
«ffHt or tha biological nfootn . For thla raaaon, a high-anargy 

EJB iUndu4 haa baan ;rojoMd ( •  41 )• Furtbarworw, tha doaa-rata 

it not arltlaal provided latanaaly pula*4 oouroaa art avoided. 1% 

ha*, aoooyitngly, bean aeoaptod in nany owtrti today (• 25) that tha 

b4»t standard of ao marl eon la afforded by tha ĵ nrayo fraa reulua, 

or aiailarly eaargatie ph.tone anittad oantlnuoualy a 1th an 

ia»-4analty of 10 Iraay'a (B'T •  0*3 *a// v ).

Thlohrvar atandaie la prefarrad, tha dava aiaatariaad ia <V la 

Q  peralta a vary aoouTate ooaparleon bctvaan thva* In thia and 

tha follovlaer oh«f>taia aa ahall, for tha raaaone <l«n, aoaopt tha 

•xadlna' atandard (10 icae, or O o  bT , par niororj, aa tha atandari 

af rafaranaa taking •  1.0* On thi* baaia, >J •  1 for rontjaa

or j -«aye m r  l k T U  anariy, inoljdln* tha photon and alaotroa 

baaaa f*oa no^tnjlaad or low-l'raquanoy ( 1 taa/a) »«pmltaio appaiatua* 

Yj •  1.4 for 200 kV rr»nt«aa ray a wit Cu filtration* and haa «raatar 

valuaa for lever aaeitln* volta^M and lighter filtara up to a value 

«r yj •  J for tha ueftaat loa-onar y photone. Only vith tha heawlSy 

U tU L if  peei‘ lvo partlolaa aay a biolo^oul at flolaaay ^raatar thaa 5 

ha aaaointarad, though, aa haa baan ahown, thla la by no aaaaa a 

veU-eatdbliafeod dataa (fix. 3).

It la of lataraat ta nata that eear^tia f, -rajro froa 

ayat«a>oally ■tadnlatared laotopee (a*- *• aa tha 1*4 * T  -**7 frn*  

lc-24) (* 164), *lv» saaulta virtually lden*laal with thaaa far 

aaecornal ^ “ray baaaa at equivalent integral donr^a, and aay ba 

uaod with equal validity for K̂ »’ ooupariaone# Ulsod ipawa radiatlona 

m w l n g  f m  «toale boA aaplaaionn hava alao b*«n ahovn to give 

aoriparabla raaulta (* 4*).

tha rat ioa lataaan tha tvo atandaid quality It tala nra given 

in M i a  IX, llluat sating tha ooneiatenoy of thia typo of eoeparleoe
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HILATITF. BIOLOOIC-iL KFFICI-MCIJB OF 200 kl RONTON RAIS COM P«ID 

WITH 'MWJAVoLTAGS' RADIATIONS

H1QH-WW0T dOUHC* T*3T OHJKCT (200 kV/Me?)

* U JLMua M-M M  JJ
RVnViBiV*
K s r u w c i

30 A*T betatron V ̂  ' e  ̂4 1 .3 Mlthaell

23 MeV betatron unroaosomee 1 .37 Arnes on

<1 Rabbit akin 1.5 t̂nas

• Mouse whole body l .S Tin*

• Mouse oarolnona 1 .2 Tin*

20 Me? betatron Mouse heir arcylng 1 .4 Chase

• Chromosomes 1.46 Arnes on

e Mouee whole body 1 .4 ^nastier

m Oroeophll« e w e 1.4 Luce

17 Me? betatron Mouse heir greying 1.6 Austin

4 Me? linear neo. Various u » Pn ter son

In-24 |S -reyt House whole body 1 .4 Snyder

Cj-o O ✓ -reys
i

moms# whole body 1 .4 Upton

CO-oO ^  -reys •rfLn tissue oulture 1 .3 Bonte

k ilv n  ^  -re ye Mouse nernoan 1.5 lure

Ora ophllit pwpne 1.26 Muller

m Cnlak embryo 1 .6 Les

m Chtok fibroblasts 1 .5 Lnsnlt«kl

m Mouse tell skin 1 .5 *V»utraw

«9 Mouse whole body 1 .3 Storer

« Human skin erybhem 1 .6 4ninby

* Hunan skis reaetlon 1.5 Cohan

« Skin tolemnee 1 .6 An drewe

«t Ham m orel eenoer 1 .4 Wood

1000 k¥p X-reye Mouse testis 1 .3 Kohn

•f Hu s n  skin reaotlon 1 .3 Stone
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la warioua maxacalian tisjuae, and sup htng an aoourate •atlnta of 

th* quality paxan»t*r in this ollnioally important rang*. W» HBK 

for 'oocivontionftl* ronton radiation, ooaperad with th* 'M ^Tnita^*' 

etawiard, that i* th* valu* of ij ■ 1*40 for th* *00-250 kT deep- 

th*mpy ran«a* If parhape th* ao<n firmly **tablla>ad, o*rta;nly th* 

ao*i thorour’tily tasted, HBK datira in clinio&l radl biolo®, and oan 

ba appliad wit ..out r***nration both in th* iso-*ff**t fomula and in 

•llnleal doaimtxy in 4*n*ral« For thi* re a* on th* two corresponding 

■at* of paraa*t*r* ore given in N »l* I»

IS Pg '&*S> TI:;

A* * own previously ,  onality cv*iyni in ditth in th* t/*n*aitt*d 

b*aa a n  also 1 Italy to aodity th* HBK lasoftur a* it affe*te deep- 

a*atad tuaoure and tl**ue*« A* a r**ult of thl* * f f * * t , It follow* 

that th* faotor* e^tainln? in Fig* 4 *r* *trlotly ai plleable only 

to relatively eupsrfioial tlaeu**. With « •  w H a #  qi*lity photon*, 

for wnrapl*, th*r* i*  already a perceptible softening, *nd a 

significant in *™ ***  in K K  (»j >  1. 1 ) at a depth of 5 **| w  il*  at 

10 on., th* awwre*r <r<ali'y of th* b*aa apiroaete* that of oonvsr.tional 

100 kV *>nt«M> n » ( l ) *  1*4 ) (# » ) •  phen*a*i»B ooabining th*

■kin aparl nr •ffeot of th* hlgh«*n*rfir inoident b**a with th* greater 

•ffioaey of th* softer radiation in da th, i*  *  »oet propitious and 

adventageou* *iroxjaetan**, wliiob w ill obvioudy haw* t.a b* tak*n into 

sosmsit in ar**.o iiw  optical doaa** for deep^aated tuswurs treated 

by a*an* of ias<pavolta^e radiations.

Aithaurfi publirf>*d data oa th* quailV-ol an-a ia d*:<h ara 

scanty, th* *a*ral t m d  1* *uffi*i*atly eon*l*t*nt to p*»it 

•on.tru.tiou of th* w i t i o n  ^  U  W « , 5 ■ *,u » rt*

by Clarkaon and Unynard (* >6)^

f  nstroo and Marvia <• 169) ,  3ra*o fi*M  ( •  76 ) , * « *  • *  ^  

( •  » ) .  Pitting th* 5 *urve* to a ooaaoa depth eaala, one obtain* th*
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ahart here teirti^ly pre Berried aa a working propaeition for sllnioal 

ua*r Qlvan the half-walu* layer of th* incident bam, one oan, 

using Tift* 5» determine the quality of the radiation reaoMng uv  f*r- 

tleular devth. Then referring to Tig* 4 the KBS appropriate to 

tha radiation reao' in* tleeuee at tha point of intereet may bo

eatlaated in *«nas of * and the faotor a •  (2,02) ie tfius readily

7
obtained int Inclusion in the iao^ffbot formila (1,01).

auiat tRT or cnwriR i n

TLe  quality faotor, ia  assessed  by tha hwlf-t*luo 
layar, IcIIoyc It  ige, average ■aralen^th, or rate of linear 
energy traasier u W ) ie considered in relation to tha 
relative bioioglonl afflcianoy (RBJt) for anlaal and hunma 
tlsauea of varloua typea of r-dlatloa. nr alerle graphical 
Interpolation, tha Rb^faetora required for lneorporatloa 
into tha lao-affaet foraula are Jeriv«d, and shown to ba valid 
at I aoat in th* r>mgo of o l l n i o l  Interest. raking r) •  1 . 00 
for r a d iu s  |r<»raya and aegavoltage radiations, Its value 1 * 
shown to be 1.40 3  ij  .024> for orthovoltage rontffen ruya, 
aad aporoaohee a faotor of 3 in the auparflolal therapy 
range.



m : iKCPmsifl IX  >j?: v m  w x - iS a ,
o

Choadoal aal tloio^ieftl ofoo-s of loalain* radiation a?#«

Lb A i n i A l ,  of tao typo a nooorMiv: to otathor oar act tho ;tooo*b u» 

r r w lbl»« la wholly irrsvorsibls rsnotiona, tho ao-enllod 

»faiproolt.y I n ' of Juoaon and Hooooo (* 29) holds apod. This la* 

la, llaa tb*t, for an of oat of a rflvoo aagrdttxla, tho ^roduot of lnU«> 

Bity (T) and tl m (f) la ooiwtant, that lo

to* •  k (*# °i)

Tvr i'hoto ra hlc ofoots thla fttw* ion lo ozpr»ooBd In tho fn «i 

"oq.Bil produeto of intsnoity and tl as praduoo aqubl <lo#rsos of 

blootasaio# In tho daoalapad toto*^a>hlo auulaioa" ,  la tho olologioa.* 

flold tho root proolty lav ooaao to apply oaly la t o out of cartaia 

.laaatla BffaotB of radiation, shiah appaar to ba fully ov**latl*t 

lriaapaativ* of tho duration of « « « .

UWi ohoitloal cyataaa will ohnv bomb *rooiprooity 1b» failuro* 

at both •itroaoft of tho tmwp of aadiat la* into *lt*ao .»oailablB. In 

partioulr*, they will oahiblt a dtalniahad offoot at « ,  la* doao- 

ratoi su*/Mtiu4 aoao da«**<* ‘rBoowary* or ho port of tha 

lrmdlatod natorlal. In thB «*.#o of sx’ rsosly ^>lon/#d pl#/to, **^da 

ospoouroo at vaiy loo loos Is o4C llliaainatlor., thio o' foot lo tUoorlM 

by Sahwartaoo- lid *a la* ( •  l/>))

U +  •  k <*• °*>

•» •« • '|* U a  <wlti#a fraction* Thio vypo of o^irlaal 'p «o» 

funo* Ibb' huo also Wo* fowl to apply la aaqr phyaloo’., atmlaal aad

biological ,r^w>'«Biy• ayatoa* (* 156)*

With tho awoaptioa? of tho ipoial jitatio offtota *or»tinnBd,

alano\ all '»lol**loal objaato oxvoaod to loulsiait radiatiou oahAMt a 

m*e-oa^Ure -mi* d laalprooity laa fallow. la fa*t otuiiao
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of r«rt 1 at 1 on-tnduoaa rutatlono la In ooatrndiatinotion to Bush

t l« w »  aa Drraophlla cpara oawwly uatd la oanatia raaaarah, haw 

raraalad at«jaifloant d o M «n U  affaot a m .i  in tha tia natarlal 

(• 1J8)* rhana 4a, art ora a fn» tha naljuroaity l«a ar* lndioatlva 

of ooaa dagsaa of rooovaxy froa tha offao a of irradiation. ^Mo 

la tfu.ifaat oy tha jurkad .apan&anoa of tha a/faotiva ’»w l of <lo«ma 

on tra»ta»it. tiaa, A ,;ivan phyaloal q<* tlty of radiation will <rl*a

•  anallar aflaat If It ia apvaad ovar •  relatively lon« tiaa, Man If 

tha mam doae w it  dolivorai In a ahortor p*r1 *U  31alUrly, In 

<vdor to produoa a /ivan moult with a protracted oo-.rao of rediation, 

ona requlrea *. aatcnt tally lar^*/ doaa that that f und to to affiHtln 

In a abort expwoura, Aa analyala af tha doaa> tlm ralatlonahlp far 

baaaa tiaevaa by tnalfTlat ( •  175) lndlaatad that th* total «lrea 

dooo (») la t« la tad to tha w i » all tiaataant tlaa (T) ay tha 

panbnlle Uaatlan

ohava »n» la a poal lva fraction. Thora la an ohvloua oorracpondaam 

batwea tha <*haart»aahlld and Mtiandfriat function*, alnao J> - J.T, la 

ahloh aaaa it aan bo *hr,wn that a •  1 - a*

If thia ot*lrioal function yrowa to tflre a o naietont^ wood 

daaarlptloa of tha ollnlaal do«*i tlaa dapandanoo, and I / u i  ooourata 

iata oa tha xwLvynliuda of th* assonant '» ' aan bo obtained for tha tdiola 

range of tlacuaa ad  tuaouxa irradiated, tbaa tha foot 1. 1 omi ba 

taken aa an oeti*nte of tha »a«nitude of th# Una-facto* axJ nibetitute* 

for tha faotor «b* In tha oilnlcsl leo-i;fbat formula (1* 01).

Before fcny ««ab aiaple function aan ba a*pli<d with confidence. 

However. it la a w i  naoa»aaiy to ooneider tha following four timing

D - k .^ (*. 05)

variehl*ei naialj, tha of tha irradUtloai

ahathar tha eapoeure ia and, In Uw lattar
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M N , th# n a r  or fractionation. that la tha iIm , frequency and 

epaaing of individual doaaai and anally, tha awi*al llaa a/ tha 

ehole irradiation proccduxe* If It la fOuat that a.y of thaaa 

varlafcloa affect tha doee-dependence te a diffaxant degree la varloua 

tltsauea aad tiaouxr, then  eclectlvc action or advantasMMC 

differential affect ef rad la t ion oould to exploited la ellniotl 

radiotherapy by a .lulioioue ofcotae of tlai ffeetore* la thia re^vd, 

tha in— ill treutwnt tin* haa been a oen te to tha m»et eignifleant 

factor, art a  of aoouru‘e ofceervatloa la available for 

Maced or Ita al^ndfloanaa. ta tha other hand* the doae-rete aad tha 

aaiatev of fraetloaatloa appear te be aalatlvaly u»Aa*o*tant« noftor 

aa a differential eat loa beteaaa tlaauec oan to allotted ei.aloally, 

tha iweoveay rata of eplderaotd aaaoer, la f art let lar, la alialfloantly 

lat a thaa that of onrawl toi a tola, ao that prolongation of a eourea 

ef ellalaal ra*lola«njgr ana, la »K i lnatacea, have*very eaterlal

tnthla tha lltofc aaually .neonatered la praetlae, and ona^idejed 

ipur' f m  aaaaalatad ahaagu* la ove -all tim , thia faetor appeare to 

fee* a quite lnelrnifloant affect upon tha lnienelty of tha reeetlcn*

Xa oerteia ^tole*loal atudlea, ouch ae ehmaocoaa irteroha«*»a,. vto— 

the Cm  raealt my to lafluaneed by tha dura i a  of tiartaent la xalatlaa 

to tte oltotla cycle, tha dagsae *f Injury la elgnifleantly aaallar

at loc — |---- (• 175)* *  'he abeenca of a. nahroaowa call*

divlalon, becavar, tfcda grja of effect a* ana ualltoly to a, ear la 

enaglea aultlcellular nvguAmm  aad thalr tl«<mea,

At eaaeeairvly #waat 1 "taaait lea, hoaever, aa with tetetroaa 

av aiailar aipaaatoe giving pal aad nniatl with lneta«ta;e<wa d«ee- 

vataa ef f*—* nilliana of n d  per aaaoad, tha h l^  lenal loa itaadtlaa
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•nd eonnqumt ln o m n  in aypxrant HBS, will ra*ult in ■troouMP 

biolo.fi oal raaotiono ( •  7»). At th* otter ortrwao, with w*y  

ir.tonoitlo* of tte ordor of ana rad por ainuto« th* tin  raqulxwd to 

d*llnr any *ub*t*nti*l do  is naoan orily *o pralntv.od that tte 

*ff*ot of th* axtandad avaivali tiM  aannot bo diatLuruiahad froa that 

of lo* do— i rat* par a*.

Rnludin# tte** *jr.raoa*, *tudl*a an tte tuann akin arythan 

raaotion ten  * ova no pomptiblo dlftfmnoo utrtbutabl* to ohatv?»* 

in Joao-mt*  tte who la m u  botnon 10 and lc#000 rad/aln (* >2,

110)* in on* *i«Rlfl«ant ax>annont *» r a  tte onr-all tin* wa* kart 

oonatant, N**clrt«r ( •  122) *hoaad that tte int*naity of tte axytteaa 

pradund « J '** r of ndiua f'-nya, in 7 aqual daily fraotion* of 

206 r, *h*thar tte radiation wa* «iw*a at If r/hr. or

at 120C > nsponn of A in  cnoar wao aloo Uontloal at tha

ta* lntonalttea. Tr* naotlr>n flwan by wadlun-*olta*a r on Mon ray*, 

lailarly ftaati.mat*dv war alao tte  at all int*n*iti*a batvaoa 

>.3 and 540 r/*'n .

ikwm r, Kapp'a analysis (« 101) of tte of foots of intonoity 

upon tte offootiw* orvthoaa doaa that tte fon*oin«r ooncluaion

ten  linltod validity. It rauld oo«n that tte raaotion 1* lrd*p*nd*nt 

of dooa-cnto If a 1**>J* uu*teT of fraatloas (shout taslwo) ara wsod ( *  1(9) 

yUh sin#!* dnao*a r:nat*r *ff**ta ara o almd with s**H r lat*n*ltl*av 

and Vlth«nn ‘s raawlt* (* 90) fcs thl* MmMtion ara oonflmed.

Xnapeotian of tteo* fl^w** aJ-owa that tte affootlva do** warl** 1 nvwraaly 

aa tte fifth*root of tha iatanaity for a ai>. ,Ja aae»l«n and that thia 

variation dininiatea rapidly sn the nuder of fraotion* a n  lnuraaaad. 

nth tte rarua of iatonaitia* ,<a *rally und in therapy, tterafora, tte 

ranot Iona ara ia tomX larpaly lnd*i*nd*nt doaa^-rat*.

miaaiiK-iop ix  q s im .

Plfftnn*** batwaan th* *ffa«ta of



“ ** tnt*1*>V ^ n t  W T t f j  ea^cienU y frr parat intervale (ear w t  

aom than on* day) over to* .«*■* t-*.ai p*xl«d, would also appear te 

be in*l>?ilflaent* lu Mrfhirtar'a ( •  121) exporiaent on do— r>ti 

efflacta, th* lowr ran e ao intensity In A  lia ex,o*v;re an unt*d 

to a oont iucie treatment over 7 dnye, whioh did not difft»r In effect 

from tha warm total doaa delivcz*d in aewn equal dally fraction**

n — i <y 

Variatima in tha fractionation aoteaa .m w, la aanaral, a 

relatively alight effaot upon biological reaction* ooapared with the 

owaiwldi't,t lap&rtaoaa of th* owar-ell  ia thia ro^ard, Aaie la, 

however, etron* ix direct *vld*no* that an aiTaet at rlbutabl* to thia 

factor aa dietiaat  tha ov*t**11 tina decs ia fact exlat, end aay 

indeed ai “nlfioa tly influence the outooa* in  olJnloal Irradiation 

prooeduxee* Oo parailve data ar* rather u*a«av* Knot of the 

available Information 00 doae*lae interne ion* 1* band upea th* 

reaction* of pat ion te treated ny equal dally fraction*, usually «<o 5 

ar 6 dava a wall, for ao  waeka. Another subntamial  i«t lanta

haw* xwccivsd ow:inuou* ra'iiaa iiwat nentc over « or*cr period*, **ldaa 

leaflcr than 7 day* in duration* However, tbeee two aodalitiea, at 

laaat ia rautina olialaal ua%ia, differ la ao aany it tar leeyeeta, 

including HHK, field-eiae, da. tr.-doaa -ladienta, doa*-rare and over-all 

duration, aa to pxeolude an/ valid ov»}.<nrlaon* upon the *ffaet* of tha 

fiaet iona .Ion procedure jar «• •

thar* lc, oo th* other rend , a nail anount of Information 

bearing use*. the i roblaa fror atudlea on tha recovery of hiaaui akia 

froa the 11 ret, and fro* ri* —fu*nt c’oae* of radiation > cl van at veriJu* 

intervale, aa aaoeaaad jy the exythean reaction produced with pau-tieular 

fractionation ac) eaa.<« FVoa the data originally reported ty Imffy (• 51)* 

aad by Ĉ ilah/ and UaoOoafe (* 15°) aa the fl» fbr I nfual fret* lone glean 

at variou* interval* ramri»« froa 4 to 96 hour* apart, on* «an ectiaate 

t»a dealer of tnlMal reoovenr ac a funetioa of tlaa* A eonpocite



raa aaanr oijrrw darivwd firm ihaaa raaulta ia ci»ao ia  te* lbs* 

m in t  iiflreatltfationa by Xapp (* 108), and by Da Sanlt (* 52), would 

 to oaeJttm *  validity of thia ourrc, at laaot inanfhr aa its

it

Anon? tha alnniflonnt faatuxaa of tha 'Initial raootaiy' our*a 

of huaaa akin «ra 3 diatinot phaaaai Firstly, tharw 1* a lataat 

intarral of 5 to 4 hour* bafora any laso v ay aamanoas, am utiy ' t»at- 

aaata tfivan within euoh a wort parlo* appaar ta ba folly ouoilatiwt aa 

■attar how f*aatio«taiaC« A t.raataant tiaa of inter j nouxw oould 

thaiafosa ha aoaaidaiad a *ain*la ahoft aspoMura' auaa aa tba* dtaouaaad 

pswwiooaly* Aftar thia ;«nod, thara ia c sano-or-laaa rapid dapraalartaa 

In raaidual aftbat far about 41 hour*, aftar whi -ha oujrva <ciadually 

otrgaa with Uw third phaaa of r a t a l s w  m iw r? wit» pa-. 

cuarclat ion war locwr parinda.

Ftartt«r lnf naation on thia aoora ia available thrmfc* eowparlaaa 

of taaf lorn in tha aaaa of avaolard daily fraot ioaat ion prooadurwa 

•Hth ttaaa ia olialaal notriwoti ii ahioh tha oouraa  radiatioa ia 

fsaatiowtad at in.arvala othar than ona da • Aa ehaaa by fen «»*>jaa 

(a ia6)# thara ia awldanaa af a fawourabla diffbranttal afTaot ba.we^n 

iUn and apidamoid aanoar whaa thla tuaotar la i -valiatad tvioa daily 

Ifa&ar thaaa oond&tiaaa, tha akin ia ra port ad a .oiaamta a doaa uf 

radiation, daliwarad ia 10 fraa*iona oaar 5 daya, alaoat aqual to t*a 

tslaxanea doaa fhr JO daily ftnaatlora. Tha tuan'V, oa tha othar hand 

raaata aue  ̂ aoia vi oroualy and o«nrl*taly to tha loiar pioaadu*a*

laa^ar iatarwala ba*.oaan -roataanta, auoh aa 'al'arnata day' 

or 'twiaa waakly' fraatioaation proaaduras, appaar to «iwa a fawourabla 

dlffarwntlal aatiaa ia tha tharapy of braaat aanoar ( •  40), bat not 

with aptdarmid aanoar ( •  1 * 0 ) .  hara ia alao anaa awtdaaaa fbr a 

erltiaal fjrarml batwaar traataanta at *>loh differential afflMta aaa

aptiaal (• 52).

r«
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»  11# It 1* not .vat r«'' sib Is in tha :«w i;t  at a to of k»jwl»«mi 

to asvrasa ihciM x«lat*ona la a p neln  qua*'-- ltatlva inarmi)*, tba 

oiiotmd dl/farwnt lal iff-ot# c-x-Id os explained &y diffsraroas In tha 

initial pfcanaa of tha rsoovsry ourvaa for tha luac^ra and tin <uaa 

oonoamid, as a. <,pstod la /it;. fib. T was eurwss ars doslanai to 

show how a TaaoMww difa»rsitti-*l could a^f oax >otw»ou skin and aqua-- >ua 

oanoar at 12 hours, and bwtwaan skin and br*s«t aanoar at 46 >ieure to 

aoomait for obaarvwd rssponaas aa xs^ortad by Ysn Hoo>n (* K>6) and by 

iMrt rofdr (* l£o) rasrwatlwolyl aafc rstala all tha xansrril ftatuiws 

of th* triphaala initial olda iwoowsjry ourwss dosorlbad in Fla* 6«*
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'Aa sort lrapoxtant at 1 tho tloa wariebl**, at loast In clinioal 

praotiao, la tbs total traata* 'las* In assessing lta offset tivoa 

tha qmntliy of radiation rwquliwd to produoa * tftwou twaation. »ta 

manner of fruc' iona'ion oar usually b« dlma^pudad wit tout si nlflaant 

loss of aocurac . In olinioai xad at ion itaajy It is usually raqu/.^d 

ta a ia w  so arataly tha rsoi'vsiy function of tha skin* wtlch is 

nsaasaarlly irxadia ad in alaost m r , i hampoutlo p-«oadurof aa wall 

aa tha* of tha particular tuaoia- s-»noornad.

In tha oaaa of nr/nal h « n  sbfe, a la*#» voluas of data 

«nnamln«; lea rwotrary 1* awailabla for two lawala erf roan - '*  “ t** 

•thrsahold orythas* or fliwt da*raa raaai  and tha 'sain toloranaa* 

\»’*Jly. int. V in* tha thir4-d**rss or oawdaUws ratio n . lh» fhraav 

is am?u»kte to wors aoaumto iwd ob>atiw»: ssasuiween', but tha lattar 

la of far ,'iwatar .msot iasl lnp«r*iwaa la datanalnlrvr oliriaal doaa,<a. 

frwwvar, m* owsi«*ll raa~s«r  la, tha ffcator Kgr "hioh a 

tflwan sxnrfla-ahot doaa haa to ba inorwa-sd la otdar to prcduoa, with 

ft -nra-or-lŝ s prolong oourss of tiwav«*nt, tha sac* affaot aa that 

rtivwn by a siivjla oxi oaura, apiaara to ea alaoa* M M  ** ^  

lswsla of cwaat i
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*htla 11 U  not  passible in th* jwaaaat atata $f knowladgi 

to u p n n  vhcac re la'lana In a oraaica quan'ltatlwa fnrmla, tha 

abiamd diffciaMtial affect a ooula oa explained ay diffaronoae is tha 

ini t i d  phaaoa of tha nooviqr ourwse for tha unoure and tie uni 

6oaa»snaA« u  eu^jeeed ia /I.:* oh. T aa* aurvee axa dwelled to 

■how how a tbjcIwuki diffaiwrctial could a,,«a.r sa.waa*. akin and equa»nta 

aootr at 12 hour- , and batweaa akin and braaat whaaar at 48 -sura to 

aooovat for olaarvad raapoaaaa aa raponad by Tan Koojea ( • K*») and by 

aad rook (* Ko) ra apaatiwalyi and yvt ratala all tha gaaaral faaturaa 

af tha triphaaia Initial akin rcoovary ourwea daearibad in 2i«* 6a,

'fta aoat i-r̂ oTtant of all tha tiaa varlablea, at laaat la clinical 

praatiaa, ia tha total treataaut tiaa* In aaceeein« ita affaot ufxm 

tte quantity of radiation required to pxnduoa a . S w  reaction, tba 

aaan»r of fmctiomUna oan naually he dlmra aniou without ai ,-nifiaant 

loaa of aoeurac.,. Ic clinical relation iiaraiy it la usually iwquirad 

t* u  eat wr.ntmtaly tha reaawary funotiaa of tha akin, which la 

naaaauarily Irradiated in alaoat every *harapevitio rocadure, aa wall 

aa thflft a  tha particular tuaour aoncamad*

Za tha aaaa of noraal huaan akin, a larsa vol«a of data 

eoaawrala* ita rearwary la available for two la we la of raaatian - tha 

•thsaahold erythaaa* or firat da«raa reaa lon| and tha ‘akin tolaxanca*, 

uauaily Ualyincr tha thlri-dasrwe or caaaiauve raaatiaa* 'Aa ibraar 

ia taaaakk u  atre aaauxmta and objeatlve aeaauraaaat, ba th, lattar 

la of far *arae»t«r praatlaal 1sportanaa in iaarninl-iff olialaal doaa#p* 

Jtewevwr, na owwr-all iwa very faater, t>*t l», tha factor V  •

£i*aa ein*;la-ahot doaa haa to ba inateaaad in ordar lo psaduaa, with 

a w t e ^ M c  a {unloaded o*>-awe »f t«wat«wnt# tha aata affaot aa that 

«Uan w# a elrvla ax> oaura, apiaara to a  alaoat t.a asar at both 

lawala of n*aaiioti*
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Th* Available Utsrours on the rec »very function huaan 

■kin ia col.wo.od and analjr**tt in .fobla ill, Insertion of th* data 

oho* a ths vary oon Bid* rati* incutmm in doawo* talrre ad slut l-o.*r 

.resiasal ti^ae* Thia relationship ia nww clearly lllua ratsd h> 

plottiu* tfar f*-«a Ta. hloali/ on lo«puri 'ads *o—>.-dinat** ; Tl*;« 7J» 

from shlah it vill to* assa tint also** tl<* whol* ni«jS at • linisal 

oba«r*ett0B an* «^*rii**nt an this probl*a from saay diffa ant centres, 

om ba fit tad »*t.i*f«*torily u> vary alailar airairfht 11s*n. XjMj 

lima oprraa nnd to parabolio function* of tha typo D •  k. l®, de*erlb*d 

previously (>, OJ), eh* re *a* i* tfivwn by ths ale;e nf tbt Una* Thi* 

anslysla the* o.wfime tha validity of tbs U  w p*»t typo of poser- 

function, an* snsblss one to satissts ths sa^nitwle of th* recovery 

exponent •* • trm  ths observed slops of tbs Una ss fitted by ays, 

sr by th* slsbrslo stvhods to b* dseeribed. More rt,aroni* statist lsnl 

sat hods using 'tossb-squa.-ss ra/.rsaslon squst leus' eoild alao ba uaad 

for sstlsstin; ths larsceter* ftros ths obwnreed reaction* and doas^ 

factor* on nirtr rr of individual oaaas eallsstsd into s elntfle body 

of so^smtlvs 4*UU VIth th* *tri*ty of 'beervetiao* ahfsw la 

febla ZZ2 hossssr, tie niaf hioal *rth©de  to fas ade<*iat* thourfi 

th«p ds aot reedlly ;oralt asaasmnt of tia verianee of eetliatcd 

paastsn, and hsnos ^iva no internatloa oa ths f*f con. idenc*

that oar bs plaosd u, os aush «*tiastss.

Urn hsst svsll^ls sstiaatss rf tha meow^r »ar*Mter for 

oesaal tsas  obtainsbls fraa all th* data ia Tbbls III by xe«resia 

dialysis «  (r a  tlu giaphleal sethod Ulus-ra&ei ia  7 aweere 

%e bs a •  0*54 for ths this ahold ssythese reaction, and a •  0*33 for 

tha Min tolsranoa do**. If ihaas sstiiatss sr*  to m s m  

ths aan* population, aa oould probably aaospt a - 0.J3 a» a convenient 

mcftlt«r st&n ard. T»a sstUata of th* asai pareoeter throu*i a 

ri^nous statistlaal analyei* of 15^ okssrai moetlen* is mdlothet^py



f  A B L I  X II . TIV« - r  \CTQK ftrtA

l) |nltl 1 rtacuparatlon of Humm fcin (srract c?f 2 anaoad fractlona, 

after iULroby *ad MaeComb, 1916).

ZHTrJRVnL EKYTHRU' DOS* ereent Realduil
(aovu*§) <t o t a  r In air) J L tffaot at 2nd *rn.

0 525 100 100
0 640 122 64

12 700 133 50
24 800 152 31
48 850 162 24
96 880 168 19

pi Tl»«~-JD»a hair tlonohtp for tttc tnraaftold grytbww .twctioa

D/.ILT
r* c r im u .

1

1
4
5 
7
12
27

KHYHUM* noai TIM* W Y W O O . no i* T a g

( if tar a«.J*by ) .1 'CTON (>jft«r Rolan o f). \0T0W

525 1.00 1000 1.00

800 1.52 1300 1.30

8?5 1.57 1500 1.50
« . . 1600 1.60

925 1.76 - —
« • 210C 2 . 10

1200 2 .28 2400 2 .40
2700

j) Clinic ,1 'T o ’: T hDC*1 Tublea (sftar K ill*,
n i *»tcraon).

flWT 71 L!>3£ *  In illa*  Data) T1UM F U k

0 - 1 2000 1750 
1 - 5  5000 tt>00

a - i?. i>400 «*ooo 
3 - 19 5000 4500 
* - 26 5500 5000

1450 1*50 1100 
22C0 1900 1700

3300
3750
4100

2850
3300
3050

5 - 33 5800 5250 435^ 3«50 
.6000 >500 4S^0_A 00_1

 4«>« i . a  ^ 0 0  

2650
2900
3200

3350

0,76

1.00
1.52

2 .29
2 .59
2.81

3.01

«*
1750 1540 
3400 3050

4580 4050 
5 200 4600
5500 4850

•>660 5000

Joliee *  Ult-hrtll, 

IT W IJol !>•!

U 5 0
2850

 15 

1300 1.00
2550 1.96

1400 2.62
1850 2 .96
40S0 1.12

4175 3.21

*320

Q.»4 P.i3L

TIM* 6x4

,-J_m  A2*it

1 21OC
4 3700
8 4700

12 5700
19 55^0
33 6>00

a -f a*

to T T T

1 ^ e3L2

1900 1700 
1400 2900 
4300 3800

4700
5100
5900

4100

20»10 20»20 F CTQK

1500  - 1*0
2500 - 1.73
3300 2700 2.?4

*600 1000 2.41
4 OtJO 3400 2.65

J J O O  4300 3^02

L T 08 0 .92  0

* In tnU t„ t .«* 1 ,  the animal tl*a la waalw* •» *

tha aetaal o*«r-all tl»a la « * * • .
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patlanto by Col.cn and R« vioh (* 44) gav* an t w it i  valua of n - 0*31 

«02£), Slnllar, t!ou,»h l*ea rt,̂ »rou*ly wetaL15.*b*d o a t h a w a

b«*n ftoo®:”.»d by du -limit (» >̂2) and by Aifclrww* and Oo (* fl).

If, m  i m a  t.o  b «  th* a a a * ,  *n* la rwaoonabXy ooiwtant trocar 

various t m t n m  ondli^ons, that la, It la a t.ru* pararwtar of tha 

tlaau* onno*m *d, than •* “* la an odaqust* of tha tia**fa*to*

ia tha tao-affaat aquation (1, 01) and oan ba aubatitutad for *b' In 

that famnia. »iu* tha tla*-d*p*nd*r»* tf hxaan ukln iwao' lorn,, and 

hano* of +.*• olintoal 'tnloranoa doaa' la fairly adaquaraly 'laaorlfaad 

by t>* fnaaila 3 •  SuT*^5, n-ia could alao bw t-x rwa o* by th* 

followi-* «aplri*al r Ja . Tha dow rva ; r a tm  A j.‘ ’

irl*a ai ti» gufe*-rot af. Ah-t -v-f-HlL.MJ.

T»* of thi* rul® ■houiai 1  bt oloarly umiri'. >od.

Mr*tly, tb* rnlua of *n* aay not, iu» haa b»«n d, ba •vtlraly 

laJ*p*ad*nt Tt othor fa*tor*. Tr>r *maj U ,  i>*ra a^aara to b* wow* 

oorralotion batv*an tha rwoawcr f'-̂ x4.lor aad th* quality or HK of tba 

radiation (• 44), th«*rh 1* no laotari** ha* t a  **tlmt* darta-od 

wuffiatently Vo pr*alud* It* ol alcal a j llcofelli’-y.  *r , It *©uld 

b« bcria ia a lad that tba par*a***r 1« ralld only althla th* ran,* of 

pro*rMt4.on and f'watloo*tloa lir*»«tl#it*d, that la, up to 60 day*|

•ad whlla lntarpol*'*d wluwa *l tt.ln thl* rai *  i n  rw**on*bly wall* 

fowiad. It 1* aot alwByfl p’twalaalbla to *orraj- lat* th* ffcao-lon  

IwifM ;«rloda  tlaa* It 1* po #lbl* that th* w*tran*ly ;Totrr*t*d 

Initiation* 4 m  with >rantrit1 d*poadtlaa of o*r^A»n lor^llwad 

radloMt lv* *tA*tanoa* aay mtail aowa rrr »4<ri

Za * •  *fcmoo* of *vld*n** ♦* th* eoa may, tb* a*a* f*«t« 

for tt« jiirrnaa* of pm*tl*al ml lat la* tho».y, b* a m *i4  to a^ply 

t* th* K n a l  tl**u*a, lo*ludlnr anoou* *»*bra«»* *ad th* **».n**ttv* 

il*ai (U a * * *  *onatlt«tla« ti* r a w  !■ ■°*% *twatiaoa. '   

aanalualoa I* aoaflr^d br da Oa*It». ( •  3«) ob^fmtloa *~ la *





-46.

roughly aiailar m o w iy  funot iona for I  w tety  of buna tl n m .

Aa » own in Sablo VZ KMt huaaa tlsnuao N m  a aiailar tioa-depanrianegr 

*n* ran bet nan  0*2 and 5*3,

Xfeia can ba u m a d  by aiailar nnode to .Jon -md ia tha 

oar* of n n f ]  akin, thon.4> tha available information ia far lan  

abundant, and rettaar iaaa pxwoiaa. Ia tha oan of a^auoua n i l  

oennr, hm aar, tbe v la a feirs* adequate body of d*ta, froa aaqr 

lalaiaa-Mt aoum a, by whioh tha rwowry caxanatar for tte tuaotar 

oan b» eetlaned ani c*aohed» T -th tunnuro tha raeeiiaB 1 m l  oonoamad, 

which airfit bar a*/, tha ID-50* aannot ba obaorml iiir*etly or. ir.aivi<k«i 

oan* u  "Kith akin rwaat ions, but h u  to ba b  ad  <m an ta .iip i CT 

mt'«r i wadiaa, nlua of ilnaaja a® ociti-ad with tha vaxtieular e ra rata* 

A ila la  «pra>M«l aolutiaa la that und oy Mnndfvlat ( • 173) whanby 

'ouraa' ami ’faxluma* ara plnttaJ wperately on the -nraife, and th# 

bMrt-fitting li/a dmm bataaen tJa twr> tpwwpa of -tint a*

A i«an naatoate ntbod la to nlleet * U xp  .ntoar of aatlntaa

of tte Ut-50,  or ot ar eirilar known lanl of afi’aat, for a variety r* 

diaerate o n en ll tiaatnat t in a . It ia eaann tsaetin for a 

par*' lwular rmotherapy nntra to a *iax> arc doaa-*lae

oodblnation, n«*m lly arond tha n>-90 tarvia,  toutin taa, If •  

l*Ap mafeor wf auafe doee^in ooabinationa ftrow  difflwnal cantina 

aaa «J1 ba «t«m to #4na nuatndntely tte n n  oon■«•(••• than a 

nt.'.*f notary aatinte of tha iwootwry vai**ter nn ba obtaiaa* by 

**a.hionl or ra waeioa ^  oda.

With tte wxowptioB of « a  aenaaibi* twnoora, tteie • "

■Mch wtda diff#»w<»na n ou*a«rataa in diffoaan* laat*tultana aa to 

mriar t>ii »tted in a lU , 3b  then aaeee it ia ^anibla to aatiaala 

thw ir a  f>» anah w f  ell *•!■» f * "  d“t*  "* ouxv"

m ao aa wow la ted with tha j^rtioular daae-tiee on**iaattoa, if on
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or m n nufly  sm vm , the ooafflatent of variation f«r the* .*.ioul*r 

tuaour. ?br «obb) 1«# a ' reop*rmtl*a doM of 2 y »  n i  In 3 h«e

bee»  reported te our* breast oanaer la only it  o h n  ( •  120).

Qlven * oopfficiont of variation for thia ttisour of 11̂ > (* 40), It 

•tut be (t n «  etfttietinally that tha eat ual I3)-50 uaiar the aaae oomlitinaa 

suet ba around 2800 m i. Ua«ji*r thia «tthad9 tha writer vaa abla to 

ahoa that aat j sfaotory and con* latent information any ba art root ed 

fraa axtraaaly hanm^anaoua data {* 40 )•

a

Tha aoat v i#n«i al^a mlo etatlatloal fttpimoh to thia 

pvoblea la threap Kanioh'a ( • 104) adaptation of Flimay'e (* 61) 

aathod, aa -ieeertbed on pa«ge &0

g ^ T  AY WPCTI'JI C.F l i i E t W P  (aBBKSSt SWf) ^

■J5» available pribllahed da* a oa t*»a ree'vvesy funotion for thl* 

t a s w  are tabular ad in Tab la IV aaci enalyoed ;raj>hie'*lly in **<5* 7*

Froa thaae obaervatlona tha rroovaiy pam atw  for a ldaraoW oanoar 

appoare to ba a •  0.2*. tha analyeia baaad upon 100 rad.;©’ herapy 

potlanta by Coh*a and Kbrioh (* 44) *»*• » *•*»* «f * •  0.**, by a 

-mrhioal a*that*, for ainlndeln* the variance, and of a •  0.289 Cl .023) 

by farrich'a ’•thod. ft* atandard arror of thia eetlaate iadioetee 

tha raUar largt aaoertainty it our knowladja ef tha paww*:«r, •hiafc 

ui^ht lia anywhere betaaen 0.24 end 0.34 thou^ other oonelderatic* 

to ba diaouaead la the following «ej* ion prow that ite valua eaet 

fail Moaateva a^-r the loaer liait of thia Betlaataa froa

Strandfrtat ( •  173) (*m » end Up oaneer, 0.22)| Qfc eia (• 68)

(oam ** 0. 23)| Andrwe a *  Oepped* (* «) touamoua oaroino*, i.22)»

Nolan and du 3aalt (<• 133) ( « •* * « •  °**5>l •* *  1rithln

oloae I.IIII ■ • P0» i»aatio*l purpoeee, the beet available eettaate 

le that baaed u»*>a the lar*» ma*er «f obeeyvationa oollaeted In M k

XT, fraa vhioh «a taka our wwrtila* value af a •  0.72*



ox oar softly aaeum, the roeffialent  mriatlae f«r that ;artloule- 

tuerxir. eraa] le, a jo* wjM ntlw  looo of *5°0 ra4 is 3 waekB baa

boon r*po?-ted to cur* b n u t  oanoer In orIj of t u n  (* 12").

Olaen a aooffieien*. of •mrUtioa for thio tuawar of lljt (• 40)# it 

oon ho ehoaa etat lat ioalljr that who a**ual UWjC anuor tho eene oooditinae 

wot bo arotad 2000 cat* Ueuw thio method, the writer  able to 

ehow that a t . ~fUot  and ooneictent lnfosnetioa Mgr ho extreated 

frun oxx reroljr heteroaeaooue data ( •  40).

Ujo moat ri -onuo algo zeio etat let leal or; meoh to thio 

preblea lo throaob Xeri ioh'e ( •  101) eda, tat ion of itnnejr'e ( • 61) 

method,  deearibed  pe*o <r«

Tte available pub' lehed 4ata oa tho wooeerjr toot ion for thla 

t a r n  am tabulated la T*le  IT aad aneljreed TrephUaHjr la  7«

Proa three obeeaaatiaae tho weowiy jam ater for ‘tjiJanoid oanoor 

appearo to ho a •  The anal/ei* baaed ujx* 1C  radio* horapjr

pa- lor to bjr Cohea and Kerieb (• 44) «a»a » **lue of a •  C*23 bjr •  

aaphloal aethorf ftsr alaledelnc tho earianoo, and of a •  0,2*9 Cl *023) 

by Xerrloh•• method* the etanriard error of thla eeti»te iadioatoo 

the retar Unje *oortainty in our knowledM th* pawaetar* whiob 

aUht lie anywreaa betmecm 0 .M  and 0 .M  t h ^ i  otlar oonel4erati<* 

to ha dleoueeed la tha fallowing aarion prow that ite a l v  a it  

fall oaaeohoie oaar tho loaor limit of thio ran^* Kotlaatoo fWa 

atiaidMpriet ( •  173) (woa and lip ooaeer, 0*22)I Owaia (* 6a)

(oorvlx, 0.23 )» Androoo and Oov-radUp ( •  a) (oqiOMue aaroinoea, .22)* 

Solan ani 4a 3«aat (• 139) (oe>'aix« 0.25)| witbla laaonaobljr

clnoa « iie»— n  poaatioal jnarpoooo, the hoot available eotiaato 

lo that booed *>oa the larjp aumber of ateereatione aolleotad la M i a  

 free which oa tala our worttiatf aalue of a •  0 ^ t .
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HJtCOV «Y  fUNCTIOM OF WO US CKLL C \NCER OF HOM\M JSTT!

Mc*nirt«r, 1936,

/rt>«rb«rd, 19*. 7 

h V i  M * *

■utrtln n*<J martin, 1 

t-atomon,, 1948

J«1 rtaeato, 1949 

Hollander, 1930

TIME
(d a y )

1
2
3
4
5 
8

14 

DO 31 
(L > 90  ’r ’ )

2500
2850
3300
3500
1900
4500
4800
5100

14

26

13

18

32

25

1

3600

5000

4*00

«500
6000

5000

2250

TIME FACTt

I . 00 
1.14 
1.32 
1.40 
1 .56  
1.80 
1.8* 
2.04

1.44

2.00

1.80

?.i»0
2 .4 0

2.00

0 .9 0

Flood *nd anltn«r», 1939 1
10
If

2500
4500
5000

i .oo 
1.80 
2 .00

W 1dm n , 1941 1
5

2500
1200

1.00
1.28

3tr*»ndqviat, 1944. 1
4

2?50
34CX

0.90
1.36

7 4100 1.64

21 5000 2 .00

30 5100 .02

Hale and aolaan, 1947 1
6

2300
3600

0 .92
1.44

00*1 - 2500 i T "  i n * O*220



15* fxet th«t the Ttoovery into of •pld«rv>ld oaneer i* 

miietartiall^ 1* " than that for normal skin e*pl*ina th* oliaioal 

ad\ant**;*o of prolong** protroatior or  Dorset ion la thi oa*a of 

thia t'jamjr. Ti» difffcranee ia aagnitude of th* ;«r*a*t.oJr *n* ia 

th* i*o inet*noae ia, ttarafor*, a oritleal or»t upon ahioh '-*» vfcol* 

ratiooalSaf fxaatioaated rwtgaa tv**a :y  1* brood. Iio»ev*r, tha 

•atirataa  i»ianet*re are ra****narili* *Aj<*ot to w ilin g  arror*. 

vhioh ai.'Tht «*' 1 off act conirad optical doeea baaed on tha aa»u**d 

difftxaneee. inoe th* standard error* of ot» aatissatee for 'n» 

ara approjOaataly 1 #  of It . anaa valw (* 1 4 ) . the dlflhrano* toteeen 

eetlaate nf n •  0*33 for akin, and n •  0*22 for epit>alioa6 i* 

barely eiimifieatrt*

la .^rdfr iit 'i liar :;*Uation aa clear tietinotion b»twon 

th* tuaour and noraal ti« »  aaa aade, ao that if * J**l differ*^** 

exist* bataaaa th* too tiamas* application of si* cure* aa a a*a**al 

»m o '.io a  fad nr for variation ia tsaataat tla* would to onronooua. 

the eaietenee «f a real differential raoovar/ feetor in tho too *aaaa 

ia aupp-vtad hr laAenfeld’e (« 15T) on a **rla* cf equaaoue

oall c* oora of tha oral oaritjr naeied by extrapolating 

StxanAfvUt plot to a he rt traatnent tin*e ia tha order of 1 to 3 daya, 

an! dellvaring th* corrar.-onding doaaa. Tha expeeted tuaour ra vaaalOM 

earn qjil»*ll, hot th* akin «ao'*al reeation* war* \adf»mly 

enaaelve* 'Thia xeeult indioata* that 9t*andfeiat •* oatiaato of tha 

raeoaez? function ia applicable to tha tuaour, but not to ncmai *in  

an! auoao, and thht th* let tar auat heva a *rreetar raeowexy potential 

than tha  Chue, although tha anenitude* of th* tw  Hu*a*tera 

are not eell-detenalwd, ellnleal observation prove# that tha different 

bataaen f  a  i* •  «•*! on*, —  •   difforoatial woovaxy M l  nxUt.
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» i *  T* Md MalTWWl -T*phin» ly la I ,  Firstly u  *naly*l* of 

 iCtUnti^tnetH In tha,Jo ana*atwr<r Bo* Itol  a reriaty of 

d©re»tlaa taohdq-jep prior to *h« adoption  th* *tarLia*d or optlaal 

prooadura la tfcat inetltutlon and*. T is *faaaai that th* aadiMi 

latfcal do***  th* tunour re* 1270 r (*i*\?l* exposure at 200 kT) 

and that tha *x,-*>nmt « u  of tha ordar a •  0*35* Both tb»aa

pasvwtars aar* alao artlwtnd  th* publ «l»d 4ata by an inda.arttant 

•t h  d rrrldla; a mluabl* shook on th* aoouraoy of o*ar J*partre»tnl 

aatlaata*. rnr thi* p'VpOM, r*f*r*no* m i  and* to all •vrilafcl* 

pJbliahad obaarretion* oa th* radrot hexa y of hreaat oanoar. CVa 

aatorlty of tha Mlevant -ap*/.*o oa tha eub>at u w n r , had ♦» ha 

U m o M  tar tha puzpana of thi* analyst*  aooouat of tnaamal*at 

taoholaai *ato».^tl«n. la oaa** th* do***. «aa aot if m ,  or 

glrea 1® Moh a way (air doaas, at*, hast ajaeny*n* »ha *ire, auaoar «ad 

rMltlcr of th* portal*} that tha taaoa? d<*a ocrnld aot b* **t Jttad. 

la othtr i-aithar th*, .̂ aiT. t sv* nor th* a«aa of tha dniiy io*a ana 

availa&la* $»axa w * . a *  taa Jlf ’ *;*•-oac i1< «*• x*» Itelw  f- '»* 

ahlafe relrrent data could «r* *x*raatat.

It Tab la V tuacvr do*** (aaloulatad) «d  tha

at«*ar of frertlooa (oaually daily) ara li*tad tagsttar with tha 

proport ton of oaaa* cured by tlat j«rt ioular ooeMnatira.  reataanfc 

faat ora* tit' ;za-op*retlre Irradiation thia '«!** rota 1* roily 

4 a n  -y th* author and 1« uauaily baaaA oc J»te* xelcal raaiinatlon 

of th* aurgloal *t*olaM« *itn poat-ajamtWa Irradiation o «  *aa 

•*t iaata th* oure rata aot tally aaarlbabla to taa radintlaa by 

ni^ailn . tha laaal raaurranaa rat** in inadiatnd and m-irrediatad 

 la th* *are #*rl*«. ’Stai. if tha oara rata *>11 arlar *ustp*j? 

aloa* la C ,, ant that -Iren ty w #»ry olaa n*di*'.lon ia Oar* 

tto probabla preportian oa etc*-* irtren by th* radiation n^ona C, 

 •  C9j/(l - C ,). > « a » . .la , Wtad T BW aa (a U 4 ) »*>a* that 

»*y alow nare 2* p*r o*at. fire .a«r cura* (Oa •  0.22), ahl  la
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