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of tumours cured in that graupe The circies represent the median
dose for each TOuUP, and the smooth curve drawn through them is
probably the true ourability curve for epidermoid cancer. It is of
interest to note that in the highest dosage renge the curability ie
conmiderably less than expectation. This deviation is associated with
the cases of 'necrosis plus recurrence ', and confirme the existence

of the supralethal effect described by Paterson (» 138).

In Fige 16b the same data are m on lognomal probability
co=ordinates, the ordinate representing the perosntage cured, The
straight line obtained proves une slmost pexfect lognornality of the
grouped data. The mean lethal dose is seen to centre around
B ‘M (in fair agreemnt with previous estimstes, Pable 1), the
standard deviation (8) being sbout 400, vhenoe U = 1,13 and tie Sy

uncertainty factor is 1.28.

e appropriate factor for the tumour curative dose (10-98)
is, therefore, 3000 x 1.28, correspondong to E ® 3900 for 'Y-w-
( 7‘ . 1,00) or almst 2000 red in & @ngle application of medium
voltage therar~ ( 7) « 0.,5). This latter dosase is, of cowres &

nu-uubnm d inical datume

The imoet in Pige 16, illustrates & aethod for determining

the recovery exponent (n) by & graphioal solutions Various values of
n' ranging from sero s0 0.5 were selectid, and the resultant estimates
of biological dose tabulated in a manner similar to Teble IX, but re~
grouped socordingly. The gure-rutes obtained were similarly charted
on lognormal 'probditl“y graphs, and the value of ©' correspondi & %o
each value of 'n' was determineds It is sesn that 'U' is & minimua
as 'n' approximates 025 The disadvantage of this graphioal method,
which is otherwise simple and sufficiently sccurste for practical '
purposes, is that it furnishes no means for computing the variance of
mt, It is, therefore, impoesible to test the agreement between ou..

.ﬂ estimate of n » 0,25, and the corresponding resulte from other
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sources which have been shown to aversge n = 0,22, By Kerrich's
(* 104) ragorous method this velue is estimated to lie between 0.24
and C.34.

Ker-ich's (* 104) method for evaluating the foregoing data
algebreically lewis to the following theorem. The data in Tadble IX
*suzgest that the 'standard or biological ! dose = Fhysical dose x
R8BS § ™, or B' = D'/2" say, where E' « biological dose, D' = dose
x REE, and T = time in days. If 5' is the exact 'dose’, suitadly
stend ardised, necessary to eifect & our +hen a reasonable assumption
is that log 5" ®» log D' =« n log T is ncrmally distributed, Vriting
e = loge 8%y & = log D', t = log T, this hvpothesis becomes e «d -nt

is normally distributed with, say mean /nd vari anoce 0'!-

“fo study the questiom of reliability we must enploy an
algebraic method for estimating these wmlwes, The protiem im, in
principls, reminiscent of one examined in Finney's 'Probit Analysis' (»a)
(pe 106, Ex. 18), and adapting the dgebraic methods rxplained in Appene
dix II of that book, the following results were btained for the series

of tumours deacribed?

. /,k ) o
Estimated valus. = 0’0‘“2 . oa” . om
Betimated standard deviatiom 0359 . .028% . L0188

The sizes of the oatinsated standard deviations show that none of the

constants can claim to b vexy ‘well determined’.

"In more detail, the estimated covariance matrix is:
var. (,‘)'omw (M~ n) = = «000955 cov (M T) = = ,000583
var (n) e + ,000813 cov (n,G") = * .000227
var (7)) = 000348
The mean value of o is /ﬂ . We astimate that this lies detween
35,4642 & +OT18 with 5 per cent riske This makes our estimste of

median ©' to be 2912 with a 5 pe¥ cent uncertainty faetor of 1.180.



“If @ is greater than A 207, then the cure yate should be
975 per cen’ or more, Our estimate of /M* 2™ is 3.6060 % 0679,
and the corresponding binlogical dose is B' = 40%6 with 2 5 pe  nt
uncertainty factor of 1.169:

THE U CLINICAL o

The concept of a "therapeutic ratio! has been adopted in
radiotherapyy, as in the case of therapeutic chemicals, so as to give
& measure >f the degree tc which the largest safe tolerance dose
exceeds the minimum effective dose. The ratio indicates the general
value, and ‘artiocularly, the 'mamgin of safety’, of a given procedure,
In radiothe.mpy, it could be defined as the ratio of tissue tolerance
to tumour lethal doses., However, both of these quantities are subject
to individusl vu'istiu'; and depend on technical veriables and statistical
parameters, In other words, the therapeutic ratio in radiotherapy is
s ratio between median values, or some other acoeptable measure of
‘position', of two simoid curves, corresponding to the probability of

necrosis and of cure, resmctively.

\ therapeutis ratio conslderably greater than unity is essential
in olinic:l rsdiotherapy, and, in general, the bigger this ratio, the
better the chemce of cure. Since skin tolarance and tumour lethal
doses depend upon the muny technical variables described, it iu poesible
to control the therapeutic ratio within fairly wide limite by a
judicious choice of factors, particularly the field-sise and the over-all
time., However, the statistical data tarived (in the previous chapter),
giving ~adian values for tumour lethal and skin tolerance doses, are
insufficient for the purpose of specifying optimal treatment factors
in the clinical prescription, in which it is mandatory simultaneously
to exceed the median lethal tumour dose v the law st icable
amount and yet fall shori of the minimal mecrotis. e by the

greateat possible margine
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The acceptable 'maximum tolerance' dose must carry no more than
s nominal risk, say under 2%, of necrosis, while the ‘tumour lethal'
dose must 'mve & similarly small rise of recwrrence, That is, the
two doses m:  be at least two stendard deviations below and above
the respective medians, The actual difference between median curative
and recrotising doses, therefore, should mol four standard Jdeviations.

In order Lo estimate the sctual magnitude of the theraeutic retio
in the case of & epecific tumour treated in eite within ~ partioular
crgen or tiseue, one would have tc wisess the individasl radiocensiti-
vities insluding the effecta of all the technical variables, of both
the trmour and the nomal tissues constituting ite bed, cs well as

cortain fsctors rertaining to the intemmetion between hem.
.

For the purpose of thowse malculations, ore requires that no
lees than 11 factars be clearly defined and secified for the oonu.tto-
of treaiment, In addition to the 3 iudependent variates already
described (relative biological efficlency, over-all time, and field-
size), there w1l be 3 sssociated paraneters (the etandard rediosensithdty
of the tissue, the recovery expcnent, and the diffusion exponent) for
both tumour and normal tissve, making 6 paraneters in alle The
caloulation is also affected by the coefficiamt ¢f varistion, or more
mrocisely the staniard uncertainty faotor (V), s measurs of the
individua) varis’.on among pativnts, ani by the hetsrogeneity faovor
(7), the ratio of mamimum tiisuw dose to mirdimm tumour loses

The uncertainty factor permits ora to calculate the dosage
muind to produce reater or lesser frequencies of responee from the

given mdian values. This factor generally has & value of about

U ~ 1,11 to 1,14, and is approximately the same for noymsl tiesues and
tmours, which means that in about 95% of cases the radiosensitivity
does not differ from the median value ivuathn.tnﬂw‘!'.l.”.
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therapeutic ratio received the same dose of radistion. In practice,

of course, the overl;ing skin or coms other tissue or organ frequently
receives a reater dose than that reaching the tumour. This
heterogeneity will, in effect, diminish the thsrapeutic ratio and woreen
tle prognosise To allow for this factor, another type of therapeutic
ratio is required; namely, the ratio of medisn S corrected for
lielerogeneity, thac is KD=50/H(ID=50), or 9 /He Heve H is the
heterogeneity factor, defined as the ratio of maximum tissue dose to
minimum tumour dose, and may, at lesat in the cass of exfprnal beam
therapy, be looked upon a&s a reciproeal funciion of the percentage 2
depth dose at the tumour. This factor consequently permits on: to
define given maximum doses in terms -i tumour lethal domes, or conver-
sely, tumour depth doses in relution to the skin tolerance limit. The
importance of this partiocular ratio lies in tre fact that the prognoeis,
expressed as a probability, can be shown to bs o mathematical function
of this factor.

The probability of cure at any given tumour dose depends on
the factor hy which that dose exceeds the ID-50, and is given by the
‘normal deviate'! (6.) 15 the expression

D = (ID=50) .,0

(35 23)

Yhere "' is the tumour dose and 'U’ the standard uncertainty fector

an defined previouslys Teking the skin tolerance limit (XD=30) s the

maximun permissible dose, it follows that the tumour dose cennot exoeed
D = (o 50)/E

¥here 'H! is the heterogeneity factor, From these two equations

e L % 3y %)
Mﬂ.ﬂl.mthmvammertm

recponses respectively. It may be assumed that U, = Ugy which is
Wtob true in most instances, and the expression (3, 24) them

simplified to resd
. 9_'.'{«1\

hsig £ oy 4 (3, 25)
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Sinoe the divisor in equatimm (3, 25) is constant for amy given

tumonr species, §h)lis directly proportional to log ( C/n). It is

them possible to calculate ' (J 'y and determine the essociated probability
levele The probability of oure, corresponding to any gven value of

s can La obtained from statistiosl tsbles of the normal deviate

or from the area of the normal curve. It will be noted that §=0
corresyonis to & cure rate of 50 5-1 to 684% and €= 2 to 9T.The

In this way & definite prognosis, as fer as the primary growth is
concerned, can be assigned to any epidermoid cancer to known size

treated, over & given number of days, to the limite of tissue toleranoce.

As shown in the foregoing paragraphs, the concept of 'prognosis’
as spplied to the local disease can be given & precise quantitative
meaning in the sense of an estimated prodability of uncompliocated cure
with any given treatment regime, It can be computed as the probability
of ~ure at the dose iven minus the probability of necrosis at that
dosce Since both probabilities are sig odd curves, this difference
ehould be & monoph@fic function with & -}Hntimd maximume In cther
words, there must exist & particular dose at which the yrobability ct
cure, that is of tumour re rassion without necrosis, is maxical (see

m. )‘)l
It will be shown that this optinal dose lies between the two

median values, and sends to approach their geometric mean. The
prognosis cen thue be assigned & percent age probability ranging from

gero at low doaage, throwgh the optimal dose and down to mero again

at grossly excessive dosage.

1t ie apparent from the sigmoid curves in Fige 17, that
increasing the tumour dose should increase the probability of cure.
Also following & winller sigmoid curve, the risk of necrosis increases
ing tiesus dose. Observed cure rates, at
have umu-u-‘('u)ntouu

sont inously with increas

least for epidermoid oancer,
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the siguoid curve very closely with the exception of the extrems VPRE
14n#; where, cosonitant with the i{ncreasing risk of necrosis, s distinct
downward trend appears. This 1.-. presumably, & manifestation of the
teupralethal effect' (* 138) appearirg as the limite of normal tissue
tolerance are exceeded.

Sinoe necrosis is, therefore, not merely on undesirsble
complication of overdosage, but i= also associated with a tendency
to recurrence of the irrediated tumour, the true dosage-resyonse ourve
for the probability of local cure is & functiom of the differencej
(probability of regreseion, Pp) = (Probebility of necrosis, Pp)e If
these two probabilities are stochastioally independent, the prognosis

or probability of cure
@'Pﬁ (=7 (34 26)

If, on the other hand, the two functions are correlated, the prognosis

mm.
? P' - F (5.27)

n
The latter reems the more likely alte=rative, since the 'spread' of the

curve is due, at least in part, o variation in dosage attributable to

fluctuations ia output of the radiat ion source, which would effeet both

skin and tumour aimiteneouslys At the upper range of owrability,

with which we are concerned in practice, there is little di fference
-

between the altermtives, though the latter, somewhat underestimating

the cure-rate canociated with a given prooced ure, tondy to err on the

g the greater margin of safety. In oither.instanoe, the
fo1lows & symmetrical sonophastie curve (Fig. 18)
computed end indicates

pide givin
estimated prognosis
vith a single peximum whose position ie readily

the theoretioal optimum dose.

Assuming the second altemmative and the Jogenormal distributions

previously suggested, the prognosis may then be represented as?

v 2 2
(y-9) (v-%)
?._,a_’:/—,’}_{ 6 /6“7 -6 .43
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s« Pr -« In . Manifestly tane optiwua maximus tissue dose, for
e same conditvions as im Pip. 17, is 6600 rad, corresvonding to a

minimus tumour dose of 5500 rad, siving 80% uncomplicated cures,
10% recurremce, ana 1D% necrosis.

m__? Prognésis as a runctiom of dosage iud tueranreusic ratio,
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where ") ’ X vy V, and 0 respectively reprecent the logarithms
of the given dose (D), the median tumour lethal dose (ID-50), the
median necrotising dose (ND=50), and the standard uncertainty factor
(v) previously desoribed, It them follows that the funotion reaches
its maximum whem ﬁt’o V-z“’; , that ie whem the given tiscue dose

is the geometric mesn between the ID-50 and the ND=50.

While the position of the peak, indicuting the optimal dove for
a given set of treatment factors, oan be determined in the foregoing
manner, the height of the pesk, rupresenting the prubability of ocure
at the optimal dose calculated in this wey, is dependent on the degree
of separation between the tumour lethal and tissue necrotising Gomage
curves (Fige 17), being therefore, & function of Q/n. The relatione
ship between the prognosis (§ ) and the therapeutic ratic (0) 1s
11lustrated in Fig. 18, emd (/u vesng respectively the vertical
and horisontal axes of the area enclosed by the two relevant sigroid

curves (heavy lines in Fig. 17).

To any given value of O /U thare corresponds a definite maximum
prognosis ( § -'). The function can be solved by using tables of
the probit transformation, so that the progncsis or chence of cure,

given the optimel dosage appropriate to the ciroumstances, can be
computeds The relationship of § - /5 18 shown graphically

fa Fige 19, It will be noted that a value of e/n = 1,9 corresponds

to a poesible cure rate of 907k,

The esivtence of specific optimal doses giving neximal cure-
rates, both larger and smaller doses giving worse results, has been
reported in several clinical series, and confirms the gemsral validity

of the foregoing theory.

The first prectical applications of thie conoept appear in

papers by Tod (¥ 180) and ty gareia (* 67) in 1943, on tissus dosage

o A R PR
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control of carcinoma of the cervix. Antedating Strandqvist in this
regard, Garcia introduced corrections for both quality and time factors
in his comparisons end demonstrated the existence of an optimal dosage
level for this tumour. Subsequently, similar monophasic response
curves were obtdined by Nolam Costolow and Du Seult (* 134) and by

Paterson (* 139), in their independent series of uterine cancers.

W.ile the exast magnitudes of these optimal doses in other
gituations have yet to be determined empirically, it is possible by
statistical analysis of the distribution of radiosensitivity among
normal and malignant tissues in various individuals, to compute these
quantitles theoreticelly. Such values should, pending their experimental
verification, furnish olinical dosage standaxds giving the best results

obtaineble with presemt day techniques.

SMMARY OF CN/PTER VI

The validity of the {ap-effect formula 1s
reconsddered as s physical or mathematical model system, and
it 4= shown that the nvoothesis of a single exvonentially
decaying 'substance’ 1is untenabla. A heterogenscus mixture
of such substsnces could give a ant!afactory, thouzh much
more complex, functiom, but this is found to rit observed
data 1ittle better thon the simnle emnirical iso-effeoct
formula givem. A least-squares resression of skin reaction
intensity uvcn dossge, -nd ° nrobit analysis of tumour
dosage data, gave utiutu for the empirical varameters

L loal with uhose obtsined from published data.
The analyeis introduces the thorapeutic ratio as a strioct ‘
biometrical econcept, =nd the statistical proanosis {probat ility
of uncomplicated cure) is shown to & function of this ratic.




e theoretical and etatistical prineiples of radiation
thers ; developed in the preceeding sections should permit one to
compute precisely tha op.imal skin and tumour doses apyropriste to
i s given clinical yroblems In most situations there can be ouly one
optinal dose siving the maximum probability of uncomplicated cure,
that is the highest chance of tmmour regrescion compatible with &
minimal _isk of necrosis.

In Fige 20 axe shown & series ol prognoe v vurves derived i~
the same manner &8 that of Fig, 18, for epidermoid carcer treated ualer

a wvariety of counditionst with fields of 2, 5, 10, and 20 om diamster)

overall tises of 1 day, 1 woek (5 days) and 1 month (26 daye)j end &
heterosen ity factor of 1.2 in each case. Several faets, wel -establise
had from clinioal experience, emerge direetly froa these computed

ocurves and tius confirm the gemeral validity of the formulase

¥ith fields not more than 2 em in diameter, satisfaotory curee

rates are otainable with mingle treatment g, the optimal maximum dose

being 2500 md with superficial therapy. With larger fields longey
trestment times are desirable} s week is required fir fields wp to

5 on in dirmeter, and over a month with 10 om fislde, It is expected,
in fact, that the mw-mntw-houunqmuthﬂo
of the field dlame ter, equivalent therapoutic ratios obtaining with fields
or&-tamuumm.suux‘m&.uo-ux-mn.

For 1 week the omuu-sppuauucsooumlup rontgern
m.tMﬂvuhndtu,dmlthﬁOOﬂub-

voltage roatgen rays soxisum tiswme dose, Jinoe the es.imtes were
based on heterogensity of H = 1,2, abaslute mdnism tume s doses muy

Ntoinmw-amd-u-.
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It ia to wome extent within the power of the radiotherapist
preseribing treatmemt for a giwen tumour to vary the therapeutis
ratio within certain limits by selecting the independent variates
undex his controls ince there is no evidence of any ‘quality
differential’ as between tumours and normal tiesues, the railo cannot
be affected by veriasiom of quality or HBE alones On the other hand,
time and area factors oan have a differentisl sction, and the therapeutic
muqhnﬂdmuwnwmnlmmmummmu

The Sherwpeutic rutio and hence the jrognosie depends oritically
on the Liold mise. If the intrinsic radiosensitivity of & Lumour is
independent of the fleld-size, widle the skin tolerance varies, as has
mmumx:usuwouumuwz,smm
therapeutic ratio met also vary sccoring to the same function. The
mduou.uuu.ormnmm»munumm
te be treated (unnusm.nofmuncnuuqmm
and limitations), but ia certain situations this choice may be vitale
A good example is the oommon situation with an early Ttase 11 cancer
of the uterine ocervixe 1¢, "to be on the safe side”, it is treated
ﬁthﬂudwmmmuolmm.mmthm-
nh-m-umwumsamum»mm
n.um..x.zu«-mumuuamlwum--c
32, or 25% Mie oould drop the probability of cure frow an
optimm of 006 ( O/ @ 144) to oaly 25¢ ( ©/u « 2.1, sor Piae 20)s

mmnwmuummmmnn--
1imi tutions, and & very wide choice of frectionation periods is
available. Its effect, however, is relstively much smallere In the
motmmr(n-o.u)m'luthﬁm
normal skin (n » 0¢33), the therajeutic ratio inoreases by no more
th-r"“'”"’-a).tm is the ninthexogt of the wer-all time

(compared with s gubs=goot funotion for the field~eise fuctor).
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In other words it would require en 8«fold increase in the time to

ruise tle mtio by 25% in order to compensate for the two-fold
increase in fie ld=size with exnmple desoribed sbove, Extrenely long
protraction may therefore be indicated with certain large or
recaleitrant twmoure, In prectice, it is only with ‘pormanent’
implants oy moderstely longelived isotopes that protraction is suffie

clently prolonged to give a significantly improved cure rate attributable
to this fuctor alome,

SIINICAL DOSAGE NOMOGIANZ,
In the case of squamous cell carcinoma troated radioally, that
is with the object of schieving the highest yrect i table oure-rete,

the arithmetical procedure desoribed in the forecoing ssetion can be

facilitated by using the 3 nomograme to be described belowe

The firet disgrem (Pige 21) is designed for use with conventional
zoowm.nmuuwntuoqmuunuuu. The Time and
Field-size scsles are siwple m:mm.«nu-&md

can be taken as the standard aycles It is then possible to multiply

hMm“nﬂduomuﬂdm:hMuhMu
-alunmuumw-ﬁu“otthnu”m
vormtmmmuunm(su-uudmmxm
neq = 033 m.uhuwsu-muwwsm«d
3 x 1/0.35 = 145, and the oyole commences (intersects the line joining
1 day with 1 em) MInOO(M“lh) for skin tolerance). T®
Fm”mx-nsmm.mr-f@w.m.-oum
overlie the time soale. Toavouooa!ut-tmunhum;
-honwm.vhuhmm {ntroduce my serious arror.
wmioMC'aMornmtothm‘.ld-O.&
thnulob;-dit-orw“anoot(u”m-n“m
given v)-x.j). Now if the leteroseneity scale is & function of the
therupeutie ratio and hae Lo indicate the ratio of skin tolerance to
cancerocidal dose, it follows from the geometry of the Tigure, that

tbmum-.ann-nhtmt#;_ & h*. and the soale enlarge-

ment faotor must be X2 Y = ve5 times thet o:um'.m-..m.
X
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paum:tmdmuzn-muummumu-vo
reise tle mtio by 25% in order to compensate for the .wo=fold
inorease in fie ldesize with exnmple described above, Extremely long
protraction may therefore be jndicated with certain large or
secaleitrent tumours, In prectice, it is only with ‘permanent’
implants or moderately longelived isotopes hat protraction is suffie

ciently prolonged to give & mignifiocwntly isproved cure rate attributeble
to this fagtor alonee

SLINICAL DOTAGE N™0OTUANSs

In the case of squamous ocell carcinoma treated radically, thet
is with the object of achieving the highest precticable oure-rate,
the arithmetical procedure described in the forecoing section can be

fucilitated by using the 3 nomograms to be deseribed belows

the first diagrem (Pige 21) is designed for use with conventional
200 KV rontgen rays delivered in equal daily fractionss The Tioe and
Pleld-gize scsles are simple logarithmic sesles equal in mgnitude and
can be taken as the standand aycles It in them possible to multiply
two fnotors each raised to & specified power by plaeing intermediate
scnles at particular disSances from each of the mfemmnoe noales.
For ekin tolerance these distances (x aml w in Fige 2]) are equal since
neq®=03% e soale is larger thau the gtandaxd by a faetor of
4 x 1/0,33 ® 1.5, and the cycle eommences (1nverse s the line joining
) day with 1 em) at 2000 (that is n/v for skin tolerence). T®
Fumowr Vose seale is not central, for n § q but, sinos q = 0 1% should
overlie the time scale, To avoid confusion they have been drewn &

short distance apart, which dors not introduce any seriovs srror.

This soale is enlarged by & factor equal to the reeiproeal of 0.22,
that i 4o5) and ite origin is at 2700 ¥ (the [D=98 for squamous cances
ziven 77 @ 1s%)s Now if the Hoteroseneity scale is a funotion of the
therapeutic raiio and hae to indicate the ratic of sida tolerance to
cancerocidal dose, ‘t follows from the geomstry of the figure, that

ite positior us © such that _ ¥ ___ o ﬁ' and the soale enlarge-
x*y

ment fuotor must be X Y 1.5 times that of the skin tolerance soale,
1 ‘
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and at the snme time be y/x = § timas that of the tumow dose soales
These conditions are satisfied if y e § x, the length of the cycla is
2,25 times the etandaxd, md ite origin is placed at the point where
all lines joinins the sume figures in the two dosage scales Converge.

A eingle iine passing through the diagrem gives related values
on all tle scales simultaneously, Thus if & rule is set on the fieli=
size mitsble or & given lemion, and on the heteromeueity factor
appropriate to the conditioms of treatment, it will § texesct the time
scale &t & point indicating the most suiteble over-all time, and the Two
dose soales at points indiceting the skin tolerance and tumour lethal
doses for the cowlitions used, If all five sonles cannot be intersected,
as happens with large flelds or shoxt trestment times, the proposed

treatment is unsuitable for 'he sane in quesiion.

The second nomogrem (Fige 22) is designed for contimous
i.sediation with hard )/-m- (1) « 1,00) such a8 would obiain with
rediue applicatore and implants or with isotopes of simliar quality
having half-lives long e sugh to ensure that no e mificant reduction
in dose-rate ooccurs during the exposure period (Co=60, T=182), Vith
softer redistions (Ir=192, Cr-51, I-131) & correction for iSE might

be required. Here again a single 1m“uu.¢-¢n.m

Mmmrummdmmmrchm
region, and is thue compatible with the hm?ubrmdﬂi.

dosage ikilee, If the ra'ium or isotope 18 correctly distributed, the
corresponding naxine and winima, which depend on the heterogeneity

faotor, will fall within precticeble limits.

The thixd nomogrem (Flue 23) is applicable to ‘permanent '
inplants of redioactive BSources, where the time-factor ie deternined

by the disiute ration rate of the isotope chosen, The technical faotore

underlying this choice, and the theoretical basis for the dosam data

used in constyucting thie diagres have been desoribed elsewh.rve (» 42)e

s
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