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offeet »n the biologica) response, JFor this resson, a higheenergy i
KNS standard las been jroposed (* 41)s  Furthemorv, the dossrete 2
4s not aritieal provided intenssly pulsed sources are avoided, It

hus, socoxiingly, been accepted in many centres today (* 23) that the

bert standard of cuparison is afforded by the | ereys from redium,

or similarly energetic ph_tone emitted continuously with an

fovmdensity of 10 hq/u (127 « 0,3 DV//«).

Yhichever standard ‘e preferved, the daiva summarised in Table
II permits & wry scourate comparison between theme In this and
the following chspters we shall, for the reasons -iven, socept the
iradium® otandaxd (10 icas, or 0.3 KaV, per micron), as the standard
dummv)r e 1,0 On thie basie, 'v)-lrorn-tpl
or (-wo over 1 MoV in emergy, including the photon and electrom
beans fyom nom~pulsed or low-trequency ( 1 ke/s) msgavoliaje apparstus)
7)-Mmmummont:oﬂn:muu.umm
values for lower exciting voltages and lighter filters wp to & valwe
of 7}-)mmmmmm Only with the heevily
fonisiig positive particles may & blologionl efficienay grester than 3
be encountered, though, as has been shown, tids is by no means &
velleestablished dutum (Fige 3)e

It 1o of interest to mote thet emxgetie [ erays from
eystemically sduinistered isotopes (v~ * as the led Me¥ [ epay trom
Bes24) (® 166), zive results virtually identieal with thoss for
external f-.. beams st equivalent integwal downge, and may be
used with equal validity for W'V couparisouse Mixed gamma-rediations
eonating from atomic bomd explosions have also been shown to give

omparsble results (* 48).

The ratios setween the two standand quality levels are given

i
|
in Teble II, 11lustymting the consistency of this type of compariscn 1
|



TABLE:

iX

RELATIVE BIOLOGICAL EFFICIANCIES OF 200 KV RONTGEN RAYS COMPARED

WITH ‘MEGAVOLTAGE' RADIATIONS
AION-MUMOY SOURCE TEST OBJEOT (200 kv/Me¥) REPEABICE
30 4eV betatron Ve 1.3 Mitheell
2) MeV betatron Chromosomes 1.37 Arneson
» Rabbit skin Le5 Haas
* Myuse whole body 1.5 Ting
® Mouse oarcinoma 1.2 Ting
20 MeV betatron Mouse hair greying 1.4 Chase
e Chromosomes 1.46 Arneson
. Mouse whole body 1.4 uastler
g Drosophila eges L.4 Luce
17 MeV bdetatron Mouse halr greyina 1.6 Austin
& MoV linear acc. | Various 1.3 Paterson
Na-~24 # -rays Mouse whole body 1.h Snyder
Co=60 I -rays Monse whole dody ik Upton
Co-00 [ ~Tuys ‘ola tissue oculture 1.3 Bonte
Radium r-mn | Mouse sarooma 1.5 Sug lure
. Dros ophila pupae 1.26 Puller
. Chick embdiryo 1.6 Lea
» Chick ridroblasts 1.5 . Lasniteki
. . Mouse tall skin 1.5 | Mottram
- | Mouse whole body 1.3 Storer
. Musan skin eryShemn 1.6 - Quimby
" Human skir resctiom | 1.5 1 Cohen
. Skin tolerance 1.6 ‘ Andrews
- Human oral cancer 1.4 [ Wood
1000 kVp X-rays  Mouse testis 1.3 | Komm
. Huran skin reaction 1.3 Stone
MEAN = 1.00% (:.024)
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in various mmmalian tisuvuwes, and supplying an sccurate eetimate of
the quality peraseter in this olinieally importaut renge, The REE
for ‘eonventional' rontgen rediation, compared with the ‘megavoltame’
standard, that is the value of 77- 1440 for the 200250 kV deep=
themnpy range, ig perhaps the mont firmly establisled, certainly the
mosy thoroughly tested, RBE datum in climieal rediobiology, and can
be applied witiout resesvation both in the iso-effeect formula and in
olinionl dosimetry in general, For this reason ‘he two corresponding
sets of parameters are given in Twle 1.

26 1 e 55

As » own previously, guality c'anges in decth in the transmitted
beam are also likely to modify the HEE insofur as /% affects deep-
seated tumours and tiseues, As a result of this effeet, it follows
that the faotore shtaining in Pige 4 are strictly ajplioable only
to relatively superficial tiscuss, VWith megmvoltaze quality photons,
for cxmmple, there is already & perceptible softening, ad o
signifieant imesease in kN8 () > 1.1) ot & depth of 5 omy wiile at
10 emyy the averag quali'y of the beam approactes that of conventionsl
200 XV rontgen yays (V) @ 1.4) (# 28), Tie phenomenon combining the
skinespuring effeet of the higheenergy incident bean with the greater
effioncy of the softer rudiatiom in derth, is a most propitious and
sdvant ageous circumstance, whiokh will obvicusly have to be taken into
acooumt in arsecaing opiimal dosage for deep-seated tumours trested
by mans of megevoltase rediations.

Although published data on the quality-cbanie in derth are
..lty. the memersl tyend is sufficiently oonelstent to permit
construstion of the comporition gwaph in Fige 5 based on weasLNmeNts
b Clarkson and Nynard (* 36)

stenatron wnd Marvin (* 169); Greenfield (# 76), and Bonte &% al.
(* 28). Fitting the 5 ourves to & common depth soale, one obiaine the
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chart here tentively presemied as a working proposition for elinical
use, Gdven the half-value layer of the incident beam, one oan,
waing Fige 5, deternire the quality of the redistion yesching any pare
ticular deythe Then referring to Mge 4 the HER appropriate to

the radiation reeching tissuee at the point of interest may be
estinated in terms of 'r}'mm Muo-%(z,m) is tius readily
obtained {or inclusiom in the isoeeffoct formula (1,01).

SUMMARY OF CHAPTER III

The gquality footor, as assessed by the half-¥alue
layer, knovclla’o average mavelsngéh, or rate of linear
energy tramsi'er 'LET) is considered in relation to the
relative blologiesl efficiency (RBE) for animal and human
tissues of various types of rediation. sy simple graphieal
intarpolation, the REE-factors required for incorporation
into the iso-erfeet formula are derived, snd shown to be valid
at least in the remge of clinicnl interest. Jaking ne 1,00
for radium | ~rays snd megavoltage radiations, its value is
sbhown to be 1.40) (J .024) for orthovoltage rontgen rays,
and approaches a factor of 3 in the superficial therapy

range.
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" Chesdoal and biologiesl effeets of lomizing rediatien e,
in general, of twn types accoriing to wwether ar not the 'm-n T
yevarsibles In wholly irreversible resgtions, the so-called
‘zegiprocity Jan® of Suassn and Hoscoe (* 29) holde goods This 1
toplies that, for an efset of & given magrdtude, the yroduct of inteme
sity (1) and tiae (7) 48 constant, that is

Le? =k (2, 03)

Yor photosraphic efigsts this fusetion ie exprocsed in the fomms
"equal products of intensity and tme produce equal degrees of

blaclkening in tho deweloped photogiephie esulsion™, In the biologioa

£40)d the yeeiprooity law seems to apply only in t'w case of certain
genetio effects of redistion, shich appear to be fully oumlat ive
irrespestive of the duretion of ex;oswre,

Ny cheniocal eystems will show sowe ‘reciprocity lew failure’
st both evtremes of the venge of redistion inte-sities svailables In
partioulws, they will extdbit a dininiehed effet at wr, low dosee
retes sugeeting scome degree of ‘recovery' or ‘e pard of the
irrediated material, In the cece of extrwmely prolonged pesorraphie
exjosures at very low levels of illumination, thie effect is desoribed
by Sehwartsseidld's lew (* 143)

L% ek o (2 )
viare 'a' is 8 aitive fymotion, This wype of empirical 'power
function' has also been found to apply in many physios’, chemioal and
vologicel 'reaovery! mystems (* 136).

¥ith the exoeption of the special gereiio effeets 1997, Loned ¢

almos: o)l biologicel objects exvosed to touising rediation ‘tb_tt a
more=or=lo - wax¥ 4 reciprocity lew failure. In feot vt stulies
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of rediationeinduced rutations in gaguals, in contredistinetion to such
tissums os Dromsophila cperm comenly used in genetic research, have
revenled simificant dosswrute effects even in the  «tic satarial
(# 158)s T™weoe de, wrtuwes from the recijsocity luw are indicative
of vome degres of recovery frou the affects of irradiation. This
is wavifent Ly tlw marked lependisrce of the effective level of dosage
on treatment time, A givem physical guentity of radiation will give
a smaller offect if it is spread over s melstively long time, than if
the saoe dose were delivexwd in a shorter perinds Simdlarly, in
arder to produce a given result with a protrected cowrse of mdiation,
one requires « setantially larges doss that that found to be effestive
in a short expesure, An amalysis of the dose?’ tim relationship fer
humen tissuss by Styendgvist (® 173) indiceted that the total given
dose (D) 1s related to the overwall trestment time (T) vy the
pambolic famstion

D e ko (2, 05)
vheze 'n' 18 & pocitive fmmotions There is an cbvious correspondense
betwesn the ‘abwartsschdld and Strendqvist functions, sinee P = 0.7, in
which ¢gase it oan Lo shown that n = 1 « me

If this enpirical funotion proves to give & omeistent);y good
description of tle clinical dose: time dependence, wd | 44 soownte
data on the sagnitude of the axponent ‘n' csn be obtained far the whole
range of tisouss end tumoure irvediated, them the fucter 'T"! cun be
taken a8 an cetimete of the magnitude of th» time~fugtor and substituted
for the factor "' in the olinics] ieoeiifeet foraula (1, 01).

Before sny #ush simple function oan be &pplicd with confidence,
however, it becomes meoessary to consider the followiny fowr timing

variables: nasely, the Aptensity o€ dosp-ERig of the irredistion
whether the exposure ie gomtinuoue oF InteImiiieaty and, in fhe latter

S i ey v e



oase, the ganner of fmmotionation, that is the sise, frequency and
spacing of individunl doses; and finally, the gyepeal. time of the
whole irredistion procedure, If it is found that iy of theee
varisblos affect the doss=dejendence to & different degiwe in various
ticsues and tumours, then wom eselective svtion or advantageous
differential effect of yadiation could Le exploited in oliniecel

red lotherapy by & julicious chodes of time fhotorse In this regund,
the oversall trestment time has been shown to e the wet significent
factor, end = large volume of ascurc'e observetion is svailable for
assessing 1te significance. On the other hand, the dese-ruto and the
sarner of frectionation appear to be elatively wdaportant. sofar
as a different.ial ;ts. between tissues can be ex loited ol niocally,
the reoovery rate of epidermoid cancer, in particvlar, 19 significantly
1e:s tham that of norwmal hus A skin, ao that pwmlongat ion of & course
«Mumh-v.-.um-m.m‘wm
advanta 98,

JAATION IN 20 EeiiZida
Vithin the 1ishh usually encountered in jreetice, and comtide:ed

apar’ fyon asscainted changed in ove -all time, this factor appears to
lave & qudte insignificant effect upon the intensity of the reacticn,

In certain @ytolorical otudies, euch as clymaosoms interchandes, . vhere
tie o Tecult may % influenced by the dure'iom of trestasnt in relstiom
buuwmh.mm«muvwmu-xu

et low dommgeeraten (* 175)s In the sbeenss of & nchronous celle
division, howsver, ikis iype of effest ssems unlikely to ajjear in
conplex miltieel iulor orgamiene and their tiscusse

At emsesdincly ireat i-tensitiea, howver, 2 with betetrons
.ommmﬂmwmmuﬁww
mw—um-nmm..d.muuuxmm
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end conesquent inoreass in appavent HBE, will result in stronger
biological reactions (® 78). At the other extrems, with very low
intensities of the order of one red per minute, the time required to
deliver any substantial dosage is necessarily so prolonged that the
effect of the extended over-all time eannot b distinguished from that
of low doseerute jar e, |

Exeluding these exiresws, studies on the hamea skin erythema
reaction have s.own no perceptible difference ittributable to du-o.
in dose-rate over the whole range between 10 and 10,000 yred/min (# 32,
110)s In one sigrificant expriment sheye the over-all time was kept
constant, NeWrirter (* 122) showed that the intensity of the exythema
produced b 2000 r of mdium )‘erays, in 7 equal daily fractions of
26 r, ' vhether the madistion was given at 12 »/hr, or
at 1200 . yesponse of skin conoer wes slso identiocal at the
two intensities, 7Tie reasticn given by mediumevoltage rontgen rays,
dailarly freetionated, wae also the same at all intensities between
5¢3 and 360 »/min,

However, Kepp's analysis (* 101) of the effeete of intensity
upon tis efYeotive ervthema dose showe that the foresoing conclusions
have limited validity, 1t sould seem that the reaotion is irdejendent
of dosesrate if & large mumber of fractions (sbout twelve) are weed ( # 103).
With single doscs, cxeater effects are o laimd with sTeater intensities,
and Wlthmeen's resulte (* 90) in this commection are confirmed,
Inspect fon of theee figwes shows that the effective dose varies inverssly
as the fifthegoot of the intensity for o siigle escsion and thet this
variat ion 4ininishes repddly as the number of frections axe inureased,
Vith the range of intensitier geerally used im therupy, therefore, the
react ione aze in foot largely indejendent of dosageerete.

AEDERUETION F X 05
Differences between the effects of gontinuous protyested irrvedistbs

e e e =
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and ANt oIRILYORS expomyy at a’viciently frequent intervale (say mot
more than one day) over the wame total peried, would also appesr to
be insimifieant. Iu MoWhirter's (* 122) experiment on dosserate
effectay the lower runse on intensity in radium exposuns amounted

to & eontinuous treatment over 7 days, which did not diffur in effect
from the same total dose delivered in seven equal daily frections.

NG OV IACTIONATIN,

Varistions in the Crugtionation sclems ieve, in general, o
relatively slight effect upon biological reaction, compared with the
overeriding impertanee of the over-all time in this rogurd, There is,
however, strong irdizect evidence that an effeet atiributsble to this
factor as distinct from the ove~all time does in faet exist, and mmy
indesd simifioatly influence the ocutoome in some olindcal irredistion
procedures, Coparetive date eve rether weager, lost of the
available inforaation on doss=time interueiions is based upon the {
reactions of patients treated by equal daily fractions, usually o §
or § deve o week, for aome weoks. Another substantial group of patients
have moeived continuous re’ium treatwents over o or*er periods, seldom
longer than 7 days in dwntion, However, these two modalities, at
least in routine clindeal usage, differ in so many “ther reapects,
tnoluding R, field-size, de;thedose ;redients, dose-rate and over-all
duration, as to preclude any valid ccmparisons upon the effecte of the

e e e e s S Pl s

fractionat ion procedure jer se,

there is, on the other hand, & snall amount of inforwation

bearing upon the problem from studies on the recovery of human skin |
from the firet, and from mbeequent Coses of mdiation given at warine |
intervale, as ascossed Ly the erythema reaction produced with partioular
fractionation schemes. From the data origimally reportad \y luffy (* 51),
and by Quisby and MnoComb (* 150) on the D for 2 equal firmetions given
&t various intervals runging from 6 to 96 hours apart, one can estimate ‘
the degree of initinl secovery ae & functiom of times A composite
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recovery curve derived from theee results is given in Pig, See o 1
yecent irwestigations by Xepp (® 102), and by Du Ssult (* 52), would

- seen to confim the validity of this ewrve, st lesct insofer ee ite
sneral shape is concernsd.

Lam (1B Ae ey

WP

Among the significant features of the ‘initial recovery' curve
of human skin sye 3 distinot phasest Firwtly, there is & latent
intexval of § to 6 hours before any IeCOVeRy COmmnoss, and Yy Feat-

® ments given within such & short period appear to be fully cusdative mo
mtier how fyoctionateds A tyeatment time of wnder 5 nours could
thezefore be considered & 'single short exposwre' sucn as that discusoed
previouslys After this period, theve is » Zore=or-lese rapid deprecistion
in yresidual effeet for about 48 hours, after whi .le curve @wdually

SRAIN USRI

:
| L L
¥

nerges with the third phase of rather slow recovexy with par.iael |
cusrylation over long periods.

Purther information on this score is available tiroush comparisem
of veae ions in the oase of standard daily frmectionation progsdures
~ith those in olindeal experiments in whioh the course »f medistion is
frootionsted 8¢ intervals other tham one da e As ohown by Van loojen
(% 126), there i ovidence of & favoursble differential effect between
lul-lm-—-tmqmtmuf-wmmmauh.
ﬂﬂ‘hﬂ%thmhwtotw.“uet
mmuu“ummmmsmwwum
tolerance dose for \N daily freetions, e tumova, on the other hand,
reacts much moin vigorously and conpletely to ihe LOTERT [TO0SALI®.

longer intervals between 'reatments, such a8 ‘aliernate day'
or ‘twice wookly' freotionation prcedures, aypesy to zive & favoursble
ummmumcw«m-nc(ooo).mm
with epidernodd cancer (# 160)s There is also some evidence for &
eritionl joterval betweer treatmenie at wiidoh differential effects are
optimal (* 52).
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Wile 1t 48 not yet possible in the ysesent state of knowledge
to express these rolat.one 4n & precise quaciitative formuls, the
observed dirferential effects eould be expleined by differerces in the
initial plases of the recovery curxves for the ‘umcure and tisouse
concerndd, us e zgested in Pige 6be Tese curves are designed to
show how & meatiemn differenticl could appoar Lelweewn skin and aquasous
concer at 12 houre, and bDetween skin and breant cancer at 48 howre teo
account for cbesrved responses as reported by Ven Roojen (* 186) and by
Sembrook (# 160) respectivelys s you wtain all the gemeral features
of the triphasie initial skdn recovery ourves desoribed in Fig. Gae

umwda.lmuumau..muu-w
practice, is tho total tyestse  ‘imes In Asscseing 1ts effect uvom
mmutyctnlmm:umdtopnh-'wnmumw. )
mannoy of fructionstion oan usually be disvegmrded without ei mifieant
loss of acourecy. In olinical yad ation theweyy 1t is usually rogquised
“unuumuhthwmumotm-m.mu ;
necessarily irredisted in almost ever; herapeutio procedure, as well
a8 that of the particular tumour oonoerned.

htbnﬂ‘nmlb—dn,.mnlnorm
mtumumtburu\n levels of reaction « the
'threshold erythess! or firet degree veastion; and the ‘skin tolerance ',
-)ly.tnw;hotw.mun meoation, De former
19 amenable um”dawannm.nhuﬂc
u«mwmmwmuhmuxoww.
fowever, ‘'@ overall recovery fastor, tiat is, the fector by which &
civen single-ahot dose has Lo le increased in order o preduce, with
& aoreeorelocs prolonged couwwe of Lreainent, the saom effect as that
siven by & single ex;oNuYe, ay0are to w almos. t» same ot both
levels of reseline :
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™ile 1t s mt vet possible in the jresent state of knowleds
to express these relations in a reeise quantitative formils, the i
obosrved differe:tial effects could be explained oy differences in the
_ indticl phasrs of Lhe recovery curwe for the ‘umours and tisues
concesvwed, S5 suggeried in Plge 6be T ese cwrves sre designed to
show how & msaiwun éifferential could ayjesr be.weew skin and squancus
ctnoer at 12 hours, and betwsen skiu and bresst cuncer at 48 howre to
sccount for cbeerved respomses as reported by Yen Hoojen (® 108) and by
Sesibvook (# 160) respectively; sad yet retain all the gemeral featwres
of the triphasie inttial skin yecovery curves deseribed in Fig. Gae

Te most impoxtant of all the time varisbles, et least in clinieal
practice, is the total tyestment time, In Besescing 1%s affect upom
the quantity of rediation required to produce & civer reastlon, the
sanney of frectionation can usually be disresmrded without simificant
loss of sccurecy, In climical redistion themagy 1t in weally requived
te nssese o, raately the recovery funmetiom of the skin, which is
necsssarily irredisted in almost every ‘herejeutic procedure, as well
a8 that of the purtiounlar tumowr conoerned.

In the ease of normal humen skin, o large volume of date
mtumumhtcmhnhdmtn-tb
'threshold erythema' or firwt degree reae:ion) and the takin tolsrance ',
_wummmmcmmmu ‘h.bx-t
10 amsnsble o wore sosurate and objective measurement, but the latter
u«wmmwwuwuamm
Towever, e owreall reorvery fastor, thmt i3, the factor by which &
7iven single-ahot (ose has Lo be inoreased in ovder W produce, with

nmv—h«MMutw—t,tbnomﬂ.tm
aunl.gs-m‘huyn-.wmu'nanntmmuhﬁ
levels of rvaetions
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Te available literatwre on the recovery funotion ¢.' hunmn
skin 18 collectad and analysed in Table IXI, Insgection of the date
shows tl@ vory considerstle inwease in dosuge tolrrated wia longew
treatapnd tisas. This relationship is wvre clearly illus rated by
plotting tix “ula grajhioally on logari tamle eoeordinates Figs 7/
from which 1! will be seen tint dmost 19 wiole range of «liniesl
obsorvation and experiment om this problem from many diffeent centres,
orn be fitted satisfactorily by very similar sizalgit linen, Sush
lines correspand to pmisbolic Nunctions of the type D « k.'®, deserided
previously (3, 05), where 'n' is given by the cleve of tiw line, This
snalysis thue confirme the walidity of the “tesigvist type of powere
function, and enables one to estimate the magnitude of e recovery
exponent *n' from the cbesrved slojs of the line as ftted by eye,
."&dpbﬂh.ﬁ“bbmﬁo‘. ¥ore rigovous siatistienl
mu-uu'hmm“w-uunuuu
for estimating the parameters from the observed reactions and dosage
factore on nusbers of individusl cases collested into & single body
of coparative data. Vith the variety of ~“besrvations shown in
ﬂhmm.tb-whwmmaumuhmm
wammmcmcmm«ma-u
m-ﬂnm;nui‘muautho«audwaﬂh.

that can be placed ujon such estinates.

T best svailsble est imates of the mecwery peramter for
-un—-nm-hha-mmuuuuumwm
m-a—shmlmummmuunovm
hhl-ﬂ.!‘fntbn-‘ouom_a-u-.dlvhﬂh
the skin tolevance dosse 1f Chese estimtes are asmmed to measure
m—mm-.—um».—n--mnn-w
vd.n-un-l. Te estimte of the same paruseter through a
tla-mcmun—uuaduom-mu-umm
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petisnts by Coken and Xs vich (* 44) gave an evermge valus of n = 0,51
(2 «026)s 9imilar, though lese rigorously ectablished aetimiiss, beve
been scooptad by du Jeult (* 52) and by Andvews snd Oo yedge (* 0).

If, as seens 0 be the cose, 'n' is reasonably constant unier
various treatment conditione, that is, it is & ‘rwe pereseter of the
tissus ooncerned, then 'T' {s an adequate ostimate of the timeefactor
in the ieoweffeet equation (1, 0O1) and can be substituted for "' in
that formulae Tus the timeedependence of human okin reactions, and
henoe of *he clinionl 'tolerance dose' i{s fairly adequetely dencribed
by the fommuls D = k770, Dds could aleo be expresces by the

following eapirieal nle: D dows reqidred to Lrodues & £.90 Sl

The limi'ations of tiie rule shoull, howewer, be clearly undersiood.
Piretly, ‘i valus of *n' say not, 48 has been savmed, be emtirely
independent of othor faetors, Jor examle, 'ere a jears to be sowe
correlation betweer the recovexy fnction mad the qualily or WK of the
rediation (# 44), though in no instarce has ¢'o sstimste deviated
wuffigiently to proclide ite el mical a plicabilitye Purther, it should
be borme Sp sind that the paremwter is valid only withia the runge of
pro*ragtion and { -otionation investigmied, thet o, W o 60 daye)
dmmmm-x--nmummmmu-w
founded, it 48 mot always permissidle 1o ex:repolate the fuactiom %o
longer periols of time, It is jossible that the extremsly jrotrested
irradistions gives with 'M'“thdmlw
redicastive sbetances aay entail sows yev sim of thie estinate,

hbm.rm-omn-:aq.;h-”u N”’
ﬁﬁ-—ndyuwumzm,u“um
h&-—twm“-ﬂm—lmm
tses slemsmts constituting tie tusour bed in moet eiiuations. ™his
Sonalueton 48 sonfireed by du fault's (* 52) observetion showing
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oughly similor recovery functions for a variety of human i88u0e.
As shown in Tahle VI moet humn tissues hewe & similar tissedepeniency
' rancing between 0.2 ami 0.3

LG S SOVEE TRICTION ¥ TNeR,

This oan be assessed by oimilar mehods to (hose used in the
care of noxaal ekin, thoug thw available infommtion is far less
obundant, and rather less precise. In the case of symsous oell
cancer, howsver, theiv is & fairy adequate body of data, froa many
indepenient sourees, by which the recovery parmneter for the tumous
can by estimated and checked, Tith tumours the resetion level comcerned,
which aicht be, say, the IDe50, cannot be obeerved direetly on irdividud
cases &3 with okin reactions, but has to be bused on an sveinge, or
rether 2 mediamy value of dosage as woisted with the particular oure=rute.
A eiaple gre;hiecel solution is that used by Ryundqvist (# 173) whereby
towres' and 'fadlures’ sre plotted separsiely on the srejh, and the
kMtunnnmutﬂ-t.Ntwmef ~aint ge

Am-mmuuu.nntuw: amber of estinates
of the 1De50, or otler similar known lewel of efiset, for & variety c.
discrete overwall treatment times, It is comson yrectice for a
ﬂ!ﬂ.“bwmtoda.nmmm
msmmmmwm.rwmmm If e
M‘rdﬂcmmmhm—rmﬂm

.-I-nh wown 10 rive spproxizately the saae cure=FRles, then &

et iefactary estimate of the reoovery Lareceter oan bo obtained by
aw;hical or re Tession °r "odSe

Tith tho exveption of '0ae AoNessibie tuNIOUFS, thare are usually
such vide differwaces n cure=iates in diffevent inst . tutions as to
rerder ¢ s mtind {rvalide In these ccses it is possible to estimste
htnwbt“thh from given data on CuIN=
s mesooiated with the particular dosw~tim’ cosbination, if one lmows,
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.
3
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or oan safely assume, the coeffigient of variatien for that . . .loular
tumoure For example, & rrecperative dose of 2900 yed in 3 weeks has
beet reported te cure breast cancer im only 206 of cases (¥ 120).

Given & cocefficient of variation for this twumour of 1% (¥ 40), it

oan be shown statistirally that the aetual IDe50 unier the ssnme conditions
met bo around 2800 md, Using this method, the writer was sble to
show that setisfactory and consistent information may be o¥trected

from extremely hetsrogeneous data (* 40)e

T™he moet riporo « algetraie etatistieal ayproagh to thie
srobles is through Kerrich's (® 104) adaptation of Pimney's (* 61)
method, as desorided on page 0.

T™e availsdle publiished dats on the reeovexy function for this
tumour are tebulated in Teble IV and analyved sreaphienlly in Pige Te
Froa these ocbservetions the recovery parmeter for ¢jidewoid cascer
appears to be n = 0,22, The analysia based upon 10 red.iotherepy
patients by Cohen and Newich (% 44) gave a valus of p = Ukl by &
MMMMMcuW.us--mm(;.oo)
by Kerrich's wthod, e standard ervor of thie estimte indioctes
mmm:um-mmumma.dcumu.“
u*mmmmo.udmuwnmmswt-
10 be discussed in the following sestion prove that ite value must
fall somewhere pery the lower limit of this range. Lgtimates from
Strandqrist (* 173) (skin ond 14p cancer, 0,22)) Ga.oia (* 68)
(corviz, 0423)) Andvews anv! Coppedge (% 8) (squanous careinoms, 0e22))
Nolan and du Seult (¢ 135) (cemvix, 0e25)y all seen within reasonably
close agrosment, Tor prectioal purposes, the best availsble estimate
umm“mmmdamtmuwnm
N.mﬂ-mnmm«--m
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or oan ssfely ascume, the mefficient of varistion for that psrtiouler
tumoure For erample, s prooperative lnse of 2500 yad in 5 weeks hae
besu riported to cure breast cancer im only 2 ¥ of cases (® 120).

Given a coefficient of -ariation for this twaswr of 128 (* 40), it

oan be shown statistioally that the a¢tual LDe50 unier the same conditions
mwt be around 2600 rad, h‘ucthu-th-l,ﬁ-mm-ahu
show that saticfuctory and consictent infornmstion may b oxtymoted

from extremely heterogencous date (® 40).

T™he moot rigorous algebraic statistieal arrroagh to this
problem is through Nerrich's (% 104) adeptation of Fimney's (¢ 61)
sethod, a8 desurided on page - O

e svailable pub’ished data om the weoovery fumction for this
tumonr are tebulated in Teble IV and analysed raphiselly in Fige Te
From theee coservations the recovery paraveter for o idermoid cancer
appesze 10 be n ® 0,22, ‘e acalysis based pon 100 radietherery
patients by Cohen and Kewich (¥ 44) guve 2 value of n = 0u25 by &
srashical method for minimising the varisnce, ani of n » 0,209 (2 ,025)
by Nerrich's method, Te standard ervor of tLis estimte indicates

the retler large wmoertainty in our knowledge of the parameter, which
mmwmw-uo.unwnmmmm
'0 be discussed in the following section prove that {te valws must
fall somewiere near the lower limit of this vange, Sstimates from
Strandqvist (* 173) (axin and 11p cancer, 0,22)) Gareia (v 68)
(corvix, 0,23)) Andrews and Copredgn (* 8) (squamous carcinoem, e22))
Nolan and du Semlt (* 135) (omwix, 0,25)) all ssen within resscnably
cloee aireemsnt. r-mwmt-wmmmm
umuumm-wdmmwnuh
".h-“ntﬁnmﬂbdlom
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TABLE 1y

RECOY ¥RY FUNCTION OF S.U/MOUS CHLL CANCER OF HUMAN SET”

REFARENCE TIME SE -
(days) (LD-90 'x') TIME FACT
2 2850 1.1
3 3300 1.32
& 3500 1.40
5 3900 1.56
8 L500 1.80
Li 4800 1.88
28 5100 2.0k
lood d ithers, 1939 1 2500 1.00
\ s oz ; 10 4500 1,80
15 5000 2.00
' . 1 2500 1.00
¥idmen, 194) - 300 1.09
o 1 2250 0.90
strendqvist, 1944 : ~ %
? 4100 ) B
21 5000 2.9
30 5100 z.02
1 2300 0.92
Hale and Holmes, 1947 3 s hope
Jbernard, 1947 14 3600 l.bb
Ivey, 1948 26 5000 2,00
swartin and sartin, 1948 13 L4500 1.80
5500 2,20
Faterson,, 1948 ;: 1 o
Del Regato, 1949 25 5000 2,00
Mallender, 19350 1 2250 0,90
Regression values: poes = 200z T ; 8 * 0.220
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Te fuot thet the recovery rate of epidemmoid canoer is
pubstantisily le-~ then that for normal skin explaine the olinical
advantages of jxalonged jrotrastiov or fime*ionatiom in the case of
this tumowr. Do difference in magnitude of the paremeter 'a' in
the two instancee is, thorefore, & eritical ome, upon which the whole
rational of fyvctionsted yomtgen theragy is bosed, JFowewsr, the
estirates of jerumeters are rwesssarily subjeet to e ling errors,
mm-?x.mmmMAuamummw
differences. ‘dnoe the standexd ervors of ow estisstes far 'n'
are spproxinately 106 of its mean valwe (% 104), the difference between
‘mmmuln-o.”rc-un.un-o.am-mmnmu
barely significmut,

In %eedqrist's inw stigation na cleer distinction betweon
mmdmltumm“.uthtu.wum
m&muutwtw.mucuudmmusanﬂ
sorTection fastor for varistion in trestant time would be erronecus.
um«.mwmwcummm
is supported by Jubenfsld'e (* 157) results on & series of equamous
aell ow cezw of the oral cavity treated by extrapolsting -
Strandquist plot to six “t treatment tirse in the opder of 1 to 3 daye,
and delivering the corresionding doses. The expected tumour e Tessime
mmmxnmu-m-nmmmwm

‘m.w. This result indicstes tiet Styaniqviet's estinate of the

mm&mulypuaﬂ.toth tumour, but not to ncroal sidn
d“ﬂtmunmu-n)awnwumw
then the formers Thus, although the magnitules of the two parmasters
are not welledeterained, clml“mmsbtmm
mv-saomzc—.uummmmqm“.







Author Cohen L
Name of thesis Radiation Parameters 1960

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.





