FINAL ANALYSIS

EXPERIMENT 1.1.1.9

THE EFFECT OQF STOPPING PAINTING
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1. OBJECTIVES OF THE EXPERIMENT

In J1310 the objective of Experiment 1.1,1.9 were laid down

as follows:~

1.
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®)

(c)

(@)

(e)
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To determing whether thc% e.ffect of stopping paintipg is onec of
the following poésibilities:—v

én immediate reduction of the incidence rate for the treated
animals to a rate equal to that for the un_treated' animals,

an immediate reduction Qf the incidence rate for the treated
animals but the reduction is not as great as in 1 (a) .

no change of the incidence rate from the point where painting
was stopped.

an increase in incidence rate btlt‘nbt as great as would have
occurred if painting had continued. 7 .

no effect o_f stopping, i.e. the incidence rate continues to rise
exactly as if painting had continued.

any, of the effects a to d but delayed by a latent period of
mégnitude to be determined.

To provide data to examine the hypothesis put forward in J1058

for a multi-stage mechanism for mouse skin carcinogenesis.

A further unstated objective was to'try to determine the relationship

between malignancy and tumour size and tumour growth rate.



2. DESCRIPTION OF THF EXPERIMENT

2.01 The experimental structure was as follows:
' Dose per ‘ Duration ©= Number
© Treatment week of painting of mice
S.W.S. 180 mg 0-10 weeks 75
(stale whole smoke 180 mg 0-20 weeks 75
condensate from 180 mg 0-30 weeks 75
normal flue cured- 180 mg -~ 0-40 weeks 75
cig:-.rette T57) 180 mg ' 0-50 weeks 75
180 mg ‘Painted for life 75
G T57 600 mg 0-10 weeks 75
(Fraction G 600 mg 0-20 weeks 75
from T57) | v 600 mg 0-30 weeks 75
. 600 mg 0-40 weeks 7

.600 mg 0-50 weeks 75
600 mg Painted for life 75
BP _ 36 g 0-15 weeks 75
(Benzo(a)pyrene) 36_@ g | 0-25 weeks 75
. 35 ME 0-35 weeks 75
36 ug Painted for life 75
60 ug ’ 0-15 weeks 75
60 pg 0-25 weeks 75
60 uug 0-35 weeks 75
60 ug Painted for life 75
G T57 600 mg 10-50 weeks 75
(Ageing groups) 600 mg 20-60 weeks 75
600 mg 30-70 weeks 75
~ Untreated " - ~ 102
Soivent | - ) Painted for 102

life

The animals were aged 10 weeke at the start of the experiment (week 0
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2.05
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The mice were painted three times a week, on Monday, Wednesday,
and Friday.

‘The solvent used alone and with' S.W.8. and G was iso-propyl
alcohol (I,P.A.).

The first four sets of groups were designed to measure the change
in tumour rate with increasing duration of painting,

The fifth set of groups was designed to test how the tumour rate
due to 40 x-veeks painting of Fraction G depended on the age at which
treatment was started. For this purpose the G 0-40 weeks group
from the second set can be used as an additional group in this set.

. The exp_érimental groups. use;d 1929 mice, all kept in one room
(the same ro.orn.as for 1.1,3.29) with thre‘e m-ice- in a cage, and

the cages randomized over the batteries. The experiment ran until

the last mouse died. (week 112)..



3. TUMOUR INFORMATION RECORDED

3. 01 ~ Inall previous experiments carried out in Harrogate the
information recorded relevant to analysis of tumour rates has basically
consisted of only four figureé per mouse.

1. The time of appearance of the first tumour.

2, .The nﬁmber of tumours.

3. The tumour classification of the raost malignant of the tumours -
papitloma, carcinoma, infiltrating carcinoma or ssrcoma.

4. Whether complete regression océurred.
Analysis normally ignored 2. and 4.

3. 02- : In this experiment a far more detailed recording system was used,
There were four tumour siz'es meés‘uhz_‘ed by calipers as follows:-

A. Tumour of at least 2 mm,
B. Tumour of at least 6 mm,
C. Tumour of 10 -mm.
D. Tumour greater than 10 mm.

3.03 For each tumour on each mouse measurementé were made weekly
and the date at which each successive size was reached was recorded
on fhe card,

3.04 If a tumour reached a given size but later regressed the date at
which it no longer satis.fied the criterié for that size was noted.

3.05 | If two o‘r more tuméurs became indistinguishable this was also

noted and the combined tumour was considered to be one tumour subsequently.



4.1 UNSTANDARDISED AND STANDARDISED PERCENTAGES

4.1.1 Tables 1 to 4 give, for each treatment groﬁp by 16 week intervals,
unstandardised and standardised_pefcentages of tumour and infiltrating -
carcinoma beari_ng animals, .‘

4.1.2 The standardised percentages are not used in any subsequent
anaiysis and are presented‘ solely to enable easy comparisén to be
nﬁa-le with previous Final Analyses.

4.1.38 " The classification “tumqur bearing animals" was based on those
animals which ever had a recorded tumour greater than 2 mm. and is

~ approximately comparable with the old standard classifieation.

4.1.4 The classification "infiltrating carcinoma bearing animals" is
identical to that always' used in the. pa;st and is independent of tumour

size,



CTABLE L

| et et i

UNSTANDARDISED PERCENTAGES

Tumour Bearing Aninals

1.1.1.9. Veek
. - .32 48 6l 8o g6 FINAL
S.W.S. 757 180 mgs.
0 - 10 weeks 0.0 2.7 5.3 9.3 10,7 32,0
0 - 20 weeks 0.0 4,0 8.0 10,7 12,0 12,0
0 - 30 weeks 103 903 10.7 111'07 1?03’ 1847
0 -~ 40 weeks 1.3 10.7 16.0° 17.3 18,7 18.7
0 - 50 weeks 1.3 13,3 22,7 3,7 373 37.3
Painted for Life 2.6 13.3 29.3 Lo,0 42,7 L4 ,0
G T57 600 MES e
0 = 10 weeks 0.0 2.7 8.0 1 10,7 14.7 14,7
0 -~ 20 weeks 2.7 12.0 16.0 21.3 22,7 22.7
0 - 30 wecks 5.3 8,0 8.0 14,7 15.0 16,0
0 - 40 wecks 6.7 20,0 26,7 33,3 38.7 38,7
0 - 50 weeks 6.7 29,3 38,7 45,3 46,7 48,0
Painted for Life 4,0 29,3 49,3 57.% 61.3 £1.3
BtPI‘ 36 11850
0 - 15 weeks 2.? 1703 29.3 1}000 li‘l“'oo L}l*ao
0 - 25 weeks 2.7 21.3 9,3 5743 60.0 60.0
0 - 35 weeks 2.7 26.7 5743 68.0 68.0 68,0
'Paintcd for Life 5¢3 Ly, 0 76,0 7743 773 773
B,P. 60 pgs.
0 - 15 veeks 5.3 29.3 14,0 50,7 54,7 54,7
0 - 25 weeks 10,7 65.3 82,7 83.0 88,0 88.0
0 = 35 weeks 29.3 84,0 89.3 89.3 90.7 90,7
Painted for Life 24,0 82.7 86,7 86.7 86.7 86.7
1 G 757 600 ngse
10 = 50 weeks 0,0, 8.0 | 200 | 26.7 29.3 29.3
20 - 60 weeks 0.0 1.3 543 9,3 - 13.3 14,7
30 - 70 wecks 0,0 1.3 4,0 10,7 12.0 13.3
UNTREATED 0,0 0.0 0.0 0.0 0.0 2.0
SOLVENT 0,0 G0 1.0 1,0 2.0 2.0
M- -




. 1.1.1090

STANDARDT

TABLE 2

3 TN AT
SED pﬂRCLNPA\:_uS

Tumour Bearing Animals

Week _ 7

32 48 6l 80 96 FIHAL
S.W.S. T57 180 mgs. .
0 - 10 weeks 0.0 é.S 4,Q 9.1 10.9 12.¢
0 - 20 weeks 0.0 4,0 8.0 10.5 12.0 12,0
0 - 20 weeks 1.3 9.3 10.7 14.9 17.7 19.5
0 - kO weeks 1.3 10.5 15.9 - 18,1 20.4 20,4
0 - 50 weeks 1.3 12,7 20.9 31.2 33,7 - 33,7
Painted for Life 2.8 13,7 30,9 43,2 - 48.0 Lg,6

e Tf? 600 mgs. _

0 - 10 weeks 0.0 2.5 7.6 9.9 14,3 14,3
0 - 20 weeks 2.7 11.2 14,7 19.2 21.5 21.5
0 - 30 weeks 5.2 7.7 7.7 14,8 16,4 16,k
0 - L0 weeks 6.7 19.9 26,1 3562 397 39.7
0 - 50 wecks 6.3 277 26.5 42,9 hs 1 k8,5
Painted for Life 3.9 28.3 50.0 60.0 64.7 64,7
B.P. %6 ugs.

0 - 15 weeks 2.5 16.1 26.1 35.2 40.1. 40,1

0 - 25 weeks 2.8 2kl 48.7 " 57.5 62.8 €2.8
0 - 35 weeks 245 24,8 50,7 63.5 63,5 63.5
Painted for Life 53 42,0 72,1 76,0 76.0 76.0
B.P, 60 ngs.,

0 - 15 weeks 5.2 27.7 42,1 4o,5 5l,3 She3
0 ~ 25 weeks 10.7 63,5 779 81.6 81.6 81.6
0 - 35 weeks 28.8 | 80.9 85.6 85.6 86.1 86,1
Painted for Life 24,0 84,1 88,1 88.1 88.1 38.1
G T57 600 mgs.

10 - SO weeks 0.0 7.3 18.0 23.3 25.5 25.5
20 - 60 wecks 0.0 1.2 b7 8ol 12.9 14,5
30 - 70 weeks 0.0 1.2 3.9 10.9 12.4 16.3
'UNTREATED 0.0 0.0 0.0 . 0.0 0.0 2.7
SOLVENT 0.0 0.0 0.8 0.8 1.8 1.8




TABLE 7

PURC e

UNSTANDARDISED PERCENTAGES

INFILTRATING CARCTINOMA BEARING ANIMALS

1.1.1.9. Week
%2 48 64 8o 26 FINAL
SWS. 757 180mes.
0 - 10 weeks 0.0 0.0 1.3 1.3 1.3 1.3
0 = 20 weeks 0.0 0.0 | 0.0 0.0 0.0 0.0
0 ~ %0 weeis 0.0 Gl 13, Ze7 o0 “e0
0 - L0 weeks 0.0 0.0 1.3 | 2.7 2,7 2.7
0 ~ 50 weeks 0.0 0.0 f 4,0 | 10,7 16.0 16.0
Painted for Life 0.0 2.7 © 5.3 | 10.7 13.3 16,0
G T57 500mgs.
0 - 10 weeks 0.0 0.0 0.0 0.0 0.0 0.0
"0 = 20 weeks 0.0 0.0 1.3 267 . 2.7 27
0 - 30 wecks 0,0 0.0 1.3 2.7 2.7 2.7
0 - 40 weeks 0.0 1.3 2.7 L.0 5¢3 53
0 = 50 wecks 0.0 0.0 4,0 12,0 13.3 ik .7
Painted for Life 0.0 1.3 5.3 21.3 25,3 25.3
B.P. 36 ygs.
0 - 15 weeks 1.3 5.3 12.0 14,7 16,0 16.0
O - 25 weeks 1.3 6.7 16.0 2903 3303 33'3
0 had 35 weeks Oco 1(3 2103 4607 5007 5200
Painted for Life 1.3 8.0 kg7 64,0 68.0 68,0
B,P, 60 ugs,
0 ~ 15 weeks 1.3 2.7 14,7 25.3 28,0 28.0
0 .= 25 weeks 0.0 10,7 57,3 69,3 70,7 70.7
0 - 35 weeks 2.7 36,0 62,7 64,0 64,0 64,0
Painted for Life 1.3 37.3 733 76.C 76.0 76.0
GT'57 600mgs.
10 - 50 weeks 0.0 0.0 2.7 6.7 8.0 8.0
20 - 60 weeks’ 0.0 0.0 0,0 1.3 4,0 L0
30 - 70 wecks 0.0 0.0 0.0 0.0 0.0 0.0
UNTREATED 0.0 0.0 0.0 0.0 0.0 0,0
~ SOLVENT 0.0 0.0 0,0 0.0 0.0 0.0




INFILTRATING CARCINOMA BEARING ANIMALS
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STANDARDISED PERCE!

TTMA ST
TAGE

0.0

1.1.1.9. Week .
32 48 6k 80 96 FINAL

SWs., T57 180mgs )

0 ~ 10 weeks 0.0 0.0 1.2 1.2 1,2 1.2

0 - 20 weeks 0.0 0,0 0.0 0.0 0.0 0.0

0 = 30 weeks 0.0 0.0 1.3 2.7 hol 4y

0 ~ 40 weeks 0,0 0.0 1.3 2,8 2.8 2.8

0 - 50 weeks 0.0 0.0 3.6 9.7 15.2 15,2
Painted for Life 0.0 2.8 57 12,0 15.9 19.9
G TS7 600 mes.

0O - 10 weeks 0.0 0.0 0.0 0.0 0.0 0.0

0 - 20 weeks 0.0 0.0 1.2 2.7 2e 2.7

0 - 30 weeks 0.0 0.0 1.3 2.5 2.5 2.5

0 - 40 weeks 0.0 1.2 2.5 5.9 5.3 5.5

0 = 50 weeks 0.0 0.0, 3.9 11.7 13.6 15.3
Painted for Life 0.0 1.3 5.1 23.7 28.1 28.1
B.P. 36 ugs.

0 - 15 weeks 1.3 L,9 10.7 13,7 15,6 15.6

0 - 25 weeks 1.3 6.5 15.6 29.1 35.2 35.2

0 - 35 weeks 0.0 1.2 17.9 k2,9 L8,s 49,3
Painted for Life 1.3 7.6 42,8 58.5 60.9 66.9
B,P, 60'ggs..

0 - 15 weeks 1.3 2.5 14,3 26.1 29,2 29,2

0 - 25 weeks 0,0 10.3 50,3 59.1 61.2 61.2

O - 35 weeks 2.7 35.6 67.7 705 70.5 70.5
Painted for Life 1.3 38.9 7543 77.6 77.6 77.6
G T57 600 mgs.

10 - 50 weeks 0.0 0.0 2.4 5.6 6.7 6.7
20 - 60 weeks 0.0 0.0 0.0 le3 3.9 3,9
20 - 70 weeks 0.0 0.0 0.0 0.0 0.0 0.0
UNTREATED 0.0 0.0 6.0 0.0 0.0 0.0
SOLVENT 0.0 0.0 c.,0 0.0 0.0




4,2 A SIMPLE ANALYSIS OF TIHE EFFECT OF STOPPING PAINTING

4.2.1

4.2.2

4.2,3

4.2.4.

4.2,

(3]

One conceptually simple approach to the problem of assessing
the effect of stopping painting is as follows,
Firstly, fit a distribution of time to tumour to the continuously

painted time periods. Secondly, compare the incidence rates observed

“after stopping with those expected if the fitted distribution were extra-

polated according to the various hypotheses between which one is trying
to discriminate. Although this method of analys-is is not fully efficient,
it was carried out as a first step as it is reasonably simple to compute.

Analysis was restricted to tumour sizes A and D as it was felt that

‘little extra would be gained by a separate consideration of the intermediale

sizes.
Thus, for each of these tumour sizes, a Weibull distribution was

fitted assuming that groups which had the same treatment but stopped

-at different times could be described by the same distribution as long

as painfing was continued. Three distributions were therefore fitted per
tumourisize, one to the 6 S,W,é. groups, one to the 6 G groups and
one to the 8 BP groups. For the last distributionk and w but ot b was
assumed to be the same for the two dose lleve_ls. k.was takén as 3 fo.r
S.W.S. and G, and as 4 for BP, since analysis in which k was unrestricted
prqved not. to be any better fit to the data,

Three hypotheses were.tested to describe the distribution of time to
tumour after stopping painting, They were as follows:

1) No effect of stopping i.e. the distribution fitted to the continuousty

painted time period was assﬁmed to hold for the whole experiment.



4.2.6

4.9.7

4,.2.8

4,2.9

i

It is in fact clear from the relation between total pevcentage of tumour

bearing animals and total length of time painted that stopping painting
reduces the yield of tumours. However, this hypothesis was tested
here to quantify the effect of stopping.

2) The tumour rate remains constant w weeks after stopping. This is

an amendéd version of the Doll hypothesis. One interpretation of the
fact that a Weibull distribution with pafameter w fits is thét tumours
appearing at time t really represent an effect ‘at time ¢ - w. If this
were so then clearly no effect would be seen until at least w weeks

after stopping.

.3) The tumour rate remains constant at the time of stopping painting, Thi

is the pure Doll hypothesis. From- the fact that the groups painted

for only 10 weeks had zero tumour rate at 10 weeks and yet had> an over-
all tumour yield far in excess of the untreated coﬁtrols, this hypotheéis
is clearly not true. However, apgain, it serves as a baseline for
comparison.

Tables 5 to 12 give details of the number of tumours observed in the
periods after stopping by 10 week intervals and those expected under the
thfée hypotheses, Exp.1, Exp.2 and Exp. 3. Tables 5 to 8, which a1:e
for tumour size A, relate té S.W.S., G., BP 36ug. and BP 60ug.
respectively. 'i‘ables 9 to 12 are similar, for tumour size D. Détails

of the methods of calculations of the expected nurribers of tumours are

- given in the Statistical Appendix (section 7(a)).

From an inspection of these Tables it is quite clear that none of these

hypotheses fit the data at all adequately. However, a comparison of the

observeds and expecteds affords a useful quantitative assessment of the



12

- effect of stopping painting.
4.2.190. Fcn tumours of size A the effect of stopping differs between the
smoke~derived treatments and benzo(a)pyrene'. |
4.2,11 _ For 5.W.S. and G there is a marked drop off in response evident
in the first 10 weeks after stopping. In this period in both treatments
taken together, 21 new animals with tumours were observed as against
59.4 expected if the rate had continuédito rise as expected and 39; 9
if it had stayed constant after stopping. Thus there is evidenge of an
irrimediate reduct_ion in rate on stopping treatment,
Later, t.he-response, although always vastly less than it would have
"been had treatment not stopped, does in fact rise and towards the end '
of the experiment significantly exceeds that expected under hypotheses
" 2or 3. ﬁ ’

Graphically the picture can be represented approximately as follows:

o
XO¥ °,
$.W.S. and G SO e
oS> A
e e
@ ?;{g//c%\"efa
e o3° _ Acm.a\‘.r'&je.»

log Stopping _ - . Rate constant at stopping

incidence oint: - P

lratia P 7 \\\ L Hypothesis 3

N -
log time

4.2.12 For BP, on the other hand, the rate continues te rise for the first

10 weeks much as if painting had been continued (Obs. = 74 Exp. = 86.6).
Only then is the effect of stopping seen, Atlthough the rate continues to
rise steadily it beccomes of the order of a hundred times less than it

would have been had painting been continued, Here the picture looks some-~



. thing like

&OQQ\L\-\%'/\
2 6\ -'\X\G} . 1
o 13
?»Qe ““Q Acu
e - —
Stopping  _;#7 Rate constant at stoppmg
log . point , *~ ,
incidence P Hypothr-31s 3
rate - - -
Iog tlmo
4,2.13 The patterh for tumecur size D is not so clear, especially for S, W.S,

and G where humbers are small, .bvut seems slightly different.

4.2.14 For SWS there is no evidence of any drop off in rate after 20
weeks, -(Period S+11 to S+20 Obs.i =5 Exp. =5.9). For G on the other
hand there.may be a slightly calher drop off (Obs. =17, Exp. =14.7)
although this is of dubious significance. After that, rates drop off
markedly and incidence is very sparse.

4,2,15 Fbr BP the pattern is fair-ly muc;h the same as for tumour size A .
There is however some evidence of a drop off in the first 10 weeks after
stopping for 604(g. (Obé. =1 Exp. = 8.8), though none for 364 g. (Ohs, =24
Exp. = 25.8). After that, as for tumour size A, rates rise but far less

than for continuous painting.
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4.3.1

4.8.2

4.3.3.

the parameters can be taken as c

4.3 A NORE COMPLEX ANATYSIS BY MATHEMATICAL

MODELS OF THE EFFECT OF STOPPING PAINTING
it cabn be shown that the Weibull distribution for a continuous
painting experiment can be derived under the following assumptions:

15 That there are a constant ninnber of cells, N, at risk.

2) That, for é ttll}loul' to appear, a cell must undergo k successive
transformations ..

3) Thaf the instantaneous probability, br of a cell which has undergene
r-1 transformations undergoing the rth transformation is small and
constant,

4) That the time of appearance of the tumqur is w \\/;GCI{S after the kih
transformation of the-ceil,

The incidence rate, I, at time t will then be given by the formula

I bk(t-w) -

wherg b = l\Tble...b

k!

]

k

In untreated control animals tumours do occur so it is reasonable
to assume that the parameters br are small and positive in the absence
of treatment, and that the effect of treatment is to alter one or more .
of these parameters., Thus in the context of a stopping painting experiment
1', 02 S ck during the treatment and

bl’ b? ceree bk after stdpping. The test of whether a treatment affects

a particular stage, r, of carcinogenesis is whether the ratiof =c¢ /b
_ r T

is signifiéantly greater than unity.

An expression for the incidence rate after stopping has been derived



4.3.5

4.3.6

4,3.7

4,3.9

f, ..... f . The formula and it

and ig a function of b, k, w, '{1’ 9 K

derivation is given in the Statistical Appendiz (section 7()).

An attempt was made to fit this fofm.ula to the data for tumours
of size A only, duc to the large amount of computing time involved.

A computer.program was written whi{:h enabled maximum likelihood
estimates of b and the £'s to be calculated for a given treatment given‘
"known values' of k and w with each of the f's being constrained, if
required, to unity,

TLack of machine size and difficulties ’o_f programming made >it
impracticabie to simultaneously estimate a‘.u the parameters, and thus,
as kand w WGl;C required to be “llv\-no‘.rn".for the program, it was necessary
to try and choose reasonable pairs of v:;lu.es of k ar'md w first,

To do this a preliminary analysis was carried out in which, fer a
number of selected values of the parameter f, the log likelihood of the
data was calculated for each combination of k = 2, 3 and 4 and w = 0,

5, 10 and 15, It proved possibie by this method to sclect one or two
k, w pairs for use as "known'' values in the computer program.

Tables 13(A), 14(A), 15(A) and 16(A) give for SWS, G, BP 36ug.
and BP 60ug. respectively details of the .rel-ative likelihood lof a
number of models fitted of this type. "In sorne cases, when the parameter.
f for."t'wb successive stages wés alloived to vary in the program, a
degenerate maximum was obtained in which one f was very large and one
very small. However, it was in general true that where this occurred

a solution with all {'s less than 1 (as is physically sensible) {itted

-virtually as well.



Mo

4,3.10 Tables 13(B), 14(B), 15(1) and 16(1) corvrespondingly give
details of the goodness of fit of a setected model from the Tables Q).
4.3.11 For S, W.S, 180 mg. it was not clear whether k = 3 or k = 4 was
a belter fit to the data. As was also true for G and BP k = 2 cave a far
worse fit to the data whatever w was chosen. From & comparison
of likelihoods for a number of k, w pairs, it was clear that the w values
presented in Table 13(A) are near to the bes»t available values for
their respective k's.
4.3.12 It was clear that at least two of the f's had to be allowed to vary to
get a sensibie fil fo the data, For k= 3 w = 18 the three models A5, A6 and
| AT where only one { varied were at least 6.6 worse in log likelihood
(P < 0.001) thﬁ.n model A1, The moael A3 fitted virtually as well as
Al so could be take;n as the "best" mddei as it invelved less parameters.
From the fact that A4 fitted far worse than _Al it was clear that the last
stage was definitely affected but as A2 was not significantly worse than
A3 it was not clear whetlher the first or second stage was affecied.
4.3.13 Thus for S,W.S. 180 mg. we can postulate the best approximation
to the data on a2 multistage hypothesis as 'a three stage process in which
the- first stage transition probability is strongly affected (by a factor
estimated as 11.9) and the third stage transition probability is less.
strongly, but also significantly, affected (by 3.6)", |
4.3.14 The gobdness of fit of this model is only fair, as can be seen from
Table 13(B). The misfit lies in the assumption that the rate rises
confinuously until week 15 when in fact it drops in the first 10 wecks.
(see sectioﬁ 4.2.11)., However, the general fit_ is far better than any

of the simpler hypolheses considered in section 4,2,
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For G 600 mg, the drop off in the firvet 10 weeks afler stopping
was far more marked. (See Table 6. OCbserved Tumours of Size A
. : 4
in 10 week period = 12, Expected under assumption that rate continues
to rise = 38.3). Thug the fit {o 2 model with w much greater thas ¢
| proved not to be-a good fit to the data, Restricting wto 0 gave k = 4
as a better fit thank = 3

4.3.16 Table 14{A) presents, thercfore, only models fitted with k =4

and w =0, It was possible to show that at least two of the four stages

must be affected by Fraction G, Model B3 in which the first, third and

fourth stages are affected was good a fit to the data as the fuller

Model E1 in which all four {'s were anyved to vary. The {urther

restriction of fixing the f for stage 3 at 1 as in Model B5 gave a log

tikelihood 1,78 worse than Modei B3, As there is séme evidence that
this gave a significant deterioration in fit (x2 3.56 on 1d.f, p0.06)

Model B3 was. taken as the best available,

4.3.17 - Thus for G 600 mg. we can say that the best approximation to the
data on a multistage hypothesis is "a four stage process in which the
first stage transition probability is strongly affecte.d (by 15.6), and the
third and fourth stages are less strongly affected (by 2.4 and by 3.2.re5pect—
ively)". - .

4.3.18 _ The goodness of fit to Medel .133 is presented in Table 14(B). There

is some indication of a misfit. During the first 20 weeks after stopping

the Model under estimates the r-esponse (Cbs. = 26 Exp. = 20.3) and in th.e
nexi'.v2_0 weeks it overestimates it (Obs, =14 Exp. = 23.7). The fit to

the overall number of tumour hearing animals in each group is as good

as can be expected, taking into account the fact that the ohserved rate



~

4.3.19

4.3.20

4.3.21

4.3.22

in the group painted for 30 wecks was less than that painted for 20 weeks.
This observation could not be fifted by any plausible model, let alone
a model of the type being used here. As before the general level of
fit is far better than for any of the simpler hypotheses considered in
section 4,2,

For both dose levels of BP, k=4 w =10 proved virtually as good

a fit as was available to the data, k = 3 being clearily significantly worse

. for any w. Tables 15¢A) and 16(A) give details of the models tested with

k=4 w=10and also with k = 83 w =15, The results with the latter kw

pair are presented to show mcere clearly the effect of the hypotheses on

the number of stages aifected,

From the Tables it is clear that it is necessary to postulate that at
least two stages of the cancer process are involved, TFor the lower dose

of BP Model B€, which postulates that only stages 2 and 4 are involvéd,

is quite satisfactory. For the higher dose, it is statistically significantly

Ly

worse than Model Bi (X& =7.42 on 2d.f, P 0.05) but for simplicity the
results from this model have been considered in Table 16(B}, as well as
in Table 15(B).

Thus for BP.we can say that a fair approximatidn to the'data on 8:
multistage hypothesis is "a four stage 'procesé in which the second
stage transition probability is very. strongly affected (36mg. by 190 and
60mg. by 460) and in which the fourth stage transiti'on probability is
affected far less strongly (86mg. by 1.7 and 60mg. by 3.5)".

From Tables 15(B) and 16(B) it can be seen that, in general, the fit

‘to the data is quite satisfactory. The main misfit is in Table 16(B), for

the period 11 to 20 weeks after stepping where the fitted tumour rate is



significantly less than the observed rate. This lack of fit is in fact
mainly due to the contribution by the group painted for 25 weeks.
4,3, 23 At this point we have shown:

a) thata mﬂtistage model fits the data reasonably well for ea-:;-.';l
carcinogen.

b) that it is necessary, in each case, to pestulate that at least
one early and one late stage of the ca_rcinogenic process is
affected by the treatments,

c) that though S.W.S, and G both affect the early stage somewhat
more than the iate stage, BP affects the early stage very much
more than the late stage. Infact at the éoses applied its afi'cct
on the late stage was no more, probably less, than S, W.S, and
G, but the tolal carcinogenic éffect of BP was far greatecr.

4.3,24 We must now consider whether there is any Seriou.s deficiency
in the model as defined in 4,3.1, It appears that there might be. As
has been noted, the response for S,W.S. and especially G drops off in
the first ten weeks after stopping. .Yet experience has shown us in
continuous painting experiments that it is normally necessary to postulate
a w- of at least 10 weeks* This suggests that 4.3.1, 4) is an over- ’

simplification. A Weibull distribution for continuous painting would

* Footnote -~ It may be of inlerest to note here that in some recent work in
Harrogate, M,C. Bibby painted mice with doses of BP 10 times higher
than used here and did not observe tumours until the 11th week of painting.

This is strong evidence that there is a true w of at least 10 weeks and that

it is not an artefact of statistics.



equally well be observed if instead of a single wailing lime of w aflter
the kth transformatioqthere was a waiting time w, after each of the k
transformations. In that case the w.of the equation would be the sum of
the k w_’s.
i

It is possible to derive the equation for the incidence rate pattern
expéct.ed under this alternative hypothesis and this is given in Stalistical
Appandix (Section 7(¢)). However, no work has been done to fit this to the dsts.
This would involve maximizing a complex function of numerous
variables (h, k, kf's and k w's) and would involve counsiderable computing
time., Whether it would add anything much to the interpretfation is a
. moot point, Perhaps it would be a job suitable for a postgraduate

student.



uo1n|os 9jersuade ~ ]jBws 419 pue a81e] 4194 93BOIPUI S PUB T +

58S 769 - I ) I 8V
3689180 - 508°0  9L0°0 - T T g geneTvIe - o170 T T
12607989 - 0770 T 6L0°0 T 9g . 6190°0%9 - S 6%0°0 1 oV
26667959 - 9230 T T 09070 sg 99707959 - I I 280°0 ey
26227 GE9 - 29870 1 62870 p91°0  d 29%0°0%9 = T 6L0°0 LSS0 By
60267400 - 960 8.2°0 I 9TT"0 eq YHIL EE - 6L2°0 - I %800 £V
68887969 - . 8080 99970 90T0 I zd 5292 °GED - 0870 LTT°0 I 2y
1eveTeed - TILUO o T 220°0 18 980%°6€9 -  09€°0 8290 8TI"0 v
pooyrieyl] S0 Vi 1 ¢q Y  conxepom  poowrenn So1 a o Ta 0N 12POIT

0=a = ST=4a4 g=3

VIVQ'sW 08T "'S'M 'S OL ALLLIL STHJON IVDILAYOIHL SACIIVA L0 COOHITHNIT TAILVEVANOD

i
/

(y)eT TTIVL



- ; \ w 7 !
. osre | 167418 627 36°8T | 'z8'qT 66701 L8°9 dxp o0
¢ g 8% T ¥1 6 6 sq0 e
60" S S - g0 65°0 00°T dx ‘
€ T : - ~ 0 0 (4 sqo | PUITILES
; i ! !
[N . .. _ . i i H . i
9v'¢ | gvo | 000 | 90'0 | gL 2T £0°T dsg ¢
o T o o T T g sqo ; 047819+
X ; i i ! ]
so'c | geo | L 630 670 | LT 18°1 og'r | dxy .
5 o | ! 0 o | Z 2 0 sqo | 09¥S-I%S
w_ .. ! , ; _
00" L I S 980 680 " 61 681 921 dxg _
z ¢ 0 T I 0 0 sqo | 08*5-1#+8
is'e 1 e0e L owmt L wt L e 8L T 660 | dxg |
ot | 5 | T T z g z so | 0FFS7IES
e €00 §1°2 622 T | se 09°0 axg |
eCT . 000 28°¢ | 9% eI'e | 9¢'T 980 dxg o
er o y z | 5 g o | sqo | VETSTIIS
c£'9T | 000 | . 991 81°G org. | o €0°0 dxg o
g ¢ v g | z 0 0 SO0 OL+S-T+8
g0 TE | - 1674 01°6 9G°¢ 08°0 €070 00°0 dxg
gs | - g £1 9 T 0 0 sq0 §-0
IBI0L juealos | snonupuop 08 0% C oe _ 02 0t powed
51270 =51 = g, 59070 m . _ - S¥%oM - (s)ewry, Burddosg
T : ¥ {533 CHAA YONT TTh T ]
o rreeg cresm posw V.LVQ "SWO8T SMS O TV TZGON 40 LIE 20 SoENA00S

G0 AIavYL




uoNios 9jeIouafe( - ljews A10a pur o81v] AI8A 23BOIPUI S pue T +

£066°6¥8 00670 $80°C T . T

. Y687 °8E8 - A 1 690°0 I
LLET 988 - L9170 13 1 $%0°0
66567688 - 2120 T 18870 €L0°0
986€°7E8 - 9T2°0 g% I $90°0

TIT°868 - 6930 LST'T 2900 I
G69L 868 - L6S°0 S5 e 0%0°0
pooy:jexy] 50 L S Cq ﬁm

Lg

od

sd

¥d

ed

¢d

d

‘

"ON 19POIA

VIYI "sw 009 © OL QA LLid STHAON 1VOILAEO1H.L SN0 VA 40 COOHITIXIT IAILVEVANOD:

(VFT © 0 L



[~
<o

S1010L

PU-TL+S

0L+8-19+S

0C+S~TP+S

o

Al

0F+5-1€+8

0S+5S-12+S

[
Sy
[

4D

0C+S~TI+5

0T+S-T+S

S-0Q

polxsd

7Ly 90 "cg €9°%g . 65°0% L0°8T -
ov 6c | 6z 21 LY
- - - M eI 0 59°0
- - - | 0 0
- - 6070 Lo 20° 1
- - 0 | 0 1
- £8°0 90 | 6T 122
- 0 I | T I
- _ 98°0 £3°1 L oete 0.L°32
- Z g | g ¥ M
- 113 1377 95°¢ 08°2
- 0 Y 0 z
- 96°%7 02°¢ %0°¢ 7L 1
- | I I , 0 ¥
- _ 0L°¢ AR 1932 0T'T
- 9 ¥ I e
- . ¥6°¢ 68°32 9L°T £9°0
- ” % g g Z
Z.°8% | LT1°12 5% L Tgg 0470
0¥ M ez e1 z 0
SNONUTIUOD | 05 W 0% 08 0%
T gyeap ~ (s)owy, Surddois
$50°0 = ' S | _
Vivd "SW009 D OT ¢4 TA00IN 40 1id 40 SSANdO0D
o viva : L€ . ) AN _

) YT AI9VL



(V)Qr d1dVL

(somynoryyip Surmwersoxd) wWnNWIXBUW 9jNI0SAe UR JON
UoOTn]os eyeIsuULSA( —~ JjewWs %Hm_; v_cm o3ae] AIoA 9jBOIPUI § PUB T +
TLY'¥201- T 1 1
£28°0 I T 60070 Lg 88776 - PHI0 I I
68E"0 1 €600°0 T = 98 281°38L8 - ! TL00°0 T
86¥%°'T 90070 ._ 1 T cd 686°LL8 - T T $L00°0
08¢0 1 %00 80270 ¥d 96L°998 - T §9Z2°0 32070
84070 . 920 T ST0°0 ed 876 °G98 - G8%°0 T TI0°0
LOY 0 TI4°T ¥60°0 T sd 0Z28°1L8 - gz1’'1 €900°0 T
LSO €e0°1 .S g d 8877598 - ¥69°0 08870 ¥91°0
[ S ey Ly "ON 18POL  pooyTeNI] 50} 1 g | Ty
0T=/4 p=Y
VIVQ "oW 9§ dg OL QaLLIL mmumog AVIILIIOHEHL wDOHm«S J0 COOHITHAIT JAILVAVANOD

8vY

OV

SY

144

ev

v

*ON 19POTT

SI=m ¢=9



Aot}

| 00°65T 2 04728 7865 0% 2V 9g'zg | . &g S1LI0L
m 63T Z 8g I8 ap ee SO
678 53°1 - - 2 it uI-TL+
W 0 0 - - 0 §q0 pA-LLes
¥2°€ ge’0 | - 00°0 88°%2 dx
+8-19+8
o 2 ~ . o S0 0L+S-19+8
¥2°8 £2°0 - 01°3 16°¢ dxg
! +8-T6+
89721 210 L9170 9%°g ‘ 26°9 ehsat
' . G+8-1¥+S
6 0 : 0 ¢ 9 Sq0 0G+S-1§+8S
| L8718 600 g9 18°8 289 dxg _
63 0 8 ot o SQ0 O7+S8-1€+8
| gerog 00 | S ggtwt 97" 1T 16°% s
” L3 G . 6 1T L SO 0g+S .mN+m
L %9792 00°0 | 9g°oT 288 92" dxa
i . : 05+S-11+S
gz 0 | o1 9 e $q0 S-1F
r . :
i P . ‘o | . . dxrr
._ $9°232 000 1291 28°¢ 16°0 c! P
m gz 0 ) 9 1 840 OT+S~TS
. eetoe - oL'zg §L°9 280 1070 dxy S-0o-
w g9 | - | 89 g _ T 0 590 |
H ; i
m S1e301, | JUeAl08 “ SNONUTIUOD w ae | ¢z o1 potted
¥ Z e T . _ SNOOM —~ (5)eWl], BUIddos

VIVQ swgg dd OL 99 LEAOW Z0 Lid O SSENCTOOD




Y
€
)
4
<

o0

[ Saa)
4 o
vl
[N
[1od
<y
[T
<«
(A
(o]

o3

ot
L1
i
<t
N

i

LY0S 63ET- I 1 T 8V

8700 °0 pg 684972901 880°0 I T Ly
1 ol 165¥°#96 - 1 97000 . 1 oV
I cd 9801 L30T~ T I 9200°0 oV
1 b . YI60°LE6 - 263°0 . 20070 T W
LT0°0 ¢d 60L42°€96 - 2230 1 85000 eV
T 2d 8% 796 - : T S T A
T 1a 8557 96 - 0TS0 660°0 L300 C oy
Ya oxepow  pooynexr 501 ¢a g s coxiepon
0T=# 7= . GI=M& g=9

IId STECOW IVOLLIHOEHL SOCIEVA A0 QOOHITIAIT HAILVEVAANOD

(V)oT TIEVL



66112 61 “ LG 65 9069 0¥ "8G 90°€¢ dxy oo
A% 2 o 89 99 8% sS40 SI910L
. 5Lz 01T ; - - - 651 dxgg
m -T2
¢ L - - - z 590 pRA-TLTS
o5y Qo | - - - L0°% dxg
_w L+8-16+
8 I __ - - - I 540 04+5719+S
66 2270 - 313 ez 0 659 dxg
: -TC
| 9 0 - T 0 g sS40 09+5-18+8
i g6 PTY IT°0 - 82°% L0°¢ 976 dxg
W C+Q—
6 0 - 0 y g S90 0S+8-Tv+S
| osetsT L %070 - 6L°T 1776 er 1l dxg o
AT 0 : - 0 g A sq0 0FS-1E
i |
L1232 T0°0 - 0L°% €2°6 £2°0T dxd
+S-1g+
e 6 - Z g1 L S0 08+S-1e7S
¥6° %2 0070 - 68°% LYTIT 86°¢G dxy
i +8-1T+
cg i 0 - 9 13 8 sGO 08+S-11+8
ZGTS2 00°0 - 9S " 67 6LV LI ¥ dxi
+8-T+
e "0 - g 2z I sGO 0T+8-T+8
8%°68 , - L8 6S 19°62 61°% G600 dxg
<8 - ) ,_ 63 I 0 sq0 S-0
s1¥301, w 1GOAL0S “ SHONUIIU0D ~ cg 34 S potred
e SHOOM — (Siowl], 8uiddaols
3270 = 73220070 = WH_uw ;
ot VIVA 8W(9 dd OL 94 12QON 10 LLi IO SSENQOOD
9- "€8I°'I =€ 0T = . : , _ .

M =3

(@91 AIEGVL




4.4.1

4.4.2

4,4.3

4.4.4

4.4 THL

As described in section 2,05 four groups of animals were tested
with fraction G at 600 mg. for 40 weeks starting al ages which differed
successively by 10 weeks from gf:mzp to group,

One of the hypotlﬁeses of the Weibull distribution (scction 4.3.1 3)) is that
the risk of cellular transformation is constant, i.e. ageing per se has no

effect on the cancer process. Under this assumption therefore one wouid

predict that there would be no difference in the relation between tumour

incidence rate and time from first tréahﬁcnt between the four groups,
This null hypothesis can be most easily tested by the logrank test
of Peto anlecto (1272). Teble 17 gives the cbserved numbers of animals
bearing tumours of each size and thos-'e' expected undey hypothesis,
No difference significant at the p < 0.05 level was found hetween
the groups for any tumour size, This agrecs with the published resull .
of Lee aud Peto (1970) and also with that from Dr, F. J. C. Roe's large

ageing experiment at Pollard's Wood.



TABLE 17

Tumour Size A

0 - 40 weeks
10 -50 ¢
. 20-60 v
an.-79 M

fumour Size B

¢ 40 weeks

i0-50 "
20-60 ™
30-70 *

Tumour Size C

0 - 40 weeks

. 10-50 "
20 -60 v
30~-70 "

Tumour Size D

0 - 40 weeks

10 -50 "
20 - 60 ™
30-70

Observcgl

29
22
11

10

18

16

10

NURTBERS OF TUXMOUR BEARING ANIMALS

OBSERVIND AND

EXTLC

TED UNDER THE

ASSUMPTION OF NO EFFECT OF AGEING,

23

22.
16.

19.

13.

12,

)

-3

2
YT =23.41 on 3 d.f.

Not significant

2
Y~ =6.720n3d.f,

p 0.1

2
Y. =1.360n 3 d.f.

Not significant

2
4.=1,340n3d.1.

Not significant



4.5.3

4.5.4

4.5.5

4.6 U1 RLLATION

CPWITER T

73 AND PATHOLOGY

One of the reasong why the times to the diffcrent tumouy gizes
A, B, C and D were measured was to t.ry aud determine whether there
was a critical size above which virtually all tumours proved to be
malignant, If such a size were found it may prove fecasibie fo carry out
a carcinogexiicity‘ experiment in which animals were killed when a tumour
reached a given size and no histopathology was pe rfo;med.

In oxrder to find this critical size it would have been better to kill
animals at predetermined tumour sizes. so as to direetly answer the
question "is an x mm, tumour likely to be malignant?™ In this experiment
this strategy was not foltowed so that the only question one can answery
is "is a tumour of size y mm. or greater on a dead énima[ likely to be
malignant?, Although the information that can be derived. is not designed
to answer the most relevant question it seems worthwhile to carry out an
analysis.

For each tumour found on each animal for which pathology was
possible classification was made into bapiiloma (P), carcinoma (C),
infiltrating carcinoma (I) or sarcoma (5) in the normal way,

Table 18 gives the relationship between tumour classification and

maximum tumour size, Sarcomas have been omilled from the table as

- there were only 4 (3 tumour size D, 1 B)

The first conclusion that can be made is that there iz a clear relation-
ship of tumour size to pathology. Only 5.6% of tumours less than 6 mm.

proved to be infiltrating carcinomas whereas 86, 8% of those greater than

10 mm, were.



4.5,6

4.5.7

e

40

Uowever, theve ave differenceg in thiz respect belween smoke derived

materials and BP., In SWS and G faken together 32,4% of tumours greater
than 10 mm. proved non-malignant whereas only 9,4% did with BP. There
is also a smaller, but still highly siguificant difference in the proportion
of 2 mm. tumours that proved to be carcinomas or infiltrating carcinomas
(SWS + G 2.1%, BP 19,1%).

It is of interest ciso that there was a difference in the proportion of
tumours of less than 6 mm, that were parcinomas or infiltrating carcinomas
between the continuously painted groups (27.5%) and the stopping groups
(11.2%). A plausible explanation for this is that in the contiruously
painted groups there is more chance that an animal with a small but malignant-
tumour, that would be expected to grow larger, dies of other causcs beiore

this growth can occur,’
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Treatment

SWi 180 mg

0 - 10 weeks

SWS 180 mg

0 -~ 20 weeks

- SWS 180 mg

0 - 30 weeks

SWS 180 mg

0 - 40 weeks

SWS 180 mg

0 - 50 weeks

SWS 180 mg
Pa}inted for
Life

SWS 180 mg
Total

Tumour Sixe

6 -10mm

2 -6 mm

N % N %
4 100.0

0 0.0 —
0 0.0

7 100,0

0 0.0 —
0 0,0

1 100.°0 1 100.0

0 0.0 0 0.0
0 0.0 0 0.0
11 91,7 1  100.0
1 8.3 0 0.0
0 0.0 0 0.0
16 94.1 4 50.0
0 0.0 1 12,5
1 59 3 - 375
17 68.0 3 37.5
6 24.0 2 25,0
2 8.0 3 37.5
56 84.8 9 50.0
7 10.6 3 16.7
3 45 6 33.3

-1 0 mm

N

Tt

3

0.0
100.0

0.0

0.0
100.0

0.0

©100.0

0.0

0.0

0.0
50.0

50.0

33.3
0.0

66.7

33.3

33.3

33.3

>10 mm

19

33.3

0.0
100.0
0.0
6.0

0.0

J100.0

0.0
0.0
100.0
12.5
0.0

87.5

25.0

76.0
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(continued - 1)

Tumour Sive

(D'

Treatment 2 -6 mm G -310mm =30 mm >10 mm
N % N e N T N e
P 8 100.0 2 100.0 1 100, 0
.G 600 mg ' :
: C 0 0.0 0 0.0 0 0,0 e
0 - 10 wecks
1 0 0.0 0 0.0 0 0.0
= P 12 100,0 4 66.7 0. 0.0 0 0.
G 600 mg ' _
C 0 0.0 2 33.3 1 100.0 0 0,
0 - 20 weeks .
I 0 0.0 0 0.6 0 0,0 1 100,
S : P 10 -100.90 2 66,7 0 0
G 600 mg
C 0 0.0 1 33.3 e 0 ¢

0 - 30 weeks

I 0 0.0 0 0.0 2 100,
P 13 100.0 2 50,0 1 100.0 3 42,
G G0G mg ' _
‘ C 0 0.0 1 25.0 0 0.0 1 i4.
0 - 40 weeks _ ‘
1 0 0.0 1 25.0 0 0.0 3 42,
P 22 100.0 5 56,6 1 33.3 2 16.7
G 600 mg ) _ : _ _
: c 0 - 0.0 3 33.3 1 33.3 0. 0.
0 - 50 weeks
I 0 0.0 1 1.1 1 33.3 10  83.
P 39 86.7 19 65.5 9 52.9 8 38,
G 600 mg .
Painted o} 6 13.3 4 12.8 2 11.8 2 9.
for life ‘
I 0 0.0 6 20.7 6 35.3 11 52
P 104 94.5 34 64.2. 12 52.2 13 30.
G 600 mg '
' C 6 5.5 11 20.8 4 17.4 3 7
Total
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(continuecd - 2)
Turouyr Sire

Treatment 2 -~ 6 mm. 6 ~ 10 mm, =210 mn. > 10 mm.,
N % N % N % N %
P 20 - 87.0 5 71.4 2 28.6 0 0.0
BP 36:..g :
C 2 8.7 0 0,0 2 28.6 1 14.3
0 ~ 15 weeks ‘
‘ I 1 4.3 2 28.6 3 42.9 6 85.7
, P 31 88.6 12 63.2 0 0.0 1 3.9
BP 36ug o
' C 2 5.7 3 15.8 2 25.0 4 15.4
0 - 25 weeks ' ,
' I pA 5.7 4 21.1 6  75.0 21 80.8
_ P . 28 90,3 7 33.3 2 20,0 0 0.0
BP 36ug o |
c 1 3.2 4 19.0 1 10,0 2 6.1
0 - 35 weeks )
I- 2 6.5 10 47.6 7 70.0 31 - 93.9
P 53 67.9 5 23.8 1 45 0 0.0
BP 36ug
Yuinted o) 15 19.2 7 33.3 3  13.6 4 5.3
fvr Life ‘
' I 10 12.8 9 42.9 18 81.8 71 94.7
P 132 79.0 - 29 496 5 10.6 1 0.7
BP 364g | ' ' .
' C 20 12.0 14 20.6 8 17.0 11 7.8
Total

1 15 9.0 25 36.8 34 72,8 129 91.5
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(continued ~ 3)

‘Treatment

P
BP 60ug
C
0 - 15 wecks
' I
; P
BP 60ug
C
0 - 26 wecks
I
P
T G0ug
C
0 ~ 35 weeks
- ' I
P
BP 60ug
Painted C
for Life
1
P
BP 60ug
C
Total
1
P
BP 36+60xg
’ C
Total
1

2 - 06mm.
N - %
39 92.9
3 7.1
0 0.0
48 81.4
6 10.2
5 8.5
41 91.1
2 4.4
2 4,4
44 69.8
12 19.0
7 11.1
172 82.3
23 11.0
14 6.7
304 80.9
43 11.4
29 7.7

Tuamour Size

6 - 10 mm,

N o
5 38.5
4 30.8
4 30.8
10 30.3
10 30.3
13 39.4
17 36.2
16 34.0
14 30.0
32 50. 0
8 12.5
24 - 37.5
64 40.8
38 24,9
55 35.0
93 41.3
52 23.1
80 35.6

10 mm.

N % N
1 16.7 1
0 0.0 0
5 83.3 18
1 7.7 2
1 7.7 2
11 84.6 51
5 18,2 3
4 15.4 5
17 65.4 48
5 18.5 3
5 18.5 4
17 63.0 72
12 16.7 9
10 13.9 11
50 69.4 189.
17 14.3 10
18 15.1 22
84 70.6 318

}10 mm.

w
[+2]

O
o
-3

(o2
e

91.1

5.3

90.4

2.9
6.5

90.9
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(Contipnued - )

Treatment

G 600 mg

10 - 50 weeks

.G 600 mg

20 - 60 weeks

G 600 mg

30 - 70 weeks

Untreated +
Solvent
Controls

All Groups

All Continuous

Groups

P

2 - 6 mm,

N %

8 100.0

0 0.0

0 0.0
10 100.0
0 0.0

0 0.0

4 100.0

0 0.0

0 0.0

1 50,0

1 50.0

0 0.0
487 84.5
57 9.9
32 5.6
153 72.5
39 18.5
19 9.0

Tuniour Size

6~ 10 mm,

N

140

67

96

59

21

!
%

57.1

14.3

28.6

46,2

22,1

31,7

48.4

17.2

=10 mim.

N

[l

1

26

96

17
10

43

% N
50.0 0
0.0 0
50.0 2

0

— 0
3

0.0 2

100.0 0
0

21.8 29
16.7 27
61.5 367
24.3 13
14.3 10
61.4 160

> 10 mm.

0.0

50.90

100.0

100.0



4.6

4.6.1

4.6.2

4.6.3

THI T EC VIRV TTATTRS

In considering the effcct of stopping painting on tumour growth
rafes (section 4,7) the analysis is consid-’;‘.rabiy facilitated if the
probability of a tumour of sive x progressing to size y by time ¢
can be estimated ignoring thg, age of the animal, This presupposes
that age has no large effect on tumour growth rate, and the purpose
of tﬁis section is to test this hypothesis,

Table 18 gives, sum ned over all treatments, .and for each of a
number of different ranges of treatment weeks of first appearance
of tumour size A, the average -time of growth to size D of those
tumours that reached that size.

The resulls demonstrate that tumeur growth rates are not strongly

dependent on age or length of treatment.



TABDLE 19

EFVECT OF AGE ON 'TUMOUR GUOWTH BATH

Age at which Number of Average time
tumour first reached tuniours progressing of progression
size A (weeks) to size D- to size D

0-30 38 i1,

5
31 ~ 40 151 ' 12,9

41 -50 100 12.0
51 - 60 53 9.4
61 - 70 » 20 9.6
71 - 80 N 13.0

91 - 112 2 16.0
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4.7.2

4.7.3

In order to ascoriain the eifcct of glopping poiniing on twmour

‘growth rates two life tables were consiructed for each of the main

four sets of treatiment groups (S.W.S,, G, BP 36 .ag and BP G0ug) and
: 7/

for each of four tumour growths (A to B, Bto C, Cto D, A to D) as

£

follows.

Il

Firstly, cox_lsi_dm'ing only those animals first getiing a tumour of the
smaller size after cessation of Lrea(:mentj, the probability of
surviving a .given number of weeks without reéching a tumour of the
larger size in the absence of deéth \\'19 calculated. Seccondly, a similar
calculation was made considering only those animals first getting a
tumouf of the smaller size while treatment was being continued. In .i'.hi-s
cas-e, if treatment was stopped before the tumour had reached the larger
size then for the purposcs of the construction of the life~table the
animal was treated as "dying" at the week of stopping.

Table 20 gives details of the median growth times estimated from
these»life—tables. This is the {irst week when the es»imate_d probability
of survival from the appearanée of the tumour of larger size dropped
below 0.5. Also given in the Table are the number of animals with
tumours of the smaller size, and the nﬁmbgzr of those animals who later
had tumours of the larger size (ignoring those in the pre-stopping group
who reached the larger size post-stopping).

From Table 20 two major facts emerge. One is that the speed of
growth is very much faster in the BP treated groups than in the smoke
material treated groups. The second is that the tumour growth rate

is markedly greater in the groups still being painted than in those groups

no longer being painted. This is most marked, and highly statistically



signiticant, for the grovith {rom A to D.

b o
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4.8.1 Table 21 gives details of the p.crcentagé of animals in each
treatment group, and in all groups together, of each major
pr'edominant .pathology at déath. Each animal is assigned to one,
and only oue, of the cause‘of death categories,

.4>. 8.2 | The percentages as preseutod are not directly comparable between
groups partly due l:o.su'rvival differences and partly due to the fact that,
e.g. in the BP GOil.g grqups, such a high pI/joportion of the animals
died with carcvinoma of the painted area due to the treatment, that one
would expect a lower percentage of other,treatment independent,
pathologies in these groups. than in.e.g. the unL:reated controls.

4.8.3 No formal analy.sis has been doue o validly compare rates of all
these patholqgies but it is visually apparent that, apart from the
relationshi_p between treatment and dermatis, skin sepsis and carcinoma
of the painted érea, there is little reason to suspect any effect of
treatment on other pathologies, The main effects of skin painting are

restricted to the painted area,
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5.2

5.3

D, INRCHSHION

It is well-known that the rise in ivcidence rates of most human
cancers (Nordling, 1953) and of'skn_i,h fumours in mice subject to
continuous painting (Lee and O'Neill, 1971) is related to age by a
power law, What is not so clear is whether in fact this increased
in_cidencc is due to an increased susceptibility to carcinogen with
increasing age or to a cumulntive effect of the carcinogen. The age-
ing experiment describedv by Lee a'nd Peto (1970), that of
br. F.J.C. Roe (unpublished) and the ageing groups in this experiment
all indicate,by showing approximate equality of rates after comparable
lengths of treatment in gréups starting at different ages, that rate
depends on iength of t_reatment and not age,

It could be argued, perhaps, that this result could he explained
if the effect of the carcinogén were to “start'" a tumour within the first,
10 weeks say, in all young rats and within the first, 5 weeks say-, in all

old rats and that differences in observed times to tumour were purely

a result of an age and treatment independent growth process. If this

were so, then it would probably not be possible {o observe any differences
in the relationship between rate and weeks of treatment between young
and old rats, although in one sense the old rats are twice as susceptible.

It was difficult to believe such a theory in any case, as it would not

-
.o

>predict dosc-response relationships of the type found by Lee and O'Neill

(1971), but it is now completely refuted by the observation that length

of exposure to the carcinogen is of crucial importance and that the

growth rate of the visible tumour ig treatment dependent,

It seems ahsolutely clear that the major reason these incidence
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rates rise with age is that t};c effect of the carcinogen is camnulaiive
and not.that the animal ig inhereally weaker at old age. If may be
Weaker in one sense, but this must be due to the previous effect of
carcinogen,

Having established that cumulative effect is the important factor,
how does one meagure it and what happens if the carcinogen is stopped?
As Arlr;itage and Doll _(1954.) pointed vout, a power law relationship
of rate to time is what _woﬁld be expected if, before a tmﬁour were to
occur, a cell had to pass through a number of indeﬁendent stages. This
model ﬁas been examined mathematically in this document, making
the assumption that there is a background risk of transformation for each
stage of'ﬂ.le process and that the effect of the carcinogen is to increé;se
one or more of these risks. It has béen shown that if one assumes that
the carcinogens affect one early and one late stage of the process, (BP
having relatively more effect on the early stage than SWS or G), t};cn a
fit .to the ohserved.data is obtained that is, though by no means perfect,
good -enough to fit,not only far better than any other plausible modet tried
so far,but also well enough not to cast serious doubt on any major
hypothesis.

One would have expected the treatments to have 2 marked effect on the

early stage of the process, If they had not, then one would not have

observed the apparent lack of association of age per se with incidence

" rate, If only an early effect had been involved, say the first stage

in a four stage process, then incidence rates would rise only slightly
less fast after cessation of treatment than if treatment had been continued,
In this case the measure of cumulative effect can be calculated by

assuming that a dose, d, applied t weeks ago would contribute dt3 to the
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total, Thus after 60 weeks painting the fivst 10 weelis of painting
3
would contribute approximalely 67 = 216 more Lo the observed incidonce
than the most recent 10 weeks. Thus, if painting had stopped at 50 weeks,
the effect would not have been noliced.
It is clear from inspection that the treatments, especially the smoke
derived treatments, have an effect on a later stage. 1f they had not,

then one would not have observed the fairly immediate relative (sbsolute,

in the case of the smoke derived treatmentg) drop off of rate. Nor

would the observed growth rate of tumours have depended on treatment.

If only a last stage effect had been seen then the drop off in rate would
have been far more dramétic.

It has been shown. therefore that the effect of treatment is Quite
complex and has at least two major effects. What effect would one expect
stopping smoking to have on human lung cancer, assuming that the
mechanisms' relating cigarette smoking to lung cancer and smoke
condensate to mouse skin cancer are ,compafa.ble? The results of this
experiment suggest that, though an immediate benefit may be expected
compared to continuing smoking, there is little reason to suggest a
complete reversion to non-smoker's lung cancer rates. Cigarette
smoking, if the model were correct, would have caused a permanently .

increased risk of lung cancer, ' Stopping smoking could, however, reduce

‘and possibly very substantially, future risk. Accurate qualitative

assessments of the benefits of stopping smoking obviously await human
prospective surveys. It is of inlerest, however, that Richard Peto
(pelrs'onal coxnmunicati.on) tells me that in Lh'e Doll and Hill study, the rates
after Stopping smoking-show an .initial decrease, followed by é rise much

as in our SWS and G groups,
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The other main purpose of the experiment,which was to show
the relalionship between tumour size and p:'.t.h'olog)_,’, bhas demonstrated |
that, ‘though 2 mm tumours are rarely inﬁltrating carcinomas and 10 mmm
usually are, the proportions vary between bhenzpyrene and smoke
material, It would not be safe, therefore, unless perhaps very similar
types of product were being tested for carcinogenicity, to use tumours of

sie

'
i
i

a given gize only zf-;s the inde;_\: of aétivity and to dispense wiih microsco
observalions,

The analyses in this experiment, though perhaps sufficient to answer
the main questions of interest, by no means extract all the possible
useful information from the mass of data a railable. I would be happy
to extract data relevant to ahy other questions readers may think

important, ;



6. SUATRIARY OF CONCT

The incidence rate of tumours duc to smoke-derived material
drops soon after stopping painting but later rises though to levels

considerably less than had painting been continued,

The incidence rate of tumours due to benzpyrene continues to rise
after stopping painting but very much less steeply than it would have

done had painting been continued.

A multistage modcl in which the carcinogens affect at least two

stages of the cancer process, one early and one late, fits the obscrved

results quite well.

Though the estimated relative effect of all treatments to the background
effect is greater for the early stage than the later stage this is far more

marked for benzpyrene than for smoke-derived material,

There is no apparent effect of age per se on tumour incidence rate

or on tumour growth rate.

The treatments affect the growth rate of the tumours; stopping
painting reduces the growth rate.

There is a2 marked reclationship between tumour size and pathology. 10 mm
tumours are very commonly infiltrating carcinomas; 2 mm tumours

rarely are, This relationship does depend, howcver, on trcatment,



7. STAPISTICAT, APPENDICTS

Calculation of exvecied numboer of animals wilth lumours for ccelion 42
A sy = A e e & b

Let the incidence rate of tumours be given by
k-1 . . T s
I = bk (t -w) (Weibull distribution)
up to time Q and after that let it remain constant at the value
k-1
I = bk(@Q-w

Tor hypothesis 1 Q can be taken as infinite

S+ w

2 Q

3 Q S

where S is the actual time of stepping.

Consider the time period (tl, t2) and let

k
X =bt-w
k-1
Y (t) = bkt Q - w)
nl = the number of animals alive and tumourless at time tl
n2 = the number of animals alive and tumourless at time t2

ng = the number of animals alive and tumourless at time Q

and all summations be over the times of tumouf or tumourless death in the
interval,

The expected number of animals with tumours E is then given by: .

1) Q< wthenE = 0

2) If @ > w then either: - (i) _t2< w
L eld e E = 0
(ii) t1< W, t2>w, t2<Q

= rt +-£ (L
E =m0, X() tgbw“t)



- (iii) t1>w, L>w, t4<Q

2 2
.
B, X))+ — () -
bt n, X{ 2) l; ml XM n1 N (tls

(iv) t<Qst,

E=n_Y (tz) + t%T)Q Y () - ng Y(Q)

2
+ N (Q) + = C(t (t
ng X (@) @bt X (1) - ng x ()
> G
) t>Q
= 4 -<’ AR 7
E —nzY (t2) Y (L) nl&(tl)

Tag> tot
2 1

These formulae are derived by maximising the log likelihood function over
the interval (t] , tz).

b) Derivation of theWeibull distribution for continuous and stopning
painting experiments under the hvpothescs of section 4.3.1

We shall consider the three stage model only in the derivation.
Generalisation to a multi-stage model presents no new problems.

Continuous Experiment

The number of cells in the second stage, N2, by time T is given by:

T v
J =
1\2 N b2 b1 du dv
O O
2
= NbleT
2

Thus the incidence rate at time T (which is the product of the
number of cells al risk w weeks before, and the third stage transition
probability) is given by:

2
= J -
I I\blbzb3 (T ~w)

2



c)

and the cumulative density [unction G hy

¥
O

J1 b }‘ - AR
G = 1-cxp <—I\01«_2_)¢j a : W) )

G
(derived from the fact that I = dG/(1 - G) and that G = 0 at time T = w)

Stopping Paintine Expériment
e [w]

The number of cells in the second stage at time T is given

hF‘,I‘G by g -y T ] T v -—
N2 = N{ . cz_ c1 du dv + b_2 g du dv +( b2 ( by dudy ,»

' 2 ) ‘ o2
N clczs +,clbzs(T—S)+b1b2(T 5)

2 | 2

The incidence rate is given by

. 2 - .
I =N clc.‘ZbSS + clb2b3S(1.— S-w) + blbz

2 | | 2

b (T -8 - \\.-').2
9

AY

and the cumulative density function G by .

3 2 2
bS(T-8S-w b b -8 - W
G = 1-exp <N[C}CZCSS + ©1% 3S (T -5 \\)+01 9 3S(T S=-w
' 6

_ 6 5o 2 2
+b1b2b3 (T-S~w) ])

6
: e : Ne.c_c 8%
(derived from the fact thatI = dG/(1 - G) and that G =1 - exp (— 227
‘ /

at timeT = S +w)

The latter two formulae clearly only applSr forT>S +w, If
T< S + w the effect of stopping is not yet seen and the formulae {for
continuous painting apply.

Derivation of the Weijbull distribution for continuous and stonping painting

experiments under the alternative hvpothesis of section 4.3.24

As in section 7(b) we shall consider only the three stage model
and use similar notation., The only difference in (he hypotheses from

fhose used in section 7(h) is that instead of a single waiting time of w
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after the last transformation there are wailing times w, after
each transformation.

Continuous Experiments

The number of cells ready for the third transformation, NZ’ by time

T is given by

- J
T \\2 A wl
= J 7
N2 N b2 bldu dv
wl 10
= Nb,b (T - w, - w )2
= Nbyby(h = w, =W,
2
thus
I ='Nbbb (’I‘--w—w—w)2
123 1 2 3

2

which since w = w1+ W, + Wa, is the same formula as in scction 7(a).

Stopping Painting Experiments

 Here the change of hypothesis does affect the formula. We will

consider firstly the incidence rate at a time T>S + wl-:- w2+ w3 and

assurhe that S>w1+ w2. Subsequently, we will consider how other

assumptions affect the formula.
The number of cells ready for the third transformation, Nz, by time

T (>S +w_ + \v2) is given by the sum of the following six expressions:

1

a) The number of cells ready for the third transformation bv time S

S-w ) V-w

2 1 2

: Ne.c (S-w_-w_)
= N = 2

X,(T) =N c c du dv 12 1 72 Y

w 0] 2




| b)

c)

d)

e)

The number of cells jn the sccond wailing-time at time §

2 1

b AN
. S~w2 O

The number of cells ready for the second transformation at time S.
undergoins the second transtormation aiter 8 and ready for the
third transformation at time T,

'T—w2 S-w1

= g =N -~V ~S-w
XC(T) N b ¢ du dv l\clbz(S w 1)(T S f\z).
s 0]

The number of colls in the first waitine time at time S undervrzoing
the scecond transflorinaiion alter lime S+w, and readv for vhe third
transformation at time T

‘T-wz S
Xg(™) = rj b2 _ 4 dudv = I\clbzwi('l‘-s~\vl—xv2)
S+w1

S-w
~

1

The number of cells in the first waiting time at time S. undergoing

the sccond transiormation betore time S+w_, and ready for the
e = . e - B :
third transformation at time T

S+w “V-w

1 1 ' .Ncbwz
Xe(T)=N b cy dudv=""1"2"1

2
S S—w1

The number of cells undergoing the first two transformations after

(S ' V- -
‘ Nc. ¢ ° 2
X (1) =N c e, dudv = L?L ‘( (S-w_ ) ~ (S—\\-’l— W

2

bl hecntodaine §

S,

and ready for the third transformation at time T.

T-w ’ -
\&2 . Vv w1

Xg(T) =N b bl dudv =

S+W1 S

2
Nblbz (T —Sf\Vl"\Vz)
2

The incidence rate at time T is therefore given by

2 .2 :
= J - E - N 4 J -Q. -t
; .I\clczbS(S Wl) I\§1b2b3\\1 + I\clbzb3S(’I‘ S W, w3)
2 2

W , 2
+ I\bll)2b3(T S WymW, w3)

2
The cumulative density function can also be obtained, but requires

a knowledge of the formulae for T< S+w1+w2+w3 considered later.

Vo
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We now consider how the expressions X (1) .. ... X Mattey,
at 1
under different assumptions about S and T,

Firstly, we consider S

S< w B : =X =Y (T) =0
‘IfQ<“1 then _ [’}xa(T) \b(T) C(T)

]

‘\d(T) NCleS('l —S-'\‘r'l—\\!g)

1
2

;o ,
< X (T) = Neb,S

L_ Xf(T) is unchanged

If S>w1'but<w1+w2 then Xa(T) =‘0

2
= T - y
X, (T) = Ne e, (S-w.)
2

> 1' “7' ( A X
}xc('I‘),\d(T),\e T) and

f('I‘) are unchano
Secondly, we consider T B |
If T< w1 + W, then all X(T) = ‘0.
If T< S ﬂlen the coutinuous formula applies
I T>S but < S+w2 then - Xa(T) ié unchanged
'Xb(T‘) = &EET_‘H—WZ)Z— (S—Wl—v.r'_z_):;-}%i
_ P B
XM = Xd_(T) =X () =XT) =0
If T> S+w2 but< S+w1+w2 then Xa(?);:{b(r) and Xc(T) are unchanged
X ,(T) = X (T) = 0

. e
X, (T) = Ne_b, (T-8-w,)
2

There are in fact some other possibilities but as the equations
for these are easily derivable from those given we shall not present
"~ . them here. Nor shall we give the values of the incidence rate or

cumulative density function in all thege cases.
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