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Low Dose Rate Teletherapy as Boost Therapy
(1) Its Effects and Complications

Shogo Yamada, Masayuki Zuguchi, Ko Matsumoto, Tadashi Kitahara,
Masahiro Shimizu, Yoshihisa Kakuto, Shuichi Higano,
Yoshihiro Ogawa, Takemori Takahashi
and Fumihiko Hoshino
Department of Radiology, Tohoku University School of Medicine, Sendai

Research Cord No. : 600.4
Key Words : Low dose rate therapy, Boost therapy

Sixty two patients with far advanced carcinomas (24 esophageal carcinomas, 20 brain tumors, 4 head
and neck tumors, 4 pancreatic carcinomas and 10 other primary sites) were treated with the con-
ventionally fractioned irradiation (CF) followed by the low dose rate teletherapy (LDRT). After
irradiation with a total dose: of 60—69 Gy by the CF, an additional dose of 14—21 Gy (7 Gy per day) was
irradiated by the LDRT as a boost therapy with the interval of 2 weeks.

The acute reactions were mild but late complications were severe. Two cases died from the late
complications. The total local control rate was 42%. The diminution of the residual tumors following the
additional LDRT was observed in 36% of all cases. Although the follow-up time is short, one year sur-
vival rates of the patients suffering from esophageal carcinomas and brain tumors were 43% and 57%
respectively. The survival rate of the other patients was poor (8% in 1 year). The LDRT used as a boost
therapy is thought to be hopefull because its acute reactions are mild, the local control rate is better and
the survival rate of the majority of cases is relatively good. In this irradiation method the total dose
should be brought under 80 Gy owing to severe late complications.

# B LS —, (2) FEd 5 \id Kk X BB F B
{ER B R B A% OER 2MEW ST, EEREMA TEE, (3) BHEOEWHARL, FRMEOHE
DEVCEEREEORBCEHLEZOR TS D, EHLOERIEEELT WS,
D39 EPE R A R A B ERB A — EBE LI WEHD— R BHIER SERECS
R LCuisy, BENRFRER R LE % EE 2 bh, T3t boost therapy & L T{ELR
BEREBRHEL, QO BHBEAOCKESMM BREREHE LR A0,
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Table 1 Distribution of patients by primary site and stage

Untreated cases

Recurrence

Prinary e stage cases rg%ssir;itﬁg Total
I m I R* S+  Operation
Esophageal carcinomas 4 11 4 3 0 2 24
Brain tumors an 9 0 0 20
Head and neck tumors 3 1 0 0 4
Pancreatic carcinomas 3 0 1 0 4
Colon carcinomas 1 0 2 0 3
Uterine carcinomas 1 1 0 2
Others (D 2 2 0 5

( ) ! unclassifiable cases

R.* * recurrence cases after full radiotherapy
S.* ! recurrence cases after surgical treatment

RETHE L cHREETR2HI e g & LT
BEL -SSRz OWTHRR LicoTHET S,

MR B & UiREE

R KFEZMEAHRBNC 35\ T19824E 9 Ao
H19844F12 A I boost therapy & L T{EMFRERE
RS 21T 7e - IR G2l 2 &R & LT, B
441, Z18BIT, L 9mh H8IMIc oA L
B2 TH - o, B4, BEE204], S
O 4 41, BEEEE 4 61, KRR 3 4, TR,
BHARES 2 61, BERE B, RIEETRH
V) VABEBE 1AITH o1, RERUBIDOET
EEVIITHA 4 41, IOHALLBI (5 % 5 BSEE 4 &R
SRR SEZwHA), IV 4 61¢60—70Gy
BHEER 3 PR L UERBME 2HTH -1,
PEIEEL 2061 9 Blik60Gy BE B ER Y 7o Li-
EIT, EERMRE, MR KBER X OTESR
BT RAIVE ¥ - BRIECH -7 (Table
D. fE MBS R LER1961, B 7 6,
MR FERERAE 1 5, MERE1FI<, MEE
i% glioblastoma 8 #il, anaplastic astrocytoma
4 ], astrocytoma grade II 2 i, medulloblas-
toma 1%, malignant lymphoma 1 T, i
TURE 4 Bl (pontine glioma 2 i, pineal region
tumor 14, REITMES 1)) TH -7 (Table
2),

BHETEREHIIOMVX # (&% 3Gy/min)
WL, ®CoEfRRFEE GUZH RI—107, &

AEFN614E 2 A25H

(65)

Table 2 Distribution of patients by histological

type

Squamous cell carcinoma 32

Adenocarcinoma

Sarcoma 2

Brain tumors 20
Glioblastoma multiforme 8

Anaplastic astrocytoma
Astrocytoma grade II
Medulloblastoma
Malignant lymphoma
Unknown

Eo o -

Total 62

#3R0.8Gy/min) A\, 1H1.57%\L2Gy T,
A FH AR RO (LT B SR & K3 T13.60Gy,
BHRIGRE BRI TIX30Gy BH L, 14H #i14
o interval ¥k &, {KiRERFERBLE 1421
Gy BInEHT 5 0% FARI & Lz,

EMREREFERE X °Co ERREAER Giz i
RCS—14—1) % f\, Pb $iuik & 5375 52 e pE
BEOFFIC X b RHEIEE R C1Gy/hr DR BRI
eB X 5, BEL, 1 HBTGy(1— 2 KEE
10400, B405 MR cEHABE L, REB
XEER D o b SREBAH AT — 1, BB
QU522 & DEAZFIRE (3—4Gy TRAR) HiENE
&L, BATEIZ6X8cm 5526 X34cm It 38 L O
SEE13X 1dcm TH - fo,

SEBE D KEARE L FT R T 13.61—91Gy T, 70—79
Gy Bll2361%(28/46) & % <, —HBHHITIXT6—
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Table 3 Distribution of patients by total irradia-

tion dose
Irradiation dose Fresh cases Recurrence cases

60- 69 Gy 6 0
70- 79 Gy 28 2
80- 89 Gy 9 2
90- 99 Gy 3 1
100-109 Gy 0 5
110-119 Gy 0 1
120 Gy- 0 5
Total 46 16

Table 4A Distribution of the patients received
conventionally fractionated irradiation(CF)and
low dose rate teletherapy(LDRT)in fresh cases

LDRT(Gy)
7-13 14-20 21-27  28-
-49 0 0 2 3
~~
& 50-59 0 3 2
= 60-69 3 21 2 1
© 70- 1 2 0

Table 4B Distribution of the patients with recur-
rent tumors received CF and LDRT

LDRT(Gy)
7-13 14-20  21-27
Fn) _79 1 4 2
=
G 80-89 0 1 0
& 90-99 1 2 0
100- 0 3 2

135Gy i3 X U'100Gy Ll E#iI2369% (11/16) % 5
®ic(Table 3). &7 EIRS &SRB ERRE
DR b BRI 4 CH R TR RT3 T60—
69Gy, 58 T14—20Gy RSt U 7= 612346%(21/46)
L%, BREATINEBORRC 1L LTHE
T14—20Gy B L 7= flA %57 (Table 4),
EERHEF R L HgRI, Frvd—=
4106, 47— 64, ACNU 2 &%l
19B1TH - 7o b, EFERERRHE S FE
BRERZHR Lt o,
JRFTEIECBE LTy, EERREY e LI ESER 1
ST HIE LR ESI 2 ER, 50%LL LN

Table 5 Complications

Acute reactions

Naused 1
Stomatitis 2
Thrombocytopenia 2

Total 5/62 (8%
Late complications
Perforation of the ileum 1
ilenus 1

Total 2/29 (7%

RRIHIRER, BEAETERDI L DY
& Ui, EFREHEGCREHEE% B
b, BROITIERHNMGA»SOHEFRKY
Kt
% =8

1) BE

ERERERBBS OTERI0% (56/62) T
Hote, 1H5Gy RiFThIE LIz &b BEH
6dic, FRIEHHETREIH, E¥ 36T
BB, TR BRETIIS-37Gy DEGE
RERBSEZIT T35,
EAREZERBA I X 5 R IREE 5 41(8 %)
R b, BE26X34cm O BE B2 5% 1
PlicmEsings:, 2 flcnpads, ¥ 7 2 gl g
Bl xRBdtent, Bl ERELE L Lish ok,
FRSHET £ 6 18 A Ll E£58 L 72298 o TR
HEEERF L, 26 (7%) CEEREHHE
rRDIz, 1HRERANNEREERGIC1.5Gy/
day 12 THERR 260Gy RHELTH B I (K47 8 %%
FRBEHEEC21Gy A LBBE Lo, SEHA#I
PMBREA AR ELLET L, b5 1 FFEERE
it BFHI©2Gy/day =T JEER ic46Gy R4, 8
BRI ERERERBE T28Gy BN LER L
7odd, TEABIEA v 2AD7BIET L (Table
5),

2) BFr%hR
BEBHEC X 5 RF%REEL 8 H (14%),
2461 (41%), 276 (46%) T/ARER 3 HiT
Botc, B 3 FIOPFRIEMEMBICRE Lic 2
i3 L ORI e »REAFH L 1
BITH Tz, B Ik OMERH516] P ER & 3RER

(66) AAEBREE HF46% 525
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Table 6 Results of radiotherapy for the primary
lesion

Reduction rate of After the CF After the LDRT

the tumor
Complete ( 100% ) 8/59(14%) 25/59(42%)
Partial  (50-100%)  24/59(41%) 18/59(31%)
none (0-50%)  27/59(46%) 16/59(27%)

Table 7A Total dose and local control rate

Total dose Local control rate
60-69 Gy 4/6 ( 67%)
70-79 Gy 13/26 ( 50%)
80 Gy- 5/11 ( 45%)

Recurrence cases 3/16 ( 19%)

(75-135 Gy)

Table 7B Local control rates of cancers in fresh
cases

Local control rate
10/18 ( 56%)

Primary site
Esophageal carcinomas

Brain tumors 4/11 ( 36%)
Head and neck tumors 0/3 ¢ 0%)
Pancreatic carcinomas 3/4 (75%)
Colon carcinomas 2/3 (67%)
Uterine carcinomas 1/1 (100%)
Others 2/3 (67%)

BEZMZ ST L X b L CESE N 2
B2161(36%) T, Hh b HEEH10, fEkhv HE
BTOE LORD»OEH4BTH -1, B
e RFT R 3Eh2561 (42%), EXh18%H1(31%), 4
#1661(27%) TAB 3 HTH - 7= (Table 6), 23
5B DA FRILERFRENIC 6 B A U LR 2 4l LE
TV 1440, Fi5, HIBuc CEMREEAL 26
Bk L CTREEBER RO 2 BT
S5HITH -7,

RREINRFTHIEEY 25 &, 60—69Gy 6
BITIX67%, T0—79Gy 2661T1350%, 80GyLL E11
BITII45% & K& Teidish o 7chd, HSHRILE
BEFI6HITIL19% ERETH - 7=(Table 7A),

FEEGI TR R R 0 HITE A AT BE 74361 Iz D W
T, RBHEINCRHTHERL R L, AEHELS
B, BEE 4 61, KIEB#RE 3 BlCixt h Fh56%, 15%,
67% & BIFTH - 7ch, MMESLIE, FEETRE 3

HEFN614F 2 A25H

(67)

Table 8 Survival rates

Survival months
6M. 12M. 18M. 24M.
44/62  12/47 2/20 1/11
(71%)

All cases

(26%) (10%) ( 9%)
Fresh cases 35/46 11/34  2/15 1/8
(76%) (329%) (13%) (13%)
Esophageal ca. 16/21  6/14  2/8 1/5
(76%) (43%) (25%) (20%)
Brain turnors 10/11  4/7
91%) (57%)
Others 9/14 1713  0/7 0/3
(64%) (8%) (0% (0%
Fecurrence cases 9/16  1/13  0/5 0/3
(56%) (8% (0% (0%)

Table 9 Causes of death

Tumor deaths 26
with distant metastasis 17
without distant metastasis 9

Perforation or bleeding

Complications

Intercurrent deaths

Causes unknown

Total 41

Lo |

PITCIRLTEN36%, 0% ETRRTH-7=(Table
7B).

3) £FEL L UPEETF

L6201 DLEFRIT 6 BAT1%, 126 H26%, 18
BH10%, 248 H 9% TH -7, G L T3
DEFRE BT 5 &, FEEGI T 14E32%, 2
F13BTH~Teh, BIRATRISEHALU Lo LR
B ARRTH -7, FEFToOWTEIERI
EFRYEHT AL, RERE NMEEDO 14£XRI
ThThd43%, 5T% LUBMRIFTH-1ch, %
OOREED 1 £ERIL 8 % ETRRTH -7 (Table
8.
41BIHBEZFETS LT\ 5 %, SERIFEFE26 61 (B
B () 176, &8 () 96D, ZHD 5\ iXH
M3E 7 F, BEETE 24, fIR5E 4 61 (FERAERE 1
B, DA LA, FFEE2H6) CAHRB2HITH -
7z (Table 9),

B S IEFIR O %\ EERERZLFIC o\ TR
BANCRPTHIER, A, Him, EEERS LY
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Tahble 10 Relationship between total doses and local control rate, causes of death and
survivals in fresh cases of esophageal carcinoma

Total dose Local control rate

Cases died from
perforation, bleeding

Survival rates

or complications 6m. 12m.  18m.  24m.
60-69 Gy 0/1 0/1 0/1 0/1
0% ( 0%) 0% (0%
70-79 Gy 8/14 1/16 14/16  5/9  2/6  1/3
(57%) ( 6%) (88%) (56%) (33%) (33%)
80 Gy~ 2/3 2/4 2/4 /4 0/z 0/2
(67%) (50%. (50%) (25%) (0%) (0%

Table 11 The total doses in CF and LDRT for
local control in fresh cases of esophageal car-

cinoma
LDRT(Gy)

7-13 14-20 21-27 2-
~ 5059 o oe
% 60-69 O® e ®

70- ® °

O controlled
@ uncontrolled

EFRYEF L, RFH#E=R, 80Gy Ll LT
SFRIFCH oM, B, HH D\ XEETIHE
T L72Blik70—79Gy 6 %cit# L, 80Gy LA kT
F50% 1k X O, % iR $70—T79Gy BTk
1F56%, 24E33%TH-7ehs, 80Gy LI EGITix
1425%, 2F 0% LR TH -1 (Table 10),
ZhERHITE PTBE Te T AERE 18T O\ TRE 5
B ST & ERIERERBAREC X 2R ERS &
R 2 LB Ui, Bl & Ui ok whflc
BEBROBE RS EFPO LD, T EHH
T, EEVEFTOSA, Wi, EEchVWboL
Lic, RGBT 5 EIBAET60—69Gy £, ER
ERFEBBA L T14—20Gy 80 L gl o R
5370% (7/10) & BRI REFCTH - 7z (Table 11),
AEHR2—IBARSWT S FIFERE BT L
fo. 3BNIERAE, 1AIREREE, 1641 v
7 ADTDT, BREREFF 24, DICITHE
T 140, Bz liciodIEr 24T, BETE
EDEFERR BRI o7,

(68)

% B

{548 & RE 12 OER 2MEL FV, B b
reoxygenation 733 Z 5 599, cell cycle F7EF
iR CHEEEORBICAEL L Sh, BHEH/MR
B v CHEESE, FEEESOBFCFHEE
hC &, BE/PMRIEORBREMABER TV 25,
RORBEFE LTS, ThbbERESMITE
—THBRECZ UL, WHKL - TRERE
DETHARENR DS, BHEEDLH I KETR
[EFwFIATE R, TLBECETHENLEL,
Wizs, BEBOZTHEBAKE LV oK
THBH, —F, ERBHEEYAVCCERERR
i (1) BHEHEFEAOKRESMILES—T, K
R R O Z BRI RIE LT, (2 FEd
IR E REEFI AT, (3) BEOEHEN
DI, FlWEOWREN T, BOFIEEEL
T3, ERERERBAHIER L VEE,
EAR B R RS O P 2 ERIRENICHEIZ L T o &
&, E0E Y oBBCBERHEEEALEEIRTL
FHLIpBHLEELDNRE,

ke, BHEZESERMEORME, BESE
MBS B R T 5 %3 hypoxic KRB H 5 3
DNEL, FBrEELZT VW HERERD
i B BRI IS AR E R B A OB IS E &
# %, boost therapy & U ~C1{Ei 5 3R 35 g 1R S o=
TR,

g & L6263 h b B RS B cHIEH
i, RMEETERV LEEEETH- . AF
JBEEIX 1 1,570\ L2Gy & LAY, 1 AH1.5Gy
DRI RSO EERE O D EHB S B X
DZRAL Lo BB AT L e, (ERERERRA
D FE TR IL Pierquin © FFEICHEY, 1Gy/hour

BABEMEEE F46E H2ZF
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&Lz,

EYERERT — 2 b FHIhBBR LA
DBFRER L OHEEIIKRD 2 ScEHEAS, T
it LIRIREE LB S, Bl L, ¥
RFRAFHELULCE W 2 Th B,

ERERERRBEHC X 52 RIS, Logie
B3, Fu 620 BT — 208535 T08L, BEO0L
HRE BHEY, 1EREOKE rsbbT
BETHoTc, Lo LBRHEEEIEE 2 )
BREED I DIET Lz, F, HIMIE D BHEE
FREZE2 L IFIEBTEELRDILI LKL
25, ERERBHCEHYIRCC, EHERD
BEE XI5 L OMENE DTN, BEE I
PEEORRILBEIEBHOBMENS N Z LT
LB ELELLRAB, L LEFTEEEMEMGI
EARERRRBRET (0.9—1.3Gy/hr) Bk % 1T
78 o7 Pierquin®® 0 E % 2T, BHET0GY
T, AR HRIBRITEIE L RS, 5B 5 fpiES
FEL T\ 5, ¥z Kuipers'® % i3 A B} REES ot
T HERERERBS BEMBFLECER, ERLE
PHEZ#|E LT\ 5, o TAREIC I 5 Bk
2% boost therapy & L THAWI-{EHEERERR
HBRCKBEELCWB EELLFNIVEED
han, BEIELL2H0EKERECIVWThLMR
HHERICEE ORISR SR, KHIRER
BERM LR R L, mTEERMbB L
XY ERBRIREE A STV A TRERLD
5.

BERET & L DHESHRIETT5LE
Z B HOOND - R B B EREXRBHO
RFEHRIRFTH - 12919, KEIBTHE
BERBHEINZ S Z &2 X D 36%DIEFNCER
BB O e R, BRENTIR2% D BATHIER
ETEE"C’E?J ) ﬁ:.

BMEYZRTHLULABRECERET HALE
BHHIOHCES, FhBERLIGy/hr X b X
BT FRL wohrdahic,,

EHFRY HZ D EBETRAER MESOTFE
DB RIFTH -7, RERTEHEED 146
BEERE Lich, BESEBAPCELSES
A, FERCZARASEL, ToBOFHCE

WEF614= 2 A25H

(69)

MBI &2 HER L 7 iEPI C308E A BAEBR O &E
R RETH S,

R+ 5 s A RIER 2 R T O R B ER
LicBlOBRIC Bl 5 & L 3% w0 T, Eig
ERERBHODREIE LI, BALKERE
Bohieh o,

FEER% 3% LIBIED 3B X AT, AR
BEELTRY, AHERALOBREEL bR 2,
[EEIED 2 6, fFHEIED 3HNIR/AT, BB & b4l
I T\, REBROFAFEEO S BHE L
B Te D THEHEE & S0 e BB o B ALE
BEIBRETHoIEEY,

BEEAEREIZ 35\ T, boost therapy & LT
DEMRERFERBHE (1Gy/hr, 7Gy/day) 118
W 3B T60—69Gy I B B R RR RS ©
14-—20Gy ;B3 % kBB R IFC©, BEd
ERTHLEREISGY K& TRELELDL
ha,

F & ®

R MEAETTHEG2 % % 51z, boost therapy &
U TR ERIFRBAE (Gy/hr, 7Gy/day) %*
RAeante, RHEEL 5 fIicilnicd, BECTH-
7o, BRHAREE R 2 Bl bh, WTFh i BEEchE
HI LI, RITEIERIT42% & LB RIFC, &
ICEERE, Mg, KBELRIFTH-T=. 14
RITFEREA3%, WIEBST%, T, FoOMhoEE
X8R EFRTH -7, FEENIFELA S < 63%iC
BLAK, REOHERERECH T EHHRER
SR E 5 BB T60—69Gy B B K IEFF
MBAHE:T14—20Gy ;BN 5 HEEC, B E 1280
Gy K& Lz 5 3 X o,
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