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cord (* 27), kidusy (* 109), and lunge (% 292) For the purposes of
clinfecal rdiotherapy, it is probably anfe to assum, in the abeence
of evidence to the Sontrary, that theee tissuss as well as the muoous 3
nenbranes or other ‘ismes congiltuting the tusour bed, reseabls skin
in respect of this factor, thus taking the diffusion constant

Q ® 0.33 in all cases.

¥ith maligmant tusours, on the other hand, the fis ld-sise
effest certainly doee not follow t)e same trend as in the case of
skin or other normal tissues., The sensitivity of & tumour to radiation
is mot increesed with larger fields, but on the contrury, larger
tumoure, necescitating larger fields tend, if smything, to be rether
O resistant to irmadiation. There io soms expericental evidence
to support this view, However, an attewt to estimate the effeet
of firldeeine on human squemous ocarcinoms consiimred apart fron the
cum. ding tiswes (¥ 39), showed no comsistent trend, the exponent
averaging around q © % O.1, In the sbsence of quantitative ov.Jence
of any definite trend in mither Jiwction, the best available entimate
for the diffusion pareswter must be taken to be q-* O for all tumours.
B _COMPOSITE I30=TIVECT (AU,

Formula (1, 01) giwen on page |7 ean, in the light of the
foregoing snalysis, be re-written in a mow definite form taking
into acoount all awilable information on the msnituies of the mlevent
Jarameters for tiseuwse ard tumours under all poesidle coubinat ions of
tecinical factors and other vonditionc of treatsent, The egquation
=y them be specifically formulsted as

De Eof.l-‘/\) (2, 15)

Vhere the jhysical dese (D) is ihe derendent varisie, detemmined by ~l1
the other Metars, Thy overvall tim (7), the fieldedismster (L), and
the relative biological efficlenay (1), eve all inds sniert varistes,
widoh oan be selected more o uuaémumpmu
n‘xnnm. The standard mdio-sensitivity (B) and thy ‘srecovery’
and 'diffusion’ exponents (n axd @ respetively) sre the pazemstery

o statistionl constants charscteristie of ‘e tissuse irredisted.
In this way, the d0ee required to produce any chosem renction can be



caloulated for any siven ‘restoen: conditions.

The formula is, of course, applicahle only %o a given single
tissue; it cannot, in thie sisyle form, meccount for the over-all
effects resulting f¥om intovact ione Letween two Or wore tissuss reacting
simultaneously, In climical rediotrerapy, it is preeisely such a
ocomplex: interaction between the tumour ond one or more normal tissuse
which deteimines the succese or failure of & given irrediation
procedure, In the followi - chepter we shall develop tie etatistical
principles underlying the iso-effoct famuulee, taking into accoumt the
two sets of variables ani rarassters simultaneously, with the objoct
of calmulating thet tumour dose, which, in any given ombimstion of
cirousstances, zives the .reatest prodvability ~f uncomplicated oure.

SUMMARY OF CMAiPT:R V

The fleld-size factow, or the effect of varying
the size and stape of the irradisted volume upon the intemsity
of the resotioa, is snalysed. Aprropriate paremeters fo. 2
variety of anatomiocal and geometrical vonfigurations ars
estimsted., Ths factor 'Q' is showm to be about 0.33 for skiam
and pvobably zero for t'mours. This Jdatum completcs the
inform.tion required to formulate sk ilso-ef''ect runotion
simulténeously incorporating the reievant variates and
parameters, for any oombination of teochnical faetors.

The composite iso-ef 20t formula his the form
D= ETL"Y , individucl fastors having the values
determinad in ‘revious chapters, so that the dose regquired
t§ preduce a given resction, with any combinetion of
technicu) variables, can be ocalculated.
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As shown in the foregoing chapters, the empirical iso=effect
formulae have fairly wide applicability, w. thin the iimits of
observational accuraqy, in clinical reaioctherapy. It need not,
hewever, fnllow that the formulae reflect any underlying principle,
nor oan one assume the existence of any general regularity or
fundamental leaw which mizht exylain the obseirved resuit.. In the
following paragraphs, the theoretical foundations of the ' coovery'
and 'diffusion' processes will bo examined more rigorously, with the
o' jeat of defining the validity of the procedures used, determini~g
the reliability of the estimated parameters, and dewelaping the
unde rlying statistical principles t. *he point where the opt Luml

tumour dose and its associsted prognosis can be computed.

Many different hypothesfs have been proposed at verious times
to sccount for the dependence-on-time of radiation remctions, or the
apparent recovery of the exposed organisms during protracted irrediation.
These include physical comsiderstions, exemplified by 'multihit' and
wulti-target ' hypothesis (* 113, 105); a chemical factor, attributed
to the removal or insotivation of smme or all of the chemical redicals
or other intermedisry products of irradiated protoplasm (* 90); and
.. “ely biologiocal reparative resctions, or ‘peeudo=-recovery' due to
replucenert ot damaged tissue by proliferetion of surviving oells (* 54).

In some studies, notably on the effects of total bod. irrediation
(% 19, 128, 178), the concept of & chemical substance, und e rgoing
sinple exponential decay with time, seemed to fumish an adequa‘e
description of the experimental data (* 142). ™is simple concept
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conoept obviou=!s did moc hold in the ouo of local reactions to large
dosesj and rather more complex hypotheses have been proposed to account
for observed results with the various fractionation schemes used in

clinical rediation therspy (* 147, 159, 185).

There is comsiders™le evidence (* 43) from many experiments in
the field of radiation bielegy, for ihe generation in irradiated
tiseue of & 'substance' shown to be mobile, localiy diffusable, and
unstable with a tendency to decay as a functiun of time, Of those
three attributes, the first accounts for the experimental findings
in relation to systemic rediosensitizing effects (* 38), and the
lat ter two promise to throw light on the mechaniems underlying the
time and volume parsmevers respectively, as they @ffect dosage in
ciinicel nﬂothn@y. The diffusiun effect has been observed in
irradiated human tiseue by the increased radiosensitivity of skin
adjacent to another treated area (* 97). The ratio of the treated
volume to the bounding surfsce limits the rate at whict the diffusdble
agent leaves the irradiated region, hencc the dependence of the
intensity of the reaction upon the size and shape of the treated field.
Similarly, loss of the activated material through decay processes
amounts to partial recovery of the tissues from the effects of radiation.

It would seem to be & reasonable assumption that the time-
dependence of radiation effects results from exponential decay of one
or more sctiveted substances in the irradiated region. The extent
to which this hypothesiz could be made %o fit observed clinical

data on the effects of fractionation will now be conaidersd.

let us assume, ss & first approximstion, that radiation genurates
in tiesues 8 single substance which decays exponentially at s constant
rate, and that this substance must reach a partioular critical concentre~
tion in oﬁor to produce & given observed result, Assume that ‘B

e
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is the 'single short exposure' reaching a particular resstion level, and
434 42y «ve dpy are equal daily fractional doses whose sum totals Yy,
#o that d) = dp = o0 = dy = D/, whera T is the number of daily

fraotions, [Each fraction 'd' decays expore ntially with time

according to the expression d' sd . e ‘\\', }\hxng constant for

the substance concemed, and 't' the elapsed time in days. If daily
fractionated treatment is continued until the required level is reached,

that is, when the residual dose E‘t reaches the critical level E,

then D ~n  =2h ~N(T-1)
E - 'ﬁ: (l + € +@ + -4 Q
M - = 1= - Nae
E 2 It
*ze( ) (3, 16)
which, sinoe the divisor is vhe sum of a geonmetric series, and
‘_‘L /a*) a(*' el ’
L N | =
ac -0 o=1

o oot e firwla tos

L‘ a H (3, 17)

whe re

T™e fector 's' would, with a single decaying substance, be constant,

and hence & parameter characteristioc of the tissue irrediated.

The problem then develvee upon the following quest ions
I8 ig possible to choose a value for the parameter 's' so that the
time<factor correetion, im this instance the retio ’/h. fite observed
data? Cumulative dosage curves based on the above forwula (3, 17)
are shown by the thin solid lines in Figs. 13 and 14, with 's' chooen
%0 that ‘he curve intersects data for human skin (Pige 13) and
epidermoid cancer (Pig. 14 ) at the well-established 30-dsy factor.
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It ie obvious from boih grephs that this type of curve cannot
describe the facts adequatelv, no matter what sevalus is selected.

It must be concluded that the hypothesis of & single exjonentially
decayfng sube.anoce in irradiated tissues is untenable.

Xz ' M
As an alterm tive to the hypothesis of a single exponentially
decaying substance, one might conslder ‘he position with a large
oumber of such products, each diminishing exponeatially, but having
s wide range of individual decay rates. In view of the heterogeneous
mixture of substances constituting the irrediated tissues, the latter
alternative would & priori seem by far the more comprehensive desorip-
tion of & moessaril, c:otph! Lituation. It has been shown (* 136)
that with such heterogenw g ' ztures of exponentially decaying products,
the total Tesidnal aetisiuy (7 ) “fter 8 pericd (t), siven by the sum of
the exponentials, &pjro¥’uiies . =~ “unet ion, that is
beh ‘ P "3 >
Rf = f:uu\ F)f (b||&)
vhere o ond g are charsoturivtic of the individual products
gwnersted, amd ‘g’ 18 & constant fracticn of " gutive sign. This
function appears frequently both in bilologios. dsosy systems (¥ 136)
and in physical mixturet such as the adioactiwe woducts of a nuclear

fission burst (* 190).

Asgune, 88 inu the previous exanple, that E is the iunstantaneous
exposure giving @ particular reaction level and dy, Ggy eve dpy are
oqual daily frectional doses whose esum i Dy 80 that ol = D/% T
being the number of daily fractions. Each dose 'd', however, disays
vith time according to the power law (3, 18), oo that 4y = dut™6, ¢
being the elapsed time in days. When sS4 reaches the oritical lavel

equivalent to B, then
B = %(1 Or‘""‘on’r‘)

and 2 ./i'_(ﬂ) (3, 19)
x=1
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Choosing & suitable value for 'g' on the same basie as ‘i the previous
exanple, the corresponding curves fitted to the eclinicsl data (reavy
linee in Pige 13 and 14) show a remarkebly close eorrespondence between
theory and observation. Vith gwvalues of 0,5 and 0.3, a fairly precise
desoription of the timeedose relationshipe of human skin and squamous
canoer .nlpoouwly is obtained,

The theory of a mixture of unstable and diffusgble :roducts of
irrediation in tissue would seem to accord, st least within the limits
of observational error, with all available clinical and experimental
dats. ‘The formuia (3, 1) may, therefore, be ac ‘ed as a cetisfactory
working hypothesis.

¥hile the formuls (3, 19) would seem to furnish a reasonsbly
wellefounded msthematical sxplanstion for the recovery funetion of
{irradiated tissuss and tumours, it is cumbersome by comparison wivk
the simple empirical power functions described in the preced ing sections.
Within the ordinar.iy used trestment times, however, sey between fmd
60 dadly mu-,u-oumxywum betwesn the two
functions (Pige 13 and 14). Ouly with rather extrems frectionation
around 100 days or more, is there ; considerable divergence between the
curves, that derived from the 'mixed exponmential’ hypothesis indicating
8 greater recovery at this nutummxmmam
There are insuffioient data to deterwine yrecissly which of the two fune-
tions fits the mw.uc.m:-muaumu-u
extyemely prolonged treatment times, partiocularly in the case of
permanont implants with long=lived isotopes, showed unexpectedly feeble
akin Teactions aven with high dossge (* 42), thus favouring the fomer
hypotheais, This mvucunt-dwﬂthmdthﬂln to cure
epidermoid cancer when the Standqvist plot (wee Fize 7) is extmpolated
%o 10 weoks or more (8000 r in 70 days is sublethal according to
Paterson (* 137).
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the recovery and diffusion exponents 'n' and 'q' are indepenient of the
quality of the radiation, and ‘"at no allowance need be uade for
varistion among individual patiemts. It becomes necessary, therefore,
fo determine the extent to which 'n' and 'q' may be influenced by

varying the quality of the radiationj and to estimate, as far as

possible, the magritude of the individual variability.

The tumour doecge data, moreover, wore obtained from observatione
on treated cases published by several authors, among whom the estimated
curative dose, and the proportion of cures obtainad with this dose,
differed very widely, The analysis of thiwdata, therefore, gave
rathar crude average values, from which more or less deviation is to be
expected in individual cases. In order to determine the dose required
to cure the growth in all or most treated cases, one has to estimate

an additional parameter, nemely the ‘variance ' of the dosage.

For this purpose, evalustion of the response to radiation in &
series of rediotherayy cases (% 44) was cmrried out as followsj, The
reactions resulting from treatment with the following six different
qualities of radistion was observed)

(a) Radium Y—mn § ma, Pt filtretion.

(b) 220 kVp x=raysi 1 mm, Cu filters BVL 1,5 mm. Cu.

(o) 160 kV (op) x~raye} 4 mm. Cu filters HVL 0.9 mm. Cue

(4) 140 KVp xerays) 4 mm, Cu filterj HVL 0.4 ma. Cu.

(e) 140 kVp x=reys) 2 mme Al filtery HVL 0.2 mme Cus

(£) 60 xV Chaoul wnity HVL 0,16 mme Cue
A total of 150 consecutive cases (25 in emch qualitative group), in
which the skin dose could be accurately computed were selected for
analysis, In order to eliminate uncertainties due to exit doses and
those cases treated by & single

the effert of contiguous fields, only :
firld wre used. Inouhuuw-unhuotth skin dose received
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(D), the over-all time (), the field diameter (L), and an estimate of
the biological dose (E)e D was tuken as the maximum surface dose at

rv the cenires of the treated fieldj T is the cotal treatment time in days
irrespective of the manner of fractionatiom, though in the majoriiy of
cases treatment was daily for five dayc a week; L, in the case o£.
square or circular fields, is the diameter in decimetres, while with
irregular fields the equivalent diamter of a circle having the same

4 ratio of areat perimeter is taken, so that L = w_ i
er

and E could te estimoted with a fair degree of precision from the
intensity of the obmerved ekin erythema.

eSSl
" B S oy By ey

Barly experiments had showm & rough correlation between the dose
delivered and the observed reaction. It had been noted by Sievert im
1947 (* 164) that if the threshold erythema dose (1° B) were ditemined,
P then delivery of twice thix dose yroduced a dry desquamative reaction

(2° B), three times this quantity gave & moist epidemmatitis (3° E),

and four erythema doses caused necrosis. In owr series of cases the
reactions were classified in these four categories, and further subdivided
into weak, medium or strong resctions in each major category, thus

giving 12 distinet gradations of response. it was considered that the
four degrees of resotion correspond to a biological dosase parameter of

E = 1000, 2070, 3000 and 4000 respectively, and the intermediate
gradations were evaluated by subtrecting 300 for weak and adding 300

B . e e e e

ST ————
BRI A=t S e
" -

for strong reaciiont in esc’ category. For example, a strong dry
desquamative reaction would be classified as E » 2300, In this way a
quantitative valus can be ussigned to any observed intensity of skin
erythema in steps equivalent %o 3.0 rad single exposure. Although
sub jective judgment must enier into this type of ssscssment, the error

ie ullth'l; to be greater than one step, that is about 30 per cemt for

f1rst-degres reaciions, and less than 10 per cent for the more intonse

reagtions,.




The dose which would rroduce a staniard erythems in esch case,
under the conditions of ireatment, is given by the ratio of the

-physical dose (D) to the cbeerved biologieal dose (E). According teo
our formula, this ratic, designated (R) in Tsble VII sheuld, within
the limite of error and variation, equal a, T,L™%, It then becomes
possibtle to estimate a, n ard q simultenecusly by fitting the data,
grouped according to quality, to the lins

log R = log a*n log T = q log L (3, 28)
by the method of least squares.

The proeedure used in computing these fauotors is illustrated in
Table VII , (Por practical ressons only one section of the complete
table ia reproduced ).

" The same proocedure was applied to esch of the six qualitative
m.‘h‘tmhﬂh“tmwimdqlﬂu“thu
confidence limits, Freliminary resulte showed that whereas 'a' varied
considersbly frem one quality to another, showing & definite decrease
with dminishing half-value layer, n and q Appsaved to range about
0.3 without ary special trend related to quality, and withie each group
n and q were sufficiently close, well within the limite of observational

error, to warrant the assumption that for jractieal purposes n = Qe

Tie postulate (aat n - q simplifies the iso-effect forsula to

z e T
which has many isportant implloations. Firetly it lends theoretical

support to the phypothesis of a 'diffusidle substance (* 17, 97)s for

)
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»

o
)
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i

divinishing the treated fleld by a given fuctor, or incressing the time
interval by the vame factor, would allow the sane proportion of the ‘sube

stance' to diffuse sccepse tho murface bounding the treated wolume.
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| PART OF THE TABULATED DATA FOR REGRESSION ANALYSIS OF S :
(oivex D = B.a.T.17! ; and logR = loga ¢+ nloeT - a log

140 kV rorays, HVL 02 o Cu,
Lo R (0st)

A R r ’ fo s <
%o :}a‘ o Gk M) jog R logT. gl -4.»::( o )4 ok Loogtt SR Regresion 3. A
—TTRG T VRl e i
L1500 . 1300 . 115 . R | B S BT L L LU e R LY Coeeeth L 0e0i? L wal
Ao . 20 . 125 . 1 . 01 . 00068 . 0000 | — 1 -tHuni, PRTRE [ O LB 12 S TR L
1. 6:15.-:0315 . 0-0000 . -0 N23Y, These values and the . 015 . 0047 - o2
somnmated data shown o AT % 4

. 2500 . 2700 . 0-63 .
et (o at the foor of wach |

B sh) R R e e R et volvain wove derivad By . i
B s e o emE e s A a ; . s . e hanien]l computetion
T G0N . dMm . 18T L 15 04 L O-ZTIN . L-1THL . - 0-3979. L 0eenT L oonel
C42on . o0 . 140 12 0-% . 0-1461 . 1-0782 . 03010 . 06se . ey
C15m 1300 . 1015 .5 Q-8 L (0807 . 06990 . —0- 0868, L 0-0as . ouse
Clogn . 1300 . 082 A . 14 0362 0 6o 0- 1461 . L0040 . D-00is
L1200 . 1700 L 0-T1 SV L .4'“07 L0880 . 0 mm. TN P O LT - T 1L
. = I ¢l77 Il 0-3101 ~11-7326. 2 um l’ ARGN - 4 ml LR 000.-. 10803 . B o o4l B
Fquatioss: 1:T177 = 25:0000 log & + I!-nlﬂ n 11 7326 q Wherce b-nul nqn-m regres<ion sunvlnr-! deviation llni)
2 104 - 156301 log a + 12 5868 n + 4 8480 q values for in a /50 o & e
1 0Bu3 - 117326 dcg a + 4 NGO R 4 8LO0S5 q, . a ~ U584 - w02l N o = ?
n o= 033 . 00} Whenee 95 per cont cons 4
q = 0:34 L 001 tidence limits for dosage
3 ',,..-——-*———_. data » __ 1-25.
. . *

TABLE VIII

SBASITIVIFY AND RECOVIRY PARAMETIRS FOR SKIN REACTIONS TO R/ LIATIONS
OF VARIOUS QUALITIES

s
t
t
S

’
Quality of radiation. “a'™ bl it w.r dowe range 14,
y (9569, cms). i1
i Radium ; § mm. Pt filter 1:05 (4 -024) 028 (4-034) . 121 . WU 1260 {!
f 220 kV; L 18 mm Cu 076 ( ¢ 030) 0-20 (4 02W) . L-Ew . B0 oy {
180 kV ; HVL 0-9 mm. Cu 088 ( ¢ -020) 0al (4022 . 1-28 . Bl slOr ¢
I“hV; HVL 0:4 mam, t'u 0-82 (1 -0k2) 0-32(4002) . 121 . 42 630 r |
140 kV ; HVL 02 mm. Cu 0-54 (4 -018) 0:33 (4 024) . 126 . 40 60 1
Cheou! ; HVL 0-16 mm. Cu . 0-49 (£ -025) 0-35 (1 047) . 1:35 . 370 wor
"h.l-bdnnm.iamhmw errors of the estunated paramciors. I

R T a w
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Further, being two-dimensional, it is possible to test the formula
visually by fitting the cbserved points graphically to the “egression
lines, as illustrated in Fig. 15, FPinally, estimation by the method

of least squares of twn jarameters rather than three permits & considerehly
greater precision on our estimates of & and n (Table vIII).

T™e standard deviition (§) of the lognrithm of the dosage
estimates can be computed inm the usual way. In 95 per cent of cases
log R lies within the linits of our estimated value plus or minus 2 s,
It follows that the equivalent confidence limits for . are given by its
““““.‘ value wultiplied or divided by a factor Uz. wvhere |)is the
antilog of 8 ( Uz - 10°%),

It is proposed in thie context to ecall 'U' the 'standard
uncertainty factor', in which oceroe f becomes the '5% uncertainty
factor'. The final estimates for the three relevent parameters in

each of the six qualitative growpe are given in Tekle VIII,

It will Le noted that the six redist ion qualities are arranged
from above downwards in order of diminishing energy, Imnerection of
column 'a' representing the mean standard erythema dose in kilored
shows that this dose diminishes (or viological efficacy {noreases)
with diminishing half-veiue layer. fomputation of the significcnos
of the uﬂm; between adjacent qualitative groups shows that *he
difference in the viological efficacy of radium compared to 200 kV
roentgen rays is highly signd ficaat (P 0,001), and the ratio of
the two (11 0.7 ® 1.4) is in excellent agreement with other estimates
(see Tuble I1)s The difference between the 220 k¥ and 180 kV ranges
is statistieally s goifioant (P = 0.01), but of minor importance
slimicaily, #o het for prastical purposes the two high=voltage qualities
may be grouped together taking 'a' as 0.7e The difference between 180 kV
ard 140 k¥ is again highly significant (P £ 0.001), while the three
groups in tle superficial tﬂ?uﬂhﬁ“f”“ﬂhﬂbﬂ.
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one another (P = 0,3), ro that for clinical purposes they may be grouped
about & = 0,5 ‘There are thus three clinically distinct quality
factorss 1.0 for radium Y-n.yu 0.7 for the 200 kV rangej and 0.5
for superficial therapy, corresponding to HHE values of )7- 1.0,

le4 and 2,0 respectively.

The general validity of the three quality faetors given above
is graphicully illustrated by the scatter diagrame and regression
lines in Fiye 15

a3
Values for 'n' range from 0.28 to 0,35 and tend to increase the

A
energy of the radiation is diminished. The differences between the se
values, even that between the smallest and greatest of them, are not
significant (P = 0,25)§ but the constant trend through the whole weries
of five comparisons is probably not fortutipus (P = 2°7 « 0,03).
Although 4 -+ uid be of theoretiocal interest to conlirm this dependence
of the timeearea factor on the quality of the radiation, it is of little

clinical importance, and there is no reason to depart from the convenient

figure n = 0,33 originally asaigned.

The Fh-uncertainty factor of the dosage estimates (02, sotually
the antilog of twice the s’ andard deviation of log R) ranges frem 1.21
to l.”‘um-pasdgu to ooet cicient of variation between 1% and 165,
This implies that in 95% of sll tres:~d cases the resction is unlikely
to differ from expectation by move than about 30%, which, considering
our subjective estimates of the reactions, is not unreasonadble. There
are few published data om the variability of lhuman tissues in their
response to radiation with which to compare our estimates. However,
Helake (* 85) mcourately measured the maininum erytiema doses for 93
cases treated experimentally, and obtaimed data wh.oh approximate
closely to & lognormal distridation with a mean of 309 r and & s. andaxd
deviation of 35 . This coeificient of varistion of 126 implied that
12 1e 1.24, in good agrecment with our findings.
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Since various qualities of radiation were used, it was necessary
to correst the dosage by a factor (a) which, taking that for Y-mo
as 'mity, becomes 0.5 for superficial therapy, ind 0.7 for the 200 kV
range (Table VIII), In the case of deepeseated tumours treated with
200 KV rediction, the half-value layer (and hence the RBE) in the
tiseues differs fxom that of ihe incidert beam on account of the
increase in the average wave-length brought about by the Compton
recoil process. This effect is the more marked the harder the incident
redistion, From data by Stenstrom and Marvin (¥ 169) it appears the
EVL in the depths approacies 0.7 mm. Cu, irrespective of the quality
of the incident ray, This corresponds (Fige 4) to an RBE of 1.7,

whenoce a = 0.6,

The biologioal dosage factor i was taken ae equal to Dose/a.™
where n ® 0,25 (as will be explained beiow a value af 0.25 gave the
smalle st variance, and is c onsequertly considered the most accurate
estimate)e The oolumn of results desoribes the behaviour of the tumours
during the th: ee years following urrediations 'Cured' implies s
permanent local re reesion, irrespective of the patients' general
rsalth or the mrosence of metastases) trecurred ! implies & temporary
response of the tumour followed by recurrence within the treated fieldj
where no regression has occurred the tumour is classified as 'persisting's
and in two casss in the higher dosage range the treated area 'necrosed ',

asccompanied by local recurrence.

For the purposs of correlating the probability of oure with
dosage, the 100 cases werv divided, in order of increasing dosage, into
the five equal groups shown i{n Table IX, The average dose received by

sach sroup was determined (on sccount of some outlying values the

median dose was taken in preference to the mesa), and the mumber of
hm.x&.uma)amu

cured oases in the group was counted .

one group of 20 cases. e horisontal extant of the step illustoates

the range of dosage, while the wertioal height indicates the perocentage
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Since various qualities of radiation were usvd, it was necessary
ty correct the dosage by = factor (a) which, taking that for Y-nn
an unity, becomes 0.5 for euperficial therapy, and 0.7 for the 200 kV
range (Table VIII), In the case of deupeseated tumours treated with
200 kV redistion, the half-value layer (and hence the RHE) in the
tissues differs from that of the incident beam on account of the
increase in the averege wave-length brought about by the Compton
recoil process. ‘This effect is the more marked the harder the incident
redintion, From data by Stenstrom and Marvin (% 169) it appears the
HYL in the depths approaches 0,7 mm. Cu, irrespective of the quality
of the incident ray., This corresponds (Pis. 4) to am RBR of 1.7,
whence a = 0.6,

e biologioal dosage factor © was teken as equal to Lose/a.T"
where n ® 0,25 (as vill be explaimed below a value of 0,25 gave the
ymalle st varisnoe, and is ¢ onsequently vensidered the most accurcte
estimate)s Tre oolumn of results desoribes the ehaviour of tha tumours
during the three years following irradiation. tCured ' implies a
permanent looal re reesion, irrespective >f the patients' geoeral
health or the yresence of metastases) frequrred ! implies 3 temporary
response of the tumour followed by resurrence within the treated fiela
where no recression has occurred the tunou-v is ¢l wified as 'persietiu:'y
and in two cams in the higher dosage range the treated area 'necrored’,

accompanied by loocal recurrence.

For the purposs of corvelating the wrobability of cure with
Jdonage, the 100 cases were divided, in order of increasing desage, into
the five squal groups shown in Table IX, The average dose received by
ench croup wae determined (on sccount of seme ovilying values the
sedian dose wae taken in preference to the » @), and the number of
cured oas>® ia the group wes counted. In Fige 1l6a. such step represents
one group of 20 ocoses. The horh.onul extent of the step illuatrates
tie rage of dosume, viile the wertical height indicates tie jercentage
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