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S YMERMRISHY 512Gy /4555 /4H D
42 B BRI 2 T 725 BRI R oD 12 75 LR

B wE Y, s W, g T A e
FOESY, W TR, B A M3 s
R LY, e BT, Ui e, R AR

1) B Bk 27 R 5,
2) W R
3) IR e SO

$i EWNEAMY > N\MAMKICH U, 12Gy/49 5 /4B O£ B KB4 (total-body
irradiation: TBI) Z AWVWEHIFIENRILE 2 iT- &M MM (hematopoietic stem cell
transplantation: HSCT) ORIEZBAS HICT D ETHS. 2007E5 AL 52016F11 BICEED
BHERTLE % AWV T HSCT 217> 7216~50B DB E14F 2 W RIC, BHEREEREEHEXE S
CHEFESFRICOVTHESRICKRETL 2. BEEBEPREIL731 B, IFPREREEFSS7%, 5
FERIREFTEA3% TH 7= 145l 6 FIDBIEEENHEEERTRT, S8HIIEFFTHS. U
Z7yv 7 ORBFRAXX2y 7DOEHEERE B E L /-12Gy/493E] /4B TOH TBI Z AW /= HSCT
DOBHEREIL, KPETER SN %12Gy/69E| /3HDEHRERZETHY, BES/SBHICHEHS
THRFRBRADEHIIEL, MOBBEEEROEHEI LS, REICITA TV,

doi:10.11482/KMJ-1202147139  (#FISHESH 31 H Z-H)
F—7— F MR, A5 RS, BRI E, BRI 2

woa

7 I W M f2 & Al (hematopoietic stem cell
transplantation, HSCT) X3 % 5 Sk 3 iy mif AL
i (myeloablative conditioning, MAC) 281} %
B IR YT (total body irradiation, TBI) @
BRI, WHRROYISAM EDIHICL L L
Y¥x Y b OBIMIFEHHLD total cell kill &, 58
FERERBINENC X 2 HEMOSOBRTH Y, 2
Y U E  (acute lymphoblastic leukemia,
ALL) D¥ié, MR Z G LR wa
LX), TBIZMAZZVI A UBAEMEEZDS

NT& 72", TBIOMRLHEI IOV T,
P 2 0% & L7z o v 7 2Lkt <,
12Gy/6%5 & £ 15.75Gy/ T3 E DA r ¥V 2 — v &
WL, 35 EEERAFRICH BT S
Nhhro/zZ bk, B HEFLOmMD?S
12Gy/65 BB E N Tw5b, £72, 12Gy/657
#HL10Gy/ 17 E % T » 7 2Lk L, 2 45
EFRITRIECHOZEICL Y, FEIC1I2GY/6
SEPME STV, IRs0T v ¥ ALK
REROFEFIT ALL IS &1, F3510.8 ¢Gy/
G ORARERER, il % F358-9Gy ISHiIE L7z
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12Gy/6%3E1 13H V%%, BAETHM Eh T w5,
AfEl, MBEETTBIZ W72 MACIZ X D
HSCT 28Th N7 ANALL Z# 5% & L, V=
7 v 7 OMEHHREE - A5 v 7 ORHER
ZHI & L7212Gy/40 & AH D TBI A 7 ¥V 2 —
o O CHIALTE AT > L 7255 B D R MR B
TR L 72O THE T 5.

MR L Fiik

IR R K 27 B I % B D LR P RE & TSRk
({&¥€) T20074-5 H A 520164E11H £ CIg,
ALL 2%+ L HSCT % JtifT L 7220609, HijALiE
2 TBI % Bt J L@ El > MAC %47 - 72165 2L |
S0fE AT O ALL BFE14BI 20 % & Lz, 7z,
MAC %479 HIprdeie & U<, BE4ER, Ll
@ HSCT FE, A0, BUSHIGR OB % &
L7z, BIgRIE, AH 5 520204F 8 H AT
TORMAERH E/23EHETE Lz
BRAAES, SARERAAFRIGER H 2 BAH &
L, ARV MIFFE, & LERLE. E5
DEFNL, FHMERE X i BRECE & 7 & I 2k
BAs, Megk 3 H DL Rk LC500/ul DLk & L,
COMHEEAFHE L.

N R &K

BHOY A7 2557012, 8F8Fh
FHEFPIRESNT WSS, Eil (307 L
+), BBk (= 30,000/ul, T-ALL Tli=
100,000/ 1) (&% K DFEGLTY A7 535 E LT
RHENTHY, LA MG R
JeRERE D ALL-93 TR SN2 FHRETY 2w
T, VAZEFNVIZH EDOWBH O F %N
TRFMEL7 (1),

TBI |E, PRIMUS-MD2 (¥ ¥/ ¥ X574 h
VAT AZME) 2V, V=T v rs0F b
) —%270FI12L, 4 mOE VIR — BE R
#E (long source surface distance) 5T, M4 5
A Z12175em (ZHERR L 72, 10MV X% v,
RE T OMEZ10.13 cGy/ 5 (KEHL O
Wi 7.26 cGy/ 43), BMEAAT 2 P CTHUGT L 72,
MEEDT A DAV a—VERT (M1). &
MOBELRERZ 2 BE L, BBy F(F
Ay -5 Fe—7 271 VAR ([CEPE
7o MR DEN X B MEAY—DOHIED 720,
B b)) —EBEMICEELIOT 2 ) VIR E
REL, KEEOKEVIEEIETIX, F—F 2%
BINCHRE L (K2a). F72, BGELME & %
L7 7 )RS SO BETHEE 10ecm & L7z (X

74—,

MR, A7 r—nRNarvkerh, HiERE, V=T vs T
AL DCTE © £99055

ST (T2 U ARORR, WL OR B A O RS

1 K3904y
SHIE TBI 3 GyBRSS (R0 90 4))
-2HE TBI 3GyMRE (o)
“3AH TBI 3Gy ( n )
“4RH TBI 3 GyEEE (v )

e 126y

X1 TBIDOMEfHEALHETETOI A LAV a—)b

TBI OKFEA 521F, TBI @ 2 B 5 %4 % iR 3 5. TBI O 1 EB N IEMEAY
—DWIED 720D T 7 ) VKON R % RS 5.

MBHZ 12Gy/4 538 1A HO L D * ¥ DAL o5 BRSO AL L2 03 5 4 5 R 5 o
LI AIE%L, 2007 4EDPSBAETTEDLLFTIDOL T A Y THIME 2 HifT LT\ 5.

I&EE  TBI, total body irradiation.
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B 2a,b FEBHAR—F 2T ) VL

HEOENZ L ZHEARH—ORHIEEIT I 720, FFIHREEZOREVET CEHBIA -7 2 (X
2a; RIHH) A L, ARBRERLUBIIEA v MY — EBHEEICEE 1.1 07 27 U VAR (X 2b; Wi2HD)

Rk L7

3a-c Wil E ZD )V =T7 v 2757 4 —
N RD Y 27 BT &2 HIYT, RIS OMEZ 22 8EHE (X 3a, by REUE) 2 AEBIEICER L 72,
MIEZOM DML 8Gy 127 5 L ) WHREI L, MR =7 v 2 797 14 —#gg (KM 3c; BRI L, Mo
{7 2 R L 7.

2b). TBI TiZ, Mio#EIX10~24% LA 2
EOWEY X0, R I AR W E B o
¥ CTE & D &R, MioKEMIE, Zhilks
Bt IEH OSE A FH L, 8Gy 12425 X 912
Wil BiwhiE MoK, ERAEDY) =
T T5T74—=%5EIZ L7 (M3ac). K
ERER IEEE 2em, JEE 7em OHEEOH
W7 (Bda, b).  Jlili ik FH S5 & 7K fh A ik

$hruy s ofER, BEECY =Ty 27T
74— (3c) &ICHAFEF CRERE L 72, FERBRD
e APAG L, TR o [ L HE SR AL R A A R
L, MEHICRlE 2475 72,

T GHRR 25 D e F% 1L, TBI % 4 » A LA
SHE L, MioBHH *HE 395 (graft-versus-host
disease, GVHD), Muiflifesd, J&GgedEH] & o
BIG-HEE T & 7 M M5 & L7z
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12E GVHD D IEIE O A7 Ik & HAE B R, Wil
HEFRIZOWT OGS L7z, MRk S
WAL, EARETH 5085 % Ik
L L7z, WK R I2DoWw T, F-T3/
TADAK T % 5 b%%@};iﬁ% L7z, #dpligs
HOBHEKIZ, A OIERDFR R DFRLHA
& % it R A B AR AR 25T AT S 7oA R,
ST oM 2 RO 72 O EIHE [+ ]
L L7, GVHD FHildaplcirbh, K-
e b A I Bk Pt E (human leukocyte antigen:
HLA) —Z[FHE 260121 cyclosporine + 451
[t methotrexate (MTX) %, HLA —ZHfalist

4a, b KEVEERRSE T T v 7 & EE AR

DMLz D 5 IZIEIMFRE D126112
+ %W MTX, £ 72 1% mycophenolate mofetil %
(G R Wk R DA

FEEFF RN 1213 Stat Mate” % V72

B, AR YROMMFRATZL B DKE
)T TnDE KR 2934).

¥ tacrolimus

woOR
1. B#HER

K1IZ, BEWRERT. BALEFHOBIREY
I gL 1273 (FEPH 1 ~204) » ., BRLHR4E
O YLAEIX36 (16~50) K TH Y, ZMiidB

AEARERIZERE 2ecm, ES 7em OMEEOH (M4a) 27z T2, EREEEEICERTE (10 4b) CHEER
L ORLE EfERE L 7=
F1EE - AR
R QA b e fifl (FEPH) 36 (16-50) i
1] % 31
preid 6
BRI o4 HIRE (ECOG) 0 3
1 10
2 1
W B-ALL 12
T-ALL 2
B- AE Y ¥ SPEFTINE ¢ WO FEREL > 3 x 10 5
T 2k YRR © B O sk > 1 x10° 1
ber-abl ¥ A J # {51 R 7
ket 7
VAZEFIVIZH EDWITHRNT
Ky 22 1
)z 6
YA 7

ligi#f  ECOG, Eastern Cooperative Oncology Group
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WAy i i g
ber-abl  FUY Y FF—F BAH 25
T HCT-Cl #hllky W - kg MR RO
= o - g BLE F X T BH 5] AT WERE WiRRRE BRRE 2K g DA
i J ik EH &% BRG 8] 73
() 2237 ORI AR R GEH B ik BE B aA i fege GVHD (5L )
(F-T3/4)
(+)  (+)
9 . g X s O ER(+) A
1 5) 3 15 i#%  HHE Ccy/ve-16 Btk AL i (=) ;E’iﬂ BNP ER (-)  H&4E P H (B4t GVHD) 04
5 S - . " A A e EH .
2 s) 1 seRevff Jems Pm o cy 743 (42F=T 5 F=7) #Hoo(=) (=) KR (=) (+) P (=) ML HAF 119
3 e X ” 1 o g W -
3 un 0 EAVIff i cYy Btk (42F=7 5 F=7) #Hoo(=) (=) KR (=) (+) P (=) ML HAF 84
o B ewm g EER oy B e R T S N B O B PO P T ST ¥ S
(33) " FHF=T154F=7) S :
& e p P I . _ - - - 1
5 (20) 1 &V Jemsk BEm o cy 733 (FHF=T FHF=T) o= (=) (=) (=) (+) fEfE () ML H A 44
5 BRHA e ot i O W, )
6 @) 0 R Jeiuix W Cy 3¢ ML Fo (- (- KRR (-) WA e (=) ML HAF 159
) e I 1 o EH(+) -
7 @8) 0 sEAdiff JEmsE B cy 733 (f2F=7 5 F=7) (=) (=) (=) (=) Wgst o L HAF 116
S . P e o ER (6 X
8 16) 2 A iR JRAR BEFm CY fatt ML # (=) (=) (=) PILD (+) O R L HAF 62
L) s pe P o G _ ' P
9 39 2 AT Rk BRI cy 223 (FHFeT—) L (=) (+) (+) PTLD M5 K2 (-) ML PTLD 11
FEL
s
00 EE R WER oY i L WL () (o) k(o) ek ke ) omL BRBSL
IMEE)
FEL
% " » . B e Ew (Rehing it
1 @) 0 AT R BEFm cy (53 H iz L (=) (+) kR (-)  (+) P (=) B 11
ML AE)
(+) _—
5 9 . . . u: ~ B ol ey (F) X
12 3 sEAdff JRs BEFmL Cy 43¢ Mz L H - (+) (=) (=) Wgsh kiR L., WL GFZEN 7
(33) [T TR e
Wik RPN 98)
13 (?0) 0 EAevifg Jemsx Mmoo cy ket AL i (=) (=) (=) (=) W4 KR (=) ML ¥ 41
% ESNE E P A=
J e S = o ~ _ _ S _ o4 " — LT
14 9 0 EAVEfE Ik il cYy 5363 L i (=) (=) KR (=) s e (=) # (ﬂlﬁ&ﬂﬂ: 10
W& - HCT-CI; H ic Cell T ion-specific Comorbidity Index, CY: Cyclopk VP-16: E de, BNP, brain natriuretic peptide; GVHD, chronic graft-versus-host disease.

PTLD; Post-Transplant Lymphoproliferative Disorder

Mifatk2s1260, THIBEAS 261 CTH -7z, £ 72,
ber-abl & X 7 BIRTFE 7 I L BETE7 HITH -
7.
2. BrpE G

212, BHBEEERZRT. Hematop01et1c
Cell Transplantation-spemﬁc Comorbidity Index'”
(2K B AR T, DR R T O il i T o> SR
Fixwidpol, BRI, 51 55
A1LH), I 2 6, TWHEE AR 4D 1 B
T o7z, BAHLEIZIE 136 T TBI +
cyclophosphamide (CY) (CY I & % 2 4% 1.0
B Y 2 B % H 9T100 mg/kg L),
B E A A4 1 BT TBI + Etoposide (30
mg/kg) + CY ([ L < 100 mgkg (i)"Y 2
(AVAS

FEREHT O TKI #% 5-1%, ber-abl ¥ X 7 # AT

Bk 7 BlH 6 I CHidT S Tz, BAlifED
TKI #2513, UNERAARE O AR D 59 3
HREOHWIZ XY 5HITI TR T (E2).

3. Bk
ALL BEIAB O UF sk AE G35 AR5 R
21X, 85.7% - 643% TH o7z, T2, BIE

BOPIFERIBITRD LTz, 14609, 6 BIH
L7z, EEFEOA XY FOWNRE K2 ~IR
T FREOMIIZ I NI % <, AR
100 H LAAZ 1 480 75 82 Aif B8 58 ofi A P 8/ i i
(thrombotic microangiopathy, TMA) T, % 1
D5 BNIFEMLTL 7 552047 HOMIZ, TMA,
18P GVHD, Aty v /s B h kA (post-
transplant lymphoproliferative disorder, PTLD),

FALIRAE, HRFSVERVEEMm 28 (SERIMESE)
BT L TWie.
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4. TS BRI,
R 2 FH R

WEH R 42 12D Tid, BAitk 4 » A»
OB OB RS, IR TR ICHRE L
7oA, WMT DEMNIIES 5 72 B YE GVHD
DIIEE, 14BIp S BITROZ (F2). B
5 GVHD O & 0™ 13, 56 161 (RIENEE
extensive) [ ZIMIAFF B TH 0, R0 045 (&
JiE BE extensive © limited= 3 @ 1) (X475 I il
THolz. MHIAERRIE, O - IBEEREE A
461, ZRHMA 26 (& TPTLD), HARPRAE
REAC T 28 16, M @ES KR EEFTRD S
hiz (%2).

1 GVHD & Do

% %

TBI @ 47 #1:121%, 12Gy/6%- 4% /3H (1 [H
2Gy), 12Gy/4%rE/4H (1 M3Gy), 12Gy/3%5
H/3H (114Gy) REDVHDHH, TNED5
BIE OB & BR R CIHEW L 2285137 <,
S EN G T OB RN 5 ~15c¢Gy/ LT TH
LI EDAPRESTWS, iEoT, ED4dE
T E0E, V=T vy 2 oM~y v 8
A LB ERED, TORROHERREIKRET
%. TBLIZHEAf A & AT T CRIFM 2 ZE9
A, BEETIRY =7 v 7 O AR EZ D
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W5 12Gy/AE AR Z R L CTwb. 72,
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WA TEX v, TBIROMI~NORES, ML
WA S L ORI A i U2 i i e <,
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E ]
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(Regular Article)
Retrospective study evaluating myeloablative
conditioning containing total body irradiation of
12 Gy/4 fractions/4 days for acute lymphoblastic leukemia

Ryouji TOKIYA "', Nobuhiko KAMITANI "', Yoshiko MATSUHASHI 2’
Eisaku YODEN "', Takafumi HAYASHI ', Yujiro KAWATA "’
Makiko HIGUCHI *’, Kouki KAKUBA *’, Naomi NAGASE *’

Toshinori KONDO 2, Eisei KONDO 2’, Hideho WADA ?’

1) Department of Radiation Oncology,
2) Department of Hematology, Kawasaki Medical School
3) Department of Central Radiation Center, Kawasaki Medical School Hospital

ABSTRACT This study aimed to clarify the outcomes of hematopoietic stem cell
transplantation after myeloablative conditioning with a total-body irradiation regimen of 12
Gy/4 fractions/4 days in patients with acute lymphoblastic lymphoma. We retrospectively
investigated transplantation outcomes and late adverse events, including radiation pneumonitis,
in 14 patients (age range: 16-50 years) who underwent myeloablative conditioning prior to
hematopoietic stem cell transplantation between May 2007 and November 2016. The median
observation period was 73 months; the neutrophil engraftment rate was 85.7%; and the 5-year
disease-free survival rate was 64.3%. Among the 14 patients, six died due to transplantation-
related adverse events, and eight survived to the last follow-up. The outcomes of hematopoietic
stem cell transplantation after the prespecified myeloablative conditioning regimen for smoothly
implementing LINAC-based total-body irradiation and reducing the burden on the staff were
equivalent to the outcomes with a previously reported myeloablative regimen of 12 Gy/6
fractions/3 days, which is frequently used in Japan. Despite hypofractionated irradiation,
the incidence of late adverse events was low, and radiation pneumonitis did not occur.
Myeloablative conditioning prior to hematopoietic stem cell transplantation was performed
safely using a regimen of 12 Gy/4 fractions/4 days. (Accepted on Aug 31, 2021)
Key words : Hematopoietic stem cell transplantation, LINAC-based myeloablation,

Radiation pneumonitis
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