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Total Body Irradiation for Autologous Bone Marrow Transplantation
—Analysis of Interstitial Pneumonia and Relapse after Transplantation—

Yasuo Saito, Hiroshi Itoh, Hiroshi Nishijima, Tomiaki Kameyarna,
Keiko Tani, Jun Yoshikawa, Masanori Kimura, Tsuyoshi Takanaka,
Kazunori Arai, Toshifumi Gabata, Samon Miyata,
Tsutomu Takashima and Ikuro Tatsuno*
Department of Radiology, Kanazawa University School of Medicine, and Kanazawa National Hospital*

Research Code No. : 600.5

Key Words : Total body irradiation, Dose rate, Bone marrow
transplantation, Interstitial pneumonia

Seven patients with non-Hodgkin’s lymphoma and six patients with solid tumors were treated with
high-dose cyclophosphamide (CY) and total body irradiation (TBI) followed by autologous bone marrow
transplantation.

TBI (10 Gy) using a linear accelerator was applied to these patients at a mean dose rate of 15.7
¢Gy/min (range, 5.0--31.1 ¢cGy/min).

Interstitial pneumonia (IP) developed in five patients in which three died from this complication.
This complication occurred frequently in patients whose disease was resistant to conventional therapy at
the time of the transplantation, and who received high-dose chemotherapy prior to the CY-TBI con-
ditioning regimen. But, the incidence of IP was not affected by the dose rate of TBI.

Relapse after marrow transplantation was occurred in six patients. Three of six patients died of
relapsed tumors. One is still alive with disease. The other two patients showed complete remission by
the conventional chemoradiotherapy, and have been in CR for more than two years after their relapse
without maintenance chemotherapy.

I Ui BB L CHB LA 2T L TW»
BREBHE (LT, BMT &853) 3AH 5105, BE~18 BMT et 545 B4t (LIF, TBI &
BEARHEMOBBEINEHREEh, “hbo B O0®RENL, 1D EEMARORME, #HiciERo
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FE LI WRRAERCEAADORHIC L HIE
BiilaoiRiE, 2) aERHRc X 2B EEHD
B IETH B,

LaL, TBIOHEZERBIIIhTED
T, FRROEECHRZIC X 28, EMED
DI BROBRICH B L OBHIZE T
B4 HEIRL LTV, Bl, BMT 247
T ARSI Tk, il TBI ORI ER
HbhTWa, £ T, bHAEO BMT Bk
EHBREL R L CE YRk, RELHRE
LTED—B) & Lz,

SN, YRR T - BERBHBHECLT Aut
BMT &) #io> TBI ©FE, TBI & B M
4% (LUF, 1P &#3) oBIfR, X U0BMT #o0
BRCOWTKRHNLL, ZLT, TBI/)NERLGE
FREFBR) wBH I -£BEMNY ML TIP
RIEDOBIERF OB LT o 1o,

BAREFHSHRFLME FUE H105

IL. @R FHE

197945 ~19834E 5 B & CI 4R CHifT L
Aut BMT R1361CT & 5, 13610 B EFT &1
Table 1 ©Z' & < T, F#L13~59, 5 9, &
491, FEHATFv ) v E (LIF, NHL E1)
76, EIZEE 6 FI(Hh/NERRE 2, BIREENE 2,
SHESR |, REKEE 1) Th5, SOIEKE
P I L) EDETHITH S, FREAFED
P2 &L %53 Table 102 & T, BLMM (L
T, CR &B89) 841, T"5E£EM® (LI'F, PR &
W3 5#17T, Aut 05 1022nd CR, Aut 13533
rd CR DAb&THIEBERTH S, RHBEARER
T2 BMT % cofiEs»may CFE#208)
7odh, BT restaging Bl fThhichidT
3.,

BMT 0BG ERFICHME DI hTW5B T LK,
Cyclophosphamide (LLF, CY &W9) 60mg/kg

Table 1 Pretransplantation data of autologous bone marrow transplantation (1979—1983.5)

P:;::int Age/Sex Diagnosis Cslglgceal _— Conventional wherapyi)rugs’ Recpouse

Aut01  27/M NHL v Mantle (30 Gy) CY, VCE, Pred. CR
(Diffuse, Medium-cell)

Aut 02  42/F NHL I Inverted Y (39 Gy) PR
(Diffuse, Mixed) Local (45 Gy)

Aut 03  36/M NHL 111 Local (8—12 Gy) VDS PR
(Diffuse, Large cell)

Aut 04 28/M  Nasopharyngeal ca. TINZMO  Primary (60 Gy) CR
(Transitional cell) Neck (49 Gy)

Aut 05 52/M NHL 111 Total Nodal (30 Gy) CR
(Diffuse, Medium-cell) Local (16--20 Gy)

Aut 06 23/F Rt thigh tumor T3N1IM1  Local (60 Gy) CY, VCE, ADM, MTX PR
(Synovial Sarcoma)

Aut 07 38/F NHL 11 Waldeyer (16 Gy) CY, VCR, Pred. CR
(Diffuse, Lymphoblastic) Neck (16 Gy)

Aut 08 18/F  Nasopharyngeal ca. T4AN3MO  Primary (68 Gy) ADM PR
(Transitional cell) Neck (40 Gy)

Aut09 51/M  Ltlung Cancer T3N2M0O  Primary (49 Gy) CY, VCR, MMC, MTX, Pred. CR
(Small cell ca.) Mediast. (33 Gy)

Aut 10 27/M  Testicular ca. " T2N1IM1  Neck+Mediast. (24 Gy) CDDP, BLM, VBL CR
{Ermnbryonal ca.)

Aut11  59/M Rt Lung Cancer T2N2MO  Primary+Mediast. CY, VCR, ADM, MTX, Pred. CR
(Small cell ca.) (50 Gy)

Aut 12 23/M NHL 111 Mantle (40 Gy) CY, VCR, ADM, BLM, Pred. PR
(Diffuse, Large cell) Local (25--30 Gy)

Aut 13 50/M NHL 111 Total Nodal (30 Gy) CR

(Diffuse, Small cell)

Local (30--50 Gy)

(Kanazawa Univ, Hospital, December 31, 1983)

*CY, cyclophosphamide; VCR, vincristine; Pred., prednisolone; VDS, vindesine; ADM, adriamycin: MTX, methotrexate;
MMC, mitomycin C; CDDP, cis-platinum; BLM, bleomycin; VBL, vinblastine
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Fig. 1 Linacgraphy of TBI

#» BMTRiSHH& 4 HBic#5 L, BMTHiH
iz TBI 4T L7z, TBI X, Aut 01~08% E7.&
FREENIT, T ORISR KFETT -7, TBI D
Jieeik, WiREER, BRHlc X b ETRELD, MkE
DEEDFEwRT, BELXPEMLE L, BEE
4B (target 2> 5100cm D FERET30X30cm) LT
e L TR ESABOKFEE -2 B
%5, HE—FEhORBEREA430cm & L, A0
EORETH L T%FREHRRHIEF L LT
%, HRHBHEFIZ150cm T, FRICE CHEMICE
Bifix U EE L&A AaBHTRASL XS
35, REAEREPRBNERETERDLL, B
HE, FTRRIco>WTEEL bhRDdHR5 TPR
fEXFETO TPR ECRE—HTA L 5 CHIE
JExEE L, target 7> 5100cm @ B B 1< 7 1IE 4
(Mix-DP #®) <. BEE~-oOfdic, Ml
cm, JE X 14mm D&% target #>5120cm iz <,
fifEDicdic, HETROILHEEXYFT5M
E#H (Mix-R) # Ego Fiz3s { (Fig. 1). Linac-
graphy TZhBHBELWMEBIED D & & X HER
L, BEt#BET 5. BEEATRRR 2 PR
<, YERHEBEERSEYNELHEMONEYH
setup L, BYAESORELEH TS, EREE
1%, ML-15MIII (=28) 54 7 » 7, 1I0MVX #
THDH., ¥k, BEOERIGT - Tt
Imn. # 5

TBI & # 0% D &R % Table 21T, &6l
(Aut 09% B <) 10Gy @ 1 EIRH T, HMERIZ
5.0~31.1 CGE#15.7) cGy/min TH 5,

IP 356l (42%) wwahbh, 3HICERIENR &
7ete, 10¢Gy/min Bl ECRBAHL 72 9 Bl 3 41
12, 10cGy/min LTS L 3 Fl4 2 fFlic s i
EhIPBHEEL, MERIKE G L IP DHE
ﬂgljx% < 7‘& 5 IEIE'} T & F) Eh- f.!:?b‘ ] ?’C, 1P If-’;‘ﬂiﬁg &
ot 361 (Aut 10, 11, 12) BREMEA DD
125871 75 chemoradiotherapy %47\, BMT o #i
i & LT CY+TBIl iz o HiEEH % nx fo
(CY +TBI+Other) il C, IP 2 FHl L THRER%
NELL, Aut 12TREFTRIRRERT.5Gy &4 7
L, WIFhd IPRIFBEhoT, —H,
CY +TBI CHIALE X iz 7 Fich, IP 1% 1 Hliz 2
BhieDRTH B DN L, CY+TBI+Other ¢
BIALE S hicfiTix, 54 4 6 IP BRI L
T\ 4,

BEFEIREIhTZOX2HT, Thih
Cytomegolovirus (Aut 02), Pneumocystis car-
inii (Aut 03) BEEERBRICEL VBERLTY
5,

FEEERBI LTk, BMT #3008 LS L
711605 6 41 (54.5%) HERLAALK, BHERF
B2 ~14.57 8 CEEf8 » B) Th 5., BT,
NHL G8BHZE T o 1 fl%R\7c 6 Flp 4 Flhic
F& Lo, NHL OBHRERRSAA L BMT B0

A OBRE 25 & (Fig. 2), FERHIRAIZH
FTHHIE -, £ v HiREE KT L2 6l
KRB RA LR, Aut 0L EEIERERE, B
B MR G2 78, Bl{LLiZ &2 bRE
RICEEMEAEA L TR TREE S 5, Aut
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Table 2 Data of autologous BMT
. Months TBI Survival
e after Pre-? ML Total dose Dose rate Lung absorb. 1P Relapse aftller Outcome
No. onset regimen (Gy/FID) (cGy/min) dose (Gy) BT
(Days)

Aut 01 4 CY+TBI 10/1/1 17.4 10 (=) (+) 504 Dead
Aut 02 7 CY+TBI+Other 10/1/1 15.9 10 (+) (+) 868 Dead
Aut 03 7 CY+TBI 10/1/1 31.1 10 (+) (+) 1363 Alive in CR
Aut 04 8 CY+TBI 10/111 19.1 10 (-) (=) 1354 Alive in CR
Aut 05 12 CY+TBI 10/111 20.4 10 =) (=) 1297 Alivein CR
Aut 06 13 CT+TBI 10/1/11 18.5 10 (=) (+) 137 Dead
Aut 07 6 CT+TBI 10/1/1 15.9 10 (&) (+) 1029 Alivein CR
Aut 08 8 CT+TBI 10/111 16.2 10 =) (+) 961 Alive with

Disease
Aut 09 7 CT+Other NE* NE 9 Dead (Viral

infection)
Aug 10 15 CY+TBI+Other 10/1/1 13.3 10 (+) (=) 62 Dead (IF)
Aut 11 7 CT+TBI+Other 10/1/1 5.0 10 (+) (=) 68 Dead (IP)
Aut 12 21 CY+TBI+0Other 10/11 7.5 7.5 (+) (=) 28 Dead (IF)
Aut 13 58 CY+TBI+0ther 10/111 7.5 10.3 {-) (=) 247 Alive in CR

Kanazawa Univ. Hospital (December, 31, 1983)

01, 02iXEEHIE L7zAY, Aut 03131/b2HEE: (COP)
T, Aut 07TRBRM~ORFTRSH (28Gy) TZh
ZHhBECR Lixh, MERERLTRERRE
FrhTdh B, Karnofsky scale(LLTF, KS E#53)
345490, 70TH5,

BMTHCRTHE -7 THD 5L 2HMNEFREL
oD L, PR 4 Flik3XTEHE L, IEERS
flo 5 s, 2FNEIP CIT LA, &b o 3 Flik
CR ##FELTv5 (KS 90, 90, 60), FFfl6
BT, 3BIHIEEE, 1HARERESFS (KS
50), o> 2 #lik conventional therapy CH U CR
tinhBEAELESTwA (KS 90, 70),

IV. & =%

BMT #o%EHE & LT, IP, graft-versus-host
disease(LLF, GVHD &BE9), relapse A5
T, B IP RRPECERL - TED, TOF
BiEERREE o T\ 5,

IPORIERF L LTEHEL DRFRBFHRT
¥, TBlbxD—2,ELZHAhTW5, TBIIZ
BIL T2, MERD?, SEIREHOY, MEREE
PREEELED D EHREIhTWS, L, Zh
biRMEBETCORMTHY, AEBEME T
GVHD 2 U L THrHEMELRERIERLY Do
TkH, TBI & IP OBIEMXBRFTHZ L3E

*NE: Not Evaluable

#TH 5, Seattle DFE'O T, BEOREN
BIF ¢, tumor burden @4 iz \ BRI RER
BLARER, IP OBEBEREA L5, ARBHE
T, RAEBHECENIPoAERARL, AL
CY+TBI CHRIMBLTH IPOBHEICENRD S
Z &k, CYA+TBI sz 4 ok & 7 risk factor 73
FETHEELBRDY,

Aut BMT T GVHD & LisvwE X hTh
b, IP & TBI OB EME I EEBRRE LT\ &
Exrbhbd, HELORES TR, TBI ¥EfTeT
BMT # 9 H B w28 @ viral infection CHET=L
7o 1 BBk < 1260 5 451 (42%) 12 IP A HHER L 7=
(Table 2), L L, CR+TBI THALE X hizfl
THRBE, IPRTHFIFACHESRIDHRTDH
5. 7 H&H10cGy/min LA EDRRECRE S h
TED, FBELOKRNHIRBEROBS XA
WEE 2 bhb, —%, CY+TBI icfioHiEEH
Zhnz ol (CY+TBI+Other) Tk, 56irp4
Bl IP A A b hic, AiEOFKERE, TBINERS
WEHIhCEREAZ N BT A bhT
\»% (Table 3), BMT B PR fICi23/5 (60%)
W IP 3R Lzt L, CR #IT1£2/10020%)
& Tens, ¥, CY+TBI CHIMLIE L 7= fcikl/
9 (11%) i IP BB L, CY+TBI+Other



1276—(42)

HARZBARTESME H4E E105

Table 3 Factors associated with the incidence of interstitial pneumonia at auto-

logous bone marrow transplantation

Item Category No. of IP/No. of BMT

Age <30 218
30= 4/8

Sex Male 5/10
Female 1/6

Remission at BMT* CR 2110
PR 35
Pre-BMT regimen CY+TBI 1/9
CY+TBI+Other 57

TBI Single 5/14
Fractionated 1/2
Dose rate (¢cGy/min) <10 2/4

10= 4/12
Lung absorbed dose (cGy) <1000 213

1000= 413
Interval DIAG-BMT (Months) =10 3/8
10< 3/8

No. marrow cells <10 5/11
transfused/kg (x107) 10= 1/5

(TBI Subcommittee, Sep. 1983)
*One patient was excluded because his status of remission at BMT was unclear.

TW5/7 (11%) LHEARBL T3, ZDZ ki3,
tumor burden 234 < X b ) e bR A SNE
ELEBIRIPBRREELRT VW EERFLTW
%, TBI &AL EH & OMEMND 5\ IZHEFRER
wr oo E EEL+IELLRS, &
DX 5, IPDBEER DI T51it BMT B
tumor burden %Az TAHZ L NEETHD,
HRBAREOEERLHDTHAS IS,

30 LA Tt ic IP 34 I W MER 5 % 23,
TBI B L T4 ElEE, HEXR, MRNRE -
IP DEE I EX A bR inh - fc(Table 3), %
PR o WTR, EELIOHOMCIRFHEL
Tindrofedd, | Fig. 10 X 5 wEH I
BWUHRBEZTRVRIEEXEHL T
%, 1 [E&ffES D minimal torelance 138Gy &
IhTRH?, LELORBIETESL034h0
e, FE, Aut BMT #o B4 EAIC radia-
tion fibrosis 3k L7-fI&ER L Tk b, FHTRIL
REZSGY KB 23 RERSV L5 TH B,
F DDy, FRINRE A ERE RS L T IP
LOBIEMEXALICTALEND B, Ei, B
BOMOBEROIEETH Y, HEREYEL L
HOTRGBHEPETS LEbNISB,

Table 4 Schedule of TBI

ELEFTEMBEGE EE #
MBS o BB AR BT 5 o)
FFET = b2 - 25BN
1) RESE R 3B HRIRTS

a) 12Gy/ 6 (@l

b) 10Gy/ 4 [

c) 10Gy/ 1[E
2) BRF Ko IFHCETS

a) TeGy/min LUF

b) 7.1~15.0 cGy/min

¢) 15.1 ¢Gy/min Ll E

Fia okl s BRETHMH D

3) KR

LFd 54 koo 2e 0 )5 oo iz (R IE D

DT max & DT min ©Cil

Organ at risk (i, RE) 0 @M 0K

EEO1L, 10Gy © 1 BIfREH % KEFTL T Z 7028,
Peters BNz X o T fractionated TBI @ fi &t
BAEWZRB R LM I TLSE, SEBH 2T
5 MR AN LT\ %, Peters H13, 12Gy/6Fr/
3Days »3ft b ZM e S EIFHELE LTERY, 208
EIBS I L b IP % relapse b7 ot b @
BENRD B, LUl EMYEOL S BEE 7
r |2 — s (Table 4) iz Lz, 19834E10 A LL
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[#, 10Gy/4Fr/4Days, #&35.0Gy/min ICEE
Lic, FEGIELEATnwAs, 1 BRI <R I
LA BHEEREAS AT, IP BREOR 1 b F
EL Ty,

BMT %D FEHL 6 flicAk bht, ¥ NHL
TR IP TRT LA 1 6IR R\~ 7C 6 Bl 4
FeBERL, £0 5 b D 2§l A conventional
therapy TCRIZBHEATELZ &b, CY+
TBI AL E & L7z Aut BMT 4 NHL @& #
EF L TATLIREODOTIREVZ L%
ALTWA, £ v @7 L NHL 2
PICERL R 2, RREARE, Hohkst
REROBEEULWLIATHS, ZOX5K,
CY+TBI 84L& & L7c Aut BMT (ZJEHHIE
BIL TR & 2E 23, NHL PEREF K
WLUIHERRART 2 LERD 5,

V. 2 ¢ ®

1) BFEBEHBEICIS\ T, BEEEMSES5 6
(U290 Hh bhich, £5Ra, RHREERORH
LilxdinnX5ThB,

2) BAERE, tumor burden 234\ fl, CY+TBI
Al D BB % In 2. TRTAAE L 2P, RE#
%N D bR,

3) HEREFHBEKROBRL, BHECHALER
721160 6 41 (54.5%) iw & b, CY+TBI A&
BHEAORTUTLIEEE TV 20,

ME#LBHIy, EARRELCEEE LSRR
DEREICHRABL £,

iods, APFRIGEEABPRIES GREFES58-6) 12
TofcZ ERREML F.
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