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Different Trends of Optimal Fractionation Schedule According
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Tadashi Sugawara, Osamu Tanaka, Hiroyoshi Iguchi and Toshinori Aihara

Department of Radiology, Jichi Medical School
(Director: Prof. T. Ohsawa)
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In order to search for the optimal fractionation schedule in the management of differentiated squamous
cell carcinoma of the head and neck, we retrospectively analyzed results of treatment in 80 patients with cancer
of larynx, hypopharynx, oropharynx, oral cavity, lip and external auditory canal, who were treated by external
beam irradiation with curative intent between 1974 and 1978. .

Fourty-eight patients received radiation therapy alone and 32 patients with T'; or T} glottic cancer received
combined therapy with laryngomicrosurgery performed prior to or during the course of irradiation. These T,
and Ty groups were separately assigned from other T, and Tg groups and called Tyys group for convenience
because tumor burden was reduced to microscopic residue.

Through those years, three main fractionation schedules have been used. Twenty-three patients received
200 rad daily 5 times weekly (category A), 24 patients, 250 rad daily 5 times weekly (category B), and 33
patients, 300 rad every other day 3 times weekly (category C), respectively.

Local recurrence rates obtained from these fractionation schedules were compared each in following three
subgroups. i.e. Tyys, T142 and Tsy4, retrospectively stratified by statistical analysis with respect to prognostic
factors.

Studies showed that, in all subgroups from Tyys through Ty, 4, total dose converted to partial tolerance
(PT) did not significantly associated with local control over the limited ranges of doses employed in treatment.

In Trms subgroup, fractionation schedules of categories A and B showed significantly lower recurrence
rates compared to category C, and no significant difference between A and B exsisted. In Tj,4 subgroup,
category A showed significantly lower recurrence rate compared to category B, and no significant differences

were found between A and C, and B and C. No significant differences of recurrence rates were found between
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three fractionation categories in T . s subgroup.
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Other fractionation factors influencing local control were identified differently according to T-stage.

Favorable schedules for Tyus were those in which treatment was given 5 times weekly with a fractional dose of

more than 196 rad in shorter over-all time of less than 42 days. On the contrary to Tpys, effective schedules for

Ts.44 consisted of longer over-all time of more than 60 days and lower daily dose rate of less than 153 rad. In

T +2no favorable characteristics were found.

Based on these results, it was concluded that the optimal fractionation schedule should be different by T-

stage.
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Table 1 Distribution of patients by
primary site and T-stage.

Primary site T, | T, | T; | T, | total
glottis 25|10 O O 35
supraglottis 4| 3| 4| 9] 20
subglottis 1] 31| 0 5
hypopharynx 21 2| 1|0 5
oropharynx 0| 4| 4| 0 8
oral cavity & lip, 0| 2| 0| 0 2
ext. auditory canal | 0| 2| 0/ 3 5

total 32|26|10|12] 80
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LT Thhic. B0k, chbxr Tums
ELTHECER D otz FDOFfRGo b2
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Table 2 Subgrouping of patients by retrospective
stratification.  Through statistical analysis of
prognostic factors, four subgroups were chosen,
encircled with square in the table. In the col-
umn of T,,., patients with glottic cancer and
with those other than glottic cancer were mana-
ged in calculating separately and summing up
the statical values of both subgroups finally.

Primary site Trms T Fase
glottis
supraglottis 71 T3]
subglottis 4 1

hypopharyns AENE
oropharynx 4 4
oral cavity & lip 2 0
__ext. auditory canal 2 3
total 32 26 22

7 —FRCHE L.

Yol U o iy, A, 200rad/[E], 5 [E/
38, B. 250rad/[@l, 5 [@)/38, C. 300rad/[E], 3[mE/
BOIETHB. “hbopElEE, FHIHCR
o THWbBRIzh O, randomised controlled-
trial TlXiov. Bd0F—R—-F , T3 BH BN,
FEFN494E 8 H h> BIEFNS24E 4 H % Ti3 3 @iEsd
HEREh, ToKiL, B5EENEETHS. B
5 EIZE T, 200~250rad fREAA BRI,
ElhE e, JAWBHE CIE- 1 BRI HEGS
nic, i, avea.—2 - X AREOMAE
DO, WHRIFHRE ¥0FHK TERRLCEONRD
D, ZOHRI0SFEE (FBErLE ©
R4 5 L 200~250rad 13222~278rad L
5. MEFRTE, WA 2 PR o RO
HoBE, FA0v=y v 2B ClEEoss
RCRTH/ETHSD. BTFHRBHCIX80%HE
Th5.

BTG, RS L nERO 26w
fo. FoMiE, “Co v % (SSD 80cm) 10MV
X#fE (FTD 100cm, 1.0cm Evx) viE—35
HR) R, :

KA S hicix, A T3200~23%ad/
[El, B 240~278rad/[@, C 250~300rad/[a] o &EfH
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DHONEEN B, BT, T & LT
PT (NSD=1,800ret) -1,450~1,800ret o |
ks UC S ORI R O &S D FUGI G T, &
BEiet31,060~2,240ret 5% BAF h, T... Tt
1,800~~2,000ret o> Hiizsi LC1,680~2,250ret,
Ts.y TiE 2,000~2,200ret o HiEicxf LC1,870
~2,350ret D@L S .

HREROEFMBOFENAREEORENI,
log-rank test® {2 X o TfTla\, FERFNCEH X
h-FRERE (B) i 3E0ERE (D)
DA FREHRE (O/E) L LTEHERLE. it
B, BHIEROIC, BEEHEFLET.

3.0 B

D FHEATF

(a) WA (Fig. 1D

[RFEERAL G DA L3R %, FEFIRE0.35, S+ F
B, RERCOMEEL0, EFERY TRELTS,
RO T HEERE1.89Ch D, FEMELF Dfhoo i
& U THEEH e AR R RS E W (X2 =
16.29, df=3, p<0.001) %%, FofLoFEoORT
REBRRCHBER 5T,

(b)) Jwi (Fig. 2)

oW oM ERRE, Tivs 0.39, T,,,
0.81, Ty, 2.90CTH Y, 3HEMERFRFE
BHEEYRDE (X*=23.58, df=2, p<0.001),
T, 2 T,/ T, & T, Mcix, WFhiFE:
Wi s,

(c) i

545% LA T, 55~69%%, 708l Lo 3T/ T
BWifLick oh, S4&LAT © B WX7/19 G
FHH0.58), 55~69#%15/36 (0.93), 70R%LLE
12/25 (1.46) ThH, FEEIRE BRENE W
R 2 Adeny, HMEARERE Qb X=
2.97, di=2, p>0.1),

(d) HR

SO H13.26/67, HINFEHRRI0.88, ik
8/13, 1.74C, OB RENE VD, BHEEX
fehyas iz (}{2::2.56, df=1, p}“-O.l)_

(e) ofl

Y vz @ N-number »[BFEHOEIHR,
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Fig. 1 Recurrence-free survival following treatrent according to primary site. Numbers in paren-

thesis indicate patients treated.
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Fig. 2 Recwrence-free survival following treatment according to stage. Numbers in parenthesis

indicate patients treated.

) v SR ER O REREROHEM, HENE
BEARZORED, SEILEE LTEREEOHE
PR E LTV B IIEL BN Lich o 1.
Zofll, BHEREC X H5FERBOERIIAD L
high otz 10MV XEYERRE-C, ENFERR
24/47 (0.51) MEMFFREFRILL.LL, “Co FRAMET

&, FhE110/30 (0.33) 0.80& 7o b HEE I
Mo te (X2=0.78, df=1, p>0.1),

2) fRESEEC L5 BRRoER (Fig. 3,
Table 3)

Toms B T1x, HWFERE XA 200rad/[@ (5
[E/38) 0, B 250rad/[@ (5 [E/#E) 0.68, C 300
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Fig. 3 Recwrrence-free survival following treatment for patients with Tims (3a), T,,. (3a), T.,.
(3b), and T,,, (3c)according to fractionation schedules. Abbreviatiations: A=200rad/f, 5f/w B=
250rad/f, 5f/w C=300rad/f, 3f/w.

Table 3 Comparison of relative recurrence rate according to fractionation
schedules among different stages.

Trms T2 Taa
No.O| o*| E® |oE® No. | O| E |oOE No. | O| E |OE
A« | 13| o 25 | o | B| 8| 3|31 |09 A | 3| 1| 443 |0.23
B* | 8| 1| 1.48 |08 ¢ | 11| 5| 506 |09 C | 11| 9| 9.09 |0.99
cx | 11| 5| 20 |24 A | 7| 2| 178 |112| B | 8| 8 | 448 |1.79
tatal | 32 6 6.00 | 1.00 ;l total | 26 10 | 10.00 | 1.00 | total | 22 18 | 18.00 | 1.00
A+B vs. C ' X*=(.04 Avs. B
X*=6.69 (df°=1) (dfi=2) X?=5.93 (df=1)
p<0.01 " not significant P<<0.025
* A 200 radff 5 ffwk
B 250 radff 5 flwk
C 300 rad/f 3 fiwk
# observed number of recurrence
® extent of exposure to risk of rocurrence
&3 relative recurrence rate
© degree of freedom
O number of patients

rad/[E (3 [E/A) 2.49%7ch, AL BREIZESR
ROBEEILD, A+ B ELCHRCIAERF
FROENRED BRIz, Tivms FECIIARUBE
NxL, CEHERREDL,EE L Rbhi:.
Ty, BETIE, A, B, CO3ZEOMEIKIXERA
PERROBEZIA BRI .

Taeq BT, MREHRERIZ, A0.23, C€0.99,
B 1.7T90JHic & < Ie #atiIc AR Iefdlm (true

trend) 235 h (p<0.001), A X B koM fist
B B ERE 0 KB dbhik. AC [,
BC i GRE L oo, Toy T3 Toms
R, AENIBERTRATHDLEELLN
5.
3) fExoREEFIT oW TR

(a) HRME

PT oMk X AFEEROMERHE L. #
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Px PT oFPEICIY SEHL, FERRLL
&, Toms ik, 1,469ret DI © ERHFHR
128/11 (T REER1.52), 1,470~1,749ret 1/11
(0.42), 1,750ret L) E2/10 (1.20) &7ch #Et
RAEEE L.

Ty BETIE, 1,970ret LIF3/8 (0.67), 1,971
~2,149%et 4/8 (1.38), 2,150ret L) 13/7 (1.12)
L Y BREE RIS 5 e,

Ty BETUX, 2,120ret LITF6/8 (0.86), 2,121
~2,169ret 6/7 (0.87), 2,170ret L) F6/7 (1.49)
LY, ThIMEAMAETER e r o0 ZREL
b PT oifpmcplizy, HREMETT5 PTR
FHTZRD Bhich o .

(b)) BREEIE (Table 4)

Tivs FETid, H3[EEEI L 5XTHS5 EEDS
BRCHRERMEVLZ E2BH bRz, L,
Tiie Towy OFRETIE, WHEBCEELEITIR)
e

(c) 1R

—[al§ % 200~239rad, 240~277rad, 278~300
rad ®3ﬁ§:ﬁkrfﬁﬁb?‘iﬁ;, Tims Ty, Ty
HEOWTR THLERRCHREL h - .

(d) JRSHIWRE (Table 5)
Toms FECiX, 42ALUF 2438 LB iR

HAEFRSRESYE #4028 H35

OHEICHERRCEREN DD, QHUTHRC
BH LIcd OOFREIME T LHFED Bk,

ChEeR LT, T BET1260HLLIE E59F L
T eORCEREBCHEZE DD, 60H 0l
HCTHRH LI 00T RRREL, Tivs B 21
MR T 5@ Thote. FR, O %490
T, 50~59H, 60HLALlo 3B TiHI %Y
BB E, RABFER X LThFhe/6 ENERR
1.94), 7/8 (1.23), 5/8 (0.54) &7ch, ¥l
A EWE, BREMNMEL 5 true trend (T=
4.89, df=1, p<0.05) NE LT,

Ty BT1X, 50BLAEE LATORENME o
WTOBFREOBEEEL o7,

(e) #B#RE (rad)/fRSHARE (B) (Table 6)

(a) CTPT LEREROHEBIED hith s
ety () DR XY BETHEC B
PRELTwsZ Lab, BAIMCRBELERL
Tl L FRROBFREHR L.

Trms FE-Cid, 140rad/H LAk & 18%ad/HLLTF &
T, AIEDEEEY S - THERIMEC LA
RS bRt

e LT, Ty BECIX110rad/H LR 2109
rad/ QAT T, H®EVNERCERRIENC &
BRB>HI, Tims & Ty 3RS 5 HEHA %2R

Table 4 Comparison of relative recurrence rate according to fractions/week.

stage f/w No. o E | oF Ny owe and level of
3f 11 5 2.01 2.49 XP=6.60 (df=1)
Trms
5f 21 1 3.99 0.25 p<<0.01
To 3f 11 5 5.22 0.96 Xi=0.02 (df=1)
5f 15 5 4.78 1.05 not significant
T 3f 11 9 9.09 0.99 X*=(.002 (df=1)
o 5f 11 9 8.91 1.01 not significant
Table 5 Comparison of relative recurrence rate according to over-all treatment time.
sage | O daysy | Mo o E | O | fifcances o
~42 22 2 4.25 0.47 X*=4,08 (df=1)
Trms
43~ 10 4 1.75 2.29 p<0.05
T ~49 16 6 5.70 1.05 X*=0,04 (df=1)
" 50~ 10 4 4.30 0.93 not significant
To, ~59 14 13 8.78 | 1.48 X*=3.95 (df=1)
60~ 8 5 9.20 | 0.54 p<0.05
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Table 6 Comparison of relative recurrence rate according to total dosefover-all treatment time.
total dose -
- X?* value and level
stage s_ir;ci)jg:;gll No. o] E OJE of slgnifieance
- ~ 139 14 5 2.61 1.92 X?=3.87 (df=1)
LMS
140~ 18 1 3.39 0.29 p<0.05
T ~ 129 8 2 3.93 0.51 X=1.56 (df=1)
v 130~ 18 8 6.07 1.32 | NS
T ~ 109 9 6 10.29 0.58 Xi=4.,18 (df=1)
o 110~ 13 12 7.71 1.56 | p<0.05
Table 7 Effect of treatment gap on relative recurrence rate.
treatment X* value and level
stage gap (days) No o] E OJE of sienifcanc
0— 6 15 2 2.68 0.75 Xim0.32 (dim 2)
= '=(.32 (di=
Trus 7—13 13 3 2.52 1.19 not significant
14—27 4 1 0.79 1.27
0— 6 15 5 5.87 0.93 Xem1.01 (di=2)
P =1.01 (di=
Tz 713 3 2 1.04 1.92 not significant
14—27 8 3 3.60 0.83
0— 6 7 7 3.27 2.14 I
- =0.4] (di= ]
T 7—13 6 6 3.53 1.70 p<0.01
14—27 9 5 11.20 ~0.45
LT\, FOH 4xTeom® wHE L. BHEHETE42A

Tys2 BETIX130rad/H A E & 129rad/HELF T
FEERD 5T,

(1) WEHRIERE (Table 7)

Toes BET, HRIEEDSR VI E FRERL KL
RBEREDH Y, HACHEREDSD - 7o, Tims
Ty B CHBEEEZE T o

4) EHEBORE

AT B D 43EEC BE Uiz 2 Bl ¥l ji
SEREESA LR, 1 Bl6TRBEYE:, EMTRE

(FrEETED), T.NM, EFATHB. ADsHE
¥ (230rad/[@, 5[al/;@) 6,6440rad/28[El/41 H
W (PT=2,003ret) DS 1TIco . BEHEF
6x 7em?®. #&TH, #1.57 3 CRERBRITCEEH
B, 3.5% BRI VIRTFH Y 20, RE
M cREC RS S hT, BERE
WrEZ BRI

fibd 1 Bk, 75RkFdE, TWAEE (PUBERF)
T.NM, fEFT, B® & (278rad/E, 5@/
) ¢7,784rad/28[m/51 HE] (PT=2,626ret) @
BT 5 7. TREEF134,500rad % 5 x 8em?,

T, FERIHIOCEBLEL, 52 B wiEgEE
HovIBRFEN LR . BEEAKRS T BEED
TR — IR LR Dby, BRI &
Zr & e,

A D SydlE TR L BEBAR 16 @.3
%), BOAERERSEG 240 161 (4.2%) «©
I E A e dd, CoNEEETIIAbhle
Mote. oMo BE ELE B bhith o
et

4. & £

SEEURF BB o $RES &I T oW,
180~250rad/[al, &5 EHECHlifTL, KIRED
MR S chiuE, RFEHERIRECH
b, BEEIHERCEET S ERRTF LT HE
2R TH B,

Wollin 5% % 8 il HHIEMRF_LEE © HE
BB AR L, SR BT AR e

(T rREtkE (Tno o 2@z, i
L IRFTHIERMc B R B O D, fLo 6 §F
GEPYRE, MR, PIRERE) wow TS
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e AR B R o 7c & LT, 1,900ret

(NSD) DL EZENFT, #lMsiriiEe1s 272/
449), $##68% (261/382) TH b, & NSD #T
HFLUSHERIAE LT v, EEos
T HEMFEAHECRRD 55 L AT\ 5.

METIBGEHIA & LT, 888, NSD e &L/
Friblff R B RS bt & T 58, &
ﬁ TII)TJS) Tu-zg’ Tl-sm, fﬂg‘aﬁ_tﬁ Tuzm T2+3“’,
FRIEBERE T, IEEeE T,o0 T, 0% 7ty
BB, FMERHEY tumor burden @A 7o\
T, T, fE6l, ik bLRFERBEERY S T
TRz, Rk e\ L LB bh
5.

—77, #HE=e NSD Jc kX L RErHER ok
BN ot & A&, B T,9 T,
Teus®, FFILRE T8 To, ', FRIRERE T
T8 &, HEBAIEER U IERIC O\ T OFIEH S
L5 ThsH. BERET X ORMMURTE L EEER
REURETIDE Y Zbhi.

Th DG TCiE, Stewart'® OREFFIE X,
T T200~250rad [E@, 4 ~ 5 [E/ OGRS
EaThh, ©§135,000~7,000rad/ 5 ~ 7 8
MEBH IR TS, hbhb, T, T, oHilhy
FHMEBIR RS LT L@ T3, MEofEL
DEGENELTH B, T, T, OHBRHICI,
200~250rad/[a] 5 [G]/38 D 43 &k DAY 7o o,
AR RA - 1R O m L3S & hic o
TR EE2Lbhb, 2oz LixEi, B
Bl LERG Tl R AR B B & &
FRLTED, Bl LTRSSk R
LAREMER R LT 5.

Friedman'® %, {f 4 O[04 H2enE: o
RERKE L, TRTORELASZ ORI EE
T5 X5 RN RESEIE IS VBV EL
T, {4 DFEF@ cell kinetics o#ihicd &
SHEREOBRAIEE LV 2 LTWw3.

B2 oREHEECO VT OB TY, BEE
(PT) woutit, Tms T, T.,, OWTFhT
bERER LOBFRL AR IZE » LR
y olf

HAREZRERE SN S H42% 538

Trms (subclinical disease) o\ Tik, 200~
250rad/[5] 5 [al/38 »3300rad/[a] 3 [0 X b FRPATEIE
AR, hike BRI, 195rad/mL,
LDR—2C5EASED, Foflofki X
BREVIDICE LESCTHB. ZhicxL
T, Towo OMERGICE Tims LR, 200~239
rad/[E 5 [B/ /@A EFTH HEAIE LR, S0
B, WSHIMA Tus b BIE LC60RLLE
T, 109rad/HEAT (5 [E/8 ChhiEl5rad/E)
DERET, b5 BIENEIRSE % /75 =
DL, F A, RIERIEI A2~ 438 % 3 split
course RS H HF L Bbh B8R TH o7, Lh
L, T TRAEEOMHEC Lo HEES, BER
KRBT HHERTF LB LB oo,
Ty 28 Tums 12, T, i3 Ty.y B DML
BBy, REROCHEERESEE LT A E 2
Bihs.

T BLORERIY, BRI E X
WRBEELZLGRBLOTHD, BHEM T,
HBEERIRMIP 2, 5 m/5EC i BaL,
ERAIT @ Mg, BRchic b B
2T EME THY, Bl MRS G
< EINRRESE D, B ORI, H
JERIET U, fSHRFRIIIERT % &\ 5 s
FURHE IS A L b D sk X 5.

Harwood 5293, T, gz 2T NSD L
RPTHER OB 2R L, WEMcEERED
HBIZ D o T LBRT 5. LhL, Aubhis
KRB ERE, 1,650ret LAF i35,000rad/ 5 38
(200rad/[@)), 1,650~1,700ret “¢i15, 000rad/ 4
H (250rad/[E), 1,700ret ) |--Ci35,500rad/ 5 38
(230rad/[@) TH 5. 1,600ret LIFTid BN
Dt DIEHIER D E 2 B, 1,650~1,700ret
&1,700ret L ETi, BEFHERIER LS
TW3D, T oEISEER G LIZRETE oM
BT X Y A U nTREMED 5 5.

BaD Ty, fEM C1200~239%ad/[E & 240~
278rad/[BICI3[A U 5 [/ b BHRcEEOFER
EE LT kb, Harwood 53t i T
Z NSD XL\ I iHEREC X BT
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e EEL bRhB.

WERBS RS X ), WEREEECOWTT
bhic 3E/E & 508 okl Tk, MEIEME O
mobile cord (T,T,) ¢, 5[E/H1 HEIC FHR
DMEWAS, MREEGE RG] & IS T, AR
BEhrolcd MELTWA. Zhik tumor
burden DArig\ b O THE, 3 [E/EL AFITH B
ZEERRLTED, FHxofEF Tk Tuvs TiE 3
E/BEIARFITHBE, T BETEREEE LV
ﬁ%f’f) =) 7.

Cox*? &% M P & ARG w2\ 5 [/
e 3EAE BT, T, T OWEE &b,
3 EBD R HERIME otz LT ED, 3
[E/81345F 0 vl UCARF Th B aTEEME 2 b
5.
EIE E RS o\ T L, Kilovolt JR#ERF{CD
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