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sourocs #•.ich Law* baan ahown to arare^w n •  0*22* By fcrrieh'a

(* 104) n^oroua »athod thia Ttlao is arilaated to lia bafrwaaa 0.24 

rid C .M .

far loh'a (•» 10*) a«ttod for 8T«lu»tin* tba fora/oing data

aigabratoally la via to tho following thaoraa. Tha data ia Ikbla H

*au^gaat that tha 'etaniai* or btolagioal' •  Ihyaioal dcaa z

SBS $ ! * ,  or S» •  D,/ * “ «© • wh,r* K* * fciologioal do" »  D' * do**

* RBK, and t •  tiaa in days. If S* ia tha exact 'doaa*, auitably ,

at ej*Jardiaa<i, naoaaaary to affaci a car »i-n a waaonabla aaauajrtioo

ia that log S» •  log D* - n log T ia ncrnally diatributad. Iriting

a •  log. B% d •  log D '# ♦ - log I, thia irrpothaaia bacoaaa a - d - at

2
ia normally diatribe ad with, aay "jean f'+nd vnrianoa 7  •

"To study tha quaatioa of reliability *• auat aafloy «» 

al^wbwuc aathod for aatiaating thaa* valuaa. Tte profĉ aa ia, in 

principle, raainiaoant of on. axa*inad in ?innay'a 'Probii Wlyaia* (* a )  

(p. 106. £x. 18), and adapting th. *«abraic aathoda ixplainad ia Appaa- 

dix XI of that book, tha following rawlta * « »  ibtainad for th* aariaa 

of tuaoura daacribadi
LK *  <7~

Batiaatad ralua. • *3«4642 • *2893 «070>

Batiaatad standard dawiation *0559 • »0B85 • .0166

Tha aiaaa of tha aatiaatad atandard rtawiationa auow that non. of tha 

oonatanta can claia to bi ..ry 'wall datarainad•.

‘ In ™iw da tail, tha aatiaatad oovwrtanoa matrix ia» 

w . ( ^ )  - .001292 OO* < /M ») « - •f'°°955 OOT - - .000583

w  („) •  ♦ .00061? oow (n,<T) •  ♦ .000227

w  (<T) - .000348

Th. -an walua of •  i* / *  . » •  **U aat. that thia liaa batw^a 

3*4642 ♦ .0718 with 5 V *  oant riak. Thia wake'- our aaUaata of 

aadlan S» V> ba 2912 with a 5 r»* °»nX unoartainty faator of 1.180*
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* I f  £  ie createt than 2C~t then th* cur* rat* should ba

57.5 par cant or more. Our estisats of yM * "<*“ i* 3.6060 ♦, .0679.

and the corra. onding biological do** i* B» - 4036 with a 5 ps nt
V*

uncertainty factor of 1.169.

TOE RATIO IH CLINICAL HADIATIOM 1HE1UUT.

Tha ooncept of a 'therapeutic ratio* has been adopted in 

radiotherapy, as in tha caw* of therapeutic chemicals, so as to giva 

a measure of the degree to which the lar^eet safe toleranoe doee 

exceed* the minimum effective doae. Th* ratio indicate* th* general 

value, anr 'articular V ,  the 'aargln of safety’, of a given prooedure.

In radiothtjapy, it oould be defined as ths ratio of tissue toleranoe 

to tisiour lethal doses. However, both oi these quantities ere subject 

to individual variation and depend on technical veriablea and ststistioal 

-parameters. Tn other worde, th# therapeutio ratio in radiotherapy ie

•  ratio betweer. mdian values, or seas other aooaptsbls measure of 

•po.Uio-''. of two *lj*oid curve*, corr..ror.dir,g to th* probability of
a

nac/oai. and of cur*, raejactively.

t therapeutic ratio con*derably greater than uni'y ie eeeential 

in olinioU radiotherapy, and, in general, the big*er thie ratio, 

bettor the ehiaoe of cure. *inoe ^kin tol-ranoe and t«our lethal 

do*a* depend upon the many technical variable a deacribed, it la possible 

to control the therapeutic ratio within fairly wide liaite oy a 

judicious choice of factors, particularly ths fiald-.is. and tha over-all 

tine. sever, the statietioal data drived (in the piwviou* chapter), 

givii* sdian values for t « M  lethal and skin toleranoe d , N . ,  ara 

Insufficient for the purpoaa of sp ec if*!*  opti-1 treatment factor, 

in th. clinical pxa^ription, in which it 1 . mandatory .i.ultaneously

to exoeei tha median lethal tumour d c  >r th. 1 »

amount and yet fall -ho* of the -inii-1 -orotis. a,.by the

greatest possible margin.
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The aooeptable 'aaxjraum toleranoe' dost must carry no more than

•  nominal risk, aay under 2jt, of necrosis, while the 'tuaour lethal' 

doee oust a similarly a-aall rise of re our re nee. That is , tha

two dose* »  be at least %wo atundard deviations below a/id above 

the respect ire medians. The actual differerce between aediar curat ire 

and nacrotisia? doeee, therefore, should exceed four standard deviation*.

In order to **tiaat* the actual aa«nituti* of the thera.eutic ratio 

in tte case of a specific tumour treated in site within particular 

c r^an or tissue, one would hxv* tr c^aees the individual radiomens it i- 

vitiaa ii.-.lurtiivT the effeota of all the technical vartanlce, of both 

tte tr.<*j\rr and the noraal tiasuea cor.etituting ita bed, ca w*ll as 

oartain faotors pertaining to the interaction between h e m .^

For tte purpose of thoee nalculat ions, one re quire a that no 

leas than 11 factor* be dearly defined and aiecifiad for the oondltion* 

of traa-went. In addition to th* 3 iwdesmndent variat«* alraady 

described (relative biological efficiency, over-all tira, and field- 

alse), ttera # 1 1  be 3 a*sociat*a parameter* (the standard radioraasittt* 

sf tba tie< ue, the recovery «Q^n*nt , and the diff<i*ion exponent) for 

both tinour aad nojrael tisev*, raking 6 parameters in all. Th* 

calculation ia also af'**t*d by th* oo*ffi*i**t c variation, or aora 

precis*ly th* uncertainty faotor (* ) , *  **a*u/* of th*

individi*} varla '•* on amort# pativnts, anu by th* he>»»ro^*n*ity fao*pj 

(R), th* ratio of wntiimiB tiiiiB io*e to *ii«i:w tjsour lo**.

fti* yjmrt^lntv factor p^mita or.* to calculat* tte dosa** 

required to produo* raat*r or l****r frequencies of raapon** from ths 

given radian ralu**. This factor #*nerally ha* a valua of about

0 « 1.11 to 1.14, and ia approximately th* asms for noTmel tiBJU*a and 

t umour*, which **ans that in about yft of cass* th* radlo**n*itivity 

doe* not differ fram the median value by aora than a fester of 02 •  1.50,



or roughly twice the coefficient of variation, say ♦_ Thus,

incraaairv; the UD-5 0  by a factor of 1»30 e,iv»a ths 99^ lethal doss 

(12V90). Similarly, decreasing the U)-50 by the same fsotor gives 

ths 2£ lethal dose (12-02). The median exudative doss (herein termed 

X»-50)f producing the ao-called third«degr*»e reaction in at least half 

ths treated oaeos, is , for practioal ;-ur,-08«a, identical with the 

generally accepted akin tolerance limit in clinical radiotherapy•

SI nos XD-50 •  3/4 (lab Is I ) ,  which is roughly equal to K&-5V** •

HD—02, inoidsnos of neorosis to be expected threw* uooepting the 

XD-50  as a practical toleranoe dose ie about 2jt, which for reasons to 

be givnn below, la oftin the irreducible *inisum riak unavoidable in
m

cur * Ivs radiot ha rapj•

THhRii IQUTIC BdTIUS g  BKLATIQH TO ■KOGK1 I'l.

CorimSjJG.r'tnf? to ths various l*»vels of doaa* described in ths 

preoeeding sc'^-on, ths following set of ’therapeutic ratios* can be 

derived, and applied in the appropriate altuationa. If one takes ths 

ratio of median neorotising and tumour lathal dossa, that is B>-5<VU>-50, 

and deaignates this valus ^  , then ths ratio of the tolerance limit 

to the median lethal doae, that ia rV>0/® - 50 , la equal to Q /V l ,

This latter ratio, which wea termed the therapeutic ratio in previous 

publications (* 39, 44) i» here reoo^jised aa a special oase from a 

family of related functions. Similarly, it may be of interest to cow- 

nider the iwti■> >f *tol*.renoe' and ’curative' doees, or KK-08/12-98, 

vhich equals £ //< *, for If thia value exceeds unity It beoomes 

possible to deliver a dose giving 98* probability of tumour regre.. 

w i* no more than 2* riek of necroeis, so that the total robabllity «.f 

uncomplicated cure approaches a theoretical m siiw  of 9b*.

It will be realised that there ie , in this reasonl oue a a s^t lo n  

ehioh nay not remain valid under all circumstances. It was aseunsd 

that ths tisour and ths normal tissues conoerasd in aseesaliv J
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therapeutic ratio reoeiv*d tho i u i  doM of rftdiatiaa* In pm *tic*, 

of couraa( tht overlying skin or sons otner tissue or organ frequently 

reooives a ;r*at*r doe* than that reaching tho tuaour* This 

heteronaneity will, in effect, diminish th* th<5rap*utic ratio and worsen 

t'.* prognosis* fo allow for thie fhctor, another tjp* of thsrapwutio 

rutio is required! naae 1̂-, the ratio of radian 3 corrected for 

htiLerogwrieity, th*c is ND-50/H(li)-50), or (P  /H* Her* H is th* 

heterogeneity factor, defined us tho ratio of twuxiaum tisaue doae to 

minimum tumour dose, and nay, at loaat in the case of ax&rtial beea 

therapy, b* looked upon as a reciprocal function of the percentage 

depth doee at the tuaour. thie faotor consequently permits or. to 

define given maximum dosee in terns tu«our lethal donee, or oonver- 

eely, tuaour depth dosee in relation to the skin tolerance limit. Tti* 

i ’aposrtano* of thie particular ratio lica in the faot that the prognosis, 

expreened as a probability, oan b* aJoro to be a nath*matioal function 

of thie factor.

probability of cure at ajy given tumour Jos* depends on 

the faotor hjr whioh that doss ezoeeds th* U)-50, and is ^Lvaa by th* 

'normal deviate* ( f )  i.i the expression

I) •  (DW5C) *U^ (3# 23)

D v N  'I>' is the tuaour doee and 'O ' the standard uncertainty faotor 

as defined previously* Tfcking the skin toleranoe limit (TD-jti,, "*s th* 

permissible dose, it follows that the tuaour dose oannot exoeed 

B - (XP }0)/B

Where 'H* is the heterogeneity factor. From theee two equation*

B.uf •  (JP-50) •  £-1 (3* *4)
* VS-W] V?

where U# and 11̂  ax* the uncertainty faotor* for Hkin are! tuaour 

renponaee reopecti vwly. It aay b* aasuaed that TJ, •  Uj, whioh is 

anproxlnatsly true in most in*tano*s, und t li«  oppression (J , 24 J then 

simplified to road

© .

jf- - X  , j( w )
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Sinoe the aiviaor in equatijn (5, 25) ia constant for a^r g i f *  

tumour speoiee, & l i a  directly proportional to log ( & A 0 *  

then possible to calculate • and determine the aa»ociated probabilitcr

level* -!• probability of cure, corresponding to any giv»n value of 

X  , can U  obtained from statistical tables of tha nonaal deviate 

or from the area of the noraal curve. It will be nted that <f ■ 0 

corresionue to a cure rate of 5<*l 5 "  1 to 84* and <f- 2 to 97.7*.

In this way a definite pro«poaia, as f«r ae the prlmai* growth ie 

concerned, can be assigned to any epidermoid cancer to known sire 

treated, over a given number of days, to the U n it , of tissue tolerenoe.

ff.Rl̂ llA.TTOl OF Ttt>j TATI3TIC-VL FgfigSS&fc

i .  M .  lo th. I t w l x  r w w * . .  tl. co™»pt of 'progoo.1.'

„  „  « .  lo«l H —  ■»» »• * * "»  .

u  th. of .»  ..tl—  P r*- iU t / -f on.oW U » t -  —  

1th  W  si-o t« .t- »t  T .0 m . It . . .  *> 00W»t.d -  th. probability 

of th. « «  „ « .»  a m  th. pi^baolllty of n.opo.1. .t th.t

* . * .  Sloe both probob 1 lit 1 .. -  .1® • «  ,ht*

ruction with a eeUndefined maxima. In ether 
r'iouid be a monopKtfl 0 function

- _ at *t.ioh the probability rt
word.y th.™ «U« .xl.t .  pMliool.r lo- «  *lob

re r* sal on without noero.i.i 1. ™“~*' 
cure, that ie of tumour retX*ssi

n e . is).

It W il l  bo ah own that thi. optimal doae lie . between the two

. r f i .  -1—  -  —  »  tM1X •W0“ tt‘ ° “  

protfno.1. «  —  -
. tl1-i doea and down to aero again 

z.ro at low doea#i* throut* the optiaa

at groaelv excesai*e <100age.

* 'rom the aigaoid curres in Fig. 17, that 
It ie a p p a r e n t  from tn. ■**

d o *  should incieaee th. probability of cure. 
increasing tha tumour dose ahou

— » the rink of n.crosiu inoreaeee 
. .  . -imiiiir aigmrid ourve, the n  

ilaa following a «.mliar

oonti.ou.ly with increaeing tie-  — • 1 ~  *oontinouely ^  ^  (# ^  ^  folle.

leeet for epidermoid oanoer, have





th. aleaoid ouanre very olowly with th* axoaptfc* of tha extreme upper

whe», ooatomitant with tha increaaing riak of neoroaia, a diatiact 

downward trend appaare. Thia ia, preaunably, * nanifeatatioa of

•aupralathal affaot* (* 158) appaarir* a. tha U-lta of nonnal tiaaua

tolaranoa are axoaadad.

ainoa naoroaia ia, therefore, not merely an u*iaeirable 

com ] lication of owe*osa«.. hut ia alao aaaociatad with a tandanoy 

to reourrano* of tha ir«diatad tumour, tha trua d o « « . * « ^  our"  

for tha probability of looal out. ia a function of tha diffarenaai

( . ^ M U W  « « - ! - .  *>  * 0>— »'  — ■“ * P*>-

' M .  « o  p r o b t t l U t i M  »  . . o c h ~ U o . l l ,  . n d . , . - . . . ,  < »  H 2 C 2 S U  

or probability of our* (3, 26)

(5  •  Pr U  •  .

th. two function, ara co rrtU ^ , tha pro«noai. 
If, on tha othar hand, tha two functio

approaohaa

-06»

(3.27)

^  ^  lM  - 1. 1U.1T •1“«* ,h* *  “ *
Tha latter - « « «  attr ib u tab le  to

due at leaet in  p a rt , to  v a r ia t io n  In  
ourw* i»  d u e ,  at # f f«ot both

•  * r adi at i on  souroa, which would e n a w *  
fluotuat.iona la output o f  the rad

.w  At tha upper «r«a of curability,
-irtn and tuaour eim ultaneoualy .
.k i n  and « o u  ^  d i f f .r w n o *

w it h  which we are c o n c e r n *  ^ r a o  .  ^  ^ . ^ . t i . a t i n g

-  2  • n n . • • -
1, « - U T  —  -

With a  a in g la  maod.*®  who po 

the t h a o r a t io a l  optimum do—

tt. _  i-  -  *“  1" ~ ” “ 1 al-,rt6”,1“

, the prognoeie
previously augge"**0.

f  '  5vf̂  J
-<P

i

(3, *®>
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whar* ^  i V  » ■“* <Tr**p*otiv»ly n v n n n t  th* logarithn*

of th* given dose (D), th* m*dl*n tumour l*thal do** (U>-50)» ^h* 

median nacroti*ing do** (ND-50), and th* standard uncertainty ffcotor 

(D) previously d*acri?ed. It th*n follow* that th* function r*aoh** 

it* aaxlmua whan V  •  2^  , that 1* whan th* given tiacue do**

la tha geometric mean between th* IJ>-50 and th* KD-50.

Wh.ll* th* poaition of th* peak, indicating th* optimal done for 

a **t of treatnent factor*, oar b* determined in ths fore go J ag

manner, tha height of th* poak, rapreaenting th* probability of our* 

at th* optimal do** calculated in thia w^y, la d*v*nd*nt on th* d *«m  

of **paration b*tw«*n th* turoour lethal and tiasu* n*oroti*ing doaa«• 

curve* (Fla* 17)t b*ing th*r*for*, a ftinction of 0 /H. relation­

ship feetween th* prognoei* ( $  ) and th* th*rap*utic ratio (£ ))!■  

illustrated in FI*. 18, $  *ad Q /H  being r**p*otively th* vertical 

and horlsontal axe* of th* ar*a enclo**d by th* two r*l*vant aigKoid 

curvee (heavy linee in Fig. 1?)*

To «n» d m  «lu> of 0  /H t>»r» oorroopondo » doflnlto “ 1“

prognoolo ( |  M ). ®» ** “ * " 4 *  U,1°® “ “ * •

th. probit tZM.foro.tlon, 00 th»t th. progocolo ot .h .00.  of ouro,

giro, tho optlmfl do ..,. .pproprLto to th. olrooMtoncoo, bo

O .  rol.tlonohip of 

U  Fi*. 19. It -11 -  ~>.d th.t .  -.1- of 6 / B - 1.5 oorroopondo

to .  poctiblo ouro rot. of 90̂

Th. o.i.tonro of opoolflo op.lo.1 do-. «irto« 

rot... both l « o r  ood — U *»  a“—  «1Tln«  —  “ * b‘ °”

roponod 1.  oororol oil—  - « • • •  -  *“  * “ r*1 ” U4“ !r

of th* foregoing theory.

tto flrtt iro.tlo.1 .p p U M ti™  of thl. oonoopt oppoM i« 

p .p .„  b, Ibd ( •  180) 0 - i *  (* «>  « « .  “  ,1* “  ^
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control of carcinoma of th* cervix# Antedating Sfcrandqviet In thie 

xvgarA, Garcia lntroduoed corrections for both quality and tiae fact ore 

in his comparisons and demonptrated the existenoe of an optiaal dosage 

level for thie tumour* Subsequently, similar aonophaeic response 

curves were obtained bj ’tolon^Cortolow and Du S&ult (* 154) anti by 

Peterson (* 139), in their independent seriee of uterine oanoere.

Vi'aile the exact magnitudes of these optimal dosee in other 

situations have yet to be determined eapirlcally, it ie poeeible by 

statistical analysis of the distribution of radlosenBitirity anong 

normal and imlignant tissues in various individuals, to compute these 

quantities theoretically. 3uch valuse should, pending their experiaertal 

verification* furnish clinical dosage standards giving the beet reeulte 

obtainable with preee;A day techniques.

3»r*k RT OF rx, ,JT/.a _vi

i,v — of the l;w-effrct fr-rnulu la

o f sunn b ' t this  1 .  fount to f i t  °bi..r»*<!
more couple*, function, cu* • ««niplo^l l»o-err*ot

« .« .  U t U .  ’>«“ « .  of •»*» r i . t l M
foimuia * ! » • » •  . *  .  --otIt '.tnlr-ils of tu»our
Intensity ut>on dos"*e, n **#irio*l -ammeter*
•ioeage data, «aTe ?* hrt«a obtained fron published d*ita.
vlrtuHlly identical with etojj o b t jia g  rro.^ ^  r -trl#t

The ^nalysi* intro^uo* * i tne statistic al prc*no3ls (prob*t \lity 
biometrical concert, ?n? h “ to a funotion of thie ratlc. 
of uncomplicated cure) i» ■*>** to a run



-af-

5 u i m  m .  cmia»M.APiA?iai 308M8.

a p a a i  <* m  a » >

Tt» theoretical and «tati*tloal irir.oipl.* of radiation 

tiara;;• davalopad in th. pr»o#*«dirw: Motions ahoiild p«rait am to 

ooaput* pxvoioely tha op.iaal akin and tn*e»ur doaaa a»p«oprl*to to

•  ffivan clinioal problaa. In no«t situation* th*xw oan bo o«il» on* 

optimal do** -iYiivr tho naxiwuw probability of unooaplioatad oura, 

that la th* hi,;h**t chano. of euaour r»t?*aaeJon cowpatibla with a 

miniaal iak of rworosia.

In W«j* 20 ara ahown a aariaa of prognor u ourwaa darivad i'. 

tha Baa* aannor a* that of I&fl. 18, for *il£.i-&old oaro*r tr*atad uai*r 

a vari.wt;r of ooadi,ion*• with f laid* of 2, 5, 10, and 2 oc. diaawt.ri 

0T>r«*71 tiaa* of 1 <takvf 1 **«k (5 da/*) and 1 *omh (26 daya)| and a 

h.taro an jity factor of 1.2 in aaoh oaa*. 3aw**al faet*. i»l;-.*t*blia- 

h*d froa clinioal .xr.ri.no., aa*za* d l M l y  froa thaaa coaputad 

ourvo* and t!«*> wnfira tba *w»ral mlidity of tha foraala*.

f 1th flalda not aor* than 2 ea In diaaa.ar, «*.i*fi-c'.ory 

rat.* axa obtainable with i*n#l* tr*at«*nto, th* optical aaxiaua do** 

bain# 2500 rad with *up*rfici*l therapy. *ith 1 ur&r fi*ld* lon,r*r 

tr.ata.it tiaaa ara daaitabl.* a aaak i* xaq >iiad f^r fi*ld* up to 

5 oa in 4ira .fr , and o ^r  a *onth with 10 0.  fiald*. It 1* «p**tad, 

in fact, ttat th* optiau. owr-all tia. .hould rurj roughly -  tha oub. 

of th* field diaaatar, aquiyalant toara^utio i»tioa obtaining with fiaida 

of 2| oa t**at*d in on* da/. 5 0.  in 1 ***k, aad 8 «  in 1 aontk.

* r  1 aaak th* optiaal doa* w m  to b* 4500 r*d hirfN'olt.fli rant** 

iaya or 7000 red with «adiua, and for 1 aonth about 6500 rad W b- 

voltaga mntgun ragr* «*iaua t i**»  doa*. Una* tha **  laataa < •»  

i*~d on h*taro0*naltgr of H •  1.2, *b*«>lute *ini«* twaur do—  « y  

bo 20?t below th**a ooaputad naxlaa.





oine* all tha foragoln* oalculabfa* Awa raaulta 1« oloaa 

oonforwity with aatabliahad proatlaa, it la pr*ablgr Jwrttflabla ta 

ganaralioa tha aattod ao ta to paralt oaa ‘o oowpata tha optical 

doaa for any- ^iwen cllnioal piwblaw of '-ha aawa typa. Tha piwwtitd 

prooaduxa by whioh thia figura o*ai ba obtalnad ia aa followat 

•

(1 ) o m u « . . . t  of —  or . . .  f U U .  4l»l"r •  * “ f“ w  

a.ptl> do.. 1. .toodort «odloth.lop.utt. p ™ t l » . ~rt»«

th. ,u.-.Ut, footor ll)>. th. f l .U  ( « ,

.loulotto* f " »  th. n t o w t  1^-do-., < »  >»«.» .,»»•»» «Mtor («).

(a) aolootloo of m  oi > jwdootoljr «iit*lo  tl— fl-‘r nr 1 -5 “*

toMrttad, .»hj~t to odji»t-ot. If u »  t » m * o t l . ..tio  1 . ■». 

aaUafactory.

(5) » ! . « » «  of <» — I *  ~ ™ ,l t t o , d—  < •> * »  *  • * • • » « « “ * •  

ta th. loo-offMt foioulo th. « 1 «H I  ^  l —d th. - duo

tmmt i « « a  «—  (U  o). «.io«. « «  „td .»old  >“  '»*-*>*•

11S ,T)*“  , » d  to b ~ t  oonoor ^  M °  "  (d » f  trnm TOhlo I).

<«) i o u o *  u »  rotto m-5Vu.u>-w "  •»  « * » “ * • • '  lh*

»tio ( e  /« ) . if *“ •  ™ti0 1 n ' v°riut

.  - . . « ! «  » *  (fid- >»). - * * * ■ “

la indioatad*

. (!) ahaasuw vhyaioal ftatota if po~ibla for *raatar 

taManaltfi

(u )  —  * * »  of

grlda or alavaa,

(Ul) Pr o l « ^ l « o  of .h. o ~ « ll  >1- *  .  .« * •» » — * <*•*—

__, ____, XD-SO and H.UV50, wHch
(5) Ta*a tha wow trio naa» batw t aw-:*'

U .  _________ __ for th. a s t a a  «*—  *—  *to

»art> lo  —  h.too.o WJ-5VH —  U>-5° «*—  « *  ”p,1“ *  <*1'“  * *  

tha Mlnirwiw t»o-ir onw.
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It la to d m  extent within the poeer of the rediorherapiet 

preaerlblng tmetneat for e tflwn tuaour to very the tierepeutle 

ratio within oertain limits by ee lectin# the inde endent variatee 

under tala oontrol. ilnoe there le no evldeuoe of argr 1 quality 

different lei1 ae between txavnsra end noreel tien.ee, the ret lo oennot 

be effected by verier ioe of quality or 9H  alone* (k» the ather hand, 

tlee and aiee feet ore oan have a differential eotion, and the therepeutlo 

jetlo nay be varied widely by selecting valuee for theee two varletee.

Tha ttexepeutle ratio and hanoe the jjro*jnoeie depende oritleelly

<m the ** the intrin*AU redioaeneltivity of •  t«our ie

lndevewlent of the fleld-eise, wnile the ikln toleranee variea, ae hae 

been ehowe, inversely ae the oube-root of the field dieaeter, then the 

therapeutic ratio <eurt elio vary according tc tha aaaas fmetion. 3 »

o)«ice of fleld-elee le, of oouree, llalte* by the ai.» of the tu-our 

tr, be treated (exoapt in th* ot»ee af ((Tide with their ei-eeial advantage 

and liait at lore), me U  certain aituetione thia ohoiee uay be vital.

A good exempli* ie the cowon aituetion with an early ita^ II o«eer

of * ¥  < &  / "  •  1.4) * *  ( r /B  * l#l* 20>*optlnue of

noreal .kin (a - 0.55), the t h e W t l e  mtio Increeee. by »  . 

than T lu*W  - that ia the of *h* tl'

noreal akin

(ooapared with a ci^e-rool
faction for the fleld-eiae fturtor).
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In other word* it would raqiira cn 8-fold inoraae* in th* ti** to 

raise tt« rntio by in order to aomp*n*at* for th* two-fold 

InorwuMi in fi*ld««iM with *jomb>1* daacribed above. B*tr*»*ly lonff 

protraction may th*r*fbr* b* indlo*t*d Witt- certain 1 arg* or 

recalcitrant twonrc. In praotio*, it ie only with ♦peraamnt* 

inplant* or n»i*rat*ly l3n*r-livad ieotopee that protraction i* euffi- 

ciently prolonged to give a significantly i*, rwvwd cur* rat* attributabl* 

to this ftotor alone.

CU.X1CA1 DnSAU:

In th* caae of eq jaaoua oell caroinona ttjat*d radioallyt that 

1* with XYm object of a*M*ring th* hi«ha*t p**iT*ble oux*-r*t*, 

th* arittaaatieal procdw* de.cribed in the fowling eectlon can b* 

facilitated by u*ing the 5 n©BO«ra»a to b« described below.

The fir*t dia.raa ( » * .  21) i* d*.ign*d for uee with conventional 

200 kV r>nt«s*n ny* d*liw*r*d in *qual daily fraction*. I>h* Ti- ««* 

Piald-ei** .calc* *rw siapl* lo^xlthoie MftlM -^nltud* and

oan b* tak*n aa th* *t*«U>4 <ycl*. It i* * • »  *>

f  factor* *aeh rai**d to a *ecifi*d poe*r by piling in fr - d i.f  

-nl*. at particular di**anca rro. ea«* of th* «*f*x*«- *o*l*u

,o , < - •  « » - - • »  " *  «» “  *’ “ 1 ■

. . . .  0.53. = *  “  **“ ”  lh* "  ,ton4“ 4

*  x 1/0.55 •  1.5. ~  < »  —  ” *  *“  ^

,  « « h  . - ) «  ( * -  «  V ,  ' »  —  * *

fu«>ur Do— »o»l* 1* •«■»«*• <Br * f *• * "* ’ "ln°* *  °  W

„ . , U .  th. it- — *» " * 7

.ton  • * .  —  “ rt“ *

M .  ~ u  >. • > « » <  W  * «—  " ~ ‘ “ a  ° f 0‘ “ '
. oicn * (th* IX>-96 for *qu*iaou* cana*» 

thU i .  4.51 —  !>• "U i n  u  «  « *  ’  “ “

, ) if t v  — ■* “  * ° ’
Kiven t) •  *•?/• M  . ___ _ .

„ u .  -  -  »  -  —  -  -  “ U ~ "  *

«  «—  -  -  — *» -  ‘ ,
and tha eoal* anlarge-
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In other word a it would req.ire an 8-fold increase in the tiaa to 

n i H  t'e ratio by 25?G in order to aonpanaata for thi -wo-fold 

increase in fit Id-eiac with exrmple described above. Extreraely lonff 

protraction ®ny therefore b« Indicated witt certain lar«e or 

reoalcUrant tuaour*. In prac* ioe, It is only with ♦pwrwanwnt' 

iaplonta or moderately lon^-livad iaotopea '»at protract ion la «iffi- 

alertly prolon*?ed to tfive a »ignifi>r*ntly ia» rtnrad cure rata attributable 

to thia ffeotor alow.
a

£ UKICAL :)0<U3B r 'W'iUJK,

In tl» caae of equaaoua oall aarainooa treated radioally, that 

la with tha object of achieving tha hiffheet oractloabla oure-rete, 

tha arltbMtiaal prooedure daaoribad in tha foiê 'oinir a*o* ion tn je 

facilitated by uaing tha 3 nooonnaw to be described balow.

Tha fir at dia*ran (li«. 21) ia deei*ned for ue* with conventional

200 kV ront^an >v> delivsred in squal Aai>jr factions. rha tlas and

Rield-eiae aoalaa ara aia*le lotfirUhalo awlaa equal in aarfnltud. and

can be taken a* tha standard qycle. It ia tta» possible to «ltiply

rto orw each raieed to a ^eoiflad power by plaain« inter-adiete

sou lea at particular dietanoas froa ot th*  so# "oul” *

* lo « . . .  « * — •  ^  •*- * ■1"“  

.  •  < .  0.51. a . «o^. t e w  *h“  u'* ■w "UBl b» 4 '***'* °f

i  .  1/0,55 - 1.5. -  »- **» llm

1 iV  with 1 a.) •*  t'H» (thM 1» VlJ f *  >•>•>»«> . * •

T ,~ w  M  —  f  —  0 »

m iu  th. .1- — I* . *  *»•“  *“ ir ‘  

i l . M .  U,' " dU-  ■» “ rt" “  *rr” - 

a u . ~*i* »■ «■ »« •*  >» •  *“ * "  " 1“ 1 “  *“  ~ lpr°“ '  ° f 'J' a '

, ta.  1. 4.51 -  « .  orU U  t. «  *700 ,  (th. B>-» ftr • * —  — «  

t) - 1 .5). » »  «  *“  ■~U  “  *  ft" “ ~  * '  ***

- r -~- m ilo  h M  to In d ic t . U- f t l-  •»  * •

. „ . lrT-  -  do - . <« «” ~ ,nr -  f ‘W r ** *“ *

lupo .itl.r  -  *  .- » » * «  ^  •  $ 1  - « •  —  • * 1 W *

f.iotor M  i J J .  .  1.5 ttaM tl»t of W  t .l « — .  — 1*. 

z
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ard «t th* atvm tina to* y/x •  $ tliua that of th* tunoui do** ?oala.

Th*M oonditlona are aatisflad if y •  ^  x, th* lragth of th* cjol* i»

2.25 tio< * th* at a&dasd, aid it* origin is plaoad at th* point wta** 

all lina* Join' th<» eama figuraa in tha tao Ar su p eoalae oonrarga.

A single lin* pMsin^r through the dia^raa »?ivaa ralatad Yalua* 

m  all tlia 8aal«* aiaultanaoualy. Thu* if a rul* i* **t on th* fi*—i- 

■iae aiitabla or a giwan leaion, and on th* h*t*ro anaity factor 

appropriata to th* oonditioa* of treatment, it will i -taxaaat th* ia* 

aoal* at a point indicating th* ao*t soitebl# ovax-all tine, a»i th* t »  

doa* aoalaa at point* indicating tha akin tolaranee and tuaour l*thal 

doaa* for tha ed ition . mad. If all fiwe aaoia* *a,.not be interaaeta*. 

«* happana with large flelda or abort treatment tiwea, th* pwpoaed 

t xw at man i ia un e»ii l abl« for 'i* in ijia^i0®*

lha aaoond n o a o ^  (Fig. 22) i* d»si,3» d  for oorrtirmoua 

l..*dUtloo .1th hud ( >) ’  I-00) •“*  “  *~ W  * “ ** *ltt

.udlu. - * l * l » t .  «  • “ * 1 •'"'»♦ • #i

hUf-li~ . l-« .  ow* « . « ™ x . « » *  ~  • ^ n «“ t " 4u0,1<“

i» -.our. during th. « . ■ »  ■>«“*

„ n .r  n.di.ti™ . Or-H. 1-13’ ) *  ~r— ti<» f t  a *  1 « »

b. m u l»4 . * « •  • » * »  •  •««>» — —  *“  “ *—  *i" *  *“

, »  n k W  a .  — o p « - w -

— . . .  O . V . M  for op .i«i <!»-• a a e a t  " * r ***

« * ! « .  « d  1. tt- 0«* .«1»1 . . » »  « «  '*« •»»■  ‘“ - r *  ~ ” “  

d o « .  U W . . .  W  W  ~ U -  «  “  “ «*-“ » *-

oonwovondtng .« > -  •"> — • * “ *  < "'•”* °*  t“  

fMtor, >111 r.ll .ithi. pr*otic*61o

O .U ,  „o .« r ~  <«*• « )  «  «- »- *> • *•

Inplant. of - i — *-  «*—  «-

4 4 t . mtlon rata ol tha laotopa ohoaan. Th* taohnioal fnatow 
by t*» diaiut* ration r«n.w

. . .  . nlo.  ^  tha thaoxwtloal toaai* for tha doaa.^ data 
\mdarlylng thia diolea,

usad in cone
■ruo'liw <M. dUW »« * •  >«"" dooorlbod (* « > •

i
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