Past and Future Incidence of Mesothelioma in Men in New South Wales
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Executive summary

Malignant mesothelioma is a rare cancer that grows on the outer lining of the lung and, more rarely, the abdominal cavity.  It is almost always fatal with death most often occurring within one year of diagnosis in New South Wales cases.  The vast majority of cases that have occurred in New South Wales are associated with past exposure to asbestos, with time from first exposure to diagnosis rarely less than 15 years and occasionally as long as 60 years.  Thus exposures that occurred during the mid 1970s, the period of highest asbestos consumption in Australia, have yet to fully impact on the incidence of mesothelioma.

Historical annual incidence numbers for mesothelioma in New South Wales are available from the New South Wales Central Cancer Registry dating as far back as 1972.  This registry is supported by statewide legislation making notification of all cancers, including mesothelioma, compulsory for all private and public hospitals, pathology laboratories, nursing homes and out patient centres.  In addition the registry is notified by the Registrar of Births Deaths and Marriages whenever cancer is mentioned on a death certificate.  The completeness of past incidence figures for male mesothelioma recorded by the registry was confirmed for this study by capture-recapture analysis.  NSW has experienced a sustained increase in the incidence of mesothelioma since 1972 and remains the worst affected state today although all states have experienced an increased incidence over this time period.  

Based on the observed past incidence the annual incidence of new mesothelioma in males in New South Wales is estimated to peak at 196 in 2014.  The number of female cases is too low to allow similar modelling however, if we assume the existing 4:1 ratio between the sexes continues we may expect a peak total annual estimate for New South Wales of around 245 cases.  Whilst the phasing out of asbestos use in industry together with widespread implementation of occupational health and safety regulations ensure significant exposure to asbestos in New South Wales workplaces no longer occurs, the long latency period associated with mesothelioma means that fewer than half the total number of cases anticipated for this epidemic, have occurred to date.  

Previous mesothelioma incidence in men in

New South Wales 

Completeness of existing incidence estimates

Introduction

Traditional methods for determining the incidence of cancers assume complete enumeration of cases.  Whilst undoubtedly a high level of enumeration is attained in NSW it is unlikely that all cases diagnosed are identified.  Capture-recapture methods provide a means for estimating the number of incident cases that may have been missed.  The most common approach applied to epidemiological data is log-linear modelling.  

Data and methods

The numbers of incident cases of mesothelioma in men were obtained from the New South Wales Central Cancer Registry (CCR) for each year from 1972 to 2002. Sources of notification for cases recorded in the CCR database include Outpatient (O), Inpatient (I), Radiotherapy (R), Pathology (P) and death certificates. This information was used to undertake a capture-recapture analysis and hence estimate the number of cases not notified to the CCR during this period.  

Data were stratified by age group (20-64, 65-74, 75-99) and year of diagnosis group (1972-1984, 1985-1989, 1990-1995, 1996-1999, 2000-2002) prior to analysis.  Point estimates of the number of cases missed were obtained by log-linear modelling.  Hook and Regal’s adjustment was applied where the presence of non-structural zero cells prevented calculation of an estimate by the usual method.  

Ascertainment correction factors were calculated for each stratum using the following formula:

Number of cases ascertained + Number of cases missed

Number of cases ascertained

Results

The total number of cases ascertained by the CCR for the period 1972 to 2002 was 2460, with an age range of 22 to 97 years.  26 of these were Death Certificate Only (DCO) notifications (with one DCO case reported for each of 1973, 1974, 1975, 1979, 1987, 1990, 1996, 1999 and 2001; two for 1985, 1988, 1989, 1997, 1998, 2000 and 2002, and three for 1986) and were excluded from capture-recapture analysis.  The remaining 2434 cases were grouped into Outpatient (O), Inpatient (I), Radiotherapy (R) and Pathology (P) according to notifying source and are summarised in Figure 1.1.  

After examination of the frequency of notifications and the pattern of overlap formed by these 4 sources, the category O was excluded.  This did not alter the total number of cases available for analysis as O formed a subset of I.

The log-linear model selected to analyse incidence data for all strata assumed dependence between radiotherapy and pathology notifications and independence of inpatient notifications.  Hook and Regals adjustment was required to obtain estimates for the 75 to 99 year age group for cases diagnosed prior to 1990.  The model estimated that 43 cases of mesothelioma were diagnosed in males during the period 1972 to 2002 but were not notified to the CCR and hence not included the CCR database (see Figure 1.2). This represents 0.7% of the total number of cases of mesothelioma diagnosed in males during this period.

Figure 1.1 – Relationship of the notifying sources for 1972 to 2002 combined.
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Discussion

Prior to capture-recapture analysis, data were stratified by age and year of diagnosis groups to remove heterogeneity (due to age-related physician referral practices, and major administrative or policy changes) that may have affected notifications to the CCR.  Under log-linear modelling of three sources 8 models are available; one of which assumes independence and 7 of which accommodate various dependencies that may arise between with the three sources.  Dependencies arise when there is a relationship between notifying sources.  For example positive dependence would arise if cases attending (and therefore notified by) radiotherapy were more likely to attend (and therefore be notified by) pathology than cases that did not attend radiotherapy.  The selection of which 3-source log-linear model (of the 8 available) to use was also made in consultation with CCR staff and specialist respiratory physicians, as active follow-up practices by the CCR and referral practices by physicians were considered the factors which would most heavily influence dependence between lists and presence or absence of individual cases on lists.  The assumption of dependence between radiotherapy and pathology notifications was based on the widely observed practice by physicians of referring patients for radiotherapy based on pathology results and the targeting of pathology reports by the CCR in response to radiotherapy notification.  The assumption of independence for inpatient notifications was based on the expectation that admissions to hospital were largely an inevitable consequence of having mesothelioma due to the disabling nature of the disease and its low cure rate.   The results from the 2-source analyses appear to support this choice of model with the clear demonstration of positive dependence between radiotherapy and pathology notifications in 9 of the 15 strata and independence of inpatient notifications in 14 (see Table 1.1).  

In addition to accounting for under-ascertainment, it is assumed that log-linear modelling has also accounted for over-ascertainment which may result from the CCR’s practice of using Date of Death as Date of Diagnosis for DCO cases.  Such a practice may inflate annual incidence numbers for particular years and deflate those in preceding years.  This effect can be seen in Figure 1.2 where, for the years 1973, 1975, 1985, 1986, 1988 and 1989 (years in which DCOs were recorded) the expected number of incident cases of mesothelioma is less than the observed number.  It should also be noted the diagnosis of mesothelioma is less certain for cases that were only recorded in a death certificate.
Table 1.1 – 2-source log-linear analyses.

	
	20-64 years
	Probable

dependence
	65-74 years
	Probable

dependence
	75-99 years
	Probable

dependence
	

	Radiotherapy vs Pathology
	208
	YES
	248
	YES
	-
	YES
	1972-1984

	Radiotherapy vs Inpatient
	230
	NO
	154
	NO
	62
	NO
	

	Pathoogy vs Inpatient
	260
	YES
	151
	NO
	55
	NO
	

	Enumerated
	231
	
	153
	
	56
	
	

	Radiotherapy vs Pathology
	127
	YES
	136
	YES
	47
	YES
	1985-1989

	Radiotherapy vs Inpatient
	138
	NO
	150
	NO
	78
	NO
	

	Pathology vs Inpatient
	146
	NO
	156
	NO
	78
	NO
	

	Total number enumerated
	145
	
	157
	
	82
	
	

	Radiotherapy vs Pathology
	245
	YES
	244
	YES
	125
	YES
	1990-1995

	Radiotherapy vs Inpatient
	221
	NO
	261
	NO
	178
	NO
	

	Patjhology vs Inpatient
	222
	NO
	272
	NO
	182
	NO
	

	Total number enumerated
	220
	
	271
	
	180
	
	

	Radiotherapy vs Pathology
	143
	YES
	195
	YES
	197
	YES
	1996-1999

	Radiotherapy vs Inpatient
	154
	NO
	217
	NO
	173
	NO
	

	Pathogy vs Inpatient
	156
	NO
	208
	NO
	181
	NO
	

	Total number enumerated
	156
	
	210
	
	177
	
	

	Radiotherapy vs Pathology
	123
	NO
	129
	NO
	132
	YES
	2000-2002

	Radiotherapy vs Inpatient
	123
	NO
	129
	NO
	166
	NO
	

	Pathology vs Inpatient
	125
	NO
	139
	NO
	164
	NO
	

	Total number enumerated
	125
	
	138
	
	159
	
	


Table 1.2 – Ascertainment correction factors.

	Year of diagnosis

 group
	Age group

	
	20-64
	65-74
	75-99

	1972-1984
	1.015866873
	1.012164846
	1.149350649

	1985-1989
	1.012170385
	1.012712777
	1.019230769

	1990-1995
	1.004972376
	1.010142109
	1.008278867

	1996-1999
	1.004123211
	1.017323434
	1.020491803

	2000-2002
	1.009882353
	1.012006276
	1.051182796


Figure 1.2 – Annual incidence of mesothelioma among males in NSW 1972 to 2002.
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Conclusion

These results indicate 99.3% of males diagnosed with mesothelioma in NSW between 1972 and 2002 were ascertained by the CCR.  This high level of ascertainment is consistent with a very ‘visible’ cancer with a high death rate and low rate of “death certificate only” diagnosis. It follows that it is not necessary to adjust the reported incidence rates when predicting the future incidence of mesothelioma.
Projected mesothelioma incidence in men in New South Wales
Introduction

We used two methods to predict the number of mesotheliomas that would occur in NSW in males. Method 1 uses the birth cohort model that was developed by Peto and uses the mesothelioma rate in past groups of men of various ages to predict the rate in the future. Method 2 is an improved method, the Hodgson model (Hodgson et al. 2005). ). It also uses data from previous groups of workers. However, this model provides a more comprehensive adjustment for changes in level of exposure and changes in the age at which workers are exposed. We report our results with both methods below.
Method 1 - Birth cohort and age effects model

Data and methods

The numbers of incident cases of mesothelioma in men were obtained from the New South Wales Central Cancer Registry for each year from 1972 to 2002.  The month of diagnosis and the year and month of birth was available for each case.  Population numbers were available from the Australian Bureau of Statistics for each year.  From these data the mesothelioma incidence rates for men born in successive 5-year periods from 1905-09 were derived for 5-year age groups (Appendix).

The numbers of mesotheliomas were analysed by logistic regression, fitting an age-group and birth-cohort model in which the logarithm of the rate in each cell of the table was fitted by a constant, one of the age-effects, and one of the birth-cohort effects.  This method is effectively the same as Poisson regression since treating the counts as binomial is very similar to treating them as Poisson when the denominators are large.  The age effects were found to be related to age approximately as a power of (age – 20 years).

The fitted model was then used to estimate future numbers of mesothelioma from 2003 onwards.  The fitted mesothelioma rates were multiplied by projected population estimates from the Australian Bureau of Statistics to give the estimated numbers of mesotheliomas.

Results

The total number of cases was 2460, with an age range of 22 to 97 years.

Model A
In this model the data for 1972 to 2002 for birth cohorts 1905-09 to 1970-74 and age-groups 20-24 to 95-99 (2375 mesotheliomas) was fitted.  After allowing for age the fitted incidence effects increased with birth cohort up to 1940-44 and then started to decline particularly form 1950-54 (Figure 2.1a).  There were only 3 mesotheliomas in the 1960-64 birth-cohort and 1 in the 1965-69 birth-cohort so these effects are not estimated accurately.  There was also one mesothelioma in the 1970-74 birth-cohort, and this was in a 22 year-old, the youngest case in the whole dataset.  Consequently the fitted incidence effect for this birth-cohort increased from 1965-69 but again this effect is not accurate.  The age effects increased up to the 90-94 year age group (there were no cases in the 95-99 group since the 97 year-old case was in the 1880-84 birth-cohort).  The age effects increased approximately to (age – 20) to the power of 4.18 (Figure 2.1b) up to 85 years, but then did not increase so quickly.

Figure 1.1(a)  Fitted relative mesothelioma effect by birth cohort after allowing for age group
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Figure 1.1(b)  Fitted relative mesothelioma effect by age group after allowing for birth cohort, and approximation to fitted effects by (age–20)4.18
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This model was considered unsatisfactory for the following reasons.  First when the observed and fitted rates were tabulated by birth and age cohort, there was a trend in the fitted exceeding the observed rates in the oldest age groups.  This suggests that the model gives too high rates for the later times.  As already noted the power approximation to the age effect gives rates higher than observed for ages older than 85 years.  Also the power of 4.18 is higher than would be expected.  It is possible that these effects are a result of a diagnostic trend with a lower proportion of cases being diagnosed in the early years.

Model B
To avoid the possibility of an effect due to diagnostic trend the process was repeated working only with the mesotheliomas diagnosed from 1982 to 2002.  This included 2141 mesotheliomas so that omitting the first ten years of incidence data only excluded 10% of the mesotheliomas in Model A.  For this restricted dataset the mesothelioma incidence rates were again derived for men born in successive 5-year periods from 1905-09 were derived for 5-year age groups (Appendix).

As for Model A effects for birth cohorts 1905-09 to 1970-74 and age-groups 20-24 to 95-99 were fitted.  After allowing for age the fitted incidence effects increased with birth cohort up to 1940-44 and then started to decline particularly form 1950-54 (Figure 2.2a).  There were only 3 mesotheliomas in the 1960-64 birth-cohort and 1 in the 1965-69 birth-cohort so these effects are not estimated accurately.  There was also one mesothelioma in the 1970-74 birth-cohort, and this was in a 22 year-old, the youngest case in the whole data.  Consequently the fitted incidence effect for this birth-cohort increased from 1965-69 but again this effect is not accurate.  The age effects increased up to the 90-94 year age group (there were no cases in the 95-99 group since the 97 year-old case was in the 1880-84 birth-cohort).  The age effects increased approximately to (age – 20) to the power of 3.51 (Figure 2.1b) up to 85 years, but then did not increase so quickly.

Figure 1.2(a) Fitted relative mesothelioma effect by birth cohort after allowing for age group
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Figure 1.2(b) Fitted relative mesothelioma effect by age group after allowing for birth cohort, and approximation to fitted effects by (age – 20)3.51
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This set of projections was more satisfactory than Model A since the power of 3.51 in the approximation to the age effect is similar to what would be expected.  However, again as already noted the power approximation to the age effect gives rates higher than observed for ages of 85 years and older.

Model C
To allow for the breakdown of the power approximation to the age effect on the older ages this model was similar to Model B except that the age effect was taken as constant for ages of 80 years and older, equal to the fitted value at age 82 years.  The birth cohort effect was very similar to that in Figure 2.2 (a), and the age relationship was (age – 20)3.57 (Figure 2.3). 

Figure 1.3 - Fitted relative mesothelioma effect by age group after allowing for birth cohort, and approximation to fitted effects by (age – 20)3.57

This gave a predicted future number for 2003-2060 of 6836, with a peak annual incidence of 187 in 2021.  The projections, together with the observed numbers to 2002, are shown in Figure 2.1 (Method 1).
Method 2 - Revised Hodgson-Peto model

Data and methods

The numbers of incident cases of mesothelioma in males aged 20 years and over were obtained from the New South Wales Central Cancer Registry for the period 1972 to 2003.  

This method was based on the model used by Hodgson (Hodgson et al 2005) in which an individual’s exposure to asbestos is assumed to be dependent on calendar year, and on the age of the individual in that calendar year. Following Hodgson et al, we assumed: (1) that the mesothelioma rate for a cohort aged a at time t exposed to asbestos at time u in the past was proportional to the earlier asbestos dose (i.e. rate(a,t|u) was proportional to dose(a-u,t-u)); (2) that dose was multiplicative by age and time, that is, dose(a,t) was proportional to W(a)D(t), for dose potentials by age (=W) and by time (=D); (3) that the rate was proportional to time from exposure to malignant conversion raised to some power k together with an effect due to clearance of asbestos fibres from the lung, where the half-life is represented by H and  is the average latency time from malignant conversion of the cancer to clinical detection; an (4) that the observed number of cases followed a Poisson distribution with mean at (Brillinger 1986). To model the mesothelioma rate, we averaged the rates across all of the times since exposure from  to a. The predicted number of cases at was calculated by weighting the mesothelioma rate by the person-years at risk estimated by the population (=Pat) and scaled by the fraction of correctly diagnosed cases at year t (=Dx(t)). Taking b as a constant, the Poisson regression model was:


[image: image6.wmf])

(

5

.

0

)

)(

(

)

(

/

)

(

t

D

P

du

u

u

a

W

u

t

D

x

at

a

H

u

k

at

ú

û

ù

ê

ë

é

-

-

-

=

ò

-

t

t

t

b

m


We modelled the rates for the mid-point of the five-year age intervals (e.g. for ages 40-44 years, a=42.5). The mean rate at was numerical integrated using Simpson’s rule, with functional evaluations at single-year increments for u=t+0.5 to u=a (Press et al 1992). The dose potential functions W(a) and D(t) were specified as exponentials of natural splines with one internal knot and two parameters to be estimated (Green and Silverman 1994). For W(a), the spline functions were defined for boundary knots at ages 20 and 65 years and W(a) was defined to be one at age 50 years; for D(t), the spline functions were defined with boundary knots at 1945 and 1980 and D(t) was defined to be one in 1970; internal knots were assumed to be at the mid-point between the boundary knots. 

The five parameters to be estimated included the log of the constant b and four parameters for the spline functions log(W) and log(D). We assumed that k was fixed at 3.5. The asbestos half-life H was given a value of 15 years for rapid clearance. For incidence data, the latency period  was assumed to be 5 years. As in Hodgson et al (2005), the diagnosis fraction Dx(t) was assumed to be almost complete (98%) in 1997, with a 5% annual percentage trend in the missing cases. 

The models were fitted using the mle() function in the R statistical package,(R Development Core Team 2005)  which uses a quasi-Newton approach to maximize the Poisson log-likelihood. The numerical integration for the rate calculation was implemented in Fortran using the g77 compiler and linked with R. The design matrices for the spline functions were calculated using the ns() function in R.  We assessed goodness of fit by performing a likelihood ratio test using the residual deviance with the residual degrees of freedom. For interval estimation for predictions, we used the bootstrap, re-sampling from Pearson's residuals (Davison and Hinkley 1997). Following Friedl, we standardized the residuals by dividing by the square root of (1 – model degrees of freedom / number of observations) and scaled the residuals to have zero mean (Friedl 1997).

This model was fitted later than the age/birth cohort model and an extra year of data was available so that incidence data for 1972-2003 were used, with incidence predictions from 2004 and onwards. Data were by single calendar periods and by five-year age groups, for ages 20-24 years through to 85 years and over. As in Hodgson et al, (2005) we estimated the future number of cases using the rate estimate multiplied by population projections; Series B population projections were provided by the Australian Bureau of Statistics (Australian Bureau of Statistics 2003). As in the previous models, we made the assumption that birth cohorts born from 1970 were at negligible risk of mesothelioma.

Results

For the period 2004-2060, we predicted 6779 incident cases, with a peak of 196 cases in 2014 (Fig 2.1 Method 2).
Figure 2.1: Observed and predicted mesothelioma incidence, NSW males aged 20 years and over, fitted for the period 1972-2003 with 95% confidence intervals for method 2
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Discussion

There are some problems with the use of a birth-cohort and age effects model.  One is that it is assumed that the two effects are independent.  That is the mesothelioma rate for a birth cohort/age combination is the product of a birth cohort effect and an age effect.  Assuming that most mesotheliomas are caused by occupational asbestos exposure, then for the more recent birth cohorts, the observed rates through age groups younger than 50 years have occurred as a result not just of increasing age but also as a result of increasing cumulative exposure.  This would amount to an interaction between birth cohort and age which has not been taken into account.  A second problem is that it is assumed that the age effect, as a power of (age-20) up to 80-84, applies for all birth cohorts.  For the more recent birth cohorts, who could only have been exposed during the early years of their working life it may be questioned whether the increase in mesothelioma rate with age will continue to age 80 or whether the flattening off will occur at younger ages.  In the latter event then the predicted numbers in more remote future years, say after 2025 or 2030, would be less than given.

Under the assumption that most mesotheliomas are caused by occupational asbestos exposure, and that amphibole asbestos is responsible for the majority, then the figures on asbestos consumption in Australia derived from Leigh et al. (2003) are relevant.  The column of crocidolite exports is approximate since Leigh et al. only gave total exports.
Table 2.1 – Approximate amphibole asbestos consumption in Australia.

	
	Crocidolite
	Amosite
	Total

	
	Mined
	imported
	Exported
	net
	Mined
	Imported
	exported
	net
	net

	1930-39
	422
	
	200
	222
	51
	
	
	51
	273

	1940-49
	5619
	
	1500
	4119
	750
	
	
	750
	4869

	1950-59
	63227
	2778
	50000
	16005
	1
	107509
	
	107510
	123515

	1960-69
	86566
	
	40000
	46566
	0
	81432
	
	81432
	127998

	1970-79
	0
	
	0
	0
	0
	87901
	
	87901
	87901

	1980-85
	0
	
	0
	0
	0
	8338
	
	8338
	8338


Since there were no new uses of crocidolite after 1970 and amosite was phased out during the 1980s, then occupational exposure to amphibole asbestos, except for exposure during demolition or repair work, would not have occurred in those born after 1970.  The major amphibole consumption was in 1950-1979, with the last decade not involving crocidolite.  This period of use would correspond to occupational exposure, particularly to birth cohorts 1920 (who could have been exposed during this time when aged 30 to 60 years) to 1950 (who could have been exposed when aged 15 to 30).  Those born earlier would be expected to have experienced less exposure because they would have been 35 years or older during the period of peak use, and those born later could not have been exposed much after age 25 years.  

The Hodgson-Peto revised model uses a sophisticated modelling system in which the mesothelioma rate for a birth cohort/age combination consists of a sum of an exposure year effect multiplied by an age effect, summed over earlier years.  The exposure year effect corresponds to potential exposure in that year, and the age effect is a factor representing actual exposure.  The peak predicted using this model is earlier than the peak predicted by the birth-cohort and age effects model, whilst being later than the peak of 2010 predicated by Leigh and Driscoll (2003).  The greater flexibility to incorporate hypothesised changes in cohort asbestos exposure afforded by this approach makes the revised Hodgson-Peto model the preferred model.

Conclusion

We predict the number of incident mesothelioma cases for males aged 20 years and over in New South Wales to peak at around 196 cases per year in 2014 and that incident cases will continue to occur until around 2050.
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Appendix

	Mesotheliomas diagnosed 1972 to 2002 by birth cohort (1905-09 to 1970-74) and age group (20-24 to 95-99)
	
	
	
	
	
	

	In each cell the data are: number of mesotheliomas, population at risk, mesothelioma rate per 100,000 man-years
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Birth
	age group
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	cohort
	20-24
	25-29
	30-34
	35-39
	40-44
	45-49
	50-54
	55-59
	60-64
	65-69
	70-74
	75-79
	80-84
	85-89
	90-94
	95-99
	Total

	1905-09
	 
	 
	 
	 
	 
	 
	 
	 
	0
	17
	31
	27
	28
	20
	8
	0
	131

	 
	 
	 
	 
	 
	 
	 
	 
	 
	52275
	327916
	295027
	210672
	131043
	65967
	24154
	2249
	1109303

	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.0
	5.2
	10.5
	12.8
	21.4
	30.3
	33.1
	0.0
	11.8

	1910-14
	 
	 
	 
	 
	 
	 
	 
	3
	19
	42
	42
	60
	55
	22
	1
	 
	244

	 
	 
	 
	 
	 
	 
	 
	 
	67093
	441549
	433658
	355098
	263730
	170165
	88243
	10293
	 
	1829829

	 
	 
	 
	 
	 
	 
	 
	 
	4.5
	4.3
	9.7
	11.8
	22.8
	32.3
	24.9
	9.7
	 
	13.3

	1915-19
	 
	 
	 
	 
	 
	 
	0
	15
	31
	68
	87
	87
	64
	11
	 
	 
	363

	 
	 
	 
	 
	 
	 
	 
	70299
	499354
	518141
	459498
	386429
	294776
	193972
	31813
	 
	 
	2454282

	 
	 
	 
	 
	 
	 
	 
	0.0
	3.0
	6.0
	14.8
	22.5
	29.5
	33.0
	34.6
	 
	 
	14.8

	1920-24
	 
	 
	 
	 
	 
	1
	17
	26
	64
	92
	125
	108
	29
	 
	 
	 
	462

	 
	 
	 
	 
	 
	 
	89106
	622600
	656602
	608442
	549346
	469838
	362197
	68468
	 
	 
	 
	3426599

	 
	 
	 
	 
	 
	 
	1.1
	2.7
	4.0
	10.5
	16.7
	26.6
	29.8
	42.4
	 
	 
	 
	13.5

	1925-29
	 
	 
	 
	 
	1
	5
	25
	42
	70
	113
	127
	30
	 
	 
	 
	 
	413

	 
	 
	 
	 
	 
	93600
	666943
	724315
	690367
	652811
	591820
	499957
	107236
	 
	 
	 
	 
	4027049

	 
	 
	 
	 
	 
	1.1
	0.7
	3.5
	6.1
	10.7
	19.1
	25.4
	28.0
	 
	 
	 
	 
	10.3

	1930-34
	 
	 
	 
	0
	3
	13
	17
	42
	73
	120
	28
	 
	 
	 
	 
	 
	296

	 
	 
	 
	 
	83060
	629763
	698825
	679763
	657286
	626398
	563707
	132744
	 
	 
	 
	 
	 
	4071546

	 
	 
	 
	 
	0.0
	0.5
	1.9
	2.5
	6.4
	11.7
	21.3
	21.1
	 
	 
	 
	 
	 
	7.3

	1935-39
	 
	 
	0
	1
	7
	12
	29
	52
	71
	20
	 
	 
	 
	 
	 
	 
	192

	 
	 
	 
	92945
	660167
	726689
	718699
	711154
	684368
	638281
	147652
	 
	 
	 
	 
	 
	 
	4379955

	 
	 
	 
	0.0
	0.2
	1.0
	1.7
	4.1
	7.6
	11.1
	13.5
	 
	 
	 
	 
	 
	 
	4.4

	1940-44
	 
	0
	0
	2
	5
	21
	37
	59
	17
	 
	 
	 
	 
	 
	 
	 
	141

	 
	 
	109788
	751922
	833684
	837233
	832457
	815072
	763281
	178509
	 
	 
	 
	 
	 
	 
	 
	5121946

	 
	 
	0.0
	0.0
	0.2
	0.6
	2.5
	4.5
	7.7
	9.5
	 
	 
	 
	 
	 
	 
	 
	2.8

	1945-49
	0
	0
	1
	3
	14
	21
	34
	17
	 
	 
	 
	 
	 
	 
	 
	 
	90

	 
	126264
	919892
	1033020
	1047022
	1055106
	1045358
	992243
	231050
	 
	 
	 
	 
	 
	 
	 
	 
	6449955

	 
	0.0
	0.0
	0.1
	0.3
	1.3
	2.0
	3.4
	7.4
	 
	 
	 
	 
	 
	 
	 
	 
	1.4

	1950-54
	0
	0
	3
	1
	6
	13
	5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	28

	 
	907193
	1048182
	1082510
	1104325
	1110194
	1061764
	262566
	 
	 
	 
	 
	 
	 
	 
	 
	 
	6576734

	 
	0.0
	0.0
	0.3
	0.1
	0.5
	1.2
	1.9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.4

	1955-59
	0
	1
	1
	2
	2
	4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	10

	 
	1085318
	1120904
	1155048
	1180644
	1143841
	279231
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	5964986

	 
	0.0
	0.1
	0.1
	0.2
	0.2
	1.4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.2

	1960-64
	0
	0
	0
	3
	0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3

	 
	1182839
	1224963
	1264250
	1234658
	309086
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	5215796

	 
	0.0
	0.0
	0.0
	0.2
	0.0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.1

	1965-69
	0
	0
	0
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1

	 
	1121575
	1143075
	1133077
	292241
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3689968

	 
	0.0
	0.0
	0.0
	0.3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.0

	1970-74
	1
	0
	0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1

	 
	1214045
	1181424
	304957
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2700426

	 
	0.1
	0.0
	0.0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.0

	Total
	1
	1
	5
	13
	38
	90
	164
	256
	345
	472
	440
	312
	176
	53
	9
	0
	2375

	 
	5637234
	6748228
	6817729
	6435801
	5905512
	5392383
	4878012
	4249401
	3716406
	3073597
	2139093
	1238611
	563648
	186023
	34447
	2249
	57018374

	 
	0.0
	0.0
	0.1
	0.2
	0.6
	1.7
	3.4
	6.0
	9.3
	15.4
	20.6
	25.2
	31.2
	28.5
	26.1
	0.0
	4.2

	86 mesotheliomas are excluded for earlier birth cohorts (1880-84 1, 1885-89 1, 1890-94 6, 1895-99 19, 1900-04 59)
	
	
	
	
	
	
	


	Mesotheliomas diagnosed 1982 to 2002 by birth cohort (1905-09 to 1970-74) and age group (20-24 to 95-99)
	
	
	
	
	
	

	In each cell the data are: number of mesotheliomas, population at risk, mesothelioma rate per 100,000 man-years
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Birth
	age group
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	cohort
	20-24
	25-29
	30-34
	35-39
	40-44
	45-49
	50-54
	55-59
	60-64
	65-69
	70-74
	75-79
	80-84
	85-89
	90-94
	95-99
	Total

	1905-09
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	8
	26
	28
	20
	8
	0
	90

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	33639
	183439
	131043
	65967
	24154
	2249
	440491

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	23.8
	14.2
	21.4
	30.3
	33.1
	0.0
	20.4

	1910-14
	 
	 
	 
	 
	 
	 
	 
	 
	 
	13
	40
	60
	55
	22
	1
	 
	191

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	51551
	311902
	263730
	170165
	88243
	10293
	 
	895884

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	25.2
	12.8
	22.8
	32.3
	24.9
	9.7
	 
	21.3

	1915-19
	 
	 
	 
	 
	 
	 
	 
	 
	12
	64
	87
	87
	64
	11
	 
	 
	325

	 
	 
	 
	 
	 
	 
	 
	 
	 
	58443
	400350
	386429
	294776
	193972
	31813
	 
	 
	1365783

	 
	 
	 
	 
	 
	 
	 
	 
	 
	20.5
	16.0
	22.5
	29.5
	33.0
	34.6
	 
	 
	23.8

	1920-24
	 
	 
	 
	 
	 
	 
	 
	1
	61
	92
	125
	108
	29
	 
	 
	 
	416

	 
	 
	 
	 
	 
	 
	 
	 
	78769
	538102
	549346
	469838
	362197
	68468
	 
	 
	 
	2066720

	 
	 
	 
	 
	 
	 
	 
	 
	1.3
	11.3
	16.7
	26.6
	29.8
	42.4
	 
	 
	 
	20.1

	1925-29
	 
	 
	 
	 
	 
	 
	7
	38
	70
	113
	127
	30
	 
	 
	 
	 
	385

	 
	 
	 
	 
	 
	 
	 
	86369
	606818
	652811
	591820
	499957
	107236
	 
	 
	 
	 
	2545011

	 
	 
	 
	 
	 
	 
	 
	8.1
	6.3
	10.7
	19.1
	25.4
	28.0
	 
	 
	 
	 
	15.1

	1930-34
	 
	 
	 
	 
	 
	0
	14
	42
	73
	120
	28
	 
	 
	 
	 
	 
	277

	 
	 
	 
	 
	 
	 
	79590
	594719
	657286
	626398
	563707
	132744
	 
	 
	 
	 
	 
	2654444

	 
	 
	 
	 
	 
	 
	0.0
	2.4
	6.4
	11.7
	21.3
	21.1
	 
	 
	 
	 
	 
	10.4

	1935-39
	 
	 
	 
	 
	1
	11
	29
	52
	71
	20
	 
	 
	 
	 
	 
	 
	184

	 
	 
	 
	 
	 
	90362
	636710
	711154
	684368
	638281
	147652
	 
	 
	 
	 
	 
	 
	2908527

	 
	 
	 
	 
	 
	1.1
	1.7
	4.1
	7.6
	11.1
	13.5
	 
	 
	 
	 
	 
	 
	6.3

	1940-44
	 
	 
	 
	2
	4
	21
	37
	59
	17
	 
	 
	 
	 
	 
	 
	 
	140

	 
	 
	 
	 
	106820
	743058
	832457
	815072
	763281
	178509
	 
	 
	 
	 
	 
	 
	 
	3439197

	 
	 
	 
	 
	1.9
	0.5
	2.5
	4.5
	7.7
	9.5
	 
	 
	 
	 
	 
	 
	 
	4.1

	1945-49
	 
	 
	1
	3
	14
	21
	34
	17
	 
	 
	 
	 
	 
	 
	 
	 
	90

	 
	 
	 
	128889
	933217
	1055106
	1045358
	992243
	231050
	 
	 
	 
	 
	 
	 
	 
	 
	4385863

	 
	 
	 
	0.8
	0.3
	1.3
	2.0
	3.4
	7.4
	 
	 
	 
	 
	 
	 
	 
	 
	2.1

	1950-54
	 
	0
	3
	1
	6
	13
	5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	28

	 
	 
	129562
	953371
	1104325
	1110194
	1061764
	262566
	 
	 
	 
	 
	 
	 
	 
	 
	 
	4621782

	 
	 
	0.0
	0.3
	0.1
	0.5
	1.2
	1.9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.6

	1955-59
	0
	1
	1
	2
	2
	4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	10

	 
	137396
	992056
	1155048
	1180644
	1143841
	279231
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	4888216

	 
	0.0
	0.1
	0.1
	0.2
	0.2
	1.4
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.2

	1960-64
	0
	0
	0
	3
	0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3

	 
	1043170
	1224963
	1264250
	1234658
	309086
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	5076127

	 
	0.0
	0.0
	0.0
	0.2
	0.0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.1

	1965-69
	0
	0
	0
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1

	 
	1121575
	1143075
	1133077
	292241
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3689968

	 
	0.0
	0.0
	0.0
	0.3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.0

	1970-74
	1
	0
	0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	1

	 
	1214045
	1181424
	304957
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2700426

	 
	0.1
	0.0
	0.0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.0

	Total
	1
	1
	5
	12
	27
	70
	126
	209
	304
	422
	415
	311
	176
	53
	9
	0
	2141

	 
	3516186
	4671080
	4939592
	4851905
	4451647
	3935110
	3462123
	3021572
	2692544
	2304426
	1834509
	1211378
	563648
	186023
	34447
	2249
	4.2E+07

	 
	0.0
	0.0
	0.1
	0.2
	0.6
	1.8
	3.6
	6.9
	11.3
	18.3
	22.6
	25.7
	31.2
	28.5
	26.1
	0.0
	5.1
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Chart3

		1972		1972

		1973		1973

		1974		1974

		1975		1975

		1976		1976

		1977		1977

		1978		1978

		1979		1979

		1980		1980

		1981		1981

		1982		1982

		1983		1983

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999

		2000		2000

		2001		2001

		2002		2002



Expected incidence

Observed incidence

Year of Diagnosis

Incidence

8.379094428

8

10.421934255

11

22.582720515

23

20.298827325

21

20.417502993

20

31.999893978

31

40.516174209

39

26.64248598

27

46.173903849

45

45.44721669

44

55.973018505

54

55.60588542

54

65.371681833

63

72.001480407

73

67.900664219

70

71.959118103

72

86.214228101

87

81.109929088

82

90.697890806

91

93.765948513

93

107.809293119

107

111.840965338

111

152.221587566

151

118.986802868

118

130.672404528

130

129.957632729

130

135.929571103

136

148.254674077

147

137.165050058

136

150.997752101

148

139.650685158

138



Independent LL model

		YDG		1		Observed incidence

		1972		8.379094428		8

		1973		10.421934255		11

		1974		22.582720515		23

		1975		20.298827325		21

		1976		20.417502993		20

		1977		31.999893978		31

		1978		40.516174209		39

		1979		26.64248598		27

		1980		46.173903849		45

		1981		45.44721669		44

		1982		55.973018505		54

		1983		55.60588542		54

		1984		65.371681833		63

		1985		72.001480407		73

		1986		67.900664219		70

		1987		71.959118103		72

		1988		86.214228101		87

		1989		81.109929088		82

		1990		90.697890806		91

		1991		93.765948513		93

		1992		107.809293119		107

		1993		111.840965338		111

		1994		152.221587566		151

		1995		118.986802868		118

		1996		130.672404528		130

		1997		129.957632729		130

		1998		135.929571103		136

		1999		148.254674077		147

		2000		137.165050058		136

		2001		150.997752101		148

		2002		139.650685158		138

		Total		2476.966017862		2460





Independent LL model
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