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ABSTRACT

The investigators analyzed mortality data provided by The Nuclear

Regulatory Commission on almost four thousand former employees at the Hanford

works, one of the largest nuclear processing plants in the United States.

Fifty-nine percent of these employees were exposed to low-level

ionizing radiation during the course of their occupational activities:

the other forty-one percent were not. The purpose of our analysis was to

investigate any relationship between occupational exposure to low-level
.g .

ionizing radiation and subsequent death by cancer. .

The analysis revealed several important findings. The statistical

procedures employed show:

No hazard for the aggregate male and female populations using.

basic bivariate procedures.

The Mantel-Haenzel procedure reveals significant heterogeniety.

across age groups for males with regard to the degree of

association between simple exposure and subsequent cancer death.

In the 45-54 bracket for age at death, men whc were not exposed.

died of cancer 11.8 percent of the time while exposed men died

of cancer in 20.7 percent of cases.

An age stratified multivariate analysis shows significant.

association of radiological exposure variables and subsequent

cancer death for both the 45-54 age bracket and the 75-84 age

bracket for males.

Multivariate analysis shows a result of borderline significance.

for the women of the cohort. Further investigation as more data

for women becomes available is recommended.
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Background and Objective of the Study

There is an intense interest on the part of the general public

as well as governmental agencies in the accurate determination of the

long-term health effects from exposure to low level ionizing radiation.

Therefore, from the standpoint of the public health role of the

NRC, it is important to analyze those data on human exposure to low level

exposures to ionizing radiation which are available. -

The NRC provided a tape which contains data on occupational

radiation exposure and other relevant information. The objective of

this study is the analysis of the data provided. More specifically,

this report undertakes to:

Examine the relationship between exposure of individuals to.

low level ionizing radiation and subsequent death by cancer.

.

Describe the method employed to deal with the statistical.

variability of the data as it impacts the performance of

the above two tasks.

The relationship between exposure and subsequent cancer death is

discussed in the section entitled " Basic Statistical Tests". The relation-

ship is further examined in the section entitled " Combined Impact," which

deals with multivariate composites of both radiological and demographic

variables as they apply to the prediction of death by cancer.

.
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Specific Questions and Analysis Performed

The analysis of t. Nuclear bgulatory Commission's Hanford mortality

data is comprised of four major p- .es:

Univariate summary which allows for basic familiarization with.

the character of the data.

The search for covariates which will provide for ti,e detection.

of variables impacting the dependent variable--namely, death

by cancer--but which are unrelated to low level ionizing radiation.

Basic statistical analysis of the impact of independent variables.

which describe the low level ionizing radiation exposure of the

study population on death by cancer. This will, of course, reflect

important covariates uncovered by preliminary analysis.

Multivariate analysis to assess the combined impact of the " risk.

factors" of low level ionizing radiation on death by cancer. This

will be done in a manner analogous to that first used in assessing.

risk factors in coronary heart disease in the Framingham Study.

This analysis was performed with two goals in mind. These were to:

Resolve, as best possible, the questions motivating the analysis.

which ere set forth presently.

Provide a general reference document from which other investigators.

can answer related questions with a minimum of computer work.

We compiled a list of specific questions which could be reasonably

investigated using conventional statistical techniques and the variables at

hand. They are:

Is the probability of death vy cancer significantly different.

for the population exposed to low level ionizing radiation from

1393 006-3-
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Specific Questions and Analysis Performed

that for the unexposed population?

Is the rate of dosage per year related to the rate of death by
.

cancer?,

Is the total lifetime dose related to the probability of death
.

by cancer?

What is the combined impact of the risk factors based on low-
.

level ionizing rada ation? That is to say, to what extent can

we predict who will die of cancer knowing who was exposed and

the characteristics of their exposure?

Does age at death differ from exposed versus non-exposed Hanford.

workers?

.

)393 007
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Cause of Death Classification

The major orders of the ICDA classification consist of:

1. Infective and Parasitic Diseases

2. Neoplasms

3. Endocrine, Nutritional and Metabolic Diseases

4. Diseases of the Blood and Blood-forming Organs

5. Mental Disorders

6. Diseases of the Nervous System and Sense Organs

7. Diseases of the Circulatory System

8. Diseases of the Respiratory System

9. Diseases of the Digestive System

10. Disease of the Genitourinary Syste.a

11. Complications of Pregnancy, Childbirth and the Puerperium

12. Diseases of the Skin and Subcutaneous Tissue

,13. Diseases of the Musculoskeletal System and Connective Tissue

14. Congenital Anomalies

15. Certain ;auses of Perinatal Morbidity and Mortality

16. Accidents Poisonings and Violence (Nature of Injury)

17. Accidents, Poisonings and Violence (External Cause)

Our analysis proceded along the coarsest level of groupine possible,

so as to leave no question remaining about the effect of low levels of

ionizing radiation on the probability of death by cancer. Therefore, we

grouped the data into two classes for cause of death. These were. neoplasms

(noting that benign neoplasms rarely cause death and that general population

data are available for the U.S. census on death by malignant neoplasms for

purposes of comparison), and other. We realize that this is not the

customary division. We point, however, to the success obtained by the method

-5-
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Cause of Death Classification

in establishing the relationship of radiological exposure to sut. aquent

death by cancer as its justification.

The Nuclear Regulatory Connission provided data on the cause of

death for each individual in the cohort. The causes of death were

classified according to the International Classification of Diseases

(ICDA - adapted for use in the United States - 8th edition).

.
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Univariate Summary

In order to familiarize ourselves and the reader with the data

provided by The Nuclear Regul, tory Commission, we performed basic tabu-

lations of the important variables and computed the following statistics:

mean.

variance.

median.

mode.

The variables studied in the statistics listed above were:

age at death.

total years of employment.

primary cause of death examined in two ways:.

- by whether or not the person died of cancer

- by the seventeen major categories of the International

Classification of Diseases, adapted for use in the,

United States.

race.

sex.

exposure.

cumulative lifetime dose.

cumulative dose at 3, 5 . . . . 25 years before death.

year of death.

maximum radiation dose in a given year.

average radiation dose in a given year.

1393 010

-7-



.

.

Table.1

NRC HANFORD LOW LEVEL RADIATION DATA - UNIVAR1 ATE SUMMARY

-- Age at Death

RELATIVE CUM
ABSOLUTE FREO FREO

Ace at
seaca FREQ (PCT) (PCT)

20 - 24 11 0.3 0.3,
.

25 - 29 37 0.9 1.2

30 - 34 73 1.8 3.0

35 - 39 109 2.7 5.8

40 - 44 199 5.0 ,10.7

45 - 49 318 8.0 18.7

50 - 54 404 10.1 28.8

55 - 57 534 13.4 42.2
~

60 - 64 539 13.5 55.7-

65 - 69 603 15.1 70.8

'70 - 74. 485 12.1 83.0

75 - 79 379 9.5 92.5

80 - 84 186 4.7 97.1

85 - 89 97 2.4 99.5
Y

90 - 94 14 0.4 99.9
'

95 - 97 2 0.1 99.9

100 - UP 2 0.1 100.0

TOTAL 3992 100.0

Mean 59.5

Variance 176.1

})hbMedian 60.3

Mode 65
.

-8
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Table 2

NRC EANTORD LOW LEVE2 RADIATION DATA - UNIVARIATE SUMiARY

-- NUMBER OF YEARS WORKED AT EA.NFORD

RELATIVE CLN.

O S.o1,G o FREO (PCT) (?CT)

0-4 ,.2072 51 .9 ,. 51.9

5-9 721 18.1 70.0

10 - 14 501 12.6 82.5

15'- 19 378 9.5 92.0

20 - 24 219 5 . .i 97.5
,

25 - 29 82 2.1 99.5
-

30 - 34 1/ 0.4 99.9

.

TOTAL 3987 100.0

.

Missing Cases 5

.

Mean 5.3 i

Median 2.3

_ Mode 0-4

1

.

.

e

*
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Table 3

~

NRC FEEORD LOW LEVEL RADIATION DATA - UNIVARIATE SUMMARY

,
-

- CANCER

~

RELATIVE ADJUSTED CUM
ABSOLUTE FREO FRIO FRIO-

CA EER FREO (PCT) (PCT) (PCT)

NOT CANCER 0 3177 79.6 79.6 _79.6
,

CANCER 1 815 20.4 20.4 100.0

TCTAL 3992 100.0 100.0

.

e

*
t

.

e
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Table 4

NRC HAhTORD LOW LEVEL RADIATION DATA UNIVARIATE SUMMARY

..

- ICD CODE IDR CAUSE OF DEATH

RELATIVE CUM
ABSOLUTE FRE0 FREQ

ICD FREO (?CT) (FCT)

INFECTIVE PARASITIC , 1. 37 0.9 0.9

NEOPLASMS 2. 815 20.4 21.3
.

ENDO NUTRI METAucLIC 3. 69 1.7 23.1

ELOOD ORGANS 4 6 0.2 23.2

MEh"LU. DISORDERS 5. 17 0,4 23.6 -

NERVOUS S3SE ORGANS 6. 28 0.7 24.3
.

CIRCULATORY 7. 2022 50.7 75.0

RESPIRATORY 8. 207 5.2 80.2
~ "

DICESTIVE 9. 164 4.1 '

84'.3
.

GENITOUREiARY 10. 49 1.2 85.5

SdNSUECUTANEOUS 12. 2 0.1 85.6

MSKEL CONNECTIVE 13. 11 0.3 85.8
,

CONGENIIAL ANOMALIES 14. 10 0.3 86.1

SYMTCMS CCNDITIONS 16. 40 1.0 87.1

ACCIDENT POISON VIOL 17. 515 12.9 100.0
_

TOTAL 3992 100.0
4 .

1393 014
.
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Tabla 6

NRC HANFORD LOW LEVEL RADIATION DATA - UNIVARIATE SU)'MA.RY

MJd.E OR FEMALE

-

Relative Cum

Absolute Freq Freq

lex Freo (PCT) (PCT)

FD'. ALE 0. 382 9.6 9.6

MA1.E 1. 3610 90.4 100.O

"'OTAL 3992 100.0

..

e

.

.

'

1393 015
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Table 7

NT.C HANFORD LOW LEVEL RADIATION DATA - UNIVARIATE SUMMARY

EXPOSED OR NOT EXPOSED
~

%

z.
-

Relative Cum
Absolute Freq Freq

Exposure Free (?CT) (?CT)

NOT EXPOSED 0. 1638 41.0 41.0

EXPOSED 1. 2354 59.0 100.0
.

TOTAL 3992 100.0

.

.

.

t

9

.

#9
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Table 8
.

NRC EANf0RD LOW LEVEL RADIATION DATA - UNIVARIATE SUMMAJJ
-

- YEAR OF DEATE

RELATIVE CUM7ggg ,

AESOLU_E FRIO FREQOF
DEXIH FREQ (PCT)_ (PCT)

45 - 49 73 1.8 1.8

50 - 54 303 7.6 9.4

55 - 59 478. 12.0 '21.4
'

60 - 64 797 20.0 41.4 ,

65 - 69 1003 25 .1 66.5

70 - + 1338 33.5 100.0.

,

TOTAL 3992 100.0 ,

.

s

i393 017
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s Table 5
t

NRC HANFORD LOW LEVEL RADIATION DATA - UNIVARIATE SU10'.ARY
.

RACE CODE

- Re.lative , Cum
Absolute Freq Freq

Race Frea (PCT) (PCT)

i

NONWHITE 0. 28 0.7 0.7

WHITE 1. 3964 99.3 100.0
.

TOTAL 3992 100.0''

.

e

.

'

\593 D\S

.

%

.
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Table 9

NRC F>$f0RD LOW LEVEL RADIATION DATA - UNIVARIATE SUM'.ARY

- LIFETIME RADIATION DOSE

'

RELATiv:. CUM
.LBSOLUTE FRE0 FREO.

CODE FREQ (PCT) (PCT)

0-9 ' 1867 46.8 46.8

10 - 19 330 8.3 55.0

20 - 29 216 5.4 60.4

30 - 39 205 5.1 65.6

40 - 49 164 41 69.7

50 - 59 123 3.1 72.3

60 - 69 108 2.7 75.5
.

'

70 - 79 86 2.2 77.6

80 - 89 92 2.3 79.9

90 - 99 73 1.8 81.8

100 - 199 25 2 6.3 88.1

200 - 299 183 4.6 92.7

300 - 399 75 1.9 94.5

400 .499 40 1.0 95.5

I
500 - 599 23 0.6 96.1

600 - 699 35 0.9 97.0

700 - 799 14 0.4 97.3

800 - 899 12 0.3 97.6

900 - 999 8 0.2 97.8

1000 - 1999 26 0.7 98.5

2000 - 2999 30 0.8 99.2 Mean 98.5
Variance 119637.4

3000 - 3999 25 0.6 99.9 Median 8.9

4000 5 0.1 100.0

019TOTAL 3992 100.

*
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Table 10

NRC FATIORD LOW LEVEL RADIATION DATA - UNIVARIATE SUMMARY

'

- TOTAL DOSE 3 YEARS BEFORE DEA ~H

RELATIVE CUM
ASSOLUTE FREO FREO

,

CODE .FREQ (PCT) (?CT)

0-9 48.7 48.7_ . . .

10 - 19 324 8.1 56.8

20 - 29 221 5.5 62.3

30 - 39 206 5.2 67.5

40 - 49 165 /> 1 71.6.

50 - 59 121 3.0 ~74.6

60 - 69 109 2.7 77.4

70 - 79 89 2.2 79.6
,

80 - 89 93 2.3 81.9

90 - 99 75 1.9 83.8

100 - 199 208 5.2 89.0
.

200 - 299 179 4.5 93.5
-

300 - 399 65 1.6 95.1

400 - 499 37 0.9 96.1

500 - 599 19 0.5 06.5

600 - 699 32 0.8 97.3

700 - 799 7 0.2 97.5

800 - 899 13 0.3 97.8

900 - 999 8 0.2 98.0

1000 - 1999 29 0.7 98.8

2000 - 2999 26 0.7 99.4

3000 - 3999 19 0.5 99.9 Mean 87.5

4000 -. 4 0.1 100.0 Variance 99174.6

Total 3992 100.0 Median 6.6
g393 020-
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NRC HANFORD LOW LEVEL KAu1Anu:1 UAIA- un i v a.tu.n ar. O urtuu

Table 11
.

,

TOTAL DOSE 5 YF.ARS BEFORE DEAIH

ABSOLUTE RELATIVE CUM

CODE FREQ FE0 FREO

(PCT) (PCT)

0-9 2011 50:4 50.4

10 - 19 325 8.1 58.5 '-

20 - 29 233 5.8 64.4

30 - 39 200 5.0 69.4

40 - 49 167 4.2 73.5

50 - 59 123 3.1 76.6

6b-69 108 2.7 79.3

70 - 79 80 2.0 - 81.3

80 - 89 90 2.3 83.6

90 '99 69 1.7 85.3
.

100 - 199 220 5.5 90.8

200 - 299 145 3.6 94.5

300 - 399 53 1.3 95.8
.

400 - 499 25 0.6 96.4

500 - 599 25 0.6 97.0

600 - 699 23 0.6 97.6

700 799 12 0.3 97.9

800 - 899 lb 0.3 98.2

900 - 999 9 0.2 98.4

1000 - 1999 23 0.6 99.0

2000 - 2999 27 0.7 99.6

3000 - 3999 13 0.3 100.0

4000 - 1 0.0 100.0 Mean 76.

TOTAL 3992 100.0 Variance 73949.

Median 4

1393 021
-

-
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Table 14

NRC HANFORD LOW LEVEL RADIATION DATA - UNIVARIATE SUWARY

TOTA'. DOSE 20 YEARS BEFORE DEATH

.

REIATIVE CUM'

ABSOLUTE FREQ F?iQ
FRE0 (PCT) (PCT)

CODE
.

0 - 9 3274 82.0 82.0

10 - 19 196 4.9 86.9

20 - 29 114 2.9 89.8

30 - 39 88 2.2 92.0

40 - 49 61 1.5 93.5
.

50 - 59 43 1.1 94.6
'

60 - 69 34 'O.9 95.4

70 - 79 25 0.6 96.1
,

~

80 - 89 32 0.8 96.9

90 - 99 24 0.6 97.5

100 - 199 54 1.4 98.8

200 - 299 36 0.9 9.9.7
:

- 399 8 0.2 99.9300

400 - 499 1 0.0 99.9

500 - 599 2 0.1 100.0

TOTAL 3992 100.0

MEAN 9.1

VARIANCE LC07. 7.

MEDIAN 1.1

1393 022
-

.
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Table 12

NRC HANFORD LOW LEVEL RADIATION DATA - UNIVARIATE SUMMARY

'

- TOTAL DOSE 10 YEARS BEFORE DEATH

RELATIVE CUM
A3 SOLUTE FREO FRE0_ ,

CODE FREO (PCT) (PCT)

0-9 2328 58.3 58.3

10 - 19 305 7.6 66.0

20 - 29 223 5.6' 71.5

30 - 39 189 4.7 76.3

40 $ 49 158 4.0 .80.2

50 - 59 114 2.9 - 83.1

60 .- 69 95 2.4 85.5

70 - 79 66 1.7 -87.1
,

80 - 89 78 2.0 89.1

90 - 99 53 1.3 90.4
,

100 - 199 145 3.6 94.0
.

200 - 299 99 2.5 96.5

300 - 399 45 1.1 97.6

400 - 499 19 0.5 98.1

500 - 599 16 0.4 98.5

600 - 699 16 0.4 98.9

700 - 799 7 0.2 99.1

800 - 899 4 0.1 99.2

900 - 999 3 0.1 99.3

1000 - 1999 18 0.5 99.7 Mean 42.9

2000 - 2999 10 0.3 100.0 variance 23239.3

3000 - + 1 0.0 100.0 Median 3.57

1393 023TOTAL 3992 100.0
*

.
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Table 13

NRC HANFORD LOW LEVEL RADIATION DATA - UNIVARIA2 sum'.ARY

TOTAL DOSE 15 YEARS 3EFORE DEATH ,

RELATIVE CUM ,

ABSOLUTE FREQ FREQ

CODE FRE0 (PCT) (PCT)

0 -9 2733 68.5 68.5

10 -19 266 6.7 75.1

20 -29 181 4.5 79.7
.

30 -39. 163 4.1 83.7

86.740 -49 118 3.0 ,

50 -59 72 1.8 88.5
..

60 -69 63 1.6 90.1
^

70 -79 46 1.2 91.2

80 -89 51 1.3 92.5

90 -99 38 1.0' 93.5
.

100 -199 116 2.9 96.4

200 -299 77 1.9 9.8 . 3'

300.-399 33 0.8 99.1

400. 499 9 0.2 99.3

500 -599 8 0.2 9.9. 5

600 -699 8 0.2 99.7

700 -799 3 0.1 99.8

S00 -899 1 0.0 99.8

900 -999 3 0.1 99.9

1000 -1999 3 0.1 100.0

TOTAL 3992 100.0 -

.

MEAN 23.0
'

~

VARIANCE 5175.6
-20,-vr



Table 15-
.

NRC HANFORD IDW LEVEL RADIATION DATA--UNIVARIATE SUMMARY

TOTAL DOSE 25 YEARS BEFORE DEATH
..

RELATIVE CLM
ABSOLUTE FREO FREQ

CODE FREO (PCT) (PCT)_

0- 9 3750 93.9 93.9

10 - 19 87' 2.2 96.1.

.

20 - 29 36 0.9 97.0

30 - 39 25 0.6 97.6

40 - 49 20 0.5 98.1

50 - 59 10 0.3 98.4

60 - 69 8 0.2 98.6

70 - 79 9 0.2 98.8
.

80 - 89 11 0.3 99.1

90 - 99 9 0.2 99.3-

100 - 199 18 0.5 99.8
.

200 - 299 8 0.2 100.0

300 - 399 1 0,0 100,c

'IDTAL 3992 100.0

.

.

MEAN 2.5

VARIANCE 221.2

1393 025MEDIAN 0.32

*:
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The Method of Proportional Mortality

The method of proportional mortality, a stetisticti technique,

is used for a major portion of the analysis in this report. The method,

while highly useful, must be applied carefully.

It is particularly useful in cases whose morbidity or mortality

data is available but not data on the population at risk where the

diseases or deaths occurred. This is the situation with the NRC data.

The analysis cannot, therefore, consider absolute rates of death

from a particular cause. Instead, the relative death rates from a

cause or group of causes can be shown.
"

In some cases, the method can artifically show a high death rate.

For instance, where two populations have identical cancer death rates,

and the first is fortunate in a particularly low rate of death from

other causes. There, the first group would falsely appear to have a

proportionally higher cancer death rate. In the Hanford data, such a

death rate may appear proportionally higher in the exposed group than

the non-exposed.

In spite of the drawbacks of the method, the nature of the data

necessitated its use, and the results contained herein must be viewed

with caution.

Mantel and others have pointed out that while the method is widely

used it sh'ald only be taken to provide leads for rigorous research. In

general, a single retrospective study should not be taken as conclusive.

1393 026
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Tests for Covariates

There are radiological and demographic variables in the data file

provided by The Nuclear Regulatory Commission for this study. This section

describes statistical tests which were performed in order to determine

which of the demographic variables are related to death by cancer.

It is widely known that cancer death rates differ for various sub-

groups of the population of the United States. For example, the U.S.

Cecennial Life Tables for 1969-1971 show that the chance of eventually

dying of a malignant neoplasm is:
.

16.3 percent for the total population.

16.9 percent for white males.

15.9 percent for white females.

15.3 percent for non-white males.

13.5 percent for non-white females..

, These variations indicate that sex and race should be taken into

account in the analysis to follow.

Another important source of heterogeniety in cancer death rates is

age. Death rates, generally, increase with age and, in particular, cancer

death rates rise rapidly with age. The cancer death ratio (i.e. , the

fraction of total deaths which are cancer deaths) also varies with age.

The question which we address in this section is ,a simple one:

what important intervening factors effect the probability of death by

cancer? The primary statistical method which was employed to answer this

questien was that of simple cross tabulation. The cancer vs. not cancer

cause of death indicator was cross tabulated by each of the covariates of

interest. The results of these cross tabulations together with statistical

tests of significance are presented below.
1393 027
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Tests for Covariates

A Chi square test of a four-fold table with not-cancer / cancer vs.

male / female was performed:

Table 16 O

female male

not cancer 265 2912 3177

ca.ncer 117 698 815

382 3610 3992

The results of the Chi square test of the hypothe.,', that sex and

death by cancer are unrelated were:

Chi square = 26.4.

df = 1.

p (Chi square > 26.4) < .0001.

, This indicates that sex is a significant covariate of death by

cancer in the Hanford cohort. It is to be noted that the table ccntains

thirty-nine more cases of death by cancer for women than would be expected

if there were no relationship between cancer death and sex.

It is also of interest to note the cancer death rate for the women

of the Hanford cohort is higher than thirty percent. This is subst;.ntially

higher than the 15.9 percent for white females which was reported in the

Decennial Life Table as mentioned earlier.

In order to detennine if race is a significant covariate of cancer

death, a Chi square test was performed on a four-fold table with not-cancer /

' ne resulting table is shown below.cancer vs. race as non-white / white. i

1393 028'
-25-
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Tests for Covariates

Table 17

non-
white white

not-cancer 25 3152 3177

cancer 3 812 815

-

28 3964 3992

A Chi square test of the Sypothesis that race and cancer death are

unrelated was performed. The results of that test were:

Chi square = 1.09.

df = 1.

p (Chi square > 1.09) = .297.

This result must be regarded with caution for two reasons:

The lowest cell frequency is only 3, and the chi square test.

generally requires 5 or more in each cell to be accurate.-

In general, there are very few non-whites in the cohort..

For practical purposes the race variable will be disregarded in

subsequent analysis, but in no sense is this a generalizable conclusion.

Next, stratifying age into moderately broad intervals, the relation-

ship betweer, cancer death and age was investigated. Since sex was found

to be an important covariate, this test was performed for each of the sexes.

The contingency tables for age at death vs. not-cancer / cancer are

presented along with the Chi square test of the hypothesis that age at

death is unrelated to the cancer death ratio (i.e. probability of death by

cancer given death at age t). It is seen that, for both sexes, the cancer

death ratio is strongly dependent on age at death. Therefore, all subscquent

j}g} Q29-26-
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Table 18

MALES

Age at Death

25-34 35-34 45-54 55-64 65-74 75-84 85-94 95-104 105-115

Not Cancer 66 169 439 717 797 564 154 5 1 2912

Cancer 2 31 92 191 253 113 16 0 - 0 698

68 200 531 908 1050 677 170 5 1 7610

I

Z
'

Chi square = 47.12.

df = 8.

p (Chi square > 47.12) < .00009.
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Table 19

FEMALES

Age at Death

25-34 34-45 45-54 55-64 65-74 75-84 85-94 105-115

Not Cancer 11 30 58 47 63 43 12 1 265

Cancer 2 18 29 40 16 12 0 0 117

13 48 87 87 79 55 12 1 382
,

Y

Chi square = 24.18.

df = 7.

p (Chi square > 24.18) = .0011.

.
.
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Tests for Covariates

analysis shall statistically adjust for age at death.

To sunmarize the results of this section, the subsequent analysis

will:

Control for sex-based differences in cancer death..

Control for age at death..

Disregard race since few non-whites are in the cohort..

.

9

r393 032
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This section describes the application of various cormonly used

statistical tests to the Hanford data. Its primary purpose is to explore

the relationship of certain of the independent variables which describe the

character of exposure to low level ionizing radiation in the cohort to

death by cancer. The analyses described in this section are primarily

bivariate tests of one of the exposure variables at a time as it relates

to death by cancer. These analyses are grouped under the specific questions

which each is desi,)ned to investigate, and which were set forth in the

section on the goals of the study and specific questions to be investigated.

One statistical procedure was also performed to assess the relation-

ship between exposure and subsequent death by cancer as it is shown in a

set of four-fold tables which result from the stratification of the cohort

into several age brackets. This is the Mantel-Haenzel procedure. It is

used,to assess two factors of interest to this study. These are:

The average degree of association of exposure with death.

by cancer.

The degree of homogeniety across the age brackets into which.

the cohort was stratified.

The details of the Mantel ';aenzel procedure will be summarized in

the text of the report. Further explanation can be found in Fleiss which

is listed in the bibliography.

One of the simplest and most important questions under investigation

in this study is: is the probability of death by cancer different for

exposed versus unexposed populations in the Hanford cohort. First the

relationship in the aggregate population was investigated.

1393 033
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A Chi square test of a four-fold table having not-cancer versus cancer

crossed with not-exposed versus exposed was performed. The table which

resulted follows:

Table 20

Exposed Not-Exposed

!Not-Cancer 1311 1866 3177

Cancer 327 488 815

1638 2354 3992

A Chi square test of the hypothesis that exposure and cancer death

are unrelated in the total population under study was performed. The

results of that test were:

Chi square = .304.

df = 1.

.

p (Chi square > .304 ) = .58.

This can be interpreted to mean that simple occupational exposure

is not significantly related to subsequent death by cancer or that any

such relationship as exists is not clear until some of the covariates

which effect cancer death rates are taken into account.

Next,the cohort was stratified by sex to clarify the nature of

relationship between exposure and cancer death rates for each of the sexes.

The data provided on the Harford cohort contains almost four thousand

cases and over eight hundred deaths by cancer. This allows the question under

investigation to be investigated using asymtotically normal procedures.

That is to say, the difference in the mean rates of death by cancer for the

exposed vs. the non-exposed populations is normally distributed. This

1393 034
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difference can be normalized to unit variance and zero mean in the usual

way. The statistical tests of hypothesis which is thus generated are

equivalent to Chi square test of the corresponding four-fold tables. However,

the rate tables given more easily lend themselves to interpretation.

These rates are described in the following table:

Table 21

p (cancer) o n

.

Not-exposed .1996 .3998 1638

Exposed .2073 .4055 2354

Total .R042 .40}l 3992
d = P not exposed - P exposed

The normalized di"4ronce observed for the two proportions and the

test of the hypothesis that they ere equal resulted in the following:

". d/c = .5935
d

p (j d/g | > .5435) = .55.

This can be interpreted to indicate that cancer deati, rates were not

significantly different for exposed versus non-exposed populations. As

might be expected, this statistic is in nearly perfect agreement with the

previous chi quare test. However, sex was found to be a significant

intervening variable with death by cancer. Therefore, the above test was

repeated for males only, and females only, with the following results,

1393 035
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Table 22

Males Only o = P not-exposed - P exposed

p (cancer) o n

Not-exposed .1786 .3831 1372

Exposed .2024 .4019 2238

Total .1934 .3950 3610

The normalized difference and the test of the hypothesis that the

cancer rates are equal for the exposed and unexposed population resulted

in:

d/g = -1.75.

p (| d/g | >l.75) = .08.

This may be interpreted to indicate that there is a difference in

the cancer rates, which is at most marginally significant. for exposed

versus non-exposed males.

The classical values used to indicate significance are, of course,

.05 and .01. This p-value is not as small as either of these. In cases

where loss is very high (such as increased cancer deaths) su..h a result

might at least prompt interest and further investigation even though risk

seems low or encertain.

The cancer rates in the females of the cohort were tested by identical

means. The results of that test are presented below:

1393 036
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Table 23

Feaales only d = P not-exposed - P exposed

p (cancer) o n

Not-Exposed .3083 .4626 266

Exposed .3017 .4610 116

Total .3063 .4622 382

The normalized difference and the test of the hypothesis of equality

of cancer rates for exposed versus non-exposed women resulted in the following:

d/g=.13.

p ( |d/g |> .13) = .9.

This indicates that females who are exposed to low level ionizing

radiation die of cancer less frequently than those who are not. However,

there is no reason to reject the null hypothesis of equality of the rates.
,

Therefore, the observed difference is quite possibly accidental.

To summarize the above results: Simple occupational exposure

to low-level ionizing radiation does not appear to be related to the chance

of death by cancer.

The final analysis of this section which is addressed to the

question of the relateaness of simple exposure to death by cancer employs

the Mantel-Haenzel procedure. This will provide even further stratification

of the cohort to remove the effects of the significant covariates discovered

earlier. To this end a set of four-fold tables were generated. One of these

for each of a set of moderately broad age strata, and of course, for each

sex. The tables were then combin(d into the following layouts and the

Mantel-Haenzel statistics computed. The Mantel-Haenzel (M-H) procedure

addresses three questions: gg
-34-
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Is there evidence that the degree of association is consistent.

from one age group to another?

If the degr . of associ. .c consistent is it also.

statistically sis.o.icant?

As uming that the - 1on degree of association is significant,.

what is the best estimate of its magnitude?

To answer these questions the M-H procedure involves the computtion

the three Chi square distr.auted statistics. These are:

MfwithgdegreesoffreedomX2 total * W i.

1=1 -

9 9
X2 *(f N "i) (5.N)withonedegreeoffreedomi. assoc i1 =l 1=1

2 2 2X homog = X total - X with g-i degrees of freedom. assoc

This becomes the M-H procedure with the defintion of:
j1 Pjj _ Pi2n -

mi = dj=

Ei di*

.

and

i = Fj Uj njj ni2W

Nj-1

This requires the definition of:

" "il jj+ Ni2 Pi2Pi

ni 1393 038
and

qj=1-Pj

Further in the ith group, njj is the number of people not exposed

and P is the proportion of the unexposed subjects with cancer as cause ofjj

death. The quantity ni2 is the number of subjects in the ith group who

were exposed, and P is the proportion of exposed subjects with canceri2
as cause of death. The total number of subjects in the ith group is given

-35-
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as nj = nj) + ni2-

Proceeding now by sex we obtained the following results by the

application of the M-H procedure:

Table 24

Males

Not Exposed Exposed

Age Groun nj) Pi1 n Pi2 i2 n d wjj, j

25-34 29 .069 39 0 68 2.41 3.7~*

35-44 84 .143 116 .164 2d0 - 16 6.38.

45-54 203 .118 328 .207 531 .621 17.94

55-64 340 .215 568 .208 908 .042 35.28

65-74 375 .235 675 .244 1050 .049 44.1

75-84 267 .146 410 .180 677 .244 22.49

85-94 70 .1 100 .09 170 .177 3.51

95-104 4 0 1 0 5 0 0

105-114 0 0 1 0 1 0 'O

From this we have (discarding ages 95 and above for insufficient data):

Wdf=30.13X total =.

5
1=1

7

/ (f W.) = 9 /133.4 = .607X assoc = (I W d )2 2
5j I

.

i=1 i=1

2 2X homog = X total - X assoc = 30.13 .607 = 29.52.

Testing the hypothesis that the degree of association is homogenous from age

bracket to age bracket we have:

Chi square = 29.52.

1393 OM
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df = 7-1 = 6,

p (Chi square > 29.52) < .001.

This strongly indicates that the degree of association varies from

age bracket to age bracket. Therefore, it is not possible to analyze the

common degree of association. The degree of significance of association

between exposure and subsequent cancer death must be examined for each

individual age bracket. Since the actual four-fold tables can be recon-

structed from the above layout only the Chi square statistics and the
. , .

significance of each is shown below. .

Table 25

Males

Age Group Chi Square Significance

25-24 .88 .347
35-44 .042 .837
45-54 6.34 .011
55-64 .027 .869
65-74 .078 .779
75-84 1.14 .285
85-94 .002 .962

From the above it can be seen that there is a statistically significant

degree of association in only one age bracket: namely 45-54. The four-

fold table for that age bracket is presented below.

Table 26

Males Age 45-54

Not Cancer Cancer

Not Exposed 179 24 203

Exposed 260 68 328

439 92 531

}39) 0
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As mentioned above:

Chi square 6.34.

df = 1.

p (Chi square > 6.34) = .011.

The odds ratio fc- this age bracket is given as:

P.1(1-P.2) .118 (1 .207)
1 10= = .51=

P.2 (1-P.1) .207 (1 .118T
1 1

This indicates that subjects who were nct exposed in this age~*

biccket died of cancer only fifty-one percent as often as those who were

exposed. More directly: 11.8 percent of those who were not exposed

died of cancer, while 20.7 percent of those exposed died of cancer. To

summarize: given death between the ages of 45-54,cimple occupational

exposure is associated with a two-fold higher cancer death rate then the
rate for unexposed men in the cohort.

Applying the M-H procedure to the age stratified women of the

cohort, the following layout was obtained: (see next page).

1393 041

-38-



- .

Basic Statistical Tests

T&BLE27

Females

not exposed exposed
Age Group

ni) Pil ni2 Pi2 nj dj Wj

25-34 8 0 5 .4 13 -2.83 .434

35-44 40 .375 8 .375 48 0 1.596

45-54 54 .37 33 .273 87 .432 4.6_ , .

55-64 59 .475 28 .429 87 185 4.77

65-74 53 .189 26 .231 79 .26 2.86

75-84 41 .22 14 .214 55 .035 1 .81

85-94 12 0 2 0 12 0 0

105-114 'l 0 0 0 1 0 '0

From this we have (discounting ages 85 and above for insufficient data):
7

2 2 = 4.69total = ,Z Wdj5x.

1=1

7 7
2 W d )2 (I Wj) = (.961)2 (16.07) = .057x assoc = ( I ii / /.

i=1 i=1

2 2 2x homog = x total -x asscc - 4 96 .057 = 4.63

Testing the hypothesis that the degree of association is homogeneous

from age bracket to age bracket we have:

Chi square = 4.63.

df = 7 - 1 = 6 OG.

p(chi square >4.63) %.59.
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We find no reascn to reject the hypothesis that the degree of association

between exposure and subsequent cancer death is homogeneous from age bracket

to age bracket.

The hypothesis that this average degree of association is zero resulted

in the following:

chi scuare = .057.

df = 1.

-s

p(chi square > .057) % .81
~

.

This does not indicate that, for the women of the cohort, simple

occupational exposure is associated with subsequent cancer death.

Next, we sha'.1 describe the analysis done to investigate the question:

Is the rate of dosage related to the incidence of death by cancer? The rate

of dosage was derived from the data available on the cohort as follows:

dose rate = (cumulative lifetime dose)/(total years of exposure)

It must be observed that this indicator is, at best, a crude estimate,

and that the dosages involved were certainly not accumulated uniformly

over the course of exposure. However, in the interest of such information

as is contained in this index, we performed the following analysis. The

difference in reean dosage rates per year for the cancer vs. the non-cancer

groups was tested for statistical significance. We proceeded, as usual, with

the total population first, then the male and female populations separately.

The anaiysis and results follows:

-}393
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TABLE 28

Total Population (d = 5 not cancer -5 cancer)

mean
rate o n

not cancer 7.8 25.93 3177

cancer 8.2 24.93 81 5

I

all 7.8 25.73 3992
I. _

.

The test which was computed and the statistical significance of the

observed difference between the mean rates for the cancer vs. the non-cancer

croups were as follows:

d/ .395.

d

P(|d/ d | = .395) = .C92
.

H . d = o vs. H): d/0. g

There is a slight difference in the mean rates of exposure for the

cancer vs. the non-cancer groups. However, we would expect a result which

was this different, or more so, seven tries in ten by chance alone. This

dafinitely gives no indication that H should be rejected in favor of H .g 3

Proceeding as above for males only we have:

139 044
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TABLE 29

Males Only (d = R not cancer -R cancer)

mean
rate o n

not cancer 8.36 26.97 3177

cancer 9.15 26.61 815

all 8.51 26.9 3992

.

The test statistic and the results of the test of the ' hypothesis that

the observed difference betwcen the males who died of cancer vs. those who

did not is due to chance alone are presented below:

d/Cd = .697.

P(|d/o|>.697)=.1038.

H: d = o vs. d / og

This result indicates a marginal but not classical degree of signi-

ficance between the cancer vs. the non-cancer groups. Again, if the risk

is great, this degree of differer:e certainly prompts further research.

"ow, for the female groups in the cohort we obtain:

TABLE 30

Females Only (d = 5 not cancer -R cancer)

mean
rate o n

not cancer 1.82 5.35 '3177
|

cancer 2.60 8.14 815
1393 045

all 2.06 6.33 3992
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The test statistic and the results of the test of the hypothesis

that the observed difference is due to chance factors alone for females

who did not die of cancer vs. those who did are as follows:

d/ d * - I II.

P(| dad |>l.ll)=.2669.

H: d = o vs. d / o. g

Another non-significant result. Therefore we cannot reject Hg
*' with any confidence.

'

To summarize the results of the above analysis: The average rate

at which occupational exposure to low-level ionizing rariiation was incurred

does not appear to be significantly different for those who die of cancer

vs. those who do not. It is to be remembered that the variable used above

is only a crude estimator and that the dosages involved alnost certainly

did not occur uniformly across the interval of exposure.

Next, we shall describe the analysis which was performed to in-

vestigate the question: Is the total lifetime dose of radiation related

to the probability of death by cancer?

Since it is difficult to compute the probability of death by

cancer as a function of the independent variable at hand, we will again

stratify the variable for those cases who died from cancer vs. those who

did not. Tnis means we will test the hypothesis that the mean life-time

dose for the two groups is, in fact, equal. The dif ference of the mean

lifetime exposure for cancer vs. not cancer population was tested:

Table 31

Mean life dose o n

Not cancer 95.0 333.3 3177

.}39) OkbCancer 113.7 382.8 815

All 98.8 344.1 3992
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The results were:

d/od = -1,38.

P(|d/c|>l.38)=.1662.

d

H : d = o vs. d / o. g

Which provides no evidence for the rejection of the null hypothesis

that. the group means are identical.

Proceeding as above for the male population in the cohort we found:

Table 32
-e

Males Only
,

d = 6 not cancer - D Cancer

Mean Life Dose a n

Not Cancer 101.77 346.81 2912

Cancer 126.41 407.34 698

All 106.53 359.38 3610

The test statistic and the results of the test of the hypothesis that

the observed difference in the mean lifetime dose differs for males who

died vs. those who did not die of cancer resulted in the following:

d/ = .627.

d

P(|d/ d|>l .627) = .104.

H d = o vs. Hl: d/o. g

We can interpret this to give us at best marginal reason to reject

the hypothesis that the lifetime dose of radiation in males differs by cause

of death.

Proceeding as above for females in the Hanford cohort we obtained:

t3c)3 047
'
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Table 33

Females Only

d = D not cancer - D cancer

Mean Life Dose a n

Not Cancer 20.85 70.08 265

Cancer 38.31 157.63 117

All 26.2 105.03 382

The test statistic and the results of the test of the hypothesis*'

is that the mean dose for females who died of cancer is equal to the mean

dose for those who did not die of cancer are below:

d/ d = - 1.497.

P(|d/ d|>l.497)=.1344.

H : d = o vs. Hj: d/o. g

Which again provides no definite evidence of a difference in the

mean lifetime doses of the cancer vs. not cancer groups. However, it must

be noted that the standard deviations in the lifetime dose for the cancer

vs. the non-cancer groups are highly different (70.80 vs 157.63). The

statistical test which was used above is quite sensitive to differences

in the y,oup standard deviations. The result which it gives cannot be

accurately interpreted. Therefore, an additional test statistic was

computed for this table. That statistic is the Welch-Alpin t-test. The

statistic is computed as follows:

Rn - Rc

2 2
t + cc= on

Rn Kc

\fb
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For the data in question this statistic evaluates :

20.85 - 38.31 -17.46 = - 1.15=

15.19

(70.08)2 + (157.63)2t =

265 117

That statistic is distributed as Student's distribution for degrees of

freedom which depend on the standard deviation of the two groups. However,
"

even for infinite degrees of freedom the value -1.15 will not allow us to

reject the hypothesis that the group means are equal with the same degree

of confidence that the above procedure allowed. We find, therefore, no

reason to reject the hypothesis of equality.

To summarize the results of the above analysis: The total lifetime

dose incurred by the cancer vs. the non-cancer groups of the population

are not statistically different and we see no reason to claim that the

simple lifetime dose is related to death by cancer. This is, of course,

not to claim that the same would be true for all lifetime doses at all non-

lethal levels only that it is true for the occupational levels encountered

by the Hanford cohort.

The final basic question with which this section shall deal is: Does

age at death differ for exposed vs. non-exposed populations? We performed

two basic types of analyses to investigate the question.

First the mean age at death was computed for the exposed vs. the non-

exposed groups with the following results:

1393 049
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!able 34

d = A not exposed - K exposed

Mean Age
At Death a n

Not Exposed 59.17 13.66 2354

Exposec' 59.72 12.87 1638

All 59.50 13.20 3992

The test statistic and the results of the test of the hypothesis that

the observed difference in the mean age at death for exposed vs. non-exposed

population are shown below:
.

d/oj=-1.29.

P(|d/o|}>1.295)=.1953.

2
H : d = o vs. Hj: d/o. g

Again we have no reason to reject the hypothesis that the age at death

is, on average, equal.
,

In addition, we correlated age at death with lifetime dose with the

following results:

Table 35

2r r P(r) n

Ali .0104 .00011 .37 3992

Male .00729 .00005 .41 3610

Female .0822 .00675 .05 382

We note that over all and in the male sub-population that there is

no significant correlation between life span and lifetime dose. However,

there is a slicht positive ccrrelation in women at the .05 level of con-

fidence. This indicates that longer life spans are weakly associated with

1393 050
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higher lifetime dosages. The source of this relationship is unclear at

present. As further data accumulate from other sites the issue will,

presumably, be resolved.

With one noteworthy exception, the analysis described in this

section can be characterized as uninformative with regard to who will

die of cancer.

To summarize the analytical results of this section we found one

significanc result and many non-significant results:

Men who died at ages from 45-54 and were exposed (lied from.

cancer almost twice as often as similar men who were not

exposed. There were 531 men in that age bracket and 20.7

percent of the exposed men died of cancer while 11.8 percent

of the non-exposed men died of cancer.

No significant relationship between exposure and cancer death.

in any other age bracket for men.*

No significant relationship between exposure and cancer death.

for women.

No difference in the rate of dosage for subjects who died of.

cancer versus subjects who did not die of cancer. With rate

of dosage being computed as:

(lifetime dose) / (years exposed).

No difference in the average age at death for exposed versus non-.

exposed populations.

No correlation between lifetime dose and life span for males..

A slight positive correlation between life span and total.

lifetime dose for females. It is to be emphasized that this

correlation is very weak and that it is certainly not clear

that higher lifetime doses cause longer life.
\Y-48-
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This section describes the application of multivariate discriminant

analysis to the prediction of which subjects in the cohort died of canccr.

It does not attempt to develop a dose response for the population because

of the multivariate nature of the predictive model. The presence of

non-radiological variables in the model also makes the interpretation of

any dose response relationship difficult and error pro ne.

The primary purpose of the section is to explore the relationship of

certain of the independent variables as they act in concert to predict who

in the cohort died of cancer. As was shown in the section in basic statis-

tical tests, these variables taken one at a timp '. ave little power to

predict who died of cancer except in one age bracket for the neq of the

cohort. However, it is sometimes the case that the more complete description

provided by several variables will allow good predictions to be made even

when these same variables, individually, do not. ' There are a variety of

variables in the Hanford data which may act--both simply arid jointly--in

explaining variations in the risk of cancer death observed in the cohort.

Since there are several relevant variables and some of these are continuous

in nature the method of multi-way contingency tables which is of ten employed

for multi-variate analysis is not practical. In this casa it would result

in more cells in the multi-way cross classification than there are cascs in

the Hanford data. We will therefore employ a discriminant analysis which

will develop a linear ccmbination of variables which will maximally separate

the cancer from the non-cancer groups. We will then use tnis linear combina-

tion to classify the cases as cancer vs. non-cancer as cause of death. Several

analyses of this type were performed in the attempt to identify those variables

in the data that have the best ability to separate the cancer from the non-cancer

deaths. The set of variables with which we began our discriminant analysis is

1393 052-49-
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comprised of:

Total life time dose.

The peak exposure rate.

Years exposed.

The cancer death ratic for women.

The cancer death ratio for men.

The y:ar at death.

Average rate of exposure..

Several of these variables were derived from the data provided by the

commission. How each of these was derived is described belcw:

The peak exposure rate - The cumulative lifetime dose is available.

at death, three years prior, five years prior, ten years prior,

fifteen years prior, twenty years prior and twenty-five years prior

to death. The average dose rate for each of the intervals defined.

by these cumulative doses was computed as: (incremental exposure

in interval)/(years in interval). The maximum rate of the above set

is taken as peak exposure rate.

Years exposed - Years excosed is found by examining each of cumula-.

tive lifetime exposures at the above described points. For example,

if the dose twenty-five years before death is non-zer'o then the

years exposed variable is nominally defined as 25. If the twenty-

five years prior to death exposure is zero and tne twenty years

prior to death exposure is non-zero ^. hen the years exposed variable

is defined as 20.

j}g} Q$3-50-
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The cancer death ratio for women - The cancer death ratio fer women.

is computed as a function of age at death. For each of the age

brackets:

- 25-34

- 35-44

- 45-54

- 55-64

- 65-74

- 75-84 .

- 03-94

- 95-104

- 105-114

The cancer death ratio (CEF) was computed as follows:

CDRF= (# of female cancer deaths)/(# of female deaths).

The cancer death ratio for man - The cancer death ratio fo; men was
.

computed as above, except that male deaths were used.

The a terage rate of exposure - The average rate cf exposure was.

computed as: (lifetime dose)/(years exposed).

Though this method is well established in the field of cardi 11ascular

epidemiology, as can be found in the references, there are certain hazards

which must be guarded against in its use.

One problem which may Cause difficulty is the form of the cancer death

ratio as a function of age at death. If this ratio is increasing with age

at death, and the total lifetime dose is increasing with age cl death, increas-

ing risk of de;th by cancer may be falsely attributed to dose when the better

1393 054.s,_



'Y Combined Impact
,

|N$ fMb W| Y
- - - - . . _ . . - - - . _. . _ - . _ . - _ _ . - - . . . . _ _ . . . . . - -

._ 3.. . . _

_ }} ___ _ . _ . _ . . . . _ .__

.

. . _ . _ . . .. _. .. . . . . - - .

.

- - . . ,, _ . - . . _ . _ _ . _ _ _ . . . . _ _ . _. . . - . - . . _ _ _ . . . _ . _ . _ . . . . . - - - - - - - - - . . . - - - -

.

. . - - - . . _ ~ . %,._. . _ _ - - _ . _ _ _ . _ . - - . . . .

.

- ..
,

-

.

. . . ,

.

~~

*T1

5. w .
E

_ . _ .
n.. m

6 3%.

%x 2
'E-- % & k .t k

> tm,

T r a$̂
q -- m 4^

9

kM b
k k"1

'

t
- --- G .. x

V 4%- 3> x
- ,a -- 3e$

A

g
i st-

xh ix*

D' (
. s

hkg___ _
%

W s
* % A

S h
k ?

s
%
M

_ _ _ . . __ \
'

,

i

! 1393 055
-

1

-52-, s.p , , ,n



9~

Combined Impact.

-- - - -- - . - - . - _ . .... _ .- ._ _ _ ._ __. _ ___ _ . _

isox.p~sc u 4 - I u a -,m
. _= - . - ._ __. . .. . __

, .

g_ _ _

.

y ''* ..

.

"'" ^ - - -- -- . . - - - . . _ _ - . . _ _ _ _ _ __ _ , , , _ , _ , ,

.

~ * ^ ~ ~ ~ ' -* -~ ~ .-- ._. . , _ _ _

.

t- %-
.

.

- .

]4
' $ g

8.

@% - . _.g

Yb%*

*b *b- s yL r** +O

$$ &k-

t; .. & ass.

rs o~.
2 S iM

'' N IO
t 3 %

?k. X

gDt -- o
,

wes,

$p,o1&&
~-

T- *- e.,a
R A'

t-=..

3 $
a

$ }

. . _ .

_ ._. . ___ . .- . 1393 056
.

1

A=-===--. --- --- . ..__..,__.a, _ _ . . . . _ _ _ , _ ___

<* . . .t r . s Y - 11 - l - -53-



Combined Impact
,

explanation is age.

Another problem is that the individual variablesmay be highly inter-

correlated leading to results which are difficult to interpret.

Regarding the first possible problem, the form of the cancer death

ratio is of primary interest. The cancer death ratio for the male and female

general populations of the United States was computed. The results are

shown on the following pages. It is clearly observable that the cancer

decth ratio is not increasing with age at death after age 60 for men and

after age 50 for women. The cancer death ratio which was derived for the men

and women of the cohort is shown on the same axes. This implies that, even

if lifetime dose and age et death are correlatad, that confunding of the

effects of increasing dosage and increasing age is not a problem of practical

concern for this study.

To address the problem of the degree to which the independant variables

in the discriminant model are correlated, a matrix of correlation coefficients

was computed for the independent variables used in the discriminant models

to be derived. The correlation matrix for males is given below.

TABLE 36

Correlation Matrix for Males *

life average peak years age at year of

dose rate rate exposed death death

life dose 1 .854 .929 .257 .034 .182

average rate 1 .907 .129 .128 .082

peak rate 1 .239 .07L .158

years exposed 1 .24 .494

age at death 1 .3827

year of death 1

|

*All correlation coefficients significant at .05 1393 057
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Some important observations on this correlation matrix are:

Three of the radiological variables are strongly intercorrelated.
.

These are lifetime dose and the two variables which were derived

from it, so intercorrelation is not surpiising.

Age at death shows slight negative correlations with lifetime.

dose, average rate, and peak rate. This again points up the fact

that age and age correlated factors will not be confounded with

these three radiological variables. -

Age at death is correlated with years of exposure for the male.

subpopulation of the cohort.

Year at death and age at death are correlated.
.

The correlation matrix for the independant variables used in predicting

which females in the cohort died of cancer is shown on the accompaning Table 36.

Some important observations about this correlation matrix are:

There is no significant correlation between age at death and life-.

time dose, average rate of exposure, peak rate of exposure, and

years exposed.

As with the males, the radiological variables are inter-correlated

among one another.

at deathYears exposed is correlated with age

These observations will be recalled in order to clarify the interpre-

tation of the discriminant models which have been contructec for this study.

1393 058
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TABLE 37

Correlation Matrix for Females

life average peak years age at year of
dose rate rate exposed death death

life dose 1 .881* .945* .426* .074 .09

average rate i .889* .389* .04 .039

peak rate 1 .423* .064 .065

years exposed 1 .095 .221*

age at death 1 .095*

year of death 1

*Signt'icant at the .05 level of confidence.

In many cases, such as the highly correlated radiological variables

used here, the complete set of independent variables at hand contain

redundant information about the difference b9 tween the two groups being

investigated. In some cases the variables at hand may not be useful in

discriminating the members of one group from the members of the other.

Sequential selection procedures for variables to be used in discriminant

models have been developed. In this analysis a generalized distance measure

(V which was proposed by C.R. dao) is used. The final discriminant model

is constructed in a step-wise manner one variable at a time. First, the

variable which produces the greatest distance between the groups is used to

create a single variable prediction for group membership. Thereafter, the

model is sequentially augmented by the variable from the full set which adds

most to the distance between groups already attained with the previous
1393 059
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variables. Often a reduced set of variables can be found which is almost

as gcod, or even better than the full set. When no variable from the full
* Set can be found which increases the distance of the two groups from one

another,the analysis is terminated. The interested reader is referred

to the references listed under statistical methods in the bibliography.

The test of significance for each of the variates as they are added to the

model can be found in Cooley and Lohnes (1971 page 175).

The first discriminant analysis which was conducted was based on the

male population and the following set of variates: -

Cancer death ratio for males (CDRM)

Peak exposure rate.

Lifetime dose *.

Average rate of exposure.

Year at death.

'. Years exposed

The actions taken in the step-wise procedure are summarized on Table 37.

Of the six available variables, three entered the model.

_

* Coded as 0=0, 1-99=1, 99+=2. The naw lifetime dosages never
entered into the models generated by step-wise methods. Raw dosages in fact
decreased the distance between the cancer and not-cancer groups.

}39) Ob
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TABLE 38

Step-wise Discriminant Analysis-Males

step variable entered Rao's V AV significance

1 CDRM 47.72 47.72 p<.00009

2 year at death 51.53 3.81 .05

3 life dose * 52.79 1.26 .26

* Coded as 0=0, 1-99=1, 99+=2. The raw lifetime dosages never entered into
the models generated by stepwise methods. Raw dosages in fact decreased the
distance between the cancer and not-cancer groups.

For the male sut' population, in the aggregate, only one radiological variable

enters and it is not associated with subsequent death by cancer at an

even marginal level of significance. However, since significant variability

from ,ge bracket to age bracket was observed for the association of simple

exposure with cancer death using the Mantel-Haenzel procedure in the previous

section an age stratified analysis was undertaken here as well. For each of the

age brackets previously described, a step-wise discriminant analysis was performed.

The findings for each age bracket were:

25-34 - Only two cases of cancer caused death were found so no.

significiant findings were possible.

35-44 - No significant predictive variables were found..

45-54 - Years exposed is correlated (canonically) at the .001.

level of confidence with subsequent death by cancer. The average

rate of exposure enters the model but is significant only at .09.

1393 061
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55-64 - No variables were significantly associated with subsequent.

cancer death.
.

65-74 - No variables were significantly associated with subsequent.

cancer death.

75-84 - The average rate of exposure was associated with subsequent.

cancer death with p-value .0001, and year of death at. 035.

85-94 - No radiological variables were significantly associated.

with subsequent cancer death.

For each of the two age brackets in which sig6ificant findings were

uncovered, the step-wise analysis is presented in a table. First, for the

45-54 age bracket we nave:
.

TABLE 39_

Step-wise Discriminant Analysis
Males ages 45-54 at death

step variable entered Rao's V AV significance

1 years exposed 10.55 10.55 .001

2 life dose 13.45 2.89 .089

Canonical Correlation: .157, significance: .001

} N) 0
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The power of this model to predict who in this age bracket died from

cancer is shown in the following four-fold table:

Actual Predicted

not-cancer cancer

not-cancer 282 157

.

cancer 46 46

From which it can be seen that the model correctly predicts 328 of 531

or 61.77 percent of the cases.

As was noted earlier, the years exposed variable is correlated with

age at death, but in a ; ingle age bracket this is of no great concern. It

is to be noted that increasing periods of exposure point towards increasing

risk of cancer death.

Turning now to the other age bracket in which significant results

were focused we have the following:

TABLE 40

Step-wise Discriminant Analysis
Males ages 75-85 at death

step variable entered Rao's V 6V significance

1 average rate 15.68 15.68 .0001

2 year of death 20.11 4.4 .0353

Canonical Correlat' ion: .17, significance: .0001

}393 0b
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The predictive power of this model is expressed in the following table:

Actual Predicted

not-cancer cancer

not-cancer 404 160

cancer 68 45

..

~

From which it can be seen that the model correctly predicts 449 out of 677

or 66.3 percent of the cases correctly with high average rates pointing in

the direction of increasing cancer risk.

The method of step-wise discriminant analysis was applied to the women

of the cohort. The variables available for inclusion into the model are

the same as were available for the males except for the cancer death ratio

(CDRF).which was computed specifically for the female sub-sample. The lifetime

dose was again coded as was that for the males. When the raw lifetime dose

scores were made available to the step-wise discriminant procedure the

variable was not included in the model because it decreased the inter-group

separation rather than increasing it - even trivially. The table describing

the course of the stepwise discriminant analysis for the female subpopulation

is shown on the following page (Table 39). Two of the radiological variables

are associated with subsequent cancer death at a p-value of .06. This is

not quite significant to a classical degree of one chance in twenty. They are

significant to one chance in 16.67. This is obviously a borderline value.

It is to be observed, however, that this degree of association arises from

1393 064
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TABLE 41

Step-wise Diccriminant Analysis-Fenales

step variable entered Rao's V AV significance

1 CDRF 25.68 25.68 p<.00009

2 peak rate 29.09 3.41 .06

3 years exposed 32.52 3.43 .06

4 average rate 33.86 1.34 .24

5 life dose 36.36 2.5 .11
-e

Canonical Correlation: .295, significarne: p<.00009 -

the rather small set of cases available in the cohort which were female.

This result must be called ambiguous at ~ this time. As more data become

available the question should be reinvestigated. The addition of a few

hundred cases may suffice to settle the issue.

1393 065
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