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QZNERAL SUMMARY

The physierl mechunisms underlying the absorption of
iaz.a3ing r-dlation in tissues are reviewss. In partioulsr, the
pritgiples of rediacion dosimetry, insof«r se they affect resotioms
jn the “lssues »nd tumours of the various subjeots studied, wre
cw. 1o e in detall, The nature of radiation resctions im mmn
3¢ w9l from the fuantitetive sspect, »nd the desage data for
spevi ‘ie end-results in & variety of tis ues -ad tumours is
tebulated, Vissue tolerances snd tumour lethsl doses sre defined
in terms of Zedicn frective doses »nd the assoointed Soefficients
of yaristion, 8ix techalcal varisdles (quality, time, volume,
radiosensitivity, rodovary, smd 1iffusion eonstants) are showa
%0 influence the resction, and an 'iso-affeet’ formula incorporating
these factors is proosed. this Faasction hue She c.-ml form
p « BIL"Y,, , whare D' 1s tho phy loal dose in rads, 'K the
standerd rediosénsltivity factors 'T* the ove all time n days,

'L' the ricld-dimetap ln deciteters, 'a' aad ‘9" the . covery
end diffusion exponents respectively, ntJ —)) th+ relative dio’ogioal
afficiency for the partiocular quality of .*adi:dlon weod.

The ouslity faotor, »s essessed by thr helC-valy layer,
kilovolt.ge, sverage wavelength, or rite of linear wnergy trunsfer
(LE?) 1s considered in relstionm to the relative blological
sificiwop (RBE) for snimal snd humsn tissues of varicus types of
redintion. By simple grephiocal intermlation, the RBE-1ractors
required for imcorporation iato the iso=erreot formy 3 are derived,
l‘ld shown to be wvslid at leasc im the FuRge of olinionl interest.
Taking 1’. 1,00 for radium '/;?«y- and megavoltage radistions, its
value is shown *to bde 1.403 (. ,02b) £ r orthovoltage roatgen rays,
and aprronches a factor of 3 in the superficial therapy renge.

fhe influence of the sima Cuotor wpon the median
effective doses ia oonsidered. Publishs” data on She effeets of

varistion in dose-rote, {nter-uptiou of ex vsure, WanLGP of
fraotionetion, and over=--1l time re zaalycet and sultadle
perameters for various tis-ues ~nd tumours wre derived, the
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resovery funoctions of skin and epidermoid cancwr being n = 0,33
and 0.22 respectively. The critical time intervnl appropriate to
a oontinually decaying isotope source is showm to be around 2,75
times the corresponding half-life. The effect of varying the size
and shape of the irradisted volume upon the intensity of the
reaction is snalysed, and apmropriste parameters for a veriety of
anatomical :nd geometrical configuratioms sre estimated. The faotor
'q' is 0.33 for skin vnd probably zero for tumours. This datum

completes the information required to formmulate a composite iso-effedth

funotion, incorporsting all relevant tissue amd tumour variates and

parameters simultaneously.

The validity of the iso-effect formuls is reconsidered
as a physical or mathenastical model system, an! it 1s shown that
the hypothesis of a single exponentially decsying Substance' is
untenasble. A heterogeneous mixture of such substonces ocould give a
satisfactory, thoush much more complex, function, but this is found
to fit observed deta little Detter than the simple empirienl 1ao-
effect formule given. A lLeadt-squares rogression of skin reactions
upon dosage, and a probit enalysis of tumour Jdosage data derived
from 310 patients (150 skim reaotioms, 100 cnmes of epidermoid
cancer, ond 60 mimrary oarcimomes) treated in the Mospitr., gave
estimates for the empirical perameters virtually ideaticel with

onralytis

of ol
those obtained from publi led data.

fhe snalysis inticoduces the therepeutlc ratioc as a striet
biometricsl concept associated with any given combination of technicd

factors, snd the gtutistical prognosis (Probability of unconplicated

oure) is showa to be a Mofion of this rati>. Using the mathematical

model, one could eompate the gptimal dose, the ef fect of time and srea
factors vpon the prognosis, the comparative value of precaloulated and

individuslised dosage schemes, and also devise olinical dosage nomo-

grams whereby optimal treatment faotors may be applied directly ia
prastical rediotherapy. Is is coneluded thnt statistieal amalysis

of

esough relevant elimleal data would permit the develomant of optimal

iosage sohemes for most human tunours, with » esorreaponding

improvement in canoer cure rates.
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GENERAL SUMMARY

The physio~i mechonisms underlying the absorption of
fonizing r-distion in tissues are reviewed, In particulsr, the
principles of r«distion dosimetry, insof:r ss they affeect resctioms
in the tissues »nd tumours of the virious subjects studied, sre
considered in detail. The nature of radiation reastiocns im mmm
is studied from the uentitetive sspeet, ~nd the dosage data for
specific end-results in 2 variety of tis ues -nd tumours is
tebulated. Tissue tolerances snd tusonr lethel doses sre defined
in terms of medism effective Goses ~nd the nssociated ooufficients
of varistion, 8ix technical varisbles (quality, tims, volume,
rea-dosensitivity, recovery, and diffusion sonstents) are showw
%0 influence the reactiom, and an 'iso-effect’ foramla incoyx porsting
these fuctors is proposed. This fumction hus the gemersl form
D e B2.L"Y., , whare 'D' 1s the physicsl dose in reds, 'X° the
standard ndxo-‘Znuuvtw faotory 'T' the over-all time in days,

‘L' the fleld-di-messp in decl.eters, 'n' =nd 'q' the recovery
and diffusion exponents I espectively, and ')') the relative biologiocal
efficiency for the particular quality of radistion used.

The ouslity frotor, =3 assessed by the half-value layer,
kilovoltage, sverage wavelemgth, or rote of linear n;lv transfer
(LE?) 1s oconsidered in roiation to the rel tive dlologieal
afficiency (KBE) for snim:1l ond humin tissues of varlous types of
rediation. by zimple gropiical interdelation, the PBE-factors
required for imcorporation imto the {so-e rect formula are derived,
«8d shown to be velid at least im the FaRge of olinlonl interest.
Taking 1’. 1,00 for rndlum ";r y& and negavoltage radiistions, Its
value is showa to be 1.407 {. .024) for orthovoliage roatgen rays,
and spproaches a factor of 3 in the superficlsl therapy renge.

fhe iunfluence of the Sime fuctor wpon the medinn
effective doses is oonsidered. Published data on the effoots of

varistion in dose=rnte, i{nterruption of exposure, mernner of
fraotionation, and over--1l time «re snalysed and suit~dle
persmeters for verious tis-ues ~nd tumours are derived, the
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recovery functions of skin and epidermoid cancer being n = 0.35
and 0.22 respeotively. The critical time interval appropriate to
& continuelly decaying isotope soures is showm to be around 2,75
times the corresponding half-life. The effect of varying the size
and shape of the irradiated volume upon the intensity of the
reaction is snalysed, and apmropriste Parsmeters for a variety of
snaotomical snd geometrical configurations sre estimated., The factor
'qQ’ 18 0.33 for skim and probably zero for tumours. This dstum
completes the info.mation required to fomulate a composite 1so-effecti
funotion, incorporating all relevamt tissue and tumour variates amd
parameters simultanecusly.

The validity of the iso-effect formuls is reconsidered
as a physical or mathematical model system, an! it is shown the
the hypothesis of a single exponentially decaying “Substanee' is
unteable. A heterogeneous mixture of such substences oould give a
satisfaotory, though much more complex, function, but this is found
$o fi% cbserved deta little better than the simple smpiriecal iso-
effvet formula given. A lead$-squares rogression of skin reactious
upon dosege, and a prodbit anslysis of tumour dosage data derived
from 310 patients (150 skim remotioms, 100 cases of epidermoid
cancer, ond 60 mammary carcimomss) treated in the Mospital, gave
esvimates for tke empirical parameters virtually identicel with
those obtained #rod published date.

The analysir introduces the therspeutic ratio as a striet
blometrical concept associated with any given combinatioa of technied

faoctors, and the gtutistical progmosis (probability of uncomplicated

oure) is shown to be a functiom orf ihis ratio. Using the mathematical

model, one could eompute the goptimal dose, the effect of time and area
faotors upon the prognosis, the comparative value of precaloulated and
individuslised dosage Schemey, and also devise clinical dusage momo-

grams wheredy ~ptimal treatment faotors may be applied direotly ia
prastical radiotherapy. ¢ is econeluded thnt atetistical amalysis of
enough relevant olimical deta would permit the develommen$ of opiimal
dosage sohmes for most humam tumwours, with a eorresponding

improvemsat in cancer oure rates.
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