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BactERIOLOGISTS have long used assays based on a dilution series to estimate
the number of organisms in water (see for example, Cruickshank, 1960). The
same principle has recently been applied to the assay of cells in certain mammalian
tumours (Hewitt, 1958 ; Silini and Hornsey, 1961 ; Berry and Andrews, 1961).
Serial dilutions of a suspension of tumour cells are injected into groups of animals,
and the development of a tumour in a recipient animal implies that the inoculum
contained at least one reproductively intact cell. Recipient animals for such
assays are more expensive than the tubes of nutrient broth used by bacteriologists,
and the supply of highly-inbred animals is usually the limiting factor on the
amount of experimentation possible : hence it is reasonable to enquire how the
best use may be made of a limited number of assay animals. An inefficient
statistical method will of course waste information, and this is discussed in Ap-
pendix A.

METHODS

b

In this discussion the term ‘‘ dose ” is reserved for the number of morpho-
logically typical tumour cells injected into a recipient animal. A reproductively
intact cell is one that is capable of forming a tumour in the recipient. If a well-
stirred suspension of cells is used and there is no clumping, the number of repro-
ductively intact cells will follow a Poisson distribution (as pointed out by Hewitt,
1958) : that is, the chance of no tumour developing is e~%, where x is the mean
number of intact cells per ‘ dose”. For example: if a dose containing on
average 3 morphologically typical tumour cells were given to each of 100 animals,
and if 37 of these failed to develop tumours, then the mean number of repro-
ductively intact cells per “ dose ’ would be estimated as the solution of e~ = 0-37:
in this case x = 1. This would imply that about one in three of the morpho-
logically typical tumour cells used were in fact reproductively intact.

An experimental assay will normally use several different ““ doses ”’, each in-
jected into a group of assay animals : the problem becomes that of combining the

information from all the groups, into one estimate of the proportion of tumour
~ cells that are reproductively intact. Finney (1952) has discussed the maximum
likelihood solution of this problem, using the ingenious device of an equivalent
deviate. He points out that if an estimate is sought of the logarithm of the number
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of intact cells per “ dose ”’, the analysis is simplified,* and the distribution of
errors becomes more nearly normal. This manoeuvre is also convenient for
studies of radiation and drug toxicity, where interest centres on the logarithm
of a surviving fraction (i.e. on the logarithm of the intact proportion after treat-
ment, minus the logarithm of the intact proportion of untreated control cells).

A computational method will be presented here for the maximum likelihood
analysis of this type of assay. It is a modification of Finney’s method (see note
to Appendix B, Table II); and the logical and mathematical justification will be
found in Finney’s masterly treatise (1952). An iterative process is necessary :
from an initial estimate of the logarithm of the proportion of intact cells we
obtain a better second estimate ; this second estimate may be used to form an
even better third estimate, and so on until the successive estimates differ negligibly,
and the solution has been closely approached. In practice a judicious first
estimate will often lead, after only one iterative cycle, to an adequate approxima-
tion ; more than two cycles will only be needed if the first choice proves ill-
judged, or if the data are very irregular.

The calculations
For each ““ dose ’ we tabulate :
(i) The ““ dose ’ in morphologically typical cells per assay animal.
(ii) » : the number of animals given this ‘“ dose .
(iii) r : the number of animals responding (i.e. developing tumours).
(iv) ¢ = r/n : the proportion of animals responding at this ““ dose ”.
(v) Y : the initial estimate of log (number of intact cells per * dose ).

A method of forming the initial estimates for the Y column will be discussed
later, but it will be obvious that once Y is established for any one ‘ dose ", all
the remaining Y’s will be fixed by the relationship between the various “ doses .
Thus, if for a “ dose ”’ of 10 morphologically typical cells the initial estimate of
Y were 0-0, then for a “ dose ”’ of 40 cells the initial estimate of ¥ would have to
be 40-6 (adding the difference between log 40 and log 10).

Two further columns are tabulated for the first cycle :

(vi) nw : the weight. This is the product of n (from column (i)), and w which
depends only on Y, and is tabulated against Y in Appendix B, Table II.

(vii) ¢ : the correction deviate. This measures the extent to which the data
for each “ dose >’ disagree with the theory about the number of intact
cells per ““ dose ”’ expressed by the Y column. Consequently it depends
both on Y and on ¢, and may be found from the relationship :

p=¢o+q.4

* If the proportion of cells which are reproductively intact is E, and a ‘ dose >’ of z morpho-
logically typical cells is given, the chance of no tumour developing is P = e~E?, from the Poisson
distribution. An estimate of P is given by p, the observed proportion of tumour-free animals.
Now taking natural logarithms twice, we may define Y as:

Y = log (— log P)
so that :

Y =log E + log 2z
and we may also define y as log (— log p). The advantage of this transformation is that it makes
the relationship linear in log z.  'We could proceed by fitting a straight line of unit slope to the y’s,
plotted against log z, but because the slope of this line is fixed the calculation can be rearranged so
that only a weighted mean need be evaluated. If we wish for the maximum likelihood solution
(which is known to give, in a certain sense, the most efficient estimate) an iterative process is needed,
such as the process to be described in the text.
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The quantities ¢, and 4 are tabulated against ¥ in Appendix B, Table II,
which also gives ¢,, the value assumed by ¢ when ¢ = 1 (i.e. when all animals
tested at this ‘“ dose ”’ respond).

The first iterative cycle ends with the calculation of a weighted mean of the
¢’s, which may be expressed (following Finney’s use of the symbol S to signify
summation) as : '

§— Snwe
— Snw

The sum of the weights, Snw, and the algebraic sum of products Snw¢ can be
accumulated conveniently on a desk calculator, but a slide-rule will suffice for the
formation of §.

This mean correction ¢, is added to each of the Y’s to give a new Y column,
with which the next cycle can begin. When ¢ becomes satisfactorily small,
iteration can cease and two relationships now hold :

(1) The variance of ¢ is given by 1/Snw, and this is hence also the variance
of the final estimate of the logarithm of the proportion of morphologically typical
cells that are reproductively intact. This estimate will be symbolised by log E.

(2) An inconsistency x2 can be rapidly calculated after a column has been
formed of the squares of the individual ¢ values. It is given by :

X% = Snwg? — (Smuwp)*

Snw

and has degrees of freedom one less than the number of ““ doses . If this x? is
significant, it is evidence of internal inconsistency in the assay : the formula is
easier than calculation of expected numbers to compare with the observed ones.

An example of the calculations
The data shown in Table I were accumulated over several months : considera-

TABLE I.—Pooled Control Data for Mouse Leukaemia P-388

First cycle
r A
“ Dose ”’ n r q=ﬁ ’ Y nw ¢ ?
8 95 . 88 . 0-926 . +0-40 . 281 . +40-015
4 164 . 114 . 0-695 . +0-10 . 546 . —0-026
2 164 . 77 . 0-470 . —0-20 . 394 . +40-003
1 125 . 27 . 0-216 . —-0:50 . 179 . -0-104
Snw = 1400
Snwé = — 27-415
é = —0-020

tion of the separate results of the assays during this period showed no evidence
of trend, and no more than the expected variability about the mean : hence it
is legitimate to pool the results of all these assays.

The first three columns are filled in from the experimental data. For such
large groups of assay animals it is just worth while to calculate ¢, the proportion
responding, to three decimal places: two places would more often be appro-
priate.

25
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The Y column must now be filled in. " A poor choice of Y’s from which to
start will not influence the final answer, but will necessitate extra iterative cycles.
In Appendix B, Table I, values of Y are given for various values of ¢, the propor-
tion of animals theoretically expected to respond. One value in the ¥ column
can usually be filled in from consideration of the observed proportion of responses
in conjunction with this table. In the example, the Y value for a * dose  of
2 cells was filled in first, since ¢ = 0-47 corresponds to Y = — 0-20. The dilution
ratio here is uniformly 2, and log 2 = 0-30, so that the remaining Y’s can be
filled in at once, to two decimal places. If the dilution ratios had not been
constant, it might have been helpful at this stage to tabulate the logarithms of
the ““ doses ”” on the extreme left of the table.

For each entry in the nw column, » has already been tabulated and w is found
in Appendix B, Table II, against the appropriate value of Y. Thus the first
entry is given by nw = 95 X 2:95 = 281 : three significant figures are ample.
The ¢ values are formed from

P = o +q4

taking ¢, and A from Appendix B, Table II, for the appropriate value of Y.
Thus the first ¢ is — 1-959 + 0-926 x 2-131 = + 0-015.

Snw is formed as the sum of the values in the nw column ; and Snw¢ as the
algebraic sum of the products of the corresponding numbers in the nw and ¢
columns.

Obviously ¢ is small, indicating a fortunate choice of initial Y’s, and therc is
no need for another cycle. If ¢ had been numerically larger than 0-04, it would
have been reasonable to compute another cycle. Equally obviously on inspec-
tion, the data are internally consistent, but if an inconsistency y2 is computed its
value is found as 2-30, which with three degrees of freedom shows no incon-
sistency.

The logarithm of the ratio

reproductively intact
morphologically typical

cells in this population of mouse leukaemia cells (log K) can now be estimated
by :
log E =Y + ¢ —log “ dose

using any row in the table. The rows should agree, apart from rounding errors.
and in this case using the second row we have :

log £ = + 0:100 — 0:020 — 0:602 = — 0-522 = T-478
The standard error of log £ is v/(1/Snw), hence 95 per cent confidence limits
can be placed at :

1 1
log £ — 1-96 a1 7+ 1-96 —
08 ’ A/ Snw %8 b+ b A/ Snw

or in this case at T-424, 1-532. The conclusion is that the proportion of repro-
ductively intact cells in this population is estimated as 107478 — 30 per cent, with
95 per cent confidence that the true value lies between 34 per cent and 26} per
cent.
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ASSAY DESIGN

The variance of estimate of log E resulting from an assay such as we are con-
sidering is given by the reciprocal of Snw, the sum of the weights. Clearly the
best assay design will be that which gives the largest Snw for the fewest assay
animals. From this point of view, each animal may be thought of as contri-
buting an amount (w) to the precision of the assay, and this amount depends on
Y ; that is on the actual number of reproductively intact cells given to the animal.
Inspection of Appendix B, Table II, shows that w is at its maximum when
Y = 4 0-2: that is, when the mean number of intact cells per *“ dose ”’ is about
1-6. and the response rate about 80 per cent.

The pooled control data analysed above will serve to illustrate this argument.
We note that it is, in general, a well-designed assay, for no animals have been
tested at ‘“ doses ”’ with very low weighting coefficients. However, the group of
125 mice given a * dose ”’ of one morphologically typical tumour cell per mouse
contribute 179 to Snw ; and only 54 mice tested at a ““ dose ”’ of 4 cells would
have contributed the same amount. Even here, then, a slight change in the
design of the assay would have obtained the same precision with a saving of
71 mice.

If completely reliable advance information were available on the result to be
expected from an assay, the assay would naturally be designed with only one
group of assay animals. Every available animal would then be given a ‘“ dose
that was expected to contain on average 1-6 reproductively intact cells, and if all
went well each assay animal would contribute the maximum to Snw. This, of
course, is not a practical design for an assay, since with such a design inaccuracies
in the advance information can have a disastrous effect on the precision of the
assay, and even on the possibility of forming an estimate of log £ at all. For
example, if the initial estimate were pessimistic by a factor of two, the ** dose ”
given would contain on average 3-2 reproductively intact cells, and with a group
of 20 animals there would be a 43 per cent risk that all animals would develop
tumours.

Thus two factors affect the design of a practical assay ; the desirability of
economy of assay animals, and the need for insurance against inaccurate advance
information. If the advance information is unreliable, a wide range of *“ doses
must be used to provide insurance ; if the advance information is reliable, such
insurance is merely wasteful.

In radiobiological work the proportion of cells treated in the same way which
retain their reproductive integrity is expected to remain constant from one experi-
ment to the next. If this condition is not fulfilled, then either the experiment
has miscarried, or else any information that can be gleaned from it is not radio-
biological. If it may be assumed that repeated assays will measure the same
reproductively intact proportion, then the assays can be planned to give at each
stage the appropriate amount of insurance.

Consider the case where the advance information has only the status of a
wild guess. An assay design specifying groups of four animals, and “ doses ”
of morphologically typical cells spaced by factors of eight, is appropriate. With
four such groups of assay animals, the ‘“ doses ”’ should be planned so that if the
initial guess is correct the central two groups will receive 1 and 2 intact cells per
animal. Now if the initial guess is so wrong that the lowest ** dose ”’ contains
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more than 0-64 intact cells, then there will be a greater risk than 5 per cent that
all the animals in the lowest group will succumb.

If all the animals in the lowest group do succumb, the assay will be unin-
formative, for even if some of the animals given higher doses escape, this will
merely serve to cast suspicion on the execution of the assay, and it is more likely
that every animal in the assay will succumb so that no estimate will be possible.
Similarly if the initial guess is so wrong that the highest group receives less than
0-75 cells per animal, there will be a greater risk than 5 per cent that none of the
animals in the highest group will succumb, again rendering the assay uninforma-
tive. If we wish to be at least 95 per cent certain that the assay will be informa-
tive, the initial guess must be within a range which extends approximately from
1/21st of the true value to 21 times it, and in this sense the insurance provided
by this assay design extends from 21 times the initial guess to 1/21st of it. In
the same way an assay design with five groups, each of four assay animals, and
the “ doses ”’ again spaced by factors of eight, will give insurance from 1/59th of
the initial guess to 59 times it : but here the central group should be given a
‘“ dose ”” which will contain 0-7 cells if the initial guess is correct.

Such preliminary assays pay a heavy price for insurance, since the average
contribution to Snw of each assay animal will be less than 30 per cent of the
maximum possible. Hence no very accurate estimate may be expected, and to
increase the number of animals in each group above four would be imprudent.
It will be more economical to use any extra animals in a subsequent, more efficient
assay, which can have less insurance. The result of such a preliminary assay as
these two will have 95 per cent confidence limits extending from one-third to
thrice the estimate approximately.

From the results of such a preliminary assay, a second assay of cells treated
in the same way can be planned. A design using three groups of animals, with
“doses ”’ separated by factors of four, and estimated (from the result of the
preliminary assay) to contain }, 1 and 4 reproductively intact cells per ‘ dose ”’
would be appropriate. This design would have an entirely adequate amount of
insurance, and the average contribution to Snw of the assay animals would be
approximately 50 per cent of the maximum possible. Groups of less than five
animals are undesirable, groups of more than ten are usually impracticable. If
groups of six animals are used in this second assay, and if the result is compatible
with that obtained in the preliminary assay, it will be possible to pool the two
assays, and derive an estimate of the proportion of reproductively intact eells
with confidence limits at about 53 per cent and 188 per cent of the estimate.

If further precision is desirable beyond this stage, it would be reasonable to
reduce the amount of insurance still further. A design with three groups of
assay animals given ‘“ doses " estimated on the basis of all available evidence to
contain 4, 1 and 2 reproductively intact cells would be expected to yield an
average contribution to Snw from the assay animals of between 60 per cent and
75 per cent of the maximum possible. Designs with even less insurance may be
regarded as too imprudent for most situations.

The combination of estimates

When two or more assays have been made of the proportion of reproductively
intact cells among cells treated in the same way, the problem arises of combining
the information from both assays. The two estimates could be formed, and a



TRANSPLANTABLE TUMOUR ASSAYS 589

weighted mean obtained using the Snw’s as weights, but a better procedure is to
pool the actual data, as if they were obtained in a single assay. If now the
inconsistency yx? is significantly large, this may mean that the component assays
are incompatible, in which case the pooling would not be legitimate. The point
can be investigated by analysing the component assays separately : if they are
internally consistent (but incompatible) reasons should be sought for this. If,
however, one or more of the component assays are themselves internally incon-
sistent, they may be rejected and an attempt made to pool the remainder.

SUMMARY AND CONCLUSIONS

The statistical analysis of assays in vivo of the proportion of reproductively
intact cells contained in tumour cell suspensions is discussed, and a method of
analysis presented. This method of analysis, slightly modified from the method
of Finney (1952), allows the internal consistency of the assay to be checked, and
the standard error of the final estimate to be computed.

Applications to the design of such assays are made, distinguishing cases where
advance information is unreliable, and the assay must allow for a wide range of
possible outcomes, from cases where reliable advance information permits an
assay design which will give higher precision from the minimum number of assay
animals.

Thanks are due to Dr. Basil Shepstone for programming the tables of Ap-
pendix B for the Oxford University Digital Computer, to Dr. D. J. Finney,
F.R.S,, for helpful discussion, to Dr. J. R. Andrews for permission to use experi-
mental results obtained jointly, and to Dr. Frank Ellis, Director of the Radio-
therapy Department for enthusiastic encouragement.

R.J. B.is a Helen Hay Whitney Fellow in Radiobiology at Oxford University.
These studies were aided by a grant from the British Empire Cancer Campaign.
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APPENDIX A

Reed and Muench (1938) proposed a rapid method for the statistical analysis
of quantal data that has been extensively and uncritically applied to assays of
the reproductive integrity of tumour cells. In this context, the only virtue of the
Reed-Muench method is its disarming computational simplicity : its defects
include an inappropriate theoretical background (see Finney (1952), for discus-



590 E. H. PORTER AND R. J. BERRY

sion), a total absence of validity tests and of estimates of precision, a tendency to
bias, and (most serious of all) the compulsion to use an inefficient assay design.

The Reed-Muench method is a quick and simple one for the estimation of a
50 per cent effective dose, for use when a wide range of regularly spaced doses
(extending from 0 per cent to 100 per cent effective) have been tested, each on
the same number of assay animals. The numbers of animals responding to the
different doses are summed from low dose to high ; and the numbers failing to
respond are summed from high to low. The 50 per cent effective dose is estimated
from these sums, either as the dose for which the two sums are equal, or by inter-
polation. The argument is that an animal which responds to a low dose would
certainly have responded had the dose been higher ; one which fails to respond
to a high dose would not have responded had the dose been smaller.

An example of the method is given in Appendix A, Table I, and it will be
seen that the process of forming the sums involves the tacit assumptions that
had a group of animals been given a higher *“ dose ’ than was actually tested, all
would have succumbed, and that had a group been given a lower * dose ”’, all
would have survived. An estimate of the TD;, is formed by graphical inter-
polation, using the ratios

S(+)
S(+) +8(—)°

in this case it is 7500 cells.

Reed and Muench recommended interpolation in the logarithms of the doses,
but in radiobiological work the custom has arisen of interpolating directly in the
“doses . This is somewhat less satisfactory than Reed and Muench’s own
procedure.

No way of assessing the precision of such a Reed-Muench estimate is known,
except for the case of an underlying logistic distribution, where Pizzi (1950) has
proposed a useful approximation. This approximation is not unreasonable, for
the curve of @ against log-dose differs little from the logistic form. No validity
test (test of internal consistency) is available in the Reed-Muench method.

It may readily be seen that the Reed-Muench estimate is only unbiased if the
chance of a response varies symmetrically about 50 per cent when plotted against
dose. This can be demonstrated by applying the method to figures conforming
to an asymmetric distribution. The sigmoid of a Poisson distribution is not
svmmetrical about ¢ = 0-5 (i.e. about x = loge 2), whether @ is plotted against «
or against the logarithm of x. Consequently the Reed-Muench method must
introduce a bias into the estimate ; but when the number of animals per group is
small, and the range of * doses ”’ wide. this inherent bias is negligible.

When, however, the range of * doses ”’ is narrow (as in the example given) a
serious bias can arise from the use of the Reed-Muench method. This bias is
small when the centre of the range of ** doses ”’ used is near to the true 50 per cent
point ; but if the centre of the assay is moved away from the true 50 per cent
point, the bias increases rapidly. In the example given, the bias entering in this
way amounts to about 20 per cent.

If the Reed-Muench method of analysis is to be used, the design of the assay
must be such as to avoid this serious source of bias. That is, the experimenter
must plan his assay for a wide range of ** doses ’, so as to ensure as far as possible
that the highest ** dose ”’ will produce 100 per cent responses, the lowest *‘ dose ”’
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0 per cent. This is, of course, quite contrary to the principles of economical assay
design discussed above, for where advance information is available a more effi-
cient assay design is possible. This compulsory waste of assay animals is the
major defect of the Reed-Muench method.

Appendix A, Table I.—Anoxic mouse leukaemia cells P-388, after
3000 rads (250 kv)

Mice Mice
responding  surviving S(+)
“Dose (+) () S(-+) S(—) S(-£) + S(=)

8

9 B _

12,800 . 3 . 3 . 8 . 3 . 1

6,400 . 3 . 3 > 6 I

2

3.200 . 2 . 4 2 10 =

12

1,600 . 0 . 6 . 0 . 16 . 0

APPENDIX B
Appendixz B, Table 1

Q 0-00 0-01 002 0-03 0-04 0-05 0-06 0-07 0-08 0-09
0-0 — X —-2-00 —-1-70 —1:52 —-1-39 —1-29 —1-21 —1-14 -1:08 —1-03
0-1 —-0:-98 —0-93 ~-0-89 —0-86 —0-82 —0-79 —-0-76 -—-0-73 —0-70 —0-68
0-2 —0-65 —0-63 —0:-61 —0-58 —-0-56 ~0-54 —0-52 —0:50 —0-48 —0-47
0-3 —~0-45 —0-43 —0-41 —0-40 —0-38 -0-37 —0-35 —-0:34 -—0-32 —0-31
0-4 —0-29 —0-28 —-0:26 —-0:25 —-0-24 —0-22 —0:21 —-0:20 —-0-18 —0-17
05 —-0:-16 —-0-15 —0-13 —0-12 —0-11 —0-10 —-0-09 -0-07  —0-06 —0-05
0:6 -0:04 -—-0-03 —-0-01 0-00 -+0-01 ~0-02 =008 +0-05 006 4+-0-07
0-7 +0-08 4+0-09 -+0-11 +0-12 -+0-13 -+0-14 +0-15 +0-17 10-18 +0-19
0-8 L0-21 022 023 +0-25  +0-26 028 40-29  +0-31 -0-33 +0-34
0-9 ~0-36  +-0-38 -~0-40 -0-43 +0-45 -0-48 -0-51 L0565 L 0-60  +-0-66

This table gives values of Y, the logarithm of the average number of repro-
ductively intact cells per "~ dose”. Y is given for different values of @, the
theoretically expected proportion of animals that should respond to the cor-
responding ** dose ”’. The function tabulated is :

Y = logyy { —loge (1 — @)}

Note to Appendixz B, Table 11

This table gives, for different values of Y, the corresponding values of ¢,, A,
¢, and w. For the mathematical and logical details of the theory, the reader is
referred to Finney (1952), who develops a method in which Y is defined in terms
of natural logarithms, and the non-occurrence of a tumour is taken formally as a
** response .

The method presented here, to which this table is appropriate. differs from
Finney’s method in its use of a Y defined in terms of common logarithms, and in
the use of the occurrence of a tumour as a response. These changes make the
computations more convenient, but complicate the algebraic formulation of
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the functions tabulated. These are:
By = 1 —exp {107}
0~ Joge 10 x 107
__ exp {10%} B
" loge 10 x 107
1
1= loge 10 x 10Y

_ (loge 10)% x 10%¥
exp {10Y} —1

The Oxford University Ferranti Mercury computer was used to compute the
table, which it did in four minutes.

Appendix B, Table 11

Y b0 4 é: w
1-18 —107,422-78686 107,422-81567 0-02869 0-00032
1-16 —56,917-86120 56,917-89147 0-03005 0-00058
1-14 —31,096-80798 31,096-83947 0-03146 0-00102
1-12 —17,494-39636 17,494 - 42932 0-03294 0-00174
1-10 —10,121-05267 10,121-08709 0-03450 0-00286
1-08 —6,013-80093 6,013-83706 0-03612 0-00460
1-06 —3,665-61503 3,665-65284 0-03783 0-00721
1-04 —2,289-39292 2,289-43253 0-03961 0-01103
1-02 —1,463-50002 1,463 54150 0-04147 0-01647
1-00 —956-55226 956- 59569 0-04343 0-0240%
0-98 —638-60567 638-65115 0-04548 0-03443
0-96 —435-05966 435-10728 0-04762 0-04827
0-94 —302-17519 302-22506 0-04986 0-06637
0-92 —213-78726 213-83947 0-05221 0-08958
0-90 —153-94062 15399530 0-05467 0-11881
0-88 —112-72593 112-78318 0-05725 0-15495
0-86 —83-88009 83-94004 0-05995 0-19886
0-84 —63-37786 63-44064 0-06277 0-25135
0-82 —48-59056 48-65630 0-06573 0-31309
0-80 —37-77515 37-84398 0-06883 0-38460
0-78 —29-75886 29- 83094 0-07207 0-46623
0-76 —23-74157 23-81704 0-07547 0-55809
0-74 —19-17004 19-24907 0-07903 0-66007
0-72 —15-65685 15-73960 0-08275 0-77181
0-70 ~—12-92740 13:01405 0-08665 0-89270
0-68 —10-78473 10-87547 0-09074 1-02189
0-66 —9-08605 9-18106 0-09501 1-15835
0-64 —17-72666 7-82615 0-09949 1-30084
0-62 —6-62907 6-73325 0-10418 1-44798
0-60 —5-73533 5-84442 0-10909 1-59830
0-58 —5-00171 5-11594 0-11423 1-75024
0-56 —4-39491 4-51453 0-11961 1-90224
0-54 —3-88936 4-01461 0-12525 2-05276
0-52 —3-46525 3-59640 0-13115 2-20030
0-50 —3-10713 324447 0-13734 2-34345
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Appendix B, Table 11 (continued)
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