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CAMBRIDGE
TO: V Bakeman/New York DATE: 28 July 1982

0. M. Favorito

w. J. McCaig

M. Stoller

R. M. Vining

J. W. Wolter
FROM: H. A. Eschenbach

SUBJECT: ~Mortality Study -- Richard Monson

Attached is a copy of the "quick-and-dirty" mortality study done
by Richard Monson at the Harvard Schoo! of Public Health.
Apparently, he completed it rather quickly after our meeting but
sat on it while he went on a trip to China.

As you will observe in Table 1, our major problem is death from
respiratory cancer. This is no surprise. There are no other
statistically significant aberrations from norms.

While we cannot say for certain that our collection of death
certificotes is complete or representative, there is no reason to
believe that there is any bias in our accumulation of them. There-~
fore, one must assume that NIOSH's study will be in the same
range. NIOSH would possibly not pursue the mortality portion of
their study if we provided this information to them. On the other
hand, | see no advantage or disadvantage in doing so.

'/’,".-/',1;'1’/?);

o

Harry Eschenbach
HAE/cs
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This 1S an analyuis 3f 66 death certificaty tor Libby employees of
W.KR. Grace & Company,
HETHOO
The 66 deaths occurred hetween 1950 and 1931, inclusive. The dcatns
werre coded according to tre 8th revision, International Classification of
Diseases. The observec c=aths were distributed by age at death and year
of death in five-year str2ta. Expected deaths wcre computed using the
USDR computer program (1). Expected numbers were based on age-time-cause
specific proportional mortality ratios for U.S. white males.
RESULTS
As seen in Table 1, there was an excess of cancer of the respiratory
system - 14 observed ard 5.0 expected. Two of these cancers were meso-
theliomas. There was only a small excess of death from non-malignant res-
piratory disease. As seen in Table 2, most of the excess being cancer has
occurred since 1975.
COMMENT
The data in this recort are consistent with excess death due to
respiratory cancer as a result of exposure tc astestes.
REFERENCE

1. Monson RR: Analysis of relative survival and proportinonal rortality.
Computers and Biomedical Research 7: 325-332, 1974,
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Jabae . egUSC et et B i sk,
T M08 Couse of Death  Obeerved  Cxpected® | Obs/Exp
- - SR AN Y S :
- AN 66 66.0 1.0
140-209 A1l cancer 20 14.0 1.4 g
150-159 Digestive 3 3.9 0.8
160-164 RaspiratoryC 14 5.0 2.8d f
185-189 Geni tour inary® 3 1.8 1.7 -
- residual 0 3.3 -
390-458 Circulatory 28 35.5 0.8
460-519 Respiratory 5 4.3 1.2
800-999 External causes 4 4.7 0.9
- Residual 9 7.5 -

2. International Classification of Diseases, Eighth Revision.

b. Expected numbers computed on the basis of age-time-cause specific
proportional mortality ratios for U.S. white males.

¢. Lung cancer - 11, mesothelioma - 2, mediastinal cancer - 1.

d. 95% confidence interval = 1.7 -4.5,

e. Prostate cancer - 3.
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Table ¢, UDSErved amd eapes Sl mmoet Cgf PR irad fer s cahBgul decgnd iy ey
_._year of death__ ¢

-- e = - e = . - - cewms e w mee - s = e oeeey -

Year Observed Expected 08046943

< 1965 0 0.5 i

1965-69 3 0.8 §

1970-74 1 1.1 :

1975-79 7 1.8

> 1980 3 0.8 §
14 5.0 |
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Analysis. of
Relative Survival and Proportional Mortality® .
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A G et PROEEAnY Uhilizng Cuasg JeC-PW WAt ettty OF inchdence
roten JdusandNd The progiam s - 0d 10 deternung 1he oywvivd semler of Jdeaths or
cantr vl Aot Ao ane. ga group of persens oo G e Jead. the numbaer
Canat o Base Jiad o cachicanw €30 B calvufaned Ly proeporional mortaliices.
Marta! 2y tatos tased on Lnited Stuaes vital statastes have teen assembted for 37 causcs of
soath o wheg malay, white fuoies 3 non-white malos for cach ineavear age and time
perad treas 120 pough 196 Proportional mortalaes amd propeiiional cancer
el s have teen calvulared. Incndenie rates from bhe Conncoticut Cancer Registry
Are wvatlatie The computer program s general and cun be madificd 1o use other sets of
fates in Sowemunng the sapedied aumter of Jeaths in any sty ropulation,

T disimilar epidemiologic techniques, the estimatoa of reliative survival and
prerartenat poetality share 2 common zround: cack s depeadent upon 3 standarnd
sref degtlas B relative sunsvivel, standund death rates are calvulated and are use:d
te vempuiie the evpeciod nea! oeoof total deasths tnoa conari In proportional
sces Ry the number of deaths diie 1o a specific cause 1o dindeld by the nuinber of
Lot ceatte and this proportie s ased 1o commpite e evpected number of cause-
specai desths anmong g oeroup of decs sed peraans

Prow paper desenbes o compuier program developed o anadsvee cohort studies
e relat vl and st anadostes and o analyce st os wang proportiony!
reiny iese technmques have been fuliy deswnibcd and lustrated by other

Authe v A The standand death patecard proportosal nua i ies are based on
Cotindn e inieasen- e apecitivc data tor the pepulaties of the Cnted States from
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abaractad 14 3 Forthe sears 1925 M, the popubauon was grouped in 10-year ape
proups (03514, 854} | or succerding years. the population was grouped n
tvescar cpe proups (0 4,89, RS +). For cach age proup, the average population
Curmy each e veir perad (192529, 1930-34, .. ., 1965 -67) was caleulated fur
whue iades, wihite femalbes amd non-white males.
Standied Jeaths. For cach vear from 1925 1o 1967, the numbers of persons dying
from selocted causes of death were abstracted from United States Vital Statistics (£),
. specihie for age. sev and race. To date, infornation on 23 categories of cancer und
Meategonics of other causes have been abstracted. Prior 10 1933 the data are derived
from the states included in the death registration arca. The age-time breakdown
correspunds to that for the standard population. The average number of age-specific
deaths per year within exch five-ycar time period was calculated. For cach causc a
cause-of-decath code was assipned according to the Seventh Revision of the Intes-
nationa! Classification of Discases (6). Since codes and coding procedures change
with time, causes from different times were grouped according to title of cause of
dcath rather than according to ICD code.
Standard rates. For each age-time period for each race and sex the number of
death, per 1000 populaticn per year was calculated. For some five-year periods the

TADLE |

MortaliTy RaTes ror aLt Catszs FOR \WWHITE Fimarzs 1x UNIiTIO STATES ACCORDING TO ACL
AND Yian oF Dranin, Exratasto as Nussias or Drams rin 1000 Porutanion rtx Yean

’ Year of death
Ageat ——

death 1925 1930~ 1938~ 1930- © 19435-  1950- 1953- 1960~ $965-.

- - ——

0- 15.9 13.0 121 9.7 1.4 5.6 5.0 44 38
3- 1.6 1.3 1.2 0.8 0.6 0.5 0.4 04 0.}
10- 1.6 1.} 1.0 0.7 0.3 04 0.3 0.3 0.2
13 2.9 2.1 1.5 1.0 0.9 0.6 0.5 0.5 0.5
20- 2.9 b | 21 1.5 1.1 0.7 0.6 0.6 0.6
25- 40 )2 2.6 1.2 1.3 0.9 0.7 0.7 0.7
30- 4.0 32 3 22 1.6 1.2 1.0 1.0 10
A5- 5.8 48 LNy 2.9 2.3 13 1.5 1.5 1.3
40- bR 48 5.0 39 32 2.7 N 23 24
45- 10.1 9.0 1.0 5.7 4.3 4.1 37 36 M7
0- 10.4 9.0 9.9 8.6 7.4 6.4 3.3 5.5 36
35 210 19.6 1.7 12,9 11.0 9.7 8.1 1! 33
60- 21.0 19.6 22.4 19.6 17.2 15.2 137 123 12.4
65- 492 45.4 349 30.7 26 242 2.6 209 225
70- 49.2 454 $4.2 aa 45.3 40.4 36.6 3.0 JAR
25- 118.2 10719 93 11.2 746 66.8 62.06 373 55.0
80 118.2 tore 1417 19 114 109.0 1084 1C04 944

25+ AR M4 272 2208 2089 191.4 1960 1938 200e

. 15125067
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WILATIVE SUNVIVAL AND PROPORTIONNL SORT NV TEY Ja7

aumbers of deaths fur certain causesitee not published : the rates during these periods
are aswumed to be those of preceding or succeeding pernds The rates for 1965-69
are based on deaths from 1965 67 anty. As an example, total death rates for all
causes for whate females are presensed ain Table 1. (The rates have been truncated
fur purposes of presentation )

Proportaial mrtalitics. The denominator of a proportional mortality is the
number of deaths due 1o all causes The numerator is the number of deaths due to a

. specilic cause. The proportivnal mortalities for cach cause were calculated, accord-
ing 10 the age-time distribution presented in Table 1.

Praportional cancer mortality. The denominator of a proportional cancer mortality
is the number of deaths due to cancer. The numerator is the number of deaths due
to a specific cancer. Proportional cancer mortalities were calculated for each cancer.
accarding to the age-time distribution presented in Table |,

Data ANALYSIS USING RELATIVE SURVIVAL

For cach member of the study cohorl, the following information is needed: sex.
race, age at entry, year of entry, years of survival, status at end of study (live,
deceased or Jost 1o follow-up) and cause of death, where appropriate.

The steps in the computer program are described below, Except for step 8, each
table has the format of Table 2. The data may or may not be calculated, depending
upon the program option selected. Also, options are available as to the number of
table< to be printed. .

Step 11 The death rate matrin is read.

Step 2. The age-year-of-entry distribution of the study cohort is determined in
fise-ycar groupings.

Step 3. The age-time-specific person-years of the study cohort are calculated.
. A person is assumed to have entered on July | of the year of entry and at the
midpoint of the age of entry. If a person is lost to follow-up, withdrawal is
assunmied to have occurred on July 1 of the year of withdrawal. (Options are
available to consider last persons 10 have dicd at the time of loss or to be
alive until the common closing data of the study.) A person entering and
leaving in the same year contributes 0.25 person-years., A person who is a
‘ live withdrawal is withdrawn at the common closing date. usually January 1
.- ] or July I. As an eqample. consider the person deseribed by Hill (7). He
entered the study in 1952 at age 23 and left in 1962, His person-ycars of
survival would be distributed as shown in Fip. 1. The method used in this
program is less precise for an individual than Hill's method, since the exact
days of survival are not compuied. For the tetal population, however,
essentially no crror should ke introduced, since persons who are given too
many partial years of sursinal are counterbalanced by those with too few,

- . 15125068
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The total per-aaercars in 3 study of survival following carcinoma of the
endometrium 631 are distributed as dlustrated in Table 2.

Step 4 Vhe age-time dostribution of the observed deaths v determmed, The
abnered rates are culculated by dividing the observed deaths by the person-
yeuars of survinal

Siep 5. The ape-time-specilic expected deaths are caleulsted by muliiplying
the age-time-specific standard death rates by the age-time-specitic person-
years of follom-up.

20
15\ .
23 w\ _
w
(&)
L
30
35 , ,
1950 '55 ‘60 65

YEAR
FiG. 1. Pervon-years expericnsed by a person entering at age 23 in 1952 and feaving in 1962,

Step 6. Mortality ratios are calculated by dividing each observed number of
deaths by cach expected aumber of deaths.

Step 7. The probability that the observed number of deaths difivrs siznificantly
from the expevted numbers of deaths is calculated using a modification of the
Mantel-Haemazel procedure (9). A Mantel-Haenszel X' iy calculated for
cach marginal ratio as well as for the to1a! observed,/expected ratio. The
Poisson approvimation is made in determining the variance of the expected
deaths, that is, the variance is assumed to be equal to the mean of the expected
deaths. The resultant X'? is conservative, that is, it is less than the corre-
sponding X'* calculated using the binomial variance.

Step 8. The relatise survival life table is calculated (/). The standard errors are
estimated according to the method of Greenwood (/1) For cach year of
sunvival, the following numbers are calculated. as illustrated in Table 3 (the
datain Table 3 are hinuted to the first ten years of follow-up): 1LX, number
starting cach mterval; WX, number of Ine withdrawals; UN, number lost
to follow.up: OBSIDN), observed deaths: ENPIDN). evpected deaths:
OBS 1 NP, obwrnved expected ratio; SURY, crude intersal survnal (1 to

15125069
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i4 1), RSR, relative intenval suevival; SCRSR, standard crror of RSR;

CSURY. crude cumulatine sursmal (0 to 7+ 13 CRSR, relative cumulative
survin gl SLCRSR. stundard error of CRSR.

TABLE 2

PrkseneYrang o8 SUasivar iv a Conoar or 761 Wintl Fruanis Fottowine TREATMINT T0r
CaRC1nOsa OF 1118 ENUOARIRIUM ACCORINNG T AGE ASD YEAR

Year

Age  1920- 1925- 19)0~ 1935- -1940- 1945- )950-. 1935- 1960- 1963- Sum

25- 3.5 1.5 )3 40 1.0 13.3
30- 0.3 23 0.3 5 8 130 100 05 39.8
is- 9.5 45 6.0 90 195 105 190 bR | 81.5

<0 3.5 1.3 4.5 17.0 185 200 370 s 140 45 1590
45- 11} 140 6.3 158 540 718 693 $00 358 35 M1
50- 10.5 403 413 383 8L} 1320 1208 1295 1120 1SS 7290
35- 140 533 323 Io4E 958 1788 2560 2313 165.0 275 12148
60- 5.8 51 960 1233 1668 159.0 2953 3460 263.5 360 13438
65- 40 263 68 1123 1178 2043 2088 3413 3470 49.0 15365
70- 08 190 48 528 1003 1615 2090 2035 329.5 648 11860

15= 2} 190 313 3185 90.0 1415 1858 1580 310 702)
f0 1.5 1.0 123 173 215 633 955 1060 145 3320
b5+ 1.8 0.5 0 128 410 630 115 J42S

Sum 493 2100 3723 SI158 760.0 JOGM.S 14425 17301 16455 2675 80720

TABLE )

Rttanvg SURvIvat RAT108 1OR 761 Wonts FOLLOWING Tatatsing 1ox CARCINOMA OF THE
Expomerriva (stt TENT tor Descrirtios or Dara)

Year LX WX UN OBS(DX) EXPDN) 085 ENP SURV RSR SCRSR CSURY CRSR SECRSR

0- 761 1 0 91 144 6.) .88 %0 0l .88 50 .0l
- 669 0 O 60 12.3 417 91 83 .0 .80 .83 02
- @ 1 0 40 129 32 9} 85 01 23 .30 .02
J- 6.1 0 28 11.8 24 95 91 01 1 n .02
- 8% 0 0 18 1.3 1.6 87 99 Ot .69 16 .02
3- 821 2 0 22 1S 1.9 96 98 01 .66 13 .02
6- 497 S 0 1 117 09 98 100 0! .6 a8 .02
- 431 12 © 10 12.7 0.8 S8 101 (o} .6) s .02
F- 45924 0 1t 127 09 S8 100 01 .62 a3 02

(] 11 120 09 97 100 0! .60 .16 02

9- 424 20

Sum =~ 296 0 465 263.6 18 —_— — — —_ — —_—
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Stept 9-11. These steps are similar to steps 4-6. However, the person-years
for cach persan are not distributed diagonaliy, as in Table 2, but horizontally
according to age at eatry into the cohort.

Steps 12-14. These steps are similar to steps 9- 1. The person years are dis-
tributed harizontally according to year of entry into the cohort,

MODIICATIONS OF RELATIVL SURVIVAL

The numbers of cause-specific deaths expected in a cohort can be obtained if
cause-specific mortality rates are substituted for total mortality rates in step 1. This
technique has been used by others to determine whether excess mortality duc to
cancer has occurred in an industrial population (//, 12). Steps 1-14 are followcd.
with the only modification being in step 8. Persons dying from causes other thun
that being investigated are treated as live withdrawals in the year of their deuth,
Thus, the total person-vears of survival by the cohort is unchanged. However, only
persons dying from the cause of interest are included in the observed deaths. The
relative survival therefore is cause-specific.

If incidence rates are substituted for death rates in step |, the expected number of
incident cases of diseasc is obtained. Currently, the incidence rates of the Connccticut
Cancer Registry from 1915-1962 are available (14).

Data AxaLysis UsiNG PROPORTIONAL MOKTALITY .

For cach member of the study group, the following information is nceded : <cv.,
race, age. year and cause of death.
The steps in the computer program follow.

Step 1. The proportional mortality data matrix i< read.

Siep 2. The age-year-of-death distribution of all deaths in the study population
is detcrmined in fise-year groupings.

Srep . The ape-time distribution of the obsersed deaths is determined.

Step 4. The age-time-specific expected deaths for each cause are caleulated by
multiplying the proportional mortality matrix times the age-time distribution
of total deaths.

Step 5. Pruportional mortality ratios arc calculated by dividing the observed
ratios by the expected ratios.

Step 6. The Mantel- Haenszel X2 is calculated as described.in step 7 above.

This procedure has been used in a study of the cause of death among aleoholics (74).

Souc Tecunicat Fratuns

During ane camputer run, many cavses of death may be evaluated in one cabert,
onc causc of death may he evaluated in many cohorts, or both. Several opnions
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exist as to the detiul of calculation and output desised. When a single cohort i
screened against all causes of death, the cobort datitis read once and the personsyears
of survival are determined. Thea cach death rate matais 13 multiphicd by the person-
vears anatriv o obtain the evpected numbers of catne-specific deaths, Also, the
observed deaths according ta cach cause are counted. When a single cause, usually
all deaths, is sereened agsint many cohorts, only the relatne survival table is
caleulate § and printed.

The program is written in Fortran 1V and currently is in operation on the 1BM
370/165 at the MIT-Harvard Computing Center. Most of the program has been
compiled and is called as a subroutine. A short program (5-20 lincs) must be written
for cach run 10 describe the input characteristics of the study cohort and any
selections 1o be made. In addition, several control cards are nceded to describe
further charactenstics of the cohort and 10 select the various options described above.

. COMMENTS

The major adsantage of using rates from a standuard population is that no formal
comparison proup nced be 3ssembled. In the case of retrospective cohort studies
extending back many years, this is difficult. Further, since the standard cates are
based on a large number of deaths, the rates are relatively stable.

The use of standurd population rates has several disadvantages: characteristics
of the study population which are related to death (or disease) may be different from
those of the standard population The procedures described in this paper take
account only of age, time, scx and race differences. No account can be made. for
example, of the ¢fTect of cigarcite smoking on differences in observed and expected
rates. The effects of this problem may be studied in several ways. If available, a
standard population which is relgtively similar to the study population may be
sclected (3). Anestimate of the mavimum impact of confounding due to confounding

. variables can be made (/, 7.5). The best way to evaluate suspected causal relationships
1s to study them in diserse groups using diverse standard populations, or, lf possible,
to conduct cohort studies using a formal comparison group.

Another disadvantage arises il two or more study cohorts arec compared to the
standard population. 1T refevant demographic characteristics differ between the
two study groups, infczences comparing the two groups may not necessarily be
made by comparing their experience relative to the standard population (/6. 17).

| For example, if relative sursival is a function of age, and if two study cohorts have
dilferent age distributions, agc-adjusted relative survinal rates miust be calculated.
A sccand possibility is to compare the two groups dircctly. by using one group as
the standard populstion and the other as the study population. This option is
available in the program.

The primary disadsantages of studics using propartional moriabty is that disease
rates are not obtained. A propartional mortality preater than one may result from
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high discase-specific death rate or o low death rate from other couses. However, 4
proportioni] mortality study is very cconomical in terms of time and money and
may serve a< a preliminary test of a causal hypothesis (J, 14]. If suggestive resulis
are obtained, a cohort study (retrospective or prospective) may be designed to
provide a mare detinitive test of the hypothesis.
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