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shown in Table IVa. The date of entry is grouped as
previously described, and the exposure time into groups
of under one year, between one and five years, between
five and 10 years, between 10 and 20 years, over 20
years, and not known. The contribution from the last
class is very small, being 1-6%, for the nominal roll and
one case (0-4%) for the other series.

The percentage incidence of bladder tumour that had
been attained in each exposure class by February, 1952,
can now be calculated from the total for each date-of-
entry group. This figure, which makes no allowance for
the length of exposure, is referred to as the crude per-
centage incidence, and is also shown for the exposure
classes other than the two aniline classes.

Since the induction times are normally distributed
and are uninfluenced by severity of exposure, these crude
values should approximate to a cumulative sigmoid
normal curve, unless the risk has altered during the years.
The values and the calculated normal curve have been
shown in Fig. 5. This curve is calculated from the mean
and standard deviation of the pooled data and the total
number of cases, and has a final incidence of 21%. The
goodness of fit of this curve is tested by calculating the
number of cases expected in each date-of-entry group.
These figures are shown in Table Va.

The cumulative sigmoid normal curve is calculated by
finding the regression equation of the probit of the
percentage of the final incidence. This equation is
derived as follows :

For cumulative sigmoid normal curve, 16% of the
whole area lies to the left of the ordinate one standard
deviation below the mean (m). The probit of 16% is
401. The probit at the mean is 5:0. The regression
equation of a straight line, Y = a + bX can then be
found by b = (500 — 4-01)/c

a = 500 — bm

where Y = probit of percentage of final incidence

and X = time in years since entering exposure.

The regression equations for each class of exposure
are thus :

Benzidine - Y = 208 + 0-182X
a-Naphthylamine Y = 143 + 0:159X
B-Naphthylamine Y = 2:51 + 0-159X
Mixed exposures Y = 245 + 0-139X
Pooled data Y = 256 + 0-138X
Effect of Length of Exposure

The effect of length of exposure was investigated
as follows :
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The crude incidences were calculated by assuming that
all exposure times contributed an equal weight to the
incidence. This weight may be termed the mean effective
exposure. If the percentage number of men on the
nominal roll who would have developed tumours at
the crude percentage incidence for each date-of-entry
group and each class of exposure is found, this may be
compared with the number who actually did develop
tumours. The summation of the expected number at the
relevant crude percentage incidence over all date-of-entry
groups for each length of exposure group, compared with
a similar summation for the cases actually appearing,
will give a measure of the effect of exposure time. This
has been shown in Fig. 7.

Adjusting Curves to Remove Effects of Exposure for
Different Times at Different Dates

The effective population at risk can now be calculated
from the adjusted nominal roll and these weights for each
exposure class. The theoretical percentage incidence is
then calculated from this figure and from the number of
cases actually found. The figures for the pooled data
are then calculated as the sum of the component classes.
These effective figures are given in Table VIa.

Measurement of Relative Potency of Each Exposure Class

The numbers in rank 5 of Table VIa represent a mean
potency that may be used as an arbitrary standard by
which to measure the potency of each component
exposure class. The relative potency of each component
exposure class may now be calculated by determining the
number of cases that would be expected in that exposure
class if the substance had the mean potency, summating
over the whole exposure class, and comparing this figure
with the number of cases actually found. The numbers
expected as percentages of the numbers found are called
the relative potencies, and have also been shown in
Table 7.

Test of the Internal Consistency of these Data

These figures have been calculated by using mean
figures for the effect of length of exposure, and from a
summation over the date-of-entry groups. It is therefore
necessary to see that fluctuations of temporal conditions
do not invalidate the calculation, and accordingly a test
was applied by calculating the numbers that would be
expected for each date-of-entry class and each exposure

TABLE Va
NO. OF TUMOURS EXPECTED FROM CRUDE PERCENTAGE INCIDENCES FOR POOLED DATA IF OVERALL RISK REMAINS
CONSTANT AND NO. FOUND CALCULATED FROM SIGMOID NORMAL CURVE FITTED TO MEAN INDUCTION TIME
OF 178 + 7-18 YEARS AND 243 CASES

. . . . . . Difference of
Date of Entry 1915 19225 | 19275 | 19325 | 19375 | 19425 | 19475 | Total | Difference of
No. expected 578 638 567 375 192 | 42 291 | 2421 Xt = 71
No.found.. .. .. | 49 56 71 37 20 L8 2 | 243 n =35
(8 U N P = 25

The dotted line indicates groups combined together in carrying out x? test.
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TaBLE VIa

EFFECTIVE POPULATION AT RISK,

NUMBER OF CASES FOUND,

AND EFFECTIVE PERCENTAGE INCIDENCE

Date of Entry
Exposure Class -
1915 19225 1927-5 1932-5 19375 19425 1947-5
33-0 51-3 51-4 115-0 153-8 94-2 92-3 Effective population at risk
Benzidine 3 10 11 2 5 3 0 Cases
91 19-5 214 17 33 32 0-0 Percentage incidence
64-5 352 396 106-8 157-3 65-5 91-0 Effective population at risk
o-Naphthylamine .. 5 4 4 4 1 0 1 ases
7-8 11-4 101 3-8 0-6 0-0 11 Percentage incidence
19-6 28-0 519 326 314 8-8 363 Effective population at risk
B-Naphthylamine .. 8 12 18 10 6 1 (V] Cases
40-8 428 352 307 19-1 11-4 0-0 Percentage incidence
1132 130-7 1920 221-1 2106 125-7 3069 Effective population at risk
Mixed exposures .. 33 30 38 21 8 4 1 Cases
29-2 230 19-8 95 3-8 32 03 Percentage incidence
2303 2452 3349 4755 553-1 294-2 5265 Effective population at risk
Pooled data 49 56 71 37 20 8 2 Cases
21-3 22-8 212 7-8 36 27 04 Percentage incidence

group from the expectation at mean potency multiplied by
the relative potency factor, and comparing the distribution
of the expectation with the number of cases actually
found. The data were found to be internally consistent.

Effect of Temporal Conditions

The above test of internal consistency dealt only with
possible variations of the ratio of potencies, and would
not reveal an absolute diminution of potency if these
ratios were maintained. Such an absolute diminution
would be expected if improvements in technique in more
recent years had been effective. This possibility was
investigated as follows :

The number of cases expected from the effective
population at risk, on the hypothesis that no alteration
of risk has occurred, was calculated from the mean value
of the appropriate segments of the cumulative sigmoid
normal curve corresponding to the year-of-entry groups
used. These estimates are weighted with values derived
from the Life Tables for Males, England and Wales, 1931
(Registrar General, 1945). The year 1931 is chosen as

being the life table most appropriate to the whole period
1915-1950.

These expectations, with the numbers actually found,
are shown in Table VIIa.

The changes of conditions and techniques that might
be expected to produce a diminution of risk began about
1935. However, the men entering in the group 1930-35
would be affected by these changes since it has been shown
that the full effect of exposure is not developed until after
more than five years’ exposure. Accordingly, these data
were considered in two groups, those entering before
1930, and those entering in or after this date. The table
shows that there is an apparent diminution of risk in the
exposure classes benzidine and mixed exposures, and in
the pooled data, and the y2 test shows that this is
significant. No significant change is found for 8-
naphthylamine or «-naphthylamine.

This test gives no idea of the magnitude of the
reduction of risk, and this was evaluated in the following
manner :

The two groups, pre-1930 and post-1930, were regarded

TABLE Vlla

CALCULATED NUMBER OF CASES FOR EACH EXPOSURE CLASS EXPECTED IF RISK HAS REMAINED CONSTANT AND
NO. ACTUALLY FOUND

e * o

Total || Total ; x
Exposure 1915 | 19225 | 19275 ‘ pre- ‘ 193255 | 19375 | 19425 | 19475 || post- J Total | |C°"e°‘ed
| “ 1930 1930 i i Continuity

Benzidine .. | 42 ‘ 64 61 \\ 167 9.7 64 11 01 173 340 |Expected 5-441
3 10 1, 24 2 5 3 0 10 34 | Found P =02

a-Naphthylamine 7-6 35 27 | 13-8 ’ 3-6 15 01 00 52 190 Expected 0023
5 4 4 4 1 0 1 6 | Found =85

8-Naphthylamine 83 11-6 197 39:6 [ 9.4 51 05 04 154 550 Expected 1 0110

8 12 18 38 i 10 6 1 0 17| Found =

Mixed exposures 257 | 284 352 || 893 279 135 27 1-6 457 | l350 Expected 4-140
3] 30 38| 101 21 8 4 1 EY Found | P=-04

Pooled data 45-8 | 499 \ 63-7 15944 | 506 265 44 21 836 | 2430 | Expected | 4-730
49 6 71 176 37 20 8 2 67 | 243 | Found P = 03
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as being segments of two sigmoid cumulative normal
curves, weighted for mortality, the curves of each
exposure class having the same characteristics but
different final incidence figures. The final incidence for
the post-1930 group expressed as a percentage of the
final incidence of the pre-1930 group gives a measure of
the change of risk since 1930. These calculations are
shown in Table VIIIa. The significance is derived from

TasLE VIIIa
EVALUATION OF THE POST-1930 RISK
. Post-1930
Final Percentage Val
Incidence Expected alue as Signifi-
Exposure Class Percentage
of pre-1930 | cance
Pre-1930 | Post-1930 alue
Benzidine .. .. 21-53 8-59 40% Yes
o-Naphthylamine . . 14-48 17-52 118% No
B-Naphthylamine . . 47-43 56-01 118% No
Mixed exposures .. 3291 2193 67% Yes
Pooled data 3026 19-94 66% Yes

the %2 test previously shown in Table VIIa. There is an
overall reduction of risk of about 34% and this is con-
tributed to by a diminution of risk in the exposure classes
benzidine and mixed exposures.

Number of Further Expected Cases in Group I

The additional cases that may be expected from the
nominal roll of the Group I firms, on the assumption that
no further contact takes place after 1950 and that the
mortality from all causes remains as in 1931, are cal-
culated from the effective populations at risk and the
final percentage incidences for pre- or post-1930, accord-
ing to when the men entered risk. These results have been
shown in Table 8. The large number of a-naphthylamine
cases expected suggests that the potency factors already
calculated may have underestimated the potency of this
material. They were calculated from cases that have
already occurred, and a bias would be introduced
because of the longer mean induction time of these cases.

Another method of estimating the relative potency is
to calculate the ratios of the final incidences expected
at standard (1931) mortality. This has accordingly been
done by methods already described. These figures are
termed the ultimate relative potencies. These results have
been shown in Table 7. These values show that a-naph-
thylamine and mixed exposures have been undervalued,
and benzidine and B-naphthylamine overvalued by the
previous method.

Severity of Risk in Groups IT and III Firms

The nominal rolls for Group II and Group III were
adjusted and set out as described previously for date of
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entry and length of exposure. Since the numbers were
small, only the pooled data were used. These figures were
then corrected for length of exposure, using the factors
derived from Group I firms. The expected number of
cases was then calculated by multiplying these values by
the final incidence (26:57%) for the pooled data for
Group I and by the appropriate constant for the date of
entry, and summating over all date-of-entry groups. The
mean age of entry for Group II was 34, and for Group III
was 23. The expectation for Group III was therefore
adjusted by multiplying by the calculated factor 1-110 to
adjust for this. The numbers actually found were
expressed as a percentage of these figures to give an
estimate of the overall risk in Groups II and III compared
with Group I. The results of these calculations have
been shown in Table 9.

It is a pleasure to pay tribute to the patience and
industry of the member firms who have cooperated so
well in the provision of detailed records. Many hospitals
have also been of the utmost assistance, and our thanks
are due to all these, to the General Register Office, and
to the Factory Department of the Ministry of Labour. It
is perhaps invidious to cite individuals from amongst all
these willing helpers, but the report would not be complete
without expressing a particular appreciation of the great
help afforded by Dr. Denton Guest of the Huddersfield
Royal Infirmary and Miss J. M. Levi of the Birmingham
United Hospitals.
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