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National Radiological Protection Board, Chilton, Didcot, Oxon OX11 ORQ. Tel: (0235) 831600
Telex: 837124 RADPRO G - Fax: (0235) 833891

)
Dr. &=, Krishnaja, 4 r

Molecular Biology and Agriculture Division,
Bhabha Atomic Research Centre,
Bombay 400085,

India.

Your ref:

Our ref:
13th February 1990

Date:

Dear Dr. Krishnaja,

Thank you for your letter asking for the method of estimation of the
coefficients a and B in the dose response curve. It is a big subject and more
than I can put into one letter, but I will try.

Mathematically you have a set of data of dose (D), cells scored (C) and
aberrations scored (A) and as yield equation:-

Y=y + oD+ gD

The observed yield for each dose is A/C. The problem is to find values for v,
o and B which give the "best" fit to the data points. Statistically there are
several possible criteria for deciding the "best" fit. They are different and
give different answers but they are all based on the concept of "weighted least
squares". Thus a computer program which finds a weighted least squares
solution is essential. We have such a program at NRPB called POLYFIT and you
are welcome to a copy.

The concept of weighted least squares as applied to the above problem is
to calculate the function

z (Y, - Yf)z/é‘?'
all points

and find the values of vy, o and B which make it a minimum.

Y is the observed yield (= A/C)' Y, is the fitted yield which is altered as

v, o and B are altered. o’ is an estimate of the variance at each point and it
is this value which distinguishes the different criteria for "best" fit.

In chromsome aberration work with human blood, particularly dicentric
scoring, we know that the aberrations are distributed among the cells in
accordance with the Poisson distribution although it is something that should
be checked. Therefore the standard error (o) can be estimated from the square
root of the aberrations scored (VA/C).

Jeontd. . ..

i?am‘e,wi e

Chairman: Sir Richard Southwood FRS - Director: Dr RH Clarke - Secretary: G AM Webb




Cells scored(C) Dicentrics Yield(Y, ) SE (o = VA
seen(A) €

2000 .0005 .0005
2000 .009 .00212
1000 .040 .00632
1000 .092 .00959
600 .205 .0185
500 .342 .0262
300 ' .62 .0455
200 216 1.08 -0735

Putting the dose, D, yield ¥ and SE (o) into the computer program POLYFIT givgs
the output 1. The column 'FITTED Y’ contains the best fit values of yield and
these are better estimates of the yields than ¥_ . -We can therefere derive
better estimates of o as follows:

= VY, x C/C

These new estimates of o are put into the program POLYFIT with the dose D
and the yield Y . This produces output 2. This produces an even better
estimate of Y. which produce a third estimate of o. Putting this into POLYFIT
gives output 5. Outputs 2 and 3 are so close together that further iterations
are pointless. The output 3 is identical to the maximum likelihood fit and
produces maximum likelihood estimates of the coefficients y, o« and B.

I think this is enough for one letter. When you have understood this I
will then tell you what I do when the Poisson distribution does not apply.

With kind regards,

..

Alan A. Edwards
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\RIPD

National Radiological Protection Board, Chilton, Didcot, Oxon 0X11 ORQ. Tel: (0235) 831600
Telex: 837124 RADPRO G - Fax: (0235) 833891

Dr. Krishnaja A.P.,
B-8 Vindhya,
Anushakti Nagar,
Bombay 400094,
India.

Your ref:
Our ref:

27th March 1990

Date:

Dear Krishnaja,

Thank you for your letter of 12th March. I enclose a listing of the
program 'POLYFIT’. It is written in Fortran and it has comment statements to
tell you how to run it and to say what it does. There are a few computer
specific instructions and you may have to alter these. Good luck with getting
it onto your computer.

(
You had two other questions.

The "best fit" values of yield are given by the maximum likelihood
solution. The iterative method described in my last letter gives the maximum
likelihood solution when further iterations no longer alter the solution. Thus
output 3 gives a close approximation to the "best fit". The program POLYFIT
does the algebra to produce each of outputs 1 to 3.

In the example I sent you there are_8 data points. There are 3 fitted
parameters in the polynomial y + oD + BD°. Hence the degree of freedom is
8-3 = 5. The total sum of squares should be distributed as the chi-squared
distribution on 5 degrees of freedom and this forms a test of how good the fit
15,

I hope that has answered your questions. If it hasn’t do write again.

Yours sincerely,

!"’4.
Y

Alan A. Edwards

Sir Richard Southwood FRS « Director: Dr RH Clarke - Secretary: G AM Webb
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\RPB

National Radiological Protection Board, Chilton, Didcot, Oxon 0X11 ORQ. Tel: (0235) 831600
Telex: 837124 RADPRO G - Fax: (0235) 833891

Dr. Krishnaja AP,
B-8 Vindhya,
Annshakti Nagar,
Bombay 400094,
India.

Your ref:
Our ref:

Date:
13th June 1991

Dear Krishnaja,

Thank you for your letter enclosing your data. I have analysed it as
I usually do - testing for overdispersion and then fitting by maximum
likelihood techniques. I assume you have used gamma-rays, eg. cobalt-60 or
caesium-137. If so the results are very good indeed, bearing a marked
similarity to our own. I enclose all the relevant printouts.

I checked all the distributions you sent. Some I agree with your
analysis, others I do not. I enclose a copy of your analyses marking the
discrepancies. I think you must have calculated u and 02/y by hand and so

I enclose my computer code written in Fortran. I hope this will be useful
to you. For dicentrics and dicentrics + rings the distributions are very
close to Poisson. For total aberrations there is some sign of
overdispersion (02/y >1) but it is not sufficient to take into account for
curve fitting purposes. (There is a mistake in the 5 Gy data and if that
turns out to be overdispersed I could change my mind). Acentrics are
definitely overdispersed and I have assumed a factor of 1.2 for all dose
points.

For fitting I find it necessary to have a point at zero dose. I
assumed that 2000 cells were scored with 1 dicentric and 6 acentrics. You
should really provide one and 5000 cells would be nice but 2000 would
suffice. The dicentrics and dicentrics + rings fit very well indeed. The
value of xz is just less than the degrees of freedom and therefore the
printed errors need to be adjusted as shown. This is because the computer
is programmed to give estimates of errors based essentially on the value of
xZ and I judge that Poisson errors are more appropriate. The acentric and
total aberration fits are very poor and there is strong evidence for lack
of fit. This supports very nicely our contention that the scoring of
dicentrics are more reliable than the scoring for acentrics. There is just
one further point I would like to make which might help for future work.

At some doses I feel you have too much scoring because the extra accuracy
gained is not really worth the effort. This is particularly true at 4 and
5 Gy. BAs a general guide I would aim at about 100 dicentrics at any one
dose and at about 2000 cells if that is reached first.

/contdy .. %

Chairman: Sir Richard Southwood FRS - Director: Dr RH Clarke - Secretary: GAM Webb




Now to your other question about comparing means. This is best
answered by example. For dicentrics we know that the Poisson distribution
applies. Suppose the two yields are 300 dicentrics in 1000 cells and 200
dicentrics in 800 cells.

The yields are 0.300 * .0173 and 0.25 * .0177 dicentrics per cell

The difference is 0.050 + .0247

The numbers after * are standard errors and are derived as follows:

J200/10006 = 0173

/200/800 = 0177

CE DI 2e g )2 - 0247

The first two assume the Poisson distribution ie. the standard error
is the square root of the mean. The third is the statistical adding of
variances of two independent quantities. The question, "Are the two yields
the same?" is converted to "Is the difference of the two yields zero?" 1In
this case the difference is just over two standard errors away from zero
(2.02 in fact) which would be just significant at the 95% level.

For G2 irradiation where chromatid damage is seen, you need to check
whether the Poisson distribution applies or not using the Papworth u-test.
If it does apply you use the above test. If the aberrations are
overdispersed (like acentrics in your data) then the standard errors in 1
and 2 above would have to be adjusted. If, for example, the values for
02/y were 1.2 then the standard errors in 1, 2 and 3 above would be:-

V28D 21 2 /1000 = .0190

LU0 X T 2/800 = .0194

o 0T8H> & 9194 = 0271

In this case the difference in yield would be not quite significantly
different from zero (1.85 standard errors),

I hope I have explained this clearly.

With kind regards,

lh..

Alan A. Edwards
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\RIPD

National Radiological Protection Board, Chilton, Didcot, Oxon 0X11 ORQ. Tel: (0235) 8316800
Telex: 837124 RADPRO G - Fax: (0235) 833891

Dr. Krishnaja AP,

B-8 Vindhya,

Annshakti Nagar, Your ref:
Bombay 400094,

India. Our ref:

Date: 7th August 1991

Dear Dr. Krishnaja,

Thank you for your letter and the micronuclei data. I note the error on total aberrations in 5 Gy. I
have run the u-test and the distribution is close to Poisson and I enclose the printout.

I have tested and fitted the micronuclei data, outputs enclosed. Yes, the micronuclei are
overdispersed. The average factor is about 1.2 but whether there really is a trend of 6%y with dose is
marginal. I have assumed not and used 1.2 for all doses. From the printout, the fit is not good but as you
say the 2 and 3 Gy points are the suspect ones. The observed yield at 2 Gy is too low and that at 3 Gy is
too high. But remember that there is a lot of scoring at these two points and expected uncertainties are
based purely on counting statistics. In both cases the difference between the observed and fitted yields are
only about 10% which is really very good.

Compared with total aberrations, micronuclei have a higher control level, have a higher value for o
(although significance is doubtful) and a much lower value for 8. As far as I can see your conclusions using
gamma-rays agree very well with ours using x-rays.

With regard to publication, I do not think that the chromosome aberration and micronuclei curves
would be accepted alone. They need to be published along with some other data. One of the trends these
days is to try to measure heterogeneity in the response of different donors. In this respect your observation
of differences in the spontaneous frequency of MN between "Thal. traits” and normals when you do not see
a difference. for CA is interesting. Is the sensitivity to radiation different between the two groups? I am
afraid I do not know what "Thal. traits" are, but assuming they are a disease or a syndrome, are they related

to cellular repair or do they have a mutational cause? If so, there is a chance that differences could exist and
I would be pleased to look at the data for you.

With regard to your differences in MN yield, the yields with standard errors are:

4

775/5000 = 0.155 % .0063
1550/5000 = 0.310 + .0090
791/4000 = 0.198 + .0080

The standard errors include a factor for 6%y = 1.3. The difference between 2 and 1 is 0.155 £ .011
which is clearly significant.

The difference between 3 and 1 is 0.043 £ .010 which is significant.

/contd

Chairman: Sir Richard Southwood FRS - Director: Dr R H Clarke - Secretary: G AM Webb




Dr. Krishnaja AP

However, the tests are done based on slightly enhanced Poisson errors. If the above are based on
the means of different people and there is heterogeneity within the groups the standard errors above should
be changed and significance might be altered. Again I am happy to look at this for you but I need the
scoring for each individual and not just the totals you have given me already.

With regard to your control levels for aberrations, I do not regard them as low because they lie well
within the range of measurements I have seen. You have obviously selected a very good donor. I have not
re-run the fits with these control levels but will do so when they are required for publication.

With kind regards,

Ma.

Alan A. Edwards
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National Radiological Protection Board, Chilton, Didcot, Oxon 0X11 ORQ. Tel: (0235) 831800
Telex: 837124 RADPRO G - Fax: (0235) 833891

Dr Krishnaja AP

B-8 Vindhya

Annshakti Nagar Your ref:
Bombay 400094

India Our ref:

Date: 16 September 1991

Dear Krishnaja

Thank you for the additional data on MN for normals and thalassaemia heterozygotes. My analysis
is now as follows.

Normal subjects - zero dose

All 15 subjects are from the same population'x,2 = 13.4 on 14DF assuming Poisson estimates of

errors. Therefore I have combined these and used the overall distribution. The ratio"z is 1.17 and this is
y

used to enhance the Poisson estimate of - SE based on 188 MN.
The mean is 0.0125 = .0010.

Thalassaemia heterozygotes - zero dose

Here the 15 subjects are not the same‘x,2 = 60.9 on 14DF and even the overall & E of 1.27 cannot
y

account for this. The standard error is therefore based on the heterogeneity of the population.
The mean is 0.0231 £ .0026.
The difference between heterozygotes and normals is therefore significant

Difference = 0.0106 £ .0028.

This I think you have already deduced.

Chairman: Sir Richard Southwood FRS - Director: Dr RH Clarke - Secretary: G AM Webb




Normal subjects - 2 Gy

The 5 subjects are not significantly different on a’X? test (%2 = 6.9 on 4DF, p = .14). If one

includes the over dispersion of aberrations ( rE = 1.28) then the test Gx,z = 5.4 on 4DF, p = .25) suggests
y

even better agreement. The data have been combined and the SE is based on the person to person variation.
Mean = .155 + .007.
From the fit of the data to a dose response curve for the same 5 persons an estimate of the mean is
Mean = .173 + .010.
These two estimates are not significantly different.

Thalassaemia heterozygotes - 2 Gy

The 9 subjects are different (x,z = 116 on 8DF). Even the inclusion of a variance to mean ratio of
1.31 makes no difference to the conclusion. The standard error is therefore based on the person to person
variation.

Mean = .260 £ .020.

The difference between the means of irradiated heterozygotes and normals (even taking the higher
estimate) is:

1
Difference = .083 + .022.
which is significant.

The conclusion is, as you have already deduced, is that both the control level and the radiation
induced micronuclei in the thalassaemia heterozygotes j6 higher than in normal controls.

You asked about the Mann-Whitney ‘U’ test. I have never used it but I have read about it. Itis a
test to judge whether samples taken from two different populations differ. In that sense it does the same job
as the ‘t-test’ but the ‘t-test’ assumes that the populations from which samples are taken are normally
distributed. If the normal distribution does not apply then the Mann-Whitney test can be used. It works as
follows:

The observations are placed in order of size. Denoting N for the 15 normal and T for the 15 Thal
traits the result for the spontaneous level would be.




For all values of N, you then add up how many of the T’s are lower. Eg, for the N at 11 there are 2 T’s
which are lower. For cases where N and T are equal you must average, so that there will on average be one
lower for each of the two N’s at an observation 8.
The sum is
10)+21)+8(2)+3 2.5 +1(5.5) =31
You then compare this number with numbers in a special table (copy enclosed) to give a guide to

probability of fit. In this case for ny = n, = 15 the critical number is 40 at a probability of 0.002 on two
tailed criterion and so the two distributions are significantly different as shown previously.

I think for the samples you have given me the numbers are generally quite large so that the ‘t-test’

which in essence I have used applies reasonably well. There is only one thing that worries me a little, (and
it is something you have picked up). Thefhaf traits 2 Gy data seem to fall into two distinct categories
(180-211 and 290-341). There is a big gap and it is surprising there is nothing in between. Apart from the
micronuclei data is there anything which distinguishes the first 4 from the remaining 5? Or is it just another
of those unsolved statistical quirks that occur from time to time?

I have enclosed computer print-outs on dispersion that I have used.

With kind regards

Alan A Edwards
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