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Ionising radiation has developed inte what is probably today the
adn weapon {u the fight aminst canser, In spite of all other de-
velopments in oancer research and clinieal ssnagement, radiation
remaine the only means by which malignant tumours in man can be made
to regress fairly regularly with restitution of more or less normal
styuctwres The common link between the biolcsieal wecimnisme
underlying raaiation and cancer is sugmewted by the unique role played
by the nusleic neide in both situstionss e ection of radistion ia
altering sucleic seld strvoture, that is ‘he prizayxy "Mutegenie' actiom
has been interpreted as a distortiga in ‘information' content of the
gonetic material and its antigenic products (* 161, 43)s imilerly,
the induction of oancer apparently entails & sometic sutation leading
to & fallure in 'informstion' trunsfer, alteration in antigenie
charsoter, wid honce lose of an essential link in the feedback control
of nell growth (* 31).

. No attempt will be made in this thesis to yeview the complex
and varied seirnce of medical rediation biologye A complete swrvey
of the extensive literatume in this field is already availuble (® 55).
™e purely physical sepects concerning the semermiion and absorpt ion
of lonising redint ions will not be elaborated as they axe adequately
dealt wi‘h in several standard texts, Fadiochemistry, & vast field
of research in itmelf (# 151), has been surveyed in several expositions
(* 14, 55)s “dmilarly, the iaportant o tological effects of redistion

have been fully covered in the classic text on the subject by lea (» 115),

anl the hdstopathologicn! changes desoribed in Zeteoil in other recent
miblications (# 22),
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This thesis ie limited to & systematic and it may be hoped, &
useful, review of all those aspects of radiation dicleyy concerned
with the resctions of humen tissues and tumours to ionizing radiatiom.
The large number of phyeical, chemical and biologicel factors affece
ting their radiosensitivity are asscssed, subjecting the available
data to statistical analyeis as far as is feasible, MNethods are
developed for modifying such ronti.omla;mhtm the appropriste
parameters 2o as to suit the strategy required by each particular
patient in order to eradicate his tumour,

Thve research to be reported im this thesis has evolved through
three phases of develeyment, In the firet the writer reviews all
pertinent quantitative information on the radiosensitivity of humen
tissues available in the radiological literaturey subjeeting published
data to statistical analysis so as to define this parsneter as
rigorously ae possible. The median effustive dosce, and the Soeffi=
gients of varistion, for speecific types of reaction wiler specified
standard oconditiors ¢ treatment sre estissted, ard the limite of
precision are defined.

The second phase of this investigation consiste of en enpirical
mnalysis of the many technical factors affecting the radiosemsitivity,

and introduces some paraueters measuring the nagnitude of these effects,

using biometrical methods developed over the past 10 years both in this

Department and abroed.

The influence of guality (photon enersy), iime (yrotrection and
frectionation) and yoluw (field sise and shape) factors upon the
s parate radioseneitivities of human okin and certain specifizd tumours
is determired, The effect of each of the three variates upon the
intensity of the skin resction is examired independently, by subjecting
published data to the eppropriate statistieal manipulation, and
Sonjointly, by & least-equares re rescion analyeis of the rsaction
in 150 patients treated in the Department. A similar analyeis ie then
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carried out for husen cancer. Tha effect of the varistes on curebility
is estmated through = modified logeprobit asesy on 100 epidermoid and
60 mammary carcinoma casas., Empirical pavameters appropriate to the
variables tested are determined, and a composite 'iso-effect' formula
aprlicable to the complex aituatior is derived.

In the third jart of this work the inter-action between the
mneitivities and toleramces of normal tirsuese and tumours is siludied.
The methods described therein are developed by the writer execlusively
from data derived in the hadiation Therepy Department of the Johannese
burg Hospitale They include several previously published reports,
suitably amonded in the light of more recent findinge, as well as some

-

unpublished newer obeervations,

Applying the iso-effect formula to both skin and tumcur the
sbsrapeutic ratie (retio of tumour le* #" 1o tisoue tolerance doses)
is computed with due regaxrd to the various pesaible combinations of
technical factors, It is shown that the prognosis, in a striet
statistical sense, is a function of this ratio, sand that, in et
cases, a mingle gptimel dose, siving the sreatest theoretical
probadility of uncomplicated cure, can be computed from these figures.
Soce prectical ‘optimal dosage' nomograme are derived, and it le
sonc]l ded thet the method could be developed 2o as 'o de" se indivie

duali_ ed and wellebalunced preseriptions for olinical cancer thersj;.

Tre logical structure of this analysis precludes the fermat and
presentation commonly followed in an scademic dissertation., There
will be no attempt at a formal subdivision of this work into the
comventional seperste headings, Instoed it will follow the nat he.
satical sequencs imposed by the nature of the argument,. In so doing,
umh-rm:nuo-rywmldlmmuh-hlpum
specific experimental and clinicel measurvments, often combining date

compile’ from the litersture wi'h tin writer's own experimental matevial,

T

T



3
M, e

In most instances im- waa the only possible way to obtain sufficiently

welledetemined estimates of tYe particular pareseters riquired in oxer

to take the next step in the calculation.

S TION
Ionizing radiation consists of twe sain groups of physical

entitieseelectromagnetic quanta or irotons, end energetic perticles
)r corpuscular rediationse All biological affects of radiation ars
necessarily preceded by physical processes taking place in the abse “bing
sedium by which snergy ie transferred from the beam of radiation teo the
molecules of that medium. ‘adiation transeitted through the sediwm,
or scattered outside the irradiated ob jeot, mdno;o no biological or

cheniocal effects and is therefore of no consequence in radiation
bioloaye

The gorpuscular radistions imelude the findaseital rerticles
of matter as we'l a9 ionebecms formed by accelersiing the poritively

oharged nuolei of ctoms stuipped of “he ortiisi electrons. Oof the
fusicmontal nartiolea, Lhe neutrize, though & ubiquitous byw-product

of alsost ali sucl:ar yeve* me, has such & masll Lrobabilit of
capture in any cbsorsing mediuwe t... 1% pwoliera  frivslyy uo foule
sation and is, therefore, of no account from the milobielogloal visee
point, |Mesons and lyperons, being wiarse and transient entities
secondary to the absorption of 'coemiu ™« v apd cdmdlar high=ennrgy
particles, contribute relatively little energy %o . he sbosorbing medium,
and mo are at presemt of little praetiesl importance. T™he mle of
ovanic radiation, to be anticipated in the e.ira=terrestrial ervironment,
1s likely to be of considerable radiobiological importance, but ie
beyond the scope of this thesis, On the other hand, the glectrons
(negative and positive), the nuoleoms (both pretons and moutrons),

and ihe rather more heavily charwed positive ions, are all powerful
fonizing agerts of considerable practieal importance in biulogy and
mdicine o
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The glectromagnetic gpectrum consists ¢ = wide range of more-
or-lans erergetic photons, uraracterived by & perdodic wavelike field

propagated in vacuo at a constant welse. iy (o) of 3 x low om/009,

They carry no electiric charge, and have t»* mass apart from the
relativistically associated energyesnss equivilenco. The frequency (s
and wave=length () of & photon s furetions of ' 'ergy (&), rheuece

2 ehy=he/) y "™h' being Planck's constart,

LAERGY_AND DOSIMETHY.
It is convenient in desoribing those rediations . Loty v
an emergy unit emaller than the ery and more direotly %atvoiiz.oi e'tn

easily measura®le faotors such s the gerematire wltams The Lwll

. unit, the electronevolt (eV), is defined ae the quartity of snedgy

soquired by an electron, or any particle ceryying & unit electroniec
charis, scoelereied throush a potential difference of one volt,

12
It 48 numerically equal to 1.6 x 10 ergs.

1t akwld be noted that onlv those radiations ocarrying quantum
enercies in excess of that required to break chemicel bonds in orgunie
wlocules, that is, the omer of 2 to 3 oV, oa: heve any aimificant
biclogioani aotion, (Ynoe 33 eV are required for aciual ionisation
('IO).‘;'S. only that portion of the electromagnetic spectrum rengng
from the ultrw-violet bands and shorter wave-lengths that can rightly
be claserified ms ‘ionining radiat ionk'.

e ohemical and biological effects <f rediation are quantita-
tively related to the amount of enercy sbeorbed in the irradisted
sodius (# 94}, The unit of absorbed dose of ionizing redjation, the
Jrad!, i deficed in terms of the quantity of energy absorbed per unit
nass of material, and is equal to 100 exg/ges In prectics, this
quantity can seldom be memeured directly, and the abaorbed dose hae to
be caloulated from snother, more readily measured, paraseter, naune ly
the amount of ionisation producel by the rmdiation in air at the

s et
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point of interest, FPractical mdiation dosimetry io based upon the
quantity of emergy sbsorbed in the ionisation process, For this
purpose, the ‘rontgen' or 'reunit' has been defined in tersms of the
quantity of rediation such timt the associated corpussulay emission
in 1 cm J of air at normal tempersture and m'm_wdu‘u ions
carrying & total of 1 electrostatic unit of charge (see liet of
definitions) (* 94).

Tus while the rontgea is appropiiate for measurement .of
fonising vrdiation dosage in eir, the rad is the unit applicable to
rediation obsurbod in donser media, such as tlseue, or solutiona of
rediochemical interest, Vith particulate rediations and photons of
very high energy, meesurement of the rontigen cannot te realised in
praction, but the red remaine a practicable and accuraie neasure of
absorbed dose under all conditiona,

The energy used in yrodueing 1 iomejeir in air (V) averagee

1 ergs (% 2¢)s Given thai the electronie

charge (e), that is the charge on one ion, is 4.18 x 10 26 BeBaliey

32,5 eV or 5.2 x 10 ~

the energy absorbed in one grem of air per rontgen cen be calculated,
and is shown to be Eau - «o\';i-,—;jv ” & wd/jﬁ.r.

In air, this Mgwe is constant, and pructically independent of the

., quality of the radietion. In water, and for practical purposes also
in tissue, © ® 84 ergs/gn.r for lowevoltage radis’ lv., and renges
with inoressing energy, up to 93 erpa/gu.r. for hard gamme rays.
Sinee the rad is always equal to 100 exgs/gm, it 1s & slightly larger
unit than the rontgen, but the rutio of reds per rontgen in\ rer oy

soft tissue runges from 0,90 to 0,97 with inoreasingly hamd rediations.

In moet rediobiolegical experimental arrangements, as in
clinieal radiotherapy, the incident beam will be calibrated in ‘r/min'
in air for & riven set of technmical factorn, The corresponding dose~
vate in ‘red/min' at the surfuce of thne tissus or equivalent material,
and at various depths below that surface, is then obtained from standard
"backescat ter! end ‘deyth dose’ tebles (* 91).
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BUANSLTION EFFICTS

In computing absorbed doss from a beam of known inteneity in
air, it is often necessary to make some allowance for trensition effects
as the beam passes from one medium to amother of differing density or
atomic number, At ths interface between aiy and tissve at the entrance
porial of & rontgen beam, or btetween implunted radionctive souross and
the ad jacent tisswe, the absorved dose is not proportional to the photom
flux, since the prodominantly forward soa'ter of the secondary electrons P
results in a rising gradient of ioni=ation for some short distunce
beyond the interface. This distance, oefore full electronie equilibriua
ic man-iu. ranges from a fraction of & millimeter with soft radia-
tions to several centimeters with very high emergy rudiat lonse There
is also a falling gradient at the exit portal where the bean ree-enters

the air phase, due to loss of the backescatter component.

In materials containing elements with atomic numbers substantislly
higher thon that of water or soft tiswue, the retio of rwis/routcen will
be considerebly greater than the value of 0,90 obiuining in tissue

oquivalent abJorbers. The photoelectric absorption coefficient depends
on the quality (wave-length )\ ) of the rudistion s well as tne atomie
nusber (%) of the absorbing medium, and is generally proportional to the I
m-l‘ 7\’. Thus a very marked increase in the photoelectron |
intensity will eppear in the vicinity of heavier elementes irradiated
with sufficiertly 'soft' radistion, W¥hen mammalian bone, for exsaple
is exposed to rortgen rediation of comventional clinical quality

(200 kv), the tissus in ite imediate vicinity absorbe about 2 rade per
nosinal rontgen delivered, and this factor cun become as large as 5
rads per rontgen &t low kilovoltages (* 16f). Oimilerly, dosimetrie '
erroxs ranging between 4% (AVL 3 mm Cu) end 68% (7VL % mm A1), have

been reported in the case of tissue-cultur's irradisted on glase (* 129).

All the foresping physical processes 'ave to be taken into
sccount before any radiobiological experimsut or radiotherepeviic result
oan be anslywed with any degree of precision, In this regard it whould,

M* G 5 ekt St . s SN g




however, be borme in mind that until very »ecently all clinical and
biological desimetvry was expressed in term: of tissue rontgens.

T™are have also been large discrepancies in dosage standarda in
different centress Trrors in estimate of the soecalled international
rortgen have differed by as much as 15, and the factor relating rads
to "rontens' appearcod more in the nature of an '‘exchange mmte' than a
consistent physical datum (* 57)s Since this 'rate’ ranged from 0,9
to 1,0 reds/rontgen at conventional qualities, wme of the data used
1in thie survey, (partioulsrly in the case of Tubles 1TI, IV, and Y),
while not strictly convertable into radas, way equally well be considered
'rade' (takirg the upper limit of the runge) ss 'rontgens' (which would

assume its lower limit),

In the ocase of meecsurements made in thias oap.it-ut. careful
comparisons of our substandard docometers with those of tne Natlional
Fhysionl laborstories at /retoria and in the United Cirgdoa, as well
a8 with chambers recently calibrated Ly the National Dureau of Jtandards
in the United States, over the past 10 years, have shown the Johannssburg
‘old rontgen', upon which Wbles VII, VIIY ard IX are based, to be &
‘strong' one, and numerieally equivalent, at least in the conventional
quality mnge, to almost exactly 1,00 rade, This propitious ciroum-
stance permits us to interpret readings in theee tables ia terme of

reds without significant loss of accuraoy.

All quantitative data in the following chapteiw are presented on
the assumption that the necessary elementary physical precautions and
oorrectione have been ap;lied, and unless otherwise stated, all doses
are given in temms of true absorbed dosage at the point of interest,

expressed in rads.

SDMUARY OF CHAPTER I

The physical mechanisms unde¢rlying the sdbsorption
of lonizing rodiation in tissues aure reviewed, In particular
the prinoiples of radiation dosimetry, imsofar as they affect
rescticnes in the tilssues and tumours of the various subjeots
to be studied, are considered in detail.

|




In many forme of human cancer the application of ionizing

radiations will, under certain eritically controlled conditions to be
described, wesult in complete and permanent regression of the growth i
with vestitution of rormel structure and function in a fair prorortiom %
of cases, Thies pertinent fact is onc of the most important aspects |
of the scierce of radiation biologye It is becoming clear that the b
art of clinical radiation therapy depends to a reat extent upon the |

development of methods to ensure that irrediation will alwaye result

¢
!

in such omeistent and well-defined effects on the tissues. g

In order that a desired effeet should be obtained with

reasonsble certaimni;, & precise measure of the quantity of raliatiom

dolivered to, as well as the rudiosensitivity ot) the tissue concerned, If

are both essential, lodein wethods of redistion dosimetry iave }

furnished adequate means for delivery of precisely determined queatities,

or physical dcees, of lonising redistions. On the other hand,

rediceencitivity is a measure of a biolosieal dosee-response relationehip,

s statistionl oonoept with considersble inherent varisbility. It

oan, other things being equal, be estimated in terms of the phyeical

dose required to produse a standard resstion in all or & specified

wvgoation of individuals tested.

An estimote of radiosensitivity could be one or other of two
sain types, based respuotively on quental and graded resjonses (* 245)e
Suantal methods entail counting the proportion of individuale
undergoing an all-oyenone response at various dorage levels, Commonly

umd exnmplos include the estination f the ‘median lethal doee' for
%+4al body irrediation, the 'threshold erythema dose ' for human akin, }
the ‘median effective dose' for inhibition of tumour growth, and so one
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possibly a response to fluorescent U=V emergy. This is frllowed by
a latent interval of 2«3 weeks during which intrecelluler changes and
abnormal intgycellular exchunges are teking place but without any
macroscorie or visible altexmtion, Next comes the main resction
("Haupterythem') starting with the grythema, characterized by & sharp
reddening of the irradiated areaj then the second degree, or dry
dssquasative reaction with superficial peelinsy and the thind degree,
or moist gxudative reaction, a painful blistering of the treated

skin considered to indicate the ekin tolersnce limit in elinical redio=
therapye larger docos may produce neerosis in which most of the
irradiated tissus dies and im sloughed away leaving & permenently none
healing uloer.

There are assocated changes in the sdrexal structures.
Epilation etarting in the third week may be ;ermanent or hair may
regrow depending on dosage) eetaceous and swest lands may be
deetroyeds pigment may inerease or deorease giving A nottled aprpe.cance,
and vessular wally ave so altered ss to sive the chammcteris:ie
islangiec' ugigs Ia most animals (but not in man) heir pigment is
Mu-'amh.mwmuw. Yany other tissues
will undergo wimiler inflasmstory resections after irradiation.
#adistion gucositis, preumonitis, peghritie and Eyslitis sre comonly
observed complications of irruiiation therapy.

Farticularly sensitive to loecal WLmtu are rapidly
proliferating tissues such as those of the gonads, the bone marrow,
ﬂnm-m, lyaph nodee, thymus and the intestinal sucoste
In these organs there ie & constant tuwrmover of cells, and their
integrity can be maintained only through coatinuous cell division.
Doses of & few huniree red are sufficient to destroy the prolifereting
parenchymel elements, which are them replaced by swviving conmeotive
tiseus cells, leading to & fibrosis of the irradiated organe For




example, permazent destruction of the avary, virtuslly an irradiation
oastration, can be produced with under 100C red and the testis will
atrophy with even smaller dosnge. Aotively secreting orgems, the

)
all secretions will cease after similarly small doses.

salivary glands for example are also radiosencitive in the sense that

Analysis of the human skin exythend reastion has yielded &
large body of useful quantitative data, (ne suitable endepoint
studied, is the thyeshold erytheus doss (THD), defined by Quimby
as that quentity ot rediation giving a faint reddening or yigaentation
of the skin, visible in two to four weeks in 80F of exposed cases (* 127)
While & certain degree of subjectivity enterms int> this type of assess=
w.mmuumxsuummmmnmumm
widely in couplexion and other characteristice. For the purpose of
the statistical snalysis required in this investigmtion, however, &
better end-point would be the medisn effeqiive doge for the first degree
ecythema (ED « 50, 1°R), which will be defined in a later seotion. In
prectics this valus will differ little, if at all, from the TEDe
nder standaxd test oconditions, using say 200 kV rediation delivered at
lMMdﬂMWslo-.u.mummuqm
field, the 1°1, ED = 50 for human skdn is 700 yed, 955 of individuale
rescting betwesa 570 and 860 red (700 & 23%)

Further elinical observatiuns (* 104) istivore that doses of
2, 3, o~ f} timee tide quantity correspond Lo median desquanative,
exudative, and necrotising doses rvspeciively (see table I): The
ccefficlent of veriation lies between 10 and 14% in each insuance,
the distribution being essentielly logenormal and best described en
® logeprobit system (* 44)e The gereyal featureo of these dose=
Tesponse gurves are shown in Fig. le

mmmnormutyumumsmum
in olinieal redistion thereyy is the siin tolerene doeg. This could
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ple, permanent destruction of the ovary, virtually an frradiation
castration, can be produced vith under 1000 rad and the testis will
atrophy with even smaller dosage.s Acotively secreting organs the

salivary glands for exanple are alse radiomensitive in the sense that

)
all secretions wiil cease after similarly small doses.

Analysis of the human skin erythema reaction has yielded a

large body of useful quantitative data, One suitable endepoint
stuied, is the thyeshold erythems doss (TED), dofined by Juimby

a9 that quantity of radiation giving a faint reddening or pigrentaticn
ofthﬂl.vm.hutntofmuohmwofowm(Om).
¥hdle a certuin degzee of subjectivity enters into this type of assess=
m.mmmumumwmmmhumnu

widely in complexion und other characteristice. For the purpose of
the statistiocal analysis required in this investigmtion, however, & 1
better end=point would be the nedian efieetive doge for the first degree
exythoma (ED « 50, 1°E), which will be defined in a later ssetion, In
prestics this valus will differ little, if et all, from the TED,

Under stanlard test conditiors, using say 200 kV redistion delivered at
luta;”.szﬂtchlOu.mumwuqm

f1014, the 1°5, 5D « 50 for human skin is 700 ved, 95 of iniividuale

reacting between 570 and 860 red (700 & 23%) (* 44).

Purther - Andosl observations (# 104) indieste that dosss of
2 3 c» utﬁ-: this quastity oorrespend ‘o madian desquamative,
exulative, and necrotising doses respectively (see table I)e ™o
scefficient of variation lies between 10 and 14% in Jach instance,
the distridution baing essentially logenurmal and best described em
8 logeprobit mystem (* 44)s The gererul featuree of these dose-
Teszonse curves are shown in Fige le

asother parameter of this type which is particulurly importent
1n olinioal redic*ion thevepy is the sicin tolexense does. This could
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be defired rragmatiocally, disyregaxiing individual varistion, as the
quantity . rediation producing & brisk thdrd degree rvesticn vhish
will subsequently heal without further damege, being barely smaller
then that required to induce neerosis. Fowever, no such wniquely
determined quantity oan, in faet, exist, because of differencvs in
individusl sensitivity, In practice, the 'tolerance dose' ean be
defined only in terms of a particular dosage level at which the proe
bability of necrosis is tolerebly small, Although it might seem at
first that the smaller this risk the better, clinical experience shows,
for ressons wiich will be analysed in a later chapter, that 4t is une
desirable to set this limit oo low, and a tolerance dose carrying sn
associated risk of uecrosis of mo more tham 2% is generelly considered
moce;*abls,

™e third quantitative factor of cliniosl importance is, of
coures, the fumour Jethal dose, that is the minimum quantity of
mdiaticn required to effect a cure in all, or in a large preportion,
of tyouted ceoes, This guantity depends on the origin and pathologieal
type of the tumour tyeated, In prestice, however, though husan cancere
vary widely in rediosensitivity, they are genewal’ w»d to fall into
_ons of three muii ostegoriess These inclule th- wgasitive tumours
such as the lymphomate am! embryonic ocancers wi 4 respord to
relatively small dosesy the radiomuistant connective tis ue sarcomiu,
adexcoarcinomas of tle gmnetro-intesvinal treet, melanomas and glios
blastomms in shich the lethal lose is in most cases so large as to
exosed the limits of normal tissue tolaranee) and the important
Astempdiste srowp of tviours having & soderete wensiiivity, but which
umn-nw.:uzmmmumdtmw

It is in this istter group of potentially ewrshle tumours,
marticularly the squamous cell or epidermoid careinoms arising in
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relatively acceseidle sites, that the application of rediobiologieal
principlea oun lead to substantial improvements in clinical surerates,
Their radiosensitivity can be assessed i:. terms of the statistical
sdian lethal doss (ID = 50), that i .he dose which, under specified
conditions will cure 50 of treated cuses, In prastieal therapy
allowanoce will be mede for individual veriaiiom in rediosenvitivity,
and the (D « 50)will be exceeded by & fuotor sufficient to pemmit &
large prportion of jermanent re;xessions. For many techniocal reasons,
which will be analysed subsequently, it is impeosible to achieve & 1004
M.ummmnlu.qumﬂmmsﬁ,ﬂ-ﬂk
eredicate somewhe. over 90K (say LD = 95) of tumoura treated,

It is & fact that the radiosensitivity of a given tissus specics,
and of sll tumours crising from any one tissus, is rvmarksbly constants
T™hat is to say that, while the rediocsensitivity of different tissues
hthwdwmmtmuumwmmmu.
there 1is & relatively small variation in the rediosensitivity of
s.mdler tissues among different individuals of the ecms speciss. A
study of individual varistions of human skin in ite reaction %o
rontgen irmdistion by Heluke (* 85) revesled an ¢ririmely narrow range
of rediosennitivitier, Vhile thk aversge erythema doec in this sesies
-m:,uw;mn-;mwuio_ms—nau-m
422 7, ell subjects s'wel a definite reaetions Rzasination of thil
data shows it %o heve an aimost perfeetly log-normal distribution
s.u.-ac,sos-u.mummmd”.muumw
& coeffistent of mriation of 35/309 or 1Zés  Tod' (* 161) date
mmnutu-mh.wmdwmmw.
vory similar veriability. It can in fact to shown that this coceffi-
Muuummutuum_umu-m

tismues,

Por example, all Wmen breact cancers cluster about &m &VeFR
redionensitivity, or median lethal doss, of about 1270 red (single
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Xeray exposwre) with a coaffisient of variation of only 11% (® 40).

In 95% of patients the minimum lethal dose will lie withim 234

(ivioe tie ecefficient of variation) of Lhe median valwes In human
skin ocancer the median dese 18 much larger, about 2000 rad and the
coefriedent of variation is still only 14% (* 44)s Even in the

Bouse mAmmary tumour, though the median lethal dose is of a very
different o der, in faet 5700 rad, the coeffieient of variatiom is
arovsd 9% o that individusl red: « nsitivities also range between
2208 of the median (* 38) This comsistently wall coefficient of
varistion means that w.ta any tumour, & virtusl certainty of loocal
ouxe, st least in wall over 90% of treated oases, oan be sbiained if wo
ensure that the minimm tumour dose ¢xoseds the median letial dose by
sbout 20 to 30%s The reaotion of host tiseues, that is, skin erythesa
and joleremnce doses, s well as systemic and lethal effectas, will, of

course, alse ovour w.thin a similarly narrow dosage renge.

In any "norual’ distridbution, over 95% of individuals full between
two standaxds deviations of the metn, or, as in tiw present instance,
within twios the coeffisient of variation ayound the mdisn, It them
follows that if tbe usdimn dosee shown ia Table I are multiplied or
divide. hy a feotor of 1.3, one gets the doses cormsponding to & 90w
ad & &% reajonse respectively., Thus, if undey standaxd ocomditicnu,
2000 red 15 & ‘median mecrotising dose’, : am 2000 ¢ 1.3 = 2150 ved 1s
the dose carrying & 2% risk of necrosis, This happens to be about the
sams a8 the ‘median exudative dose' widoh is almost exaely thres times
the B ard would produse s third degree reastion im half, and some
morosis fu just under 26, of all eubjects exyosed, As siowa i &
laty clapter, this level of reastion can, with advantage, be used
48 & prestical estimate of the siim tolerence limite

Vithia narvow limits, the larger the tumour dose, the greater is
the provability of cure, Oimilarly, the larger the dose, the moXe sev.re
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