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Th . physio>1 a »e h n iiR «  underlying the abaorotlon of 

la s t in g  r diutiom in tin moo ara rewlwra*!, in particular, the 

prii.iiplee of r dia .ion do* 1 ■•try, insofar they affoot r .«otlon . 

Sn *toe M  i u w  *nd tumour* of the Wiriou* subject* studied, -.r*

, v in Mi In i«till * Th* nature of mdlntlon renotion* In ■' *

-,ur' ■»} fron the *unntlt*tiwe •• 'w o t , nd the dc .'i* . dl»%* for 

•pau* 1« M i V r m l t r  In * w«rl«ty of ti* uoo nd tiwour. i* 

t*bu.L Vlaeu. toloram.a. nnd tumour leth-1 do*** i r .  d*fin*d

in tarn* 01 *jd,<m %tfectlwe do*.* nJ th* naaoclated yefflclnntfci 

pf T^ri»t.*on. *An technical w<irlnbla. (quality, tin*, wnlvm., 

r.dlo .«r>»ltWlty, r-jjorurr. «nd llffuaion .onst^nt.) nr. shown 

to Influence th* r u c t io n , nnd «n 'i*o-*ff*ct* f o i u l *  tncoroomtla* 

th e* . f so tors 1* prOfrO**d. this rmaot:<>a h * fthe general form 

u - B .f * .L ’ V v, , wh«ra *o* ia th phy to l *>a* in r-da, •« •  th* 

•tand*rd r*dios.^n «itlwlty fnetor* ’ T* the * u  ti**5 «» dnya,

*L# the jfield-di tm*ba» la ds*i'i*'t«,a, *a' th* u oowary 

*nd diffusion cmpon*-*'. raap*oti**ly, «  J Jj tfe ralntlT* bloogi«*l 

sfriclamoy for th* paitioular quality of .’*dl> Hoa ua<*<f.

Tb* .mnllty f iQtQt* »a a .« . .* a «  by thr. h*K«t»l<i layor, 

MIIotoIt-'g*, *w erM * wer.l- .ath, or r t .  of llao*r energy tr«n*far 

(U S )  ia  ooanidarod in ralitioa to the j^Llil5l- M 2l2£l22l 

tffloV^om (*»•>  for anim.l »nd hum n tle*u*. of w rloan  typa. of 

radiatl<->n. by i la p U  gr-phlcel ln t«r»l«t io a . th* ABB-vnctora 

raquirod for Incorporation Into the i*o- .fi«it  fo n *  a nr . 4*riw.d. 

and .bowa to b . w i l d  nt l~ a «  ia th* r.,nga of cllni.nl i a t « .a t .  

Taalnc 7,- 1 .00  for rndlum f-r ys *«d n .g n w o ltg . r u d ^ t io a ., i t . 

r*lu* i .  .hown b .  1.40 1  <- .024) f r orthowoltn*. roatgam ray .,

.  n«  i in th. M p*rfialAl therein rang..
and « f«ator or J >•»

I K .  I n f l o w ,  of * » •  »|H ? ffTttt ■"dl"

. r r . . t i , .  dooM 1 .  * • * * • - *  «*** “  * “  *fr " M  of

T « t .% K »  1 . 4 o .^ r n « ..  lnMr-o»*lo«i . f  ~  « . . .  of 

m o « i o » . « u » ,  « *  C T»-  11 u ™  . . .  » i r -  - «  O . U . M .  

ki-rvm.it or* for T-rloo. t l . uo. .a  W - o l. » .  4 » t T ^ ,  W o
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recovery functions of skin and epidermoid cmoi'r being n ■ 0,33 

and 0 .22  respectively. The oritioal time intervnl appropriate to

•  oontlnually dooming isotope eouree Is show  to be around 2.75 

t iM s  the corresponding half-life. Tha effeet of varying the size

and shape of the Irradiated volume upon the intensity of the 

reaction is snalysod, *md ap’tro pilate parameter. for a variety of 

anatomical > nd geometrioal configurations ar . estimated. The faotor 

*q* Is 0 .33  for skin m d  probably *ero for tumours. This datum 

completes the information required to formulate a ooraoonite lso-effe^t 

function, Incorporating all relevant tissue and tumour varlates and 

parameters simultaneously.

The validity of the iso-erfeot formula Is reconsidered 

a .  s physical or mathematical model systms, an l it la shown that 

the hypothesis of a single exponentially decaying fcubstnn.e' is 

untenable. A heterogeneous mixture of such sufcst^nces oould give a 

satisfactory, though much more complex, function, but this is found 

to fit  obssrved data little  better than the simple emplrionl lao- 

•ffeot formula given, k iertt-muareo regression of skin reactions 

upon dosage, and a probit analysis of tumour dosa.e data derived 

from 310 patients (1^0 skin reaotions, 100 oesso of epidermoid 

o an car, «nd 60 nummary oarcinomns) ti sated in the Mospit'.., gave 

estimates for the •mplrlcel parameters virtually ldantloal with

k Oi'va'-H tJ- i £>f
those obtsinsd -from publi.iied data.

the analysis Introduces the therepeutlc ratio, as a strict

biometrical concept associsted with any given combination of technic*

factors, and tne -t„tl,tlcal prognosll (probability of uncomplicted

cure) Is shewn to be s function of this ratio. Using the mathematical

model, on . could com pate th . c p t W  <BBf. of “ 4

factors upon th . progno.l., the comparative valm. of precalculate* and

Indiv idualist  dosag. sen— . ,  . 1 "  *> .a g . no—

gram* *hersby optimal treatment faotor. may be sppli.4 « i r . .t l f  in

prastlcal radiotherapy. It is eoneludM tnat .t- ll*tl .*l  amalysU *t 

«K»ign r .levant .l ln i .a l  data .ould

ioaage ..h e m ., for mo.t nmman tumour., witfc e .orre.ponding 

Improvement in ®*m..r .u r .  r « t . . .



Th* phynloHi aeah<nlaue underlying the absorption of 

ionizing r dlatlon in tinsuea ara pw ta»ad . In partlaul'vr, tha 

prlnolplaa of radiation doalnetry, ln«of-r »a thajr affaat rotations 

in tha tia ue* end tunouia of the ▼ rlou* subject* studied, ><ra 

aoaaldered in detail. Tha nature of radiation reflation* in m»m 

ia atudiad Tr«e the *u*ntltetive eapeet, <nd the doaige dnta for 

apeoifla end-reauita ia •  variety of tie uee *nd tumour* la 

tabulated, lieisua tolerm oa* nnd tuwo'ir letb«l doeaa ire daflnwd 

in t«<m* of Radian effective doeaa ^nd the aeaoelat«d jgo*ffl.olenjfef 

of T a r^tlo n . ilx  teohnloai v-»rl<«blee (quality, tin*, volu*e, 

re loaannitlTlty, reaoa«ry, end dlfruelon aonet-nte) ire ahows 

to lnfluenoe tne reaction, m d  *n • leo-effeot' fo •**).* incorporating 

theaa faatore ia proposed, fhla function h-.a the gteiaral for*

II m i .T ^ .l fV y , , where * »• ie th* phyHlo«i do*a In rtda, • tha 

atandnrd radiosonUtlvlty featora • T* tha oYer-all tine in deye,

•L* tha flald-dl a l M l  in d e e L .« t «a , *n* *tnd 'q ’ th* r«o >-rery 

und dlffualon anponenta t eapeotlvaly, and ^  the relative bioio*lo*l 

affleianoy for tha particular quality of radiation uaad.

The nuailtv f-otor. »a aaaeaeed by the hair-value layar^ 

kilovolt ge, average wawelangth, or r t* of llnaar energy tranefer 

I U t )  ia oonalderad In rr atlon to the r e ^ t l,bf blologlyj .  

f f l a l « i c »  (KBt) for anl»-1 >nd h « * n  tl.-uaa of various typea of 

radiation, ky «i*pia «r- ^laal Interpolation, the ?»BB-faetora 

required for Incorporation l .to  the lao-e f a t  fonaile era darivad. 

and ahown to be valid at lenat in r-,n*e of elinlanl intareat. 

Yaking * •  1 .00  for r .dlun f-r pa end *a««.volt*ge radiationa, >ta 

value ia akowu to ba 1 .401 <- .024) for orthovoltaga rontge. rajra,

# i <n the auverflei»l t h e w if  range.
and ejTsroaehaa a faator or J **» w *
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recovery function, of akin and epidermoid oaneer being n - O.33 

and 0.22 renpeotively. fhc oritioal tiaa interval appropriate to 

a oontinually decaying iaotopa aouraa la ahomn to ba around 2.75 

time. tha corre.pondlng half-llfa. The, .fr *«t  of varying tha also 

and ahnpa of the irradlat*4 volum* upon tha intensity of tha 

raaotion i .  «nalya*d, and appropriate p<.r«et«ra for a variety of 

anotomioal <md geometrical oonfigurationa ara estimated. Th* faator 

’ q’ ia 0 .33  for akin and probably saro for tw oura . fhia datua 

complete. tha information r*quir*d to fom ulot* a oompo.it* lao-*ff*e* 

function, inoorpoPMtin* all relevant ti.su *  and tumour Tarlataa and 

Par am* tar . almultanaously.

Tha validity of tne iao-eff eot formula ia raoonaidarad 

aa a phyaloal or mathaaatioal nodal .y .taa , an 1 it ia shown tht.» 

tha hypotheeia of a elngla exponentially d*oaylng ^ubat .naa* la 

nntaiable. A hetaroganeoua mixture of auob suh.t>nce. oould give a 

aatlafaotory, though much more complex, function, but thia la found 

to fit  cbaerved data little  batter than tha aimple m pirioal iao- 

affwot formula given. A lentt-aquarea ragraaaion of akin reaotlou. 

upon doaega, and a probit analyaia of tumour doeage data derived 

from 310 patianta (1!>0 akin raaotion., 100 ooaaa of epidemoid 

oa.noar, and 60 mamnary oarolnomna) tranted in the Hospital, gave 

ea.imatea for tie empirlcnl paraaetera Tlrtualiy idantioal with
iky Ĉ s p-f

tboaa obtained -from pubiiahed data.

The unalyair Introduce* the therepeutio ratio aa a atrlot 

biometrical concept aaaooiated with any given oontiaatlon of t*ohnloA 

faotoro, rmd tne jfentlatloal prognosis (probability of unoomplloated 

our a) la ahown to be * funotion of bhia ratio. Uaing the mathematical 

nodal, one oould aompiita the optimal do .a . th* effect of tin* and area 

faotora upon the prognoala, tha oompiraklTa value of preoaloulatad and 

Individuali.ad doaaga aohaaieu, m l  alao davla* olinloal dosage nomo- 

grana whereby optimal trenti»*nt faotora may ba applied dlrastly In 

praotioal radiotherapy. x% lB eonaluded t«*t at*ti»tleal analyaia of 

enough relevant al in leal data would permit tha development of optimal 

doaaga aahmaea for moat hwman tumoura, witk a eorreapondlng 

improvement in enneer aura ratee.
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