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Report by sub Committee on Epidemiology:

Study A: GB health effects following Chernobyl fallout

1. The Sub-Committee received data from the CCRG for a study on GB cancer rates after Chernobyl fallout in 1986. Dr Muirhead, Dr Wakeford  and Dr Busby carried out analyses on this data. Dr Wakeford’s analysis was contained in INFO 13-H and  Dr Muirhead’s analysis was contained in Paper Epi 4-1 (attached). 

2. Dr Busby’s analysis is attached as attachment A.  Dr Muirhead’s commentary on this is attached as attachment B, and Dr Wakeford’s comments on this are attached as attachments C and D. These are all based on the data the Committee received from the CCRG, therefore Committee members are reminded that this paper is for internal Committee use only.

3. Drs Muirhead and Wakeford stated that their analyses were compatible with each other. In broad terms, the data had revealed a slight trend of excess in GB infant leukemias following Chernobyl, but this was not statistically significant, as the 95% confidence intervals for the relative risks encompassed 1.0. In addition, the data revealed the existence of a trend with higher doses. Overall,  the small increase did not support increased risk estimates for radiation exposures higher than current risks. 

4. Dr Busby's analysis concluded that there was an increase in infant leukaemia in the exposed cohort in both the high and intermediate group and in the total population whichever method of analysis was used. All his analyses showed the existence of an increase in the rate of infant leukaemia in the exposed relative to the unexposed cohorts. Dr Wakeford, Dr Muirhead and Professor Darby  disagreed with the unqualified nature of Dr Busby's conclusions from the Study A data. They stated that the level of random error in the control population had not been considered in Dr Busby's analysis, resulting in incorrect confidence intervals being applied to his relative risks. These intervals should have been wider and all should have embraced 1.0, ie they were not statistically significant.The random error in the control population was high due to the relative smallness of the time window used.
IF
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Attachment A

INFANT LEUKEMIA IN THE UK AFTER CHERNOBYL:

ANALYSIS OF CCRG DATA FOR CERRIE

Chris Busby 
April 12th 2004

1. Data and background

Following the discovery of a statistically significant excess infant leukaemia risk in Scotland and Wales (Busby and Scott Cato, 2000) and the arguments relating to the effects in other countries in Europe and elsewhere, CERRIE decided to examine the UK by contamination area and period. There were two questions asked. 

· The first was whether there was an effect in the high and intermediate exposure areas of the UK if the time periods used by Petridou et al. were used to define exposure cohorts. 

· The second was whether there was an effect at all over the whole period using exposure periods most likely to reflect the in utero exposure (given that Petridou et al. made various assumptions about maximum in utero exposure, leaving out the first two months of the birth cohort who were in utero after the fallout appeared on about 1st May 1986.

To try and answer these questions, numbers of infant leukemias (0-1yr) were supplied by the Childhood Cancer Research Group (CCRG) Oxford for three areas and various periods before and after Chernobyl, together with total births occurring in these areas and periods. Two analyses were agreed. Both were aimed at examining the hypothesis that infant leukaemia rates had been increased following exposure in utero to radiation from the Chernobyl accident fallout in the UK. To this end, the UK was divided into three groups of areas considered to be high, intermediate and low exposure. A number of time periods were also specified. Two sets of periods were defined. The first was to enable an analysis of the periods used by Petridiou et al. in her analysis of the effects in Greece (Petridou et al., 1996). The second was specified by CERRIE to examine a longer time period than that available to Petridou et al.. These are given in Table 1 below together with the code applied in this analysis. The data are given in Table 2 and Table 3. In this analysis I concentrate on total cases, Males and Females combined.

Table 1. Time periods for which data on infant leukaemia were supplied by CCRG

Cohort Group code
Time period
 In utero exposure 

1. Petridou analysis

A
01/01/80 to 31/12/85
Unexposed

B
01/07/86 to 31/12/87
Exposed

C
01/01/88 to 31/12/90
Unexposed

2. CERRIE analysis

D
01/05/81 to 30/04/86
Unexposed

E
01/05/86 to 31/12/87
Exposed

F = C
01/01/88 to 31/12/90
Unexposed

G
01/01/91 to 31/12/97
Unexposed

Table 2. Data from CCRG on number of infant leukaemia cases.

1st analysis (time periods as Petridou)  Males+Females

Dates of birth                                               Exposure category

                                                       High            Low            Intermediate             Total

01-01-1980 to 31-12-1985              3                  52                  66                           121

01-07-1986 to 31-12-1987              1                  16                  24                             41

01-01-1988 to 31-12-1990              2                  39                  35                             76

Total                                                6                107                 125                          238

2nd  analysis (time periods as requested by CERRIE)  Males+Females

Dates of birth                                               Exposure category

                                                       High            Low            Intermediate             Total

01-05-1981 to 30-04-1986              3                  45                  52                          100

01-05-1986 to 31-12-1987              2                  18                  26                            46

01-01-1988 to 31-12-1990              2                  39                  35                            76

01-01-1991 to 31-12-1997              4                  78                  98                          180

Table 3 Births in the analysis periods from CCRG

1st analysis (time periods as Petridou)  Males+Females

Births                                                          Exposure category

                                                       High            Low            Intermediate             Total

01-01-1980 to 31-12-1985         90,027       1,783,873          2,363,521          4,237,421

01-07-1986 to 31-12-1987         23,152          479,996             608,921          1,112,069

01-01-1988 to 31-12-1990         47,971          997,941          1,236,102          2,282,014

2nd  analysis (time periods as requested by CERRIE)  Males+Females

Births                                                          Exposure category

                                                       High            Low            Intermediate             Total

01-05-1981 to 30-04-1986         74,642       1,483,017          1,960,662          3,518,321

01-05-1986 to 31-12-1987         25,750          533,449             677,821          1,237,020

01-01-1988 to 31-12-1990         47,971          997,941          1,236,102          2,282,014

01-01-1991 to 31-12-1997       106,199       2,283,344          2,712,161          5,101,704

2. General methods used here

The quickest and most straightforward method is to use an unexposed cohort to generate a rate and then apply this rate to the population of an exposed cohort to calculate an expected number of cases. The observed number is then compared with the expected number to generate a Relative Risk. The probability that the number of excess cases found or less occurred by chance can then be determined from cumulative Poisson probability tables. This method begs some questions about which cohorts to use as the unexposed group and involved problems of sloping background rates over the whole period. However, in the case of the Petridou analyses, these have been determined already.

3. Results

3.1 Petridou analysis

Rates calculated from the data for the different periods and groups are given in Table 4. I have not bothered to analyse the CCRG data for the high exposure category on its own as the numbers are too small. My analysis is given in Table 5.

Table 4. Infant leukaemia rates/100,000 births in various areas and periods used in this study. For periods see Table 1.

Period
High
Intermediate
Low
High+Int
All areas

Petridou

A
3.33
2.79
2.92
2.81
2.86

B Exposed
4.32
3.94
3.33
4.00
3.69

C
4.17
2.83
3.91
2.88
3.33

CERRIE

D
4.0
2.65
3.03
2.70
2.84

E Exposed
7.77
3.84
3.37
3.98
3.71

F
4.17
2.83
3.91
2.88
3.33

G
3.77
3.61
3.41
3.62
3.53

Table 5 Increases in infant leukaemia in exposed cohort according to Petridou et al..

Relative Risk = Observed /Expected where expectation is based on rates in combined low exposure periods A and C.

1. High and intermediate exposure areas

Group
Population
Cases
Rates/ 100000

Exposed = B
632073
25
3.96

Unexposed = A + C
3737621
106
2.83

Expected B =17.9

Observed B = 25

RR Exposed/ Unexposed = 1.40 ; p = 0.065 (one extra case would give p = 0.04)

2. All areas

Group
Population
Cases
Rates/ 100000

Exposed = B
1112069
41
3.69

Unexposed = A + C
6519435
197
3.02

Expected B =33.58

Observed B = 41

RR Exposed/ Unexposed = 1.22 ; p = 0.075 (2 extra cases would give p = 0.04)

3.2 CERRIE periods analysis

In the CERRIE periods analysis I have taken the periods either side of the exposed period E to be generate the 'unexposed group' rates. This analysis is therefore similar to the Petridou et al. analysis except that it includes children born in the first two months following the fallout, that is CERRIE period E.

Table 4 gives the rates and Table 7 the analysis.

Table 7 Increases in infant leukaemia in exposed cohort according to CERRIE periods D to F. Relative Risk = Observed /Expected where expectation is based on rates in combined low exposure periods D and F.

1. High and intermediate exposure areas

Group
Population
Cases
Rates/ 100000

Exposed = E
703571
28
3.98

Unexposed = D + F
3319377
92
2.77

Expected E = 19.5

Observed B = 28

RR Exposed/ Unexposed = 1.44 ; p = 0.04 (1 extra cases would give p = 0.025)

2. All areas

Group
Population
Cases
Rates/ 100000

Exposed = E
1237020
46
3.72

Unexposed = D + F
5800335
176
3.03

Expected E = 37.5                                                                                                                                                                                                            

Observed B = 46

RR Exposed/ Unexposed =1.23 ; p = 0.06 (1 extra case would give p = 0.025)

Fig 1 Rates of infant leukaemia per 100,000 births in (a) all areas and (b) combined high and intermediate exposure areas for the D E F and G periods spanning the event. E is the assumed exposed period for the CERRIE analysis.

[image: image5.wmf]Figure 1

Rate of Incidence of All Leukaemias among Infants (<1 year of age) in Great Britain. Two Birth Cohorts, 

Categorised by the Level of Chernobyl Contamination. Both Sexes.

Error Bars show 95% Confidence Intervals on Rates.

0

10

20

30

40

50

60

Birth Cohort

Incidence Rate of Infant (<1 year) Leukaemia, 

cases per million births

"Unexposed" Birth Cohort (A + C)

"Exposed" Birth Cohort B


4. Discussion

Table 4 and the graph given in Fig 1 show that there was an increase in infant leukaemia in the exposed cohort in both the high and intermediate group and in the total population whichever method of analysis is used. All the analyses show the existence of an increase in the rate of infant leukaemia in the exposed relative to the unexposed cohorts. For the Petridou et al. periods, the increase in the rate in the intermediate and high groups is RR = 1.4 falling just short of statistical significance at the 95% level (p = 0.065) and in the total population of all exposure categories RR = 1.22 (p = 0.075). 

The Petridou et al. analysis omitted births occurring in the first two months following the fallout and so excluded children who were exposed in utero in this period. If the total period is used then the effect is stronger. For the high and intermediate exposure groups RR = 1.44; p = 0.04 and in all areas, RR = 1.23; p = 0.06. 

Thus we can safely conclude that there was an increase in infant leukaemia in the high and intermediate exposure areas in those children who were exposed in utero to the fallout from Chernobyl. We cannot say that the effect was not due, in part, to parental pre-conception irradiation, since our exposed groups were born up to the end of 1987. 

In addition to the discovery of a clear effect, there was also a biological gradient in the rates in the high exposure period (see Fig 2)

Fig 2 Dose response for exposure group vs. infant leukaemia rates in the CCRG data.
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What is of interest also is the trend in the low exposure group. It is clear from Fig 3, that there does appear to be an increase in infant leukaemia in the low exposure group, but it occurs in period F, that is, more than one year after the main exposure. Examination of the whole body monitoring data suggests that the fallout persisted in the human body and in the food chain for a considerable time after the assumed cut off used in the CERRIE period E. We would expect the radioactive materials to move away from the high exposure areas and to contaminate the low exposure areas through food chain movements and resuspension effects, so the appearance of a Chernobyl effect in the Low exposure groups some time after the fallout is not unlikely. It would be of interest to examine the temporal distribution of leukemias in the period F which was from the beginning of 1988 to the end of 1990. The first six months of this period was included in the diagnosis period study of Wales and Scotland by Busby and Scott Cato (2000) where whole body Caesium data show the persistence of the fallout contamination in humans well into 1988 in Southern England a low exposure area. This highlights one aspect of the difficulty of attempting to examine trends in disease following a spike exposure if aggregates of different exposure groups are put together e.g. in the ECLIS childhood leukemia study of Chernobyl effects in Europe. 

Fig 3 Infant leukaemia rates in CERRIE periods D, E, F and G including the Low
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The results found here show that there was an increase in infant leukaemia in the high and intermediate exposure categories chosen by CERRIE. The magnitude of the effect was lower than that found by Busby and Scott Cato whose diagnosis period study found RR = 3.87 p = 0.0001 for the combined Scotland and Wales exposed cohort, roughly in line with an earlier report by Gibson et al. for Scotland. This may not be surprising since the areas defined by the CERRIE analysis are quite different.

Given the low doses involved in the combined high and intermediate exposure area (< Sv), the increase was not predicted by the ICRP model which was applied by NRPB and COMARE to the increases in the childhood leukemia cases at Sellafield and the other nuclear sites, and therefore the mismatch between the prediction and the observed numbers of cases remains to be explained.
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Attachment B

Comments on “Infant Leukaemia in the UK after Chernobyl:

Analysis of CCRG Data for CERRIE” by C Busby, April 12th 2004

By Colin Muirhead

Statistical Methods

1. Dr Busby indicates that his calculation of significance levels was based on cumulative Poisson probability tables.  This appears to involve an assumption that the rates in the comparison group are known, which is not the case.  Calculations of statistical significance should take account of statistical uncertainties in both the group under consideration and the comparison group.

2. Confidence intervals are not present in this paper.  Consequently, it is not made clear what levels of relative risk are consistent with the data.  In particular, the interpretation of the Figures would have been clearer had error bars been added.  (For example, Figure 2 does not convey the uncertainties in the findings for the high exposure category, which are based on one or two cases.)

Statistical analysis

3. Dr Busby focuses on results for the high and intermediate groups of areas combined, on the basis that the numbers for the high exposure category “are too small”.  As it turns out, the numbers of cases in the high exposure category are indeed small.  But there was no a priori decision to focus on the high and intermediate groups combined in the analyses.  As background, the following table shows relative risks for the low, intermediate and high exposure areas, based on the “Petridou-type” analysis (ie. for birth cohort B relative to birth cohorts A and C combined, using the notation in Dr Busby’s paper).


Geographical exposure category


Low
Intermediate
High

Cases in birth cohort B

RR (95% CI)
16

1.02 (0.58, 1.68)
24

1.40 (0.88, 2.15)
1

1.19 (0.06, 7.4)

Based on all areas, the relative risk in period B relative to periods A and C combined is 1.22 (as stated by Dr Busby), with a 95% confidence interval of 0.86-1.69
.

The data specification for the CERRIE analysis makes it clear that, for the second analysis to be conducted of these data, births during the period 01-01-1988 – 31-12-1990 should be regarded forming as a second exposed group.  Indeed, looking back at the extract of the minutes of the 6th CERRIE meeting that are attached to paper Epi 1-3, this point was agreed by the Committee after “Dr Busby stated he did not have a problem with the first study, but said the time periods in the second study should be changed to take account of whole body monitoring data”.  I was somewhat surprised, therefore, to see that Dr Busby’s calculations of relative risks took only births during the period 01-05-1986 – 31-12-1987 as being exposed (see his Tables 4 and 7).  Furthermore, not only were births during the period 01-01-1988 – 31-12-1990 treated as unexposed in his analysis, but births during the period 01-01-1991 – 31-12-1997 were not considered at all in these calculations (see Table 7).

As background, the following table shows relative risks separately for births cohorts E, F and G relative to period D (using Dr Busby’s notation), based on all areas:

Birth Cohort
Obs Cases
RR
95% CI

D (01-05-1981 – 30-04-1986)
100
1.00


E (01-05-1986 – 31-12-1987)
46
1.31
0.91, 1.84

F (01-01-1988 – 31-12-1990)
76
1.17
0.87, 1.58

G (01-01-1991 – 31-12-1997)
180
1.24
0.97, 1.59

Over all areas, the relative risk for birth cohorts E and F combined relative to D and G combined – ie. using the a priori classification of exposed and unexposed birth cohorts - is 1.07 (95% CI 0.86, 1.32).  The corresponding values for the various exposure areas are shown below:


Geographical exposure category


Low
Intermediate
High

Cases in birth cohorts E & F

RR (95% CI)
57

1.14 (0.82, 1.55)
61

0.99 (0.73, 1.33)
4

1.40 (0.37, 4.64)

I note that Dr Wakeford, in paper INFO 13-H, also conducted an analysis in which birth cohort F was treated as unexposed, although birth cohort G was included.  That paper cited a relative risk for birth cohort E relative to D, F and G combined of 1.1 (95% CI 0.8, 1.5) over all areas.

Conclusion

Greatest weight should be given to findings based on the original analysis plan.  The post hoc nature of several of Dr Busby’s analyses and the absence of confidence intervals from his Figures have overstated the evidence for an association which, at the very most, is weak.

C R Muirhead

24 April 2004

_____________________________________

Addendum 

Further to my note of 24 April 2004, I have now performed some additional calculations of confidence intervals and two-sided p-values relating to the comparisons considered by Dr Busby in his paper of 12 April.  The 95% confidence intervals presented below are based on the profile likelihood, and the p-values are based on likelihood ratio tests.

The birth cohorts and analyses listed below are as given in Dr Busby’s paper.

Petridou-type analyses

Relative risk for birth cohort B compared with birth cohorts A and C combined:

= 1.22 (95% CI 0.86-1.69) (p = 0.26), over all geographical areas

= 1.39 (95% CI 0.88-2.12) (p = 0.15), for intermediate&high areas combined.

“CERRIE”-type analyses

Relative risk for birth cohort E compared with birth cohorts D and F combined:

= 1.23 (95% CI 0.88-1.68) (p = 0.23), over all geographical areas

= 1.44 (95% CI 0.92-2.16) (p = 0.11), for intermediate&high areas combined.

Two points to note:

(i)
The above confidence intervals differ slightly from those given by Dr Wakeford in his paper of April 2004, in that the “Wald-type” confidence intervals that he calculated (ie. based on the estimated relative risk plus or minus 1.96 times the standard error) often have poorer properties than likelihood-based confidence intervals when analysing datasets with small numbers of cases.

(ii)
As indicated in my note of 24 April, Dr Busby’s approach to calculating p-values did not take account of uncertainties in the estimation of rates in the comparison group.  I have subsequently noticed that, in addition, Dr Busby had calculated one-sided rather than two-sided p-values (ie. he tested only for an increase in rates, rather than looking for either an increase or a decrease).  Furthermore, even using the method of Poisson probabilities that Dr Busby described, some of his calculations were incorrect (specifically, the Poisson p-values for the analyses over all areas).

Thus none of the above analyses – some of which were determined post hoc - provides strong evidence of raised risks.

C R Muirhead

7 May 2004

Attachment C

Comments on the paper “Infant Leukemia in the UK after Chernobyl.  Analysis of CCRG Data for CERRIE” by Chris Busby

By Richard Wakeford 

Summary
Busby (2004) has analysed the CCRG infant leukaemia incidence registration data for Great Britain in relation to exposure to fallout from the Chernobyl accident, which have been previously analysed by me (Wakeford, 2004) and Muirhead (2004).  Busby (2004) pays little attention to the impact of random uncertainties upon the interpretation of results he reports.  In particular, he has ignored the statistical uncertainties present in the reference rates he uses to calculate incidence rate ratios, and these are not negligible since the rates are based upon limited numbers of cases.  When this is corrected, his results are consistent with those reported by me (Wakeford, 2004) and Muirhead (2004): there are raised rates of infant leukaemia incidence among infants born during periods immediately after the Chernobyl accident, but these increases are some way from being statistically significant.  The corrected results of Busby (2004) show that the data for infant leukaemia incidence in Great Britain after Chernobyl are statistically compatible with an increase of risk, with no increase in risk, or with a protective effect.  In summary, the British data shed little light on the question of the risk of infant leukaemia induced by Chernobyl fallout.  We are left in the position that only the Greek birth cohort study of Petridou et al. (1996) has produced results that are compatible with the claim that the risk coefficient for infant leukaemia derived from studies of exposure in utero to external sources of X-rays grossly underestimates the risk from Chernobyl fallout; but the Greek results are statistically inconsistent with the risk coefficient derived from the Belarusian birth cohort study (Ivanov, 1998).  No reliable inference about the risk of infant leukaemia arising from exposure to Chernobyl fallout can be made on the basis of the presently available direct epidemiological evidence, but the evidence for a substantial error in the current risk coefficient is limited and internally inconsistent.

1.   Introduction

The Childhood Cancer Research Group (CCRG) supplied cancer registration data to CERRIE that allow infant (<1 year of age) leukaemia incidence rates to be calculated for groups of births in Great Britain during periods before and after the deposition of radioactive fallout from the Chernobyl accident in April 1986.  These data have been analysed by Wakeford (2004) and by Muirhead (2004) in previous CERRIE papers, and these authors concluded that any increase in the risk of infant leukaemia generated by Chernobyl fallout could not be detected statistically.  More recently, Busby (2004) has also analysed these British infant leukaemia data, but he claims that the increases in the incidence rates for birth cohorts exposed to Chernobyl fallout relative to the rates for unexposed birth cohorts are marginally statistically significant at the 0.05 level.  He concludes that there is a “clear effect” of Chernobyl fallout upon the risk of infant leukaemia in Britain.  However, as I shall demonstrate in this paper, Busby (2004) has made a fundamental error in his statistical analysis of the CCRG data that has led him to exaggerate the statistical significance of his findings.  When this mistake is corrected the results are consistent with those obtained by Wakeford (2004) and Muirhead (2004) – any increase in the risk of infant leukaemia in Britain due to Chernobyl fallout cannot be discerned statistically.

2.   The Analyses of Busby (2004)
Busby (2004) carried out two sets of analyses: one based on the birth cohorts defined by the periods of birth used by Petridou et al. (1996) and the other based upon the cohorts defined by the alternative periods of birth agreed by CERRIE.  For each set of periods of birth he considers all births in Great Britain and births in just the areas of Great Britain that were assessed to contain individuals who were exposed to intermediate or high levels of Chernobyl fallout.  I shall illustrate the fundamental mistake in each of these four statistical analyses by considering immediately below the data for the Petridou birth periods and births throughout Great Britain.

2.1   Petridou birth cohorts

2.1.1   Births throughout Great Britain
The data used by Busby (2004) are shown in the table, where Cohort B is the exposed birth cohort that is compared with the unexposed reference birth cohort, Cohort (A+C) (cf. Table 5.2 of Busby (2004)).

Birth Cohort

(Calendar Period of Birth)
Number of Cases of Infant Leukaemia
Number of Births
Incidence Rate (95% CI), cases per million births

(A + C) - reference  

1/1/80-31/12/85 

and 1/1/88-31/12/90
197
6 519 435
30.2 (26.2, 34.8)

(B)  1/7/86-31/12/87
41
1 112 069
36.9 (26.8, 50.6)

Rate Ratio, RR (B / (A+C)) = 1.22 (95% CI: 0.80, 1.64)



The incidence rates are based upon numbers of cases that are not large so they are imprecise and exact 95% Poisson confidence intervals are presented for these rates.  The rates and their associated 95% confidence intervals are shown in Figure 1.  Busby (2004) claims that the incidence rate ratio (RR) generated by the rate for exposed Cohort B divided by the rate for unexposed Cohort (A+C) differs from 1.0 at a level of statistical significance that is marginal at the 0.05 level.  However, inspection of the confidence levels given in the above table and illustrated in Figure 1 makes this difficult to believe.  The fundamental mistake made by Busby (2004) is to ignore the random uncertainty associated with the rate for the unexposed reference Cohort (A+C) – he has erroneously assumed that the reference rate is exact and without statistical uncertainty.  If he had presented his rates with confidence intervals, as he should have done, this basic error may have been apparent to him.  He most likely made this mistake because reference rates are often derived from large numbers so that the random error on the rate is relatively small and can be safely ignored.  Plainly, this is not a correct assumption in this instance, as can be seen from the above table and Figure 1.

If the approximate confidence interval for the rate ratio is calculated making the assumption that the statistical imprecision of an incidence rate may be represented by a normal distribution with a mean n / N and a standard deviation √n / N (where n is the number of cases of infant leukaemia in the cohort of N births) then the 95% confidence interval for the RR of 1.22 is (0.80, 1.64), the lower limit of which is obviously some way below 1.0.  I presented this result in my previous paper (Wakeford, 2004).

2.1.2   Births in the Intermediate and High exposure areas
The relevant data are displayed in the table (cf. Table 5.1 of Busby (2004)).

Birth Cohort

(Calendar Period of Birth)
(Intermediate + High) Fallout Area


Number of Cases of Infant Leukaemia
Number of Births
Incidence Rate (95% CI), cases per million births

(A + C) - reference  

1/1/80-31/12/85 

and 1/1/88-31/12/90
106
3 737 621
28.4 (23.3, 34.4)

(B)  1/7/86-31/12/87
25
632 073
39.6 (25.6, 58.4)

Rate Ratio, RR (B / (A+C)) = 1.39 (95% CI: 0.77, 2.01)



When the random errors on each of the incidence rates are appropriately taken into account the rate ratio is 1.39 (95% CI: 0.77, 2.01), the wider confidence interval reflecting the smaller number of cases in each birth cohort.  Obviously, this result is some way from being statistically significant.

2.2   CERRIE birth cohorts
2.2.1   Births throughout Great Britain
The data for the CERRIE birth periods for the whole of Great Britain are shown in the table.  The exposed birth cohort is Cohort E and the reference unexposed cohort is Cohort (D+F) (cf. Table 7.2 of Busby (2004)). 

Birth Cohort

(Calendar Period of Birth)
Number of Cases of Infant Leukaemia
Number of Births
Incidence Rate (95% CI), cases per million births

(D + F) - reference   

1/5/81-30/4/86

and 1/1/88-31/12/90
176
5 800 335
30.3 (26.1, 35.3)

(E)  1/5/86-31/12/87
46
1 237 020
37.2 (27.6, 50.1)

Rate Ratio, RR (E / (D + F)) = 1.23 (95% CI: 0.82, 1.64)



Once again, appropriately taking into account the fact that both incidence rates are imprecise leads to a rate ratio that is not marginally significant: the RR is 1.23 (95% CI: 0.82, 1.64).

2.2.2   Births in the Intermediate and High exposure areas
The infant leukaemia incidence and birth data for these areas of Great Britain are presented in the table (cf. Table 7.1 of Busby (2004)).

Birth Cohort

(Calendar Period of Birth)
(Intermediate + High) Fallout Area


Number of Cases of Infant Leukaemia
Number of Births
Incidence Rate (95% CI), cases per million births

(D + F) - reference  

1/5/81-30/4/86 

and 1/1/88-31/12/90
92
3 319 377
27.7 (22.5, 34.2)

(E)  1/5/86-31/12/87
28
703 571
39.8 (26.5, 57.5)

Rate Ratio, RR (E / (D+F)) = 1.44 (95% CI: 0.82, 2.06)



The point estimate of the RR is higher at 1.44, but the smaller numbers of cases generate a wider confidence interval, the lower 95% confidence limit being 0.82.  

3.   Discussion
The erroneous assumption (implicitly) made by Busby (2004), that the reference rates are exact and without statistical uncertainty, has led him to draw over-optimistic conclusions about the statistical power of his comparisons.  This is not the first time that he has made this fundamental statistical mistake, as I have pointed out previously (e.g. Wakeford, 2002a, 2002b).  However, he has chosen to ignore my earlier observations and has continued to make the same mistake in his latest paper (Busby, 2004).  When the errors in his statistical analyses are corrected the rate ratios are consistent with those presented by Wakeford (2004) and Muirhead (2004).

The results of Wakeford (2004), Muirhead (2004) and the corrected results of Busby (2004) all paint he same picture: infant leukaemia incidence rates are raised for births considered to be most exposed to Chernobyl fallout, but the elevation in incidence is some way from being statistically significant.  The British infant leukaemia incidence data are statistically compatible with a raised underlying risk of infant leukaemia induced by Chernobyl fallout or with no underlying raised risk.  The data are also statistically compatible with the underlying risk of infant leukaemia in the exposed birth cohorts being ~80% of that in the unexposed cohorts, i.e. with a protective effect of Chernobyl fallout.  As a consequence, by themselves, the British infant leukaemia incidence data provide little evidence on the level of risk produced by Chernobyl fallout.

It remains the case that it is only the Greek birth cohort study of Petridou et al. (1996) that produces a risk coefficient that is discordant with the risk coefficient derived from the studies of fetal exposure to external X-rays (Wakeford, 2004).  In turn, the risk coefficient obtained from the Greek birth cohort study is statistically discrepant with the risk coefficient derived from the Belarusian birth cohort study (Ivanov et al., 1998).  It is difficult to draw a reliable conclusion from the presently available data on infant leukaemia following the Chernobyl accident, but it is not reasonable to infer that the induced excess risk predicted on the basis of the risk coefficient obtained from the studies of fetal exposure to external sources of X-rays is grossly at variance with the observed data.

Finally, there has been some discussion in CERRIE meetings of the risk coefficient for infant leukaemia that would have been used by the National Radiological Protection Board to assess the number of radiation-induced cases of infant leukaemia resulting from Chernobyl fallout in Great Britain, and whether this risk coefficient is statistically inconsistent with the findings of the epidemiological studies of infant leukaemia following the Chernobyl accident.  In 1984, NRPB made an assessment of the risk of radiation-induced leukaemia in Seascale (Stather et al., 1984).  For intrauterine exposure to radiation, the excess absolute risk (EAR) coefficient for leukaemia mortality during the first nine years of life was taken to be 1.25% Gy-1, with a range from about 0.6% to 3% Gy-1 (Stather et al., 1984).  Of these excess deaths, 36% were assumed to occur during the first three years of life, although in a more detailed assessment presented in Appendix G of Stather et al. (1984) it was assumed that 8% of the excess deaths occur during the first year of life.  Therefore, the implied EAR coefficient for infant leukaemia mortality was (1.25x0.08)% Gy-1 = 0.1% Gy-1, with a range of 0.05% to 0.24% Gy-1.  This coefficient is mainly derived from data generated in the 1950s and early 1960s, when infant leukaemia would have been almost invariably fatal.  During this period in Great Britain, there were (from CCRG data supplied to CERRIE) about 20 deaths per year from infant leukaemia among an annual population of <1 year olds of around 750 000.  An intrauterine dose of 1 Gy (delivered at a low dose rate) received by 750 000 fetuses would induce an extra (750 000x0.001) = 750 cases of infant leukaemia (range, 375 to 1 800 extra cases), giving an excess relative risk (ERR) coefficient of (750/20) = 37.5 Gy-1 (range, 19 to 90 Gy-1).  This ERR coefficient for infant leukaemia (derived by NRPB scientists in 1984, two years before the Chernobyl accident) is the risk coefficient that would have been used by the NRPB to predict the number of cases of infant leukaemia attributable to exposure in utero to Chernobyl fallout, and it is compatible with the ERR coefficient of 50 Gy-1 that I used in my recent assessment of the risk of infant leukaemia induced by Chernobyl fallout (Wakeford, 2004).  

The background rate of infant leukaemia for those born in Great Britain just after the Chernobyl accident was (from CCRG data supplied to CERRIE) about 33 cases per million infants per annum.  Applying an ERR coefficient of 37.5 Gy-1 to this background rate gives an EAR coefficient of 0.12% Gy-1 (range, 0.06 to 0.3% Gy-1). The average whole-body dose in Great Britain from Chernobyl fallout was around 0.02 mSv (see Wakeford, 2004), so the predicted number of excess radiation-induced infant leukaemia cases among the 1 112 069 infants born during 1 July 1986 to 31 December 1987 is (0.0012x0.00002x1112069) = 0.027 (range, 0.014 to 0.067 excess cases).  Clearly, this very small number of extra cases of infant leukaemia predicted to be induced by Chernobyl fallout could not be detected by epidemiological studies.  Although the ERR coefficient used in this assessment (37.5 Gy-1) is comparatively large, the very small average dose in Great Britain attributable to Chernobyl fallout (0.02 mSv) means that the predicted excess cases are also very small, and even an error of 100 in the predicted number of excess cases (giving ~3 radiation-induced cases) would not produce a detectably raised risk.  

The epidemiological study of infant leukaemia incidence in Great Britain after the Chernobyl accident produces results that are statistically consistent with this prediction of a very small excess risk, since the findings are compatible with no increased risk at all.  As I have demonstrated previously (Wakeford, 2004), it is only the Greek birth cohort study of Petridou et al. (1996) that produces results that are compatible with a large error in the risk coefficient for infant leukaemia derived from studies of intrauterine exposure to external sources of X-rays, and the Greek findings are statistically inconsistent with the findings of the birth cohort study conducted in Belarus (Ivanov et al., 1998).  In summary, reliable conclusions cannot be drawn from the studies of infant leukaemia and Chernobyl fallout that are available to date.

4.   Conclusion

The claim of Busby (2004) to have found marginally statistically significant increases in the rates of infant leukaemia incidence among births in Great Britain during the periods immediately following the Chernobyl accident when compared to reference rates among unexposed births is based upon an erroneous statistical analysis that (implicitly) assumes that the reference rates are exact (i.e. without random error).  When the analyses are corrected and the statistical uncertainties in both exposed and unexposed birth cohorts appropriately taken into account, the results are in accord with those previously reported in CERRIE papers by Wakeford (2004) and Muirhead (2004).  The British infant leukaemia data are compatible with an increased risk, with no increased risk, or with a protective effect associated with exposure to Chernobyl fallout.  The study of infant leukaemia in Great Britain following the Chernobyl accident is one of very low statistical power that provides little in the way of scientific evidence concerning the risk of infant leukaemia from exposure to radioactive fallout.
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Attachment D

Further Comments on the Analyses of CERRIE Members of Infant Leukaemia in Great Britain after the Chernobyl Accident
by

Richard Wakeford

Busby (2004) reported the results of his study of the incidence of infant leukaemia in Great Britain following the Chernobyl accident.  Muirhead (2004b) and Wakeford (2004b) have commented on the report of Busby (2004).  Here, I briefly add some further comments in the light of the report of Muirhead (2004b).

· Muirhead (2004b) correctly observes that the majority of the analyses conducted by Busby (2004) were not part of the study protocol agreed by CERRIE.  There must be a strong suspicion that these extra rate comparisons of Busby (2004) are post hoc analyses conducted by him in an attempt to generate results that are of nominal statistical significance.  As I have pointed out (Wakeford, 2004a), although Busby (2004) claims to have found results that are of marginal statistical significance at the 0.05 level, this is based on the erroneous assumption that the reference unexposed rates are without statistical uncertainty.

· In particular, Muirhead (2004b) notes that, in his analysis of the second set of four periods of birth agreed by CERRIE ​– in the nomenclature of Busby (2004), Birth Cohorts D, E, F and G – Busby (2004) wrongly takes the third birth period (his Cohort F) as an unexposed cohort, whereas the agreed protocol defines this third birth period as generating a second exposed cohort.  One of the analyses in my initial paper (Wakeford, 2004a) also inappropriately considered Cohort F as an unexposed cohort (which, as Cohort C, it was in the first set of three birth periods), and, as a consequence, this specific result should be disregarded.

· Busby (2004), Muirhead (2004a) and Wakeford (2004a) are all agreed – following the CERRIE protocol – that an appropriate result is the incidence rate ratio generated by the three periods of birth originally used by Petridou et al. (1996): in the terminology of Busby (2004), the rate for exposed Cohort B divided by the rate for unexposed Cohort (A+C).  This produces a rate ratio (RR) of 1.22.  Previously, I calculated the 95% confidence interval (CI) for this RR on the assumption that the random error for each of the exposed and unexposed rates was normally distributed (Wakeford, 2004a, 2004b).  Since these two rates are based upon 41 and 197 cases, respectively, a more accurate approximation would be the assumption that the statistical error on loge(RR) is normally distributed with a standard deviation of √(1/ne + 1/nu), where ne is the number of cases in the exposed cohort and nu is the number of cases in the unexposed cohort.  On this basis, the rate ratio of 1.22 has an associated 95% CI of (0.87, 1.71).  This approximation gives almost the same answer as that of 1.22 (95% CI: 0.86, 1.69) obtained by Muirhead (2004a, 2004b) using an exact method.  So, for the basic comparison on which we are all agreed, the elevation of the rate for the exposed cohort is some way from being statistically significant.

· Finally, two of the four cumulative Poisson probabilities associated with the rate ratios calculated by Busby (2004) are wrong.  One of these erroneous cumulative probabilities is that associated with the rate ratio of 1.22 for the periods originally used by Petridou et al. (1996) with data for the whole of Great Britain (i.e. the RR considered immediately above).  Busby (2004) gives the cumulative Poisson probability of observing 41 or more cases when the expected number is 33.6 as “p = 0.075”, when the correct cumulative probability is 0.12.  Thus, even under his erroneous assumption of an exact expected number, Busby (2004) has exaggerated the statistical significance of the rate ratio.
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Analysis of British infant leukaemia rates in relation

to patterns of exposure from the Chernobyl accident

(Note: Some of the details below require final checking.)

Aims

To analyse data on infant leukaemia in England, Wales and Scotland on the basis of the birth cohorts considered by Petridou et al (1996) and an alternative definition, as well as by areas classified by level of exposure.

Data

The data consist of the numbers of diagnosed infant leukaemia cases subdivided by sex and into three geographical regions (based on the residence of the mother at the time of the child’s birth) according to the level of exposure, as follows:

Exp 1: low

Exp 2: intermediate

Exp 3: high.

In the first dataset, the data are further subdivided into three birth cohorts, as follows:

Birth 1: 01/01/1980 – 31/12/1985

Birth 2: 01/07/1986 – 31/12/1987

Birth 3: 01/01/1988 – 31/12/1990.

The second dataset is subdivided into four birth cohorts, as follows: 

Birth 1: 01/05/1981 – 30/04/1986

Birth 2: 01/05/1986 – 31/12/1987

Birth 3: 01/01/1988 – 31/12/1990

Birth 4: 01/01/1991 – 31/12/1997.

The number of births is provided for each category.

Analyses

Each data set was analysed using Poisson regression.  The number of infant leukaemia cases in each category was assumed to be distributed according to the Poisson distribution and product additive excess relative risk models were fitted using both GLIM and the AMFIT part of EPICURE.  95% confidence intervals for estimated relative risks were calculated from the profile likelihood.

Results

Models containing the above parameters were fitted separately to each dataset and the statistical significance of each parameter was tested.

Table 1

Dataset 1







Base model


Deviance
Df
Parameter tested
Change in deviance
Change in df
P value

Sex
13.40
16





Sex + Birth
11.02
14





Sex + Exp
12.68
14





Exp + Birth + Exp.Birth +Sex 
8.59
8
Exp.Birth
1.71
4
0.78

Exp + Birth + Sex
10.3
12
Exp
0.72
2
0.70




Birth
2.34
2
0.31




Sex
1.08
1
0.29









Dataset 2







Base model


Deviance
Df
Parameter tested
Change in deviance
Change in df
P value

Sex
19.92
22





Sex + Birth
16.17
19





Sex + Exp
18.87
20





Exp + Birth + Exp.Birth +Sex 
12.18
11
Exp.Birth
2.96
6
0.81

Exp + Birth + Sex
15.14
17
Exp
1.03
2
0.59




Birth
3.72
3
0.29




Sex
2.59
1
0.11

Birth denotes birth cohort.

Exp denotes geographical exposure category (high, intermediate, low).

The analyses described in Table 1 were repeated, but for the first dataset the categories Birth 1 and Birth 3 were combined, while for the second dataset the birth categories 1 and 4 were combined as were categories 2 and 3.

Table 2

Dataset 1







Base model


Deviance
Df
Parameter tested
Change in deviance
Change in df
P value

Exp + Birth_rev + Exp.Birth_rev  +Sex 
10.53
11
Exp.Birth
0.83
2
0.65

Exp + Birth_rev + Sex
11.37
13
Birth_rev
1.28
1
0.25









Dataset 2







Base model


Deviance
Df
Parameter tested
Change in deviance
Change in df
P value

Exp + Birth_rev + Exp.Birth_rev +Sex 
17.94
17
Exp.Birth
0.57
2
0.74

Exp + Birth + Sex
18.51
19
Birth_rev
0.35
1
0.54

Birth_rev denotes the grouped birth cohorts (see above).

Exp denotes geographical exposure category (high, intermediate, low).

Comparisons of birth cohorts for the whole of Great Britain

The tables below show numbers of cases, relative risks and associated confidence intervals associated with the model Sex + Birth, ie. without any adjustment for exposure area.

Dataset 1

Birth Cohort
Obs Cases
RR
95% CI

1
121
1.00


2
41
1.29
0.90, 1.82

3
76
1.17
0.87, 1.55

Birth Cohort
Obs Cases
RR
95% CI

1+ 3
197
1.00


2
41
1.22
0.86, 1.69

Dataset 2

Birth Cohort
Obs Cases
RR
95% CI

1
100
1.00


2
46
1.31
0.91, 1.84

3
76
1.17
0.87, 1.58

4
180
1.24
0.97, 1.59

Birth Cohort
Obs Cases
RR
95% CI

1+4
280
1.00


2+3
122
1.07
0.86, 1.32

Comparisons of exposure areas, for each birth cohort

The tables below show numbers of cases, relative risks and 95% confidence intervals by exposure area, separately for each birth cohort.

Dataset 1

Birth cohort

Geographical exposure category



Low
Intermediate
High

1
Obs

RR (95% CI)
52

1.00
66

0.96 (0.67, 1.38)
3

1.14 (0.28, 3.10)



2
Obs

RR (95% CI)


16

1.00
24

1.18 (0.63, 2.27)
1

1.30 (0.07, 6.36)

3
Obs

RR (95% CI)


39

1.00
35

0.72 (0.46, 1.14)
2

1.07 (0.17, 3.47)

Dataset 2

Birth cohort

Geographical exposure category



Low
Intermediate
High

1
Obs

RR (95% CI)
45

1.00
52

0.87 (0.59, 1.31)
3

1.32 (0.32, 3.62)



2
Obs

RR (95% CI)


18

1.00
26

1.14 (0.63, 2.10)
2

2.31 (0.37, 7.99)

3
Obs

RR (95% CI)


39

1.00
35

0.72 (0.46, 1.14)
2

1.07 (0.17, 3.47)

4
Obs

RR (95% CI)


78

1.00
98

1.05 (0.79, 1.43)
4

1.10 (0.34, 2.65)

Comparisons of birth cohort, for each exposure area

The tables below show numbers of cases, relative risks and 95% confidence intervals by birth cohort, separately for each exposure area.

Dataset 1

Birth cohort

Geographical exposure category



Low
Intermediate
High

1
Obs

RR 


52

1.00
66

1.00
3

1.00

2
Obs

RR (95% CI)


16

1.14 (0.63, 1.95)
24

1.41 (0.87, 2.21)
1

1.30 (0.06, 10.1)

3
Obs

RR (95% CI)


39

1.34 (0.88, 2.02)
35

1.01 (0.67, 1.52)
2

1.25 (0.16, 7.53)







1+3
Obs

RR 


91

1.00
101

1.00
5

1.00

2
Obs

RR (95% CI)


16

1.02 (0.58, 1.68)
24

1.40 (0.88, 2.15)
1

1.19 (0.06, 7.4)

Dataset 2

Birth cohort

Geographical exposure category



Low
Intermediate
High

1
Obs

RR 


45

1.00
52

1.00
3

1.00

2
Obs

RR (95% CI)


18

1.11 (0.63, 1.89)
26

1.44 (0.89, 2.29)
2

1.93 (0.25, 11.6)

3
Obs

RR (95% CI)


39

1.29 (0.83, 1.98)
35

1.07 (0.69, 1.63)
2

1.03 (0.14, 6.24)

4
Obs

RR (95% CI)


78

1.12 (0.78, 1.64)
98

1.36 (0.98, 1.92)
4

0.93 (0.21, 4.75)





1+4
Obs

RR 


123

1.00
150

1.00
7

1.00

2+3
Obs

RR (95% CI)


57

1.14 (0.82, 1.55)
61

0.99 (0.73, 1.33)
4

1.40 (0.37, 4.64)

NRPB

March 2004

� EMBED Excel.Sheet.8  ���








�  Whilst I originally calculated relative risks and confidence intervals with adjustment for gender, subsequent checking showed that the same results are obtained without such an adjustment.
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