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•f  « U n .  to tl> l tBMM M  . 1 1  U  It,

** Bth*r * * •« "•• oonoatutin* th* tusour ted, n h « 1< Ala 

in reboot of thia faotor, thua taxing th. diffuaion aaaatant 

 •  0.33 ia all o u m .

»ith aali*imut tuoourt*, on th* othar band, th* ftold-*i-«

•ffaet oartainly doa* not fellow U « *m» trwad aa in tha aaaa of 

tkia or othar nonaal tieouoa. Tha ovnaitivity of a tu«our to radiation 

i* not inoswaaad oi*. largar flalda, but on th* aoct mr>, largar 

ttaoura, naoaaritatin« lanpr flalda taad, if anythin*, ta ba rmthar 

*°** waiatant ta irradiation. Thar* ia aoa* ax;«rloantal arldanoa 

to *upport thia viaa. Hooawr, an attest ta ratiaate tha aflbot 

of firU-aiaa aa hunan aquaaoua oaroinoaa oonabinrad a.^rt  tha 

sum  din* tis«aa (* 59), aboMd aa oonaJotant trend, tha axponant 

***»fia*  q 0*1, Ia tha obaanotr of quant ltat It* cv Uaaaa 

of aa/ dafinita ttand ia odthar Ji.actlon, tha teat available aatiwta 

for th* diffVsJan pa>*au*tar mat ba tatea ta ba q •• 0 for all tuaoura.

■ ag-C0»«Ig I3tt.rWECT ^ K P U ,

Tbmula (1, 01) givan na pa** i*} aaa. In th* li«ht of tha 

for*ffQiw: analya.i*, ba ra-vrittan in a aoia dvfinit* fora taking 

into aoeauit all ami lab la lafoaaation on Via aa,nit\*iaa of tba xwlavaat 

laranatar* for t . aauaa and tuaoura uadar all paatible aoofcinatlona of 

taohaiaal fhotora and othar conditions; of trantwant. Tha aquatioa 

aay th*a ba aioaifloalljr foraul&tod aa

I  •  S.t'1.!."*/^ (2, 15)

Vhasa tha i hjr*ionl Aaaa (9) ia ;h* jf 'tHHtr*i *>rial*. datasaiaad fey rll
a

tba othar feat ora. Hit o w m U I tlea (T), th* fia ld-diaaatar (L), aad 

tha ralatlva biolo*doal affidanoy ( y ), »/a all aartait variataa. 

vhiah aaa ba aalaotad aora aa' la aa at will by tha praaaribiac 

xadlothiiapiat. Tha atandard a l ia wnaltivlty (l) and tto 'noowiy* 

aad •diflViadoa* axponanta (a and « raajnatlvaijr)  tha w uiM ttw

*  atatiatiaal convtanta aharaot#n*tJo of tiaauaa irradiated.

In thia «a>, *he loaa roquiiad to produce any ohoaaa raantlaa aaa to
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oaloulated for aiqr frtwen tiw tn n ; oowlitione.

Ifce forrsulu ti, of oourea, applionMa  to •   single 

tlaaue) it cannot, la thlp si»; 1* fora, aooount for the awar-all 

effect a reaultltvf  Interact iona .hot— <n trn or mr« tissuea reactinj

■ inultiuwoujljr. In c.ilnioal radlothwranr. It la prc**iaaly nofa a 

oaaplaae Interaction bttm n tha tuaour And ana or aora ncsroal tlaaue* 

which dateiwlaes tha auoaaae or fhllure of a ffiwan irradiation 

prooedmw* In tha fclloal  ahapter «a shall develop tla a tat let leal 

prlnolplea underlain# tha lao-affhat fanulaa, taking Into account tha 

tan art a  variablee and mnhaatara •iaultaneoualjr, with tha object 

of oalaul/*' in* tt*? tunour dor, *iloh# In any <iw»n ooriblaetlcn of 

oiroueetanoae, rflwea tha ^raataat profcability nf unoooplloeted oure.

a m  inr cf  cw^n^R v

The fleld-sine factov, or the ef' sot of rirylng 
toe size and shape of tha Irradiated volume upon the Intensity 
of the re»otloa( Is «nalyaed. Appropriate p^ranaters fo* a 
variety of nnatomloal and fteometrloal configurations *r* 
estin .ted . Tb» fs^tor *q' is shorn to be about 0 .13 for skia 
and i.v'obably zero for vm ours. Thiu da tun eomplatts the 
Information required to formulate t loo-ef cot lunation 
simultaneously Incorporating the reierant variates and 
parameters, for any combination of teohnioal factors.

I’he oowpoait*? lao-ef'ftot formula *i-,a the for* 
i) ■ J .T ^ .l /v o  . indivilutl factors h*»in* th** wnlues 
detormiyind in nrsvioiio oh^ptera, so th.it tho doas required
ti prriuee a reaction, with nny conblrKtinn of
techniu'i). variable*, c-n be oalcuJated.
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CHAPT8B 71. ALSSaRAIC METHODS. 

CSSKRAl  YJ.UTITT OF TOE IS W m V C T  FOHMUIAE.

Aa  in th. foregoing chaptsrs, th. .aplrloal iso-.ff.ot 

fonulaa hnv« fairly wld. applicability, w. thin th* l.ait* of 

observational accuracy• in clinical nifcictharafcy, It rw*.d not, 

hcw nr, follow that tha for aula* iwflaot any undarlyin? prlncipl., 

nor can on* aaauaa th* *xl*t*no* of any ganoral regularity or 

fundamental law which airht ax;lain th* obn*iva<l p**ait.. In th* 

following paragraphs, th* th*oiwtioal foundations of t*« ' ' 

and 'diffusion' proc**aa* will bo .vaainad mop* rigopouBly, with th* 

o’ ^ot of dafinir* th* validity of th* proo*dur** u**d, d .t.m inig  

th* reliability of th* **tiaat*d parameteri, and d*waL*>in* the 

uni*rlylnK atatietlcal princlplee t_ »h* j»oint wh*p* th* opti^ml 

tuaour loa* and ita associated pngnoele oar, b* co«put*d.

Many different hypoth*af* ha*e b**n proposed at varioue tiaaa 

te aocount for th* dep*nd*no*-en-tla* of radiation r*eetions, or tha 

apparnnt reoovexy of th* *«po**d organlew. during pro'ractea irradlati®. 

Th*** inolud* phynloal oonaidaration*, Maapllfled by 'aultihlt* and 

toultl-target' hypoth**ia (* 113, 105)l •  ehylpal faotop, attributed 

to th* reaowal or inaotiration of  all of th* oh*aieal mdioala 

or other Intermediary products of irradiat.*d protoplara (* 90)| and

i '•  ly bif)loid.oal reparative r~.tione, or 'peeudo-reoov*ry' du* to 

r*plao*a»rt oi d«eged tiss’ue by pro 1 if. rat inn of surviving o*ll. (* 54).

In b o b .  etudles, n o t ab ly  on tha *ff*et* of total bod> irradiation 

(* 19, 128, 178), th* oono*pt of a cheaioal .ubstkao*, und*i*olng

sinpl* exponential dao^ * *  *■ »• to fur"1,h “  * UqU*"#

d* script ion of th. .xp.ri.ntal data (* 142), * 1 . -fpl. oono.pt



conoept obvioust did nc.i hold In the case of local rsaotlons to large

dosss) and rather more oomplex hypotheses hare beer, propoeed to account 

for observed results with the various fraotionation sohemea ussd in 

cllnioal relation therapy (*  147, 159, 185).

Bare Is ooaaldcraMe evidence (* 45) from many experim*»mte in 

tha field of radiation bieiugy, for bhs generation in irradiated 

tiasue of a 'substance* shown to be mobile* locally dlffuaablo, and 

unstable with a tendency to deoay as a function of time. Of th*ee 

three attributes, the firct acoounts for the experimental findings 

in relation to systemic radioesnsitising effects (* 58), and the 

latter two promise to throw light on tn  mechanisms underlying the 

time and volume parametere respectively, as they dffsot dosage in 

oilnice1 radiotherapy. Ths diffusion effect has bssn obssrved in 

irradiated human tissue by ths increased radiosensitlvity of skin 

adjacent to another treated area (* 97)• Th* ratio of the treated 

volume to the bounding surface limits the rate at whiet the diffusible 

agent leaves the irradiated region, hencc the dependence of the 

intensity of the reaction upon the sise and shape of the trsated field. 

Similarly, loss of the aotivated material through decay processes 

amount- to partial recovery of the tissues from ths effects of radiation.

It would sesn to be a reseonabla assumption that tho tine- 

dependence of radiation effects results from exponential decay of one 

or more sot i vs ted sub el ar.oe* in ths irradia’ ed re^on. The extent 

to which this typothssi: could bs made to fit observed cllnioal 

data on ths efleets of fractionation will now be consider'd.

A *3»Ctf KXPOm^MTlAL* HY>0THE3JS«

let us assuas, as a first approximation, that radiation generates

ia tlssuss a mingle substanoe whioh dscays exponentially at a oonatant 

tats, and that this substanoe *iet reach a particular critical concentra­

tion tn order to produce a fcivm observed reeult. iseuae that '£•
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short exposure' reaahing a parti o,<lar reaction level, and 

<*!» ^2* * •• 4T» ** • •qu*I daily fTcctional dna*s whoee aim totals 1**,

»o that dj •  d2 •  . . .  - dT •  V T» where T la the nua.er of daily

I'motions. Kach fraction 'd' deoaye exponentially with tire 

according to th* expression d  ̂ » d . e ^  being constant for

th* substano* oonoemed, and »t» tha elapsed tins in days. If daily 

fractionated treatiwnt i* oontinu*d until th* required Level ia reaobed, 

that ia, when th* residual do a* ^ d t reaoh** th* oritioal level K,

« * *  p  / 

£   f   «  + e  +  

T
O x (  —  - T-' /  -K*f \

 (3, 16)

whioh, oino* th* divisor is .he sua of a ^wonrtrto series, and

CX ~ i_

a  - I
±(a*)

 .<« ftr.aU.. tel

I -  • ( , i l 7 )

T»» factor wo old, with a single deoaying substance, bs constant, 

and hsno* a j-araia*t*r characteristic of ths tiseus irradiated.

The problea then devolves upon the following quest ioni

X* i£  po*iibl* to choose *  valu* for th* perareter 's ' *o that tha

B ,

tias-faotor correction, in this instanc* ths ratio / * ,  fit* obesrred 

dataT Cumulative dosa,<e curves bared on th* above formula (3, 17) 

are shown by th* thin solid lin*s in Figa. 13 and 14, with •* • chooen 

*o t»»t th* curv* intarrecta data for human ak^n (Fig, 13) *nd 

tpldersoid oanccr (Fig. 14 ) a* well-establlahed JO-di-y f*iotor»





-6S-

It ia obvious from both graphs that this type of ourv* cannot 

describe tha facta adequately, no natter what m-valu* ia ••ledad.

It must be concluded that th« hypothesia of a single ex onentially 

deoaying sube.anoe in irradiated ti.ieuee is untenable*

k «MIX3l' h' .Oi .NTUV HY^'i iD Hjoj

As an alterwitiva to the hypothesia of a single exponentially 

decuyinft substance, one might consider the position with a large 

number of suoh product a, eaoh diminishing exponentially, but having 

a vida range of individual decay ratae. In view of the heterogeneoua 

mixture of substanoaa oonatituting the irradiated tieeues, tha latter 

altaruativa would a priori sp»m by far the more oonpraheneive deeorip- 

tion of a raoaeaarilv ooaplsx situation. It haa been ehown (* 156) 

that with auoh haterojorw*™* v  at urea of exponentially deoaying produota.

function w ,. .r .  » « »  •» <* 156 >

the total reatdnal actUIV,  ,f »”  • 5"rlod by th* 

tha exponential, apjroriw'.** » ~ * unir <««, that ia

and in phyeiral mixture* *uch aa 

fiaaion burat (* 190).

the .■mdioaoti*» xodvJta of a nuclear

equivalent to E» than

r .  » (i ♦ r «  ♦ y* ♦ • • • 4 T‘ * )
7

(5, 19)



31

l!

I

M ftk iV MM

111



-70-

Chooeing a  itnble value for *g' on th* aoae baaie aa in tha previous 

exanple, tha oorreoponding eurvea fit tad to tha cllnioal data (baavy 

lines in Fig, 1} and 14) a how a iw-sarkably oloaa oorresponflenoe between 

theory and. observation. *lth **values of 0,5 and 0,3# a fairly preeiee 

deeorlption of tha tiaa-doaa relationAlpe of hunan akin and aquamoue 

oan oar rjapeotively ia obtained.

the theory of a alxtura of uneteble and dlffua^ble  roduote of 

irradiation in tisaus would aaaa to accord, at laaat within tha Halts 

of observational armr, with all available olinioal and experiaantal 

data, Iha foraia (3. 19) nay, tharafore, be ao *ad aa a aattafeatory 

working hypathaaia,

While  form.la (3, 19) would ae*a to fumlah a reasonably 

»a 11-founded Mtteaatloal explanation for tha reoovery faction of 

irradiated tisausa and tuaoura, it ia cuntoeraoae by ooaparlaon  

tbs ainple eapirical power functions deeerlbed in the preeediag eeotions. 

ftithin tha ardlnar, iy ueed treataent tinea, howver, say between 1  

60 daily free ti one ttiera la hardly argr dlffazwnoe batwaea the two 

funotiana (fig. 13 and 14). rather sxtrwas fraationation

around 100 daya or wore, ia t U »  a oonaiderabla diwar^noa betwen the 

ourvae, that derived froa the *ai»d exponential* hypotnseie indioating 

a greatar snoovety at this period than the eapirieal power funation.

Thera are 1 nauTfio lent data to detemine .reoiaaly which of the t«o func­

tions fit* the faate batter, but a few isolated obecrvatione on 

extrawaly prolong* treataent tinea, particularly in the caaa of 

paraanar* lwplanto with lonff-liveJ ieotopeo, ahoaed unexpeetedly <bebie 

akin reaotlone *ven with high doea*. (* 42), thua favouring the fo*er 

hypotheaia. This  ie conflrnsd by evidenoe of a failure to oure 

spidsmoid cancer when th. Stand*** plot ( ~  n »  7) f  extn.poUtad 

to 10 weak* or aore (8000 r la 70 days U  eublstbal according to

Paterenti ( • 137).
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Tb« v a l id l y  of thia hypothaala 1* quw tlom bla ,

How«t#r, «*»«* 4 1 f '•**•■% frae%lo«atlo« .ohaaaa *r« to ba

er oo*swr#d, if « « « « 1  «  m m m l V

“  « " * *  * • — • * »  —  

w « » l «  «  1» •*  fo ™ Ul‘ * ‘ ‘ n ,t  * “ *  8 

d rtl»«w * *  4“7 ‘ * v _ ,

•S *  T i —  ° * 201 
* *  z  < * '

*el

» .  , — * *  •« •  U  t h i . « p — * « • > —  *  oon” t“ ”t

far th . W P O U ...1 .- 1  T- — ’ *• *“ ■ l* DOt
t.h« dntA upon which tb*» In itial

oompatibia with ob«ar*atlo*# Q . .
f l «  6  .r e  b.aaa i>r*rldo atrmMI a*l<»— o 

reoo*«*7 ourr-  H M  1»
hi - ««rl*tloB  in thia faator. Thia *W V««ta 

for oonallaambla variation ^

u .  . . U -  „ K » « t U l  M P O t ^ U ' .  t~ >«h « .« l l 7  

i . . t i n  -

th_ ..jirioal ^r-funotion or iaa-affe«t 
 ttaaa appeara that •**>

leal foundation, ia perfeo 1.

our*., *”» -1-_
„  t u i ,  f» .t  1— t- im d U .1-  « «  

adequate jor oontinuoua or «  v  , t-
_  , hottUi p ^ ^ b l y .  " *  ^  e«taepolatea

treatment periode. t h i a  aur*a a. o

. . th* alternative "tf*11
beyond ■paoifiad linite, i» 

exponential' hypotheeie ia preferred

-W T ' ------7  ”

* « —  —  -  " « »  —

ln”  ' u . ,  — 
uz.Z» -  -- - - “ *

——* *— JT—«-«—  “ - “~wtl“
Xaplioit In the une of theee



tht reco'feiy and diffusion exponents 'n ' and 'q* are independent of th* 

quality of th* radiation, and M'»t no allowanoe need be -Bed* for 

variation among Individual patients. It beoomes neoessary, therefor*, 

to detenu in* th* *xt*nt to whioh *n* and ’q* may be influenoed by 

varying the quality of the radistioni and to estiuate, as for s* 

possible, the magritud* of the individual variability.

tumour dosw?* data, moreover, wjr« obtained from observstione 

on tr*at*d oases rublished by severs', authors, arsons whom the estimatsd 

curative dose, and the proportion of cure# obtained with this dose, 

diff*r*d vary widely. TV* analysis of tht*>dsta, therwioiw, Rave 

rather on** averse* values, from whioh mors or lsse deviation is to be 

sxpeoted in indiv*dual esses. In order to determine the doee required 

to cur* the growth in all or most treated oases, one hae to estimate 

an additional parameter, namely the 'varia..J*' of the dousge.

For thi* purpoee, evaluation of the rwsrone* to radistion in a 

e*rl*s of »dioth*ra  oas*. (* 44) -a* carried aut as foll*ws|. 

reaotions r-ulting fro. tr*at*«t with th* following si* diff.mnt 

qualities of radistion was observed!

(.) hadium I fr - •  filtration.

(h) 280 kip > « » l  1 - • «■ 1,5 ” •

(.) H O  kT (op) » « • !  *  BVL °-’  °“- • 

(4) MO kVp W .  *  —  n U " '  BVL ” •

9 ii liiteri HYL 0.2 mm. Cu.
(«) 140 kVp x-r*y*l  i n

(f) 60 kT Chaoul unit| HVL 0.16 * .  Cu.

*  « « !  of 150 . . . . . . I -  ** *“ h iD

.hloh th. * 1 *  do- 0<~ld h.

.0 .1 ,.1 .. U  « d «  «» • » • * “ «  d”  *° “ 1

.h. or « . » « « •  « .« ■ . —  —  t” “ *4 *  *

« . U  —  — • I . —  —  -  ~  *—  *  ~  “ * ”



£>), th•  over-all time (» ) , the fj*id diameter (L), and sn estimate of

th* biological dose (e ). d was taken as the maximum surface don* at

^he oentiwe of tho treeted field| T ia the total treatment tint ia 4^®

irrespective of the manner of fractions i^n, though in the majority of

caeee treatment was daily for five days a week) L, in the oaae of

square err circular fields, is the diaaeter in decimetres, while with

irregular fields the equivalent dimaster of a circle having the earns

ratio of area I perimeter is taken, eo that L •  I  £.*£•£-  «
Bsrlmeter

and E could be estimated with a fair decree of precision from the 

intensity of the observed skin erythema.

Early experiments had s'own a rough correlation between the doee 

delivered and the observed rsaotion. It had been noted by Sierert in 

1947 (*  164) that if the threehold erytheea done (1* 2) wexw dut.rmlned, 

then delivery of twiee thin dose produced a dry deequamative reaction 

(2* 1 ) ,  three times this quantity gave a aoiet epideiaatitie (3* ®)» 

and four erythema doses caused necrosis. In our seriee of casee the 

react ions eeze classified in ths se four categories, and further subdivided 

Into weak, medium or strong reactions in each major category, thus 

giving 12 distinct gradatione of response. It was considersd that the 

four degxeee of reawtton correspond to a biological dosage parameter of 

E •  1000, ZO'O, JOOO tnd 4000 respectively, and the intermediate 

gzadatiJiu were evaluated by subtracting 300 for weak and sdding 300 

for ctrong reaction* in eac‘ category. for example, a atrong dry 

desquamative rsaotion would be clarified as S - 2300. In this way a 

quantitative v a l *  can be aeaignsd to any observed intensity of skin 

erythem. in steps equivalent to 3 °  rad single exposure Although 

subjective judg»at must sn*er into thi. type of a s s e n t , the error 

i .  unllkeV te be gr.wefr thmn on. step, that is about 30 per oent for 

firet«degTve r e g io n s , and 1 * «  than 10 per cent for the -ore intent

reactions.
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Bie doae which woult' roduea a rtandard erytheau in eaoh oaaa, 

under tha condition* of treataent, &■ glean by the ratio of the 

phyaioal loee (D) to tha obeerwed biolo.’ieal doaa (E). According to 

•or formula, thia ratio, daaiomtad (r) in Tab la VII alould, within 

tha Unite of error and variation, equnl a, It than becoaee

poaalbla to eetlmate a, n ard 4 aiaultr-neouely by fitting tha data, 

grouped according to quality, to tha lint

log K •  log •  ♦ n log T - q log L (j, 2f)

by tha method of laaat aquaraa.

Ite procedure uead in c^puting thaae fbotnre la illuatratad in 

Tab la 711 • (for practical zwaaona only ona aaetion of tha complate 

table la xeproduoed)*

Tte aaa* ; rooarturr waa applied to eauii of tha d x  qualitative 

gmupa, a at luting in each aaaa tha w&iiae of a, n and q, and their 

confidence Halt a. Preliainary reeulte ahowwd that whereaa ‘a* varied 

aonaiderably froa ana quality to anotter, « ho win* a da finite deoraaae 

with dlninltfilng half-value layer, n and q appeared to rarvp about 

0,5 without acy qpeolal trwad rwlated to quality, and within aaoh group 

n and q we*e auflidantly oloce, well within tha lialta of obeervatlonal 

error, to warrant tha aaauaptlon that for rractioal purpoaea n •  q.

Tte poetulate *iat n ■* q aiaplifiee the ieo-cffect formula to

wv,ioh hea  isvortant lnplioationa. *lretly It lande theoretical 

eupport to the phrpetheeic of a 'dJfftteibla aubetanoc (* T7. 97),  

di mini-.hi »4 tha treated field by a given factor, or inoreaalng tha tine

interval by the »aa* factor, would allow the aaaa proportion of tha 'eeto- 

etaaae* to dlffuao aocwear tha aurfaca bounding tha treated wluaa.
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part op the tabulated data for regression analysis of skin reactions 
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Further, beinj? two-dlaonc ional, it la possible to test the fo w l*  

visually by fitting the ( i n m d  point* graphically to the r'egreeeion 

lines, as illustrated i:i Pig. I S  Finally, ••tia«tlon by th* «*thod 

of l<Mt squaT'en of two )«ra&«tere rather than three penaite a oonaid*rntaty 

at«r precision on our estimates of a and n (Table Till),

Th§ standard davii tion (|) of tha l^soritha of tha dosage

aatiaataa oan ba ooaputec in tha usual way# In 95 P*r °*nt oaaee

log R liaa within tha linit* of our estinated val\* plua or ainu* 2 a.

It follows that tha equiyalsnt confidsno* lialta for  ara glwan by ita
2

aatiaatad value Multiplied or divided by a factor (J , whese  tha 

antilog of 3 (  - 102*).

It la propos-d In thia oontaxt to oall 'U* tha 'etandard 

uncertainty factor', in which oa* U2 >eoD*wa tha uncertainty

factor*. the final aatiaataa fbr tha threw relevant paxar-tere in 

each of the aix qualitative groqpa ara giwen in Tfcbl* VIII.

It will U  noted that tha aix radiation qualitiee are arranged

 above downwaide in order of diaini.hing energy. Inaction of

oolvn 'a ' repreeentiiv? tha mean standard erytheaa doe* in kilorad

•hon to t  thl. dho. 11*' l H » .  (•*  .ffloM , ln o ......)

rtth U i U U h l X  h»lf-wft» lv *r . 1 w * « t f t . »f ,M  *1* " no ‘J' "

of th. dl«.« . » » .  >••>— ■ ■"»•»>* 8r“ P* **■

dlfftr.no. U  th. Ulolorto.1 o fflo w  *< °'” 1»r*4 ,0 200 ”

„ . * * * .  t . »HSJ» 1 * * » —  (K 0 .0 0 1 ). th. «f

th. t... (!• 0.1 •  J.4) ft ft .i- lUrt « * . • — * *“ » ° " * r

( „ .  "iihi. I D . «- * » « .« « .«  «-  220 ** *”4 180 k’  mn‘ **

ft  - B .O ). » «  <* *— •—

,v .  .»  « « t  fir p—  p « —  « •  1"  hlch-..UM. « - U « M

.w 1.1 u  0.7. The liffaranoa b*tww*a 180 kT 
ruy be grouped together taking •  as v .i.

T d  140 W  ft « . ! .  h i * *  .l^lflo- t (P * 1 U  th. thft.

w ,  1 . „ * f f t t t l  th«M 7 • do 0»t « « • '  .ftnlfl —  1/



om nruther (P •  O .J ), ro that for clinloal purpoaea they nay be grouped 

•bout a ■ 0.5. Ifcera are thus three clinically distinct quality 

factors« 1*0 for xwdiua y^rayai 0.7 for th* 200 kV rar«ja| and 0.5 

for superficial therapy, correaponding to KHE value* of Yj •  1.0,

1.4 and 2.0  respectively.

The general validity of tha thraa quality faotorn gavsn above 

is graphically illustrated by the acattsr diagTaa* and rs^raaaion 

line* in Fi*-» 15*

<U
Valusa for *n' *ange froa 0.28 to 0.55 t#n<l t0 increaae^the 

snergy of tha radiation la diainiahed. tt>e difference* bitiM * ttase 

values, evan that katwean tha amallaat and greatest of than, sro not 

significant (P •  0.25)| but tha oonstant trand through tha whola Marias 

of flva ooHp>irisons la probably not fortuitous (P •  2*5 •  0.03).

Although i > iud ba of thsorstiosl interest to oonTirs thia dapandanoa 

of tha tiM-araa fsotor on tha quality of tha xadiation, It la 01 llttls 

clinloal importanoa, ana thara Is no raa-m. to depart fro* tha oonvenlent 

figure a •  0,55 originally assigns*.

Tha 3)Uunosrtsinty factor of th# doaa^p oatluatee (D2, actually 

tha anvllsg of twioe th# atandard deviation of log k) ranges frco 1.21 

to 1.55 oorio-po^ng to coal rleient  ̂of variation between 11* and 16*. 

This laplles that in 9 *  of all treat-d oaaas th. rasotion is uni Italy 

to differ froa expectation by more than about 50* , whioh, oonsidaring 

•or subjective aatlmatss of tha reeetione, is not unrss.ond.ls. Thsrs 

aw fsw publlahad data on tha variability of h«an tlssusa in thsir 

response to radiation with which to ooapsre our estates. However, 

Ualaka (* 05) accurately aaaaured the alni ua eiyti.aa do*,# for 95 

oaaea treated experimentally, and obtained data s»..oh approximate 

oloeely to a lognoraal dietribstion with a naan of 309 r and a a. anda«d 

da’flat ion of 55 r. Thla ooelficient of variation of 12* 1-plled that 

U2 la 1.24, in good agreement with our finding.
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jmnmss.JBLSBE  WS& isthu  dose by «rRo*iT analtss*.

Zn th* o u t  of tuaouni traatad radioally, that ia with tha 

object of loeal ’cure', raaulta ara naturally jeaaad on aa all»«r- 

nona baaia. Enoh tuaour traatad raaulta aithar in 'oura' or ‘failure*^ 

tha jrobability of oura incraaalng with doaag* aooording to tha uaual 

aigaoid ourra. By application of atatiatioal proo*duree, particularly 

tha .aathod of probit analyeio (* 61), tha radian lethal doaa and ti* 

coefficient of wariation oan ba eatiaated directly froa tha data, and 

th* reoorary paraaetere than computed. In evaluating th* ouratira 

doeage for epideraoid oanoer, thaae thr** factor*, tl»t ia a, n and 

0 for that particular tuaour, rare deriwed by th* following procedure.

Data ftoa patient* with epideraoid oan oar in yarioua ait a a were 

tabulated and th* raaulta analy.ed statiatioally. It wa* naoe.«~xy 

to aalact onaaa in which not only wa. tha miniaua tuaour doaa known 

with oartainty, but a aufficiant follow-up wa. obtainad to anabla on* 

to d*cid* wh*th*r th* la cion had in fuo, b**n ourad. Ihe raoorde 

. of loo auitaMe . ~a traated between 1946 « d  1948, and followed with 

p*riodic .«ainatione through 1950, abatracted and th* data

ooll*«t*d in ■flable IX. Tha oaaaa ara arr^-ed in ordar on incrae.ir*

biological doaa *  (B).

■ft. doaa** data .hewn ara th* tru* ainim* tuiour do.**, and 

differed, aapaoially with . u n c i a l  therapy. froa th* noai*ally 

giran dorae. In th* « . . .  *f W  * ♦rficial tuaotm, traatad with

. _  t a . cart ycirt wua taken to be 5 ma. 
lightly illt*rad rad v* ion tr* a-< •

l*lov « „  «  .h . — -  „ . u .  *1  « > * «  *“ *

„ . t „ .  .5  -  « “  O ' ™  « *  * i “  0’m“ 1

or,!, 67 l»r « « »  *”  -  “  1,ls’"

„ l t » ' <»■«  * * lM  M

* ,mt .ith » d l «  .PPU « » r .  * » • «  * "  - » • » « -

on th* Pat*r*on-P**kar iya tea.



Sinoe various qualities of radiation war* used, it waa neoeesaxy 

to correct tha dosage by a fact or (a) which, taking that for y'-rsye 

aa unity, beoonaa 0.5 for superficial therapy, and 0,7 for tha 200 kV 

range (Table VIII). In the oaac of deep*»aeated tumours treated with 

200 kV radiation, th* half-valuc layer (and henoa the RBE) in the 

tissuea differs from that of ;iic incident beam on aooount of the 

increaae in the average wave-length brou<*ht about by the Compton 

recoil process. Xhia effect ia th* more narked the harder tha incident 

radiation. Fro* data by 3tenevroa and Marvin (* 169) it appears the 

HYL in ths depths approaches 0.7 am. Cu, irrespective cf the quality 

of Jthe incident ray. This corresponds (Fig. 4) to an RBE of 1.7, 

whence a •  0.6.

The biological dosage factor S was taken ae equal to Doec/a.T® 

where a •  0.25 (as will be explained below a value of 0.25 gave the 

saallest variance, and is c onsequertly considered the most accurate 

e s t a t e ). The onlu»» of reaulta desorltes the behaviour of the tumours 

during tha thsee yeara following irradiation. ’Cured* inpllee a 

permanent local rw -re. si on, irrespective of the j*tients' general 

health or the proeenoe of meta«taeea, 'recurred* implies a temporary 

response at the tumour followed by recurrence within the treated field, 

where no t e n s i o n  has occurr* the tumour is clarified a. .persisting*, 

.nd i* two ca .a  in tha higher dosage range the traatcd arsa ‘necrosed*,

accompanied by local recurrence.

ftr am torpon of oorrol.tfns th. probrtlUtjr of o « .  1th  

f c iW l  « „  100 ooooo *1014.*. *  

th. n o .  . ,- 1  ((roup, . * «  i .  t.bl. n .  Th. ™ » 1 « *  ‘ X

. . .h  „roW  dot.Min.* (oo •*  —  ,,1 “"

d ~  - .  »  P » « « —  “  « *  — >* “ 4 ‘ ta **
Tn Pi*. 16a. each step repreeenta 

cured oaeea in the group « •  punted. In ng .

r sn AU, .  nm ho rizo ntal extent of tte etep illneWatss 
one nroup of 20 caai'd. JT»

the yertioal height indicates tte je»eenta«e 
tte range of Aoea«e, while the senior
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Slno* various qualities of radiation were ua>d, It was necessary 

f» correct th* doaag* by a factor (a) which, taking that for j^-r*y* 

an unity, beoone* 0.5 for superficial therapy, and 0*7 for th* i'.'O kV 

ran* (Table Vlll). In the ou* of df^p-aealcd tumour* treated with 

200 kV radiation, th* half-value layer (anl henoa tha RHE) in tha 

tlaeuee differa fro* that of th* incident bean on aooount of th* 

increas* in the ev*r*M* wave-length brought about by the Oo upton 

recoil proo***> Ttoia *ff*ct ia th* mnr» narked tha harder th* lnoll.ent 

radiation* Prom data by 3t*n*tro* and Marvin (* 169) it appeara the 

HYL in the depth* approach** 0.7 am* Cu, irr*ep*otiv* of th* quality 

of th* incident ray. Thi* oorreepond* (Ti . 4) to an R3E of 1.7, 

wh*no* a • 0 -6 .

Tl» biological doaawre fao+or *3 wai tataen aa equal to Iwae/a.T" 

whete n •  0.25 (a* will b* explained below a <alue af 0.25 «ave th* 

laalleat vnrlano*, and ie oonaequently ucnaiderei th* e^et accurtt*

•atlast*). T »  * o l «  of raaulta d«eorib»a th* . ehaviour of tha tunoura 

djrinK th* thr** y*ar* following irra lation. ‘Cured1 iej.li.ee a 

permanent local re T*eaion, irrespective Jf the p*tlenta' -■* *ral 

health or th* i*eeenoe of aata«taa**| •recurred1 lnplte* i t**jorary 

reapon** of the tunour followed by reoummoe within the treated fiela 

where no re -reaeion haa occurred the turaoir ia cl *ifJed a* 'pereJetl „•'» 

and in two oaai in tk* higher doeag* raa«a th* tr*at*d ar*a 'nenroteu', 

toooi^Anitd by lootl rtountno#*

Ftor the purpoae of correlating th* » jhability of ewe with 

Oo*a*e, th* 100 cas*a were divided, in order of increasing d~age, into 

the five equal group* shown in Table U .  Tha avning* doae received by 

«(l0h roup w%a deterained (on aooount of acne outl lng value* th*

•«dl*a doe* ana taken in pr*far*no* to th* * *»), and the amber of 

cured cat-'■ ta the group waa counted. In Pi?. 16a. each step repreaente 

on* group of 2> «tva«a. fha horiaontal exteat of ttm at*p lllustrat** 

t»» r»~\«* of doau,*, vMJ* the wertioal h*i<jht indioatee the er**nt«^
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