison of Baseline Characteristics Between the

“Operable” Lung Cancer Patients

“Medically Inoperable” and

Medically Inoperable, n (%) Operable, n (%) P
Age
Mean (% SD) 70+8 65+11 <0.001*
Gender 0.002F
Male 58 (63.7%) 302 (46.5%)
Female 33 (36.3%) 347 (53.5%)
Smoking status <0.001°
Never-smoker 20 (22.0%) 345 (53.2%)
Smoker 70 (76.9%) 296 (45.6%)
Unknown 1( 1.1%) 8 ( 1.2%)
Clinical tumor size (T) 0.045*
Mean (*=SD) 195+6.3 180+65
Consolidation size (C) 0.037*
Mean (% SD) 15.3+9.0 13387
C/T ratio 0.038*
Mean (*SD) 0.76 £0.38 0.67+0.37
Histology <0.001°
Adenocarcinoma 66 584
Squamous cell carcinoma 17 49
Others 8 16
Pathological tumor size 0.351*
Mean (% SD) 184+73 176+ 86
Pathological nodal status 0.7491
NO 79 (86.8%) 571 (88.0%)
N1/N2 12 (13.2%) 78 (12.0%)
Pathological stage 0.088 "
IA 63 (69.2%) 502 (77.3%)
IB-IV 28 (30.8%) 147 (22.7%)

*ttest, TChi-square test.

02%) 7%,

FED 385% 1288 S, Operable # (234%) 2R T
BREIE Do 7z, itk 30 HIE OB G2, WAERICA
RO SN2 o 72 (MIEE11%,
90 HIE T OFEICAEZEZ R Dz (ML

Operable #

MI DEFHEDZ YOV THE 21T - 7.
2REM O HBICIE, A 23|/IE, tHE, v sy

Mg & J v 7z,

#w R

BHE 5% Table 2 12779, MI #1Z Operable #: 2k
N, Sk, B, BEE OB ESHEENICERICE
o7z, FEEEEOEY CT pr & <ix, MI # X Operable
B, JEBIEE (T), consolidation £% (C), C/T A%
AREICKEL, MEENL, FEREOEIETE o7z, HF
BRI, IESE, U o NEHIEER, WHNICH EEIEER
DN o7z,

FARMTRNL, WM TAR (BLAREI B/ X3 b b)) & AT
A (2 eI/ 44%) OBIE B W TR A
R LN h o 72h%, MIBETIIMERE U > 7 SHi Z0iE 254
B SN T D HEDPEREISE o 72 WRAIHEX, MI

3.3%, Operable #: 0.5%) . MlifE 56 LAt D A5 IE 0 E 4 1%
MI #: 60.0%, Operable #f 41.3% T>H - 7253, ﬁﬁf%ﬂ@
A BEZATIRD SN h o7 (Table 3).

WSRO hILEE 48 » A TH - 72 &AEFHE
1Z, MI #1Z Operable #EIZLEE ZIK D - 722% (Fig-
ure 1A, 34F 4 fF # & : MI# 79.3%, Operable #
91.2%, 5 FEALFEIE - MI # 774%, Operable # 83.7%,
P=0002), MifEfFREFHGICAREIROONE
o 72 (Figure 1B, 34EMiMAF R AEGE S - MI B
92.9%, Operable #f 94.6%, 5 FEMMEFEWAELAFEES -
MI # 89.0%, Operable #: 89.9%, P=0.293).
xz =

BCIBR DN BT ik b BT B 53, ATHTIEIARGE
X O EI B O T HIBRAENT AR EE T D 5. Hﬂl@]]@%f?ﬁékﬁ%
NP BEREAS T IR 7o 3, PR AR S &) B
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Table 3. Comparison of Surgical Outcomes Between the “Medically Inoperable” and “Opera-
ble” Lung Cancer Patients

Medically Inoperable, n (%) Operable, n (%) p*
Main procedure 0.289
WWR or segmentectomy 37 (40.7%) 227 (35.0%)
Lobectomy or pneumonectomy 54 (59.3%) 422 (65.0%)
Extent of lymph node dissection 0.045
NDO or ND1 43 (47.3%) 236 (36.4%)
ND2 48 (52.7%) 413 (63.6%)
Morbidity 0.002
Present 35 (38.5%) 152 (23.4%)
Absent 56 (61.5%) 497 (76.6%)
30-day mortality 0.231
Dead 1( 1.1%) 1( 0.2%)
Alive 90 (98.9%) 648 (99.8%)
90-day mortality 0.027
Dead 3( 3.3%) 3 ( 0.5%)
Alive 88 (96.7%) 646 (99.5%)
Cause of death 0.206
Cancer related death 8 (40.0%) 44 (58.7%)
Other than cancer 12 (60.0%) 31 (41.3%)

*Chi-square test. WWR: wide wedge lung resection.

(A) Overall Survival (B) Lung Cancer-Specific Survival

1.0 107 4 MI
Operable M
Y
0.8 0.8
Operable
0.6 Ml 0.6
0.4+ 0.47
0.2 0.27
log-rank test: P =0.002 log-rank test: P =0.293
0.0 0.0
I I | : | l l T T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Figure 1. (A) Overall survival of the medically inoperable and operable patients. (B) Cancer-specific survival of the

medically inoperable and operable patients.

BIAS, YIRICET 2 HO MI &S 2 X 9. Tn#EcIcE
L CHTRINCIEIC 2 5 & 9 KNS RE O il B, &
e MI BB CHREN L DS, HimE, Bk, B
TE OB EATE . BEE I, R R - MRl 4% 7
EB LIFLIEEBL, oo &g o RE L OBFRIC
X o T, HAC YR & 2 il K388k /4 X3 A & 38 7
NZEATEBEBIEIEI BT LSV 29D
5. 1314 L7285 C, JEBREE, MEE o0 BT TR

flitERE D BB T B VUL, MIRFRAIBERE & A (273
THIEFE L. SR REEE X, IR IR
LMOBERELGIFREELEEHT LI LEDBL V.15
RIFFETIE, MI OHL#IZ Timmerman 5 O 11 AH#k
B, 12 SR E o RTOG0236 #E#S 15 K VAT o JCOG0403
ARER O WA HLHE % S F IR RE B 3 5 Sk & e
O, SHICEELRHTFREOEMICELTI DTIERL
3OLEEMIDEMBEICTEI LT, S5ICHKLVIERE
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Table 4. Results of Prospective Clinical Trials of Stereotactic Body Radiotherapy for Non-small Cell Lung Cancer

Author Year Phase Clinical Stage (No.) Dose./ Local Control Oveyall Cancer—s.pecific

Fraction Survival Survival

Nagata et al. 2005 I/0 TIA/IB (32/13) 48 Gy/4 TA: 95%, TA: 83%, N.A.
IB: 100% (5y) IB: 72% (5y)
Fakiris et al. 2009 I T1/T2 (<7 cm) NOMO (34/36) T1:60 Gy/3, 88% (3y) 43% (3y) 82% (3y)
T2: 66 Gy/3

Baumann et al. 2009 I T1/T2NOMO (40/17) 45 Gy/3 92% (3y) 60% (3y) 88% (3y)
Ricardi et al. 2010 I TA/IB (43/19) 45 Gy/3 88% (3y) 57% (3y) 73% (3y)
Timmerman et al. 2010 I (RTOG0236) T1/T2 (<5 cm) NOMO (44/11) 54 Gy/3 87% (3y) 56% (3y) N.A.

N.A.: not available.

U7z, WA OB RNAFS S ICETRD O NE
Do7zb DD, MIBEDOLERIEEIMBIRIL TH - 727280,
MI #I2 BT 2 E&4HFHEDS, Operable #EIZHERAEIC
B o/ HfEREING.

2MBLClZ poor risk BEH BT HMiIBoMN %, BE
DIFHTRED A7 53, IEEFFE, consolidation DHIE, JE
BORTE (PSR ME KA A) 2FRL, Whk~—
CEEEOEMEELEONT Y AEERL T, BREMIIH
LTS, HEFE Y > 7 HiZRiE 12D W T, cIA HiZE/NHl
JalitidE o MI BE TR LTIk, i icilif e f#ehE ) o8
o7 v 7 EfTv, BREHERZ TR 2 RO &
Do 72 EICIEFIEZ TV D, ZOE, M/AFEM (B
IREIBR/XIEIBR) & AFHEFAR (Migeto B/ iahl) oF)
FIZBWTHHEMICHEREEZIZRD SN2 0o 7255, MI
BETIIMERS ) >/ SHIFRE 2 A L TV 2 & 0E EICE
o7z,

H AW 5 MR 25 ST ATIS X AL, ARFTIE 2010
4R 32,801 B DNl T4k A347 H A, ik 30 HIEL X 280
B1(0.9%) Td - 7=.16 K[ED 2006 4755 2010 4 Sur-
veillance Epidemiology and End Results-Medicine Regis-
try D7 — & N— A2 X B L lidEFA oM 30 HIE L
BIUOWEZIOHIECOEGIZTZNEN37%, 69% T
Ho72. 17 KD MI B BT A% 30 HIETE B L O
itz 90 HAECOFEIZEN TN 1.1%, 33% THDH, A
WHAHEOHAIB VL 0o, M E a4
Ao 72, B 512, MI# & Operable # CHlia 4 1Y
ERHEICEAEE T o/z2 &h s, ML 1T
—HEFICUBRARE L I3 2 DI BB TIE L VEFT R
5.

FHMRE 1S3 % 72 SBRT O ERIRRERD Hi& % Ta-
ble 4 IZ/RF . Wb JFATHIEE G 90% Hijfk & v
2%, ZHUIEFER D A OFHl THERE ) > SEiEIEIEE
NTWRWI LITERZET S, 72, BISEHMLEL,
MARIRBLAEI 2 5Tl 22 STV v FARIEIGRE o
T HEMOJFHIETH 5. ZECURTREZ BE %

MI &#KFW (3#) LT SBRT & 1T L7272012, £E
HEFM 2T o TWIUTELET e BATHESEZ &7 L, &
BB WOEZR) LH %2 i3, kL THoTiEAR
S, 72, FICX o ToORELNS T NES;
FLMR MR 515 5 B 15 (ERE 2R RIS, 1EAE
HIREYR BN, NI A N—EIRTOMER L) X, M
et B O EIC P E R FFFEBNI S T 2 G HHE D EIRZ
AT BCHIHTH 5. 18 MI & KB S LT 25058k
S, TS OEERFBHRD, §XTERkbILBEZ L
2% 5.

xED

HIE, SBRT OFKRREETHHA SN TWwb MI O#H#
T, EoOMIBEZZR I TE L, HEHEIXHORTO
poor risk BH & L5 ICUIBEARE & HIRTE 97, RkE 2 JEA
HEHO S ERMWICTFHR 2T T — 7 2 E/RL, E
D MI OBLHEZ HFEIZRTLER D 5.

ASCNE S BIES 2 FHH ORISR - & L
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