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Mosed is a statement on the review of the Ad Ekx cannittee 
I h o p  this will rea& you 

'Ibis is marked "prelimkary" in that it has not been reviewed 
by the other ism ccmnitteemmbers;- It is nm being circulated to 
them and will undoubtedly be revised in reSpOIlSe to their carrrents. 
I hope, however, that it reflects the main thinking of this cumnittee 
as it devel- at the Oct&er rrreeting. 

We did plan at that mting to circulate the reprt to Dr. 
i?mland for onment before preparing its final versim. 
rry slmness in preparing the report, I w i l l  not delay it f u r t h a  for 
Dr. FZwland's review. 
with him will be possible before the final draft is suhnitted. 

for the Center for Rumn Radiobiology. 
in time far your needs. 

In -Jim of 

I hape, hmever, s m  exchange of thoughtS 
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Gigr 0- k=-n 
George B. Hutchison, M.D. 
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January 3 ,  1975 

Second Preliminiq Review of the Plan of the Radium Project 

~hree A of the ~d HOC cannittee on the * tdl Plan 
for the center for ~urrran Radiobiology met on oct&er 9, 1974. 
Members present w e r e  Dr. Seym3ur Jablm, Dr. Ec'fythalena Torrpkins, a d  
Dr. mrge Hutchisan,  chaimmn. 

The follabling infomiion was cansidered. 

(!&e Yellow Boak) 

'Ifcrrpkins 

sample US- death cert.lf.t * .'wtes fron thecurmEasured cases ( P w  . 
receivedduring-the meeting 1. 

a.me Plan of the Radium project of the Center for Human Radiabiology 

b.Written CCrmEnts on The Plan by camittee md-bers , Drs. Jablon, 

c.Prelhinary Iheview of the Plan of the Radium Project, August 29. 
d.Calculation of turror incidence f m n  an ~~~y~~~ 

I mimportance of the skady of the ppulations w i t h  radium 
' burdens is well understood by the ccmnittee, and no consideration was 

given to the psibility of disamtjnuhg t h i s  ser ies  of  investigation^. 
The follming sections amcern areas of concern to the ammittee relative 
to carrying these studies through to  a amclusion reflecting the rmximum 
understarding that can be obtain& frcm infomation available or to be 
&tained f r a n  these papulations. 

1. Inalql-etemSs of data. 
A.Descri@.m 

The single rmst important issue anceming interpretation of the 
radium burden data is that of incarpleteness,  w i t b  the associated 
problem of potential bias. The problem of inccxrpletenes is considered 
-dth ,vet tc ezd~ e l m t  of t??e dztz oolL4on. 

a- Initial identification of the w e d  population. 
The radim project serves both as a registration center and as an 

analytic center. 
techniques for identifimtion of radium burden cases, as tabulated in 
Table 1, page 16, of The Plan. The analysis activi ty w i l l  use different 
groups of rqistered patients for different types of study. 
analyses of mncern to the present cornnittee w i l l  be prospective studies 
of persons identified through the fact of radium exposure. Sources in 
Group I and Group I1 i n  Table 1 identify persons of this type. S o u r c ~  
in Group I11 are potentially biased i n  that prspns identified thragh 
these mans may be selected on the basis of health effects of expsure. 
There w i l l  be m interest in the tumr incidences in total listings of 
patients in Group I and Group I1 listings. 
estbmtes of these total group incidences resulting frcan initial selection 
is essentially negligible. 

The registration activity enploys a broad range of 

The principal 

It is felt that bias in 

Bias n2y enter these e s h t e s ,  hmever, as 

. 
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a result of follow-up procedures, as described belm. B i a s  may enter 
estbmtes of Camparisons of incidences of different fisted groups (for 
exanple incidence ratios or incidence differences) as a result of 
confourding factors, such as age. 

b. -F&suremer~t of e p u r e  
A principal inkrest in the study of the radium cases is in 

incidences in sub-gmup of listed cases characterized by different radium 
burdens. Pkasurerrent of burden has necessarily been Carried out in an 
oppcrL. 'stic fashim. All exposed patients who could be located and 
who to ccqerate have rreasured or w i l l  be measured. 
Deceased patients were masurd when autopsy permission or exhmtion 
pmissian could ke &bind. Measurements have been &tab& 
princiFayy by whole b d y  counter, but useful infomation has also been 
abtained in limited nunhers of cases fran specinws of -ked air or 
from tissues. 

disdppintingly small, as sham in Table 4, page 19, of The P h ,  for 
the mst satisfactory groq of patients with respect to init ial  total 
group selection. 
of persons cmacteri-zed by a given range of radhn burden, the relevent 
selecticn proceduxes are selection for being measured rather than selection 
for being f isted an a mster of Group I or 11. Techniques are necessary 
to esthate the ma@tude of the ptent ia l  bias h selection of patients 

far measuremnt in -lex ways. 
-an to ccme to attenticrn or may cause a person to refuse to cooperate 
in a kdy  burden masummnt. Death my, similarly, influence patient 
availability for s-. A principal fo l lwup  technique is death search, 
so that patients atherrJl ' s e  lost to study fray be located by this  mthd. 
The fact of death, -ever, w i l l  be biased ward persans With malignant 
disease. Q1 the harid follow-up through later employment rem& or 
thc~ugh ~ ~ S C I E L I  a n t a c t  will  be favored by gocd mth. 

The proportian of expcsed patients who have been m u r e d  remins 

hihen estimates are nade of incidences within sub-groups 

for rreasuren-ent, reoognizing that  health effects may influence q p r t u r u  ' t i es  
Illness my, for -le, -use a 

c. Measurerrent of ou- 
Information on o u m ,  principally developrrwt of malignant tumrS, 

has similarly been obtained cppxtum 'stically. 
for both patients whose expcsure has been n-easured and for patients whose 
expsure has not been rreasUTed. A E i i h b i f i t y  of th is  information varies 
w i t h  factors similar to those affecting selection for w u r e  n-easuremtnt 
and m t  be assured to-be potentially biased in  amplex ways. 

there exkts a problem of validity of o u t m  data. 
tunr>r de_Pends on adequacy of r r d d  facilities. 
of tumsrs in this series are generally 
or au- m a t e r i a l  by o t a ~ l ~ p  -tent pathologists and my be ansidered of 
essentially unquestioned vkidity. 
ride by s t a L m t s  on &ath certificates for which tissue confirmation w a ~  
not given ad cannot nocJ be abtahed. 

'Phis infomation is smght 

In additicm to the question of availability of outaxe inforrration, 
Diagnosis of ndi.gnant 

Positim identifications 
based on careful review of biopsy 

westionable identifications may be 

False  negative r e p ~ s  my resat 
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frcm imdequate medical investigation, and the present investigators m y  
have no indication that turror was sus- or should have been suspected. 
Errors in validity of diagnosis may or nq-not be correla;ted w i t h  level 
of r&m burden. If CorrelaM, estimates of risk may be *eased or 
decreased arad estimates of relative risks (risk ratios or risk differences) 

groups w i t h  different radium burdens, estirr\ates of relative risks w i l l  
systemtically understate the true dose-effeck association. 

may be bias& in carp?lex ways. If errors occur i n  the sam Koparti onir l  

B.Discussion of ino=hnpleteness of data 
Analysis of data with special attentim to the question of bias is 

In  partial respsnse to this 

discussed in ‘ihe Plan, particularly on page 27, and was identified to the 
REview investigators as an issue of special concern i n  the Prehmnaxy 

s u h i t t e d  to Dr. Sinclair August 29, 1974. 
preliroinary review the investigators prepared a dDclanent, CalcULation of 
tmrr incidence fran an i n a m p l e t e l y ~ u t e d  sarrple (Dr. John Marshall). 
Detailed OCmTEnts an the la t ter  doanent aTe enclosed. I n  brief, the 
discussian of bias i n  The Plan and in the docurrrent on Calculation of 
incidence jnmlves a acBnparism of tw estimates of tumr incidence, one 
derived f r a n  the pupidation with -measured burden and cmplete follow-up, the 
other derived .tiom the population w i t h o u t  xreasaed burden but dead and 
traced through death certificate. 
these two es”Limates of incidence is a measure of bias and ( 2 )  that the 
estimte of incidence obtained fran the death certificate search of -urd 
cases is a satisfactmy estimate of incidence in the total group without 
I[IE?asuTed burden or without follow-up ‘( including unmeasured suTvivoLs, 
deaths not traced, ard deaths traced but not masued or not f o l l d - u p ) .  . 

be an adequate treatmnt of the problem. Difficulties in this pnxedme 
may be ansidered in terns of the following table of incidences of the 

. .  

~ t z  is proposed (1) that the ratio of 

This prccedure for esth-ati.ng bias and cmrectm g for bias is not f e l t  to 

total papulation listed i n  one or mre lists 
and secondary dcEUmnts). 

High burden 
Measured Not Measured 

mt L5 L6 
Total T1 T2 

L m  burden 
Measured Not ma.Sured 

J2 .L2 
K2 
L8 
*4 

The incidences J and J m y  be considered adequately determind in 
pq?ulations i c k m h e d  &th as to  expsure and outcame. 
KI arad K2 cannot be separately determined, since the high and lm b d a  
groups czmtbe identified in the absence of masurment, but the carbind 

incidence K, determined from c?eath certif ication, w i l l  potentially include 
saw i n d i d  information, and ‘&e investigators have presen’d a mthd for 
correction for invalid certification, false positive or false nwtive.  . 

The incidences 

incidence K, s m  weighted man of I<: and K2, can ke determined . This 
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The incidences L1 and L are similarly not separately available, but their 

miscIas.sification emor. The incidences L3 and L4 will be separately 
available &-A w i l l  require correction for possible invalid certification. 
'Il-Le p3pulatians represented by the incidences Lg and L7, maswed but 
subseqmtly lost to follw-up, will be hum, but incidences in these 

not t=e sepzately hum, but the s i z e  of the total of these populations 

rean val~e w i d  be wailable and will be  ass^ to be free of 

. 

g r o u l ? s a b e  -. The -ti- with incidences L6 and L8 w i l l  

be kIlCWl. 'Ihe incidences L6 and Lg W i l l  be w. 

?he -me proposed i n  ?he Plan and in the dccument on Calculation 
of incL2mce could be applied to the total papulation of all 12 ells in 
the above table. The incidence J (weighted man of 51 and J2)  would be 
ocxpared with K. I f  these W values w e r e  equal, it would he assurred 
bias w a s  absent, and their camn value would be the incidence for the total. 
If J ard K w e r e  lrot equal, K wuld be taken as an esth-ate of the inc ideras  
K1 and K2, and L1 t0 L8. 
a Mghted man of J and K, using a weight for J proportioral to the 
ppulatims represented by J and a weight far K proportional t o  the totdl 
populations representEd by K and the L's. Clearly this is a questionable 
estirrate for this total incidence, but one can make this axputatian-and . 
describe the ass-- involved. 

estimates of incidences associated w i t h  high and low burdens. 
purpose only the incidences Jl, 32, %, and L4 are available. 
Separate incidences K and K2 nor the s i zes  of the populations T2 and T4 are 
m. mexefore thehias rnthin a group of ham men cannot be estimated 
by Ccmparison of J ard K, nor can a weighted mean incidence wit& knckm burden 

The overall incidence would then be eStirtlated 

. A mrecdiff icalk prciAen&.ses when it is desired to abtain differential 
For this 
Neither the 

be-. 

2.Registration versus analysis 
, it has been mticcled above that the r&m project has ?3mctions of 

both registratim and analysis. 
all populations that have keen q e d  to radium burdens w i t h  measuremmt and 
follw-up of all such p u p s .  
feasible prcblem to be studied in appmna te  papulation sub-groups. A 
protocol of the analysis function nust necessarily be a ccmpasike of sub- 
protocols. It is f e l t  that the present documnt, The Plan of the Radium 
Project, represents an a-t a t  Cceoprehensiveness, designed to describe 
analysis of all possible epidemiolcgic studies to be derived from the 
registratian. Such CQnPrehensiviness is probably not feasible a t  this t i n e ,  
and individual protocols of l i m i t e d  studies are needed. In  the developrent 
of such protocols it may kcarrt apparent that no study is desired for  s a  
registered papul3tions. 

It is noted in The Plan, For-wd, ?age i,- that the s+atiy of radium 
"is not a Conventional epidemiologic s tdy . "  A mjor present effort, 
nevertheless, i s  being devoted to the follow-up of w e d  humn populations 
ad assczia'tion of m u r e  of -sure with rreasure of late healL& status. 
This effort  is a conventional epidemiologic study and because of its 
mgniWe should r-eive e x p r t  epidemiologic attentian. 

The registration function is concerned with 

The analysis function must be ooncemd with 

"h is  analytic 

0 0  I 9 8 1 5  
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effort  will  make 1-e of the registraticn activity and of \arias laboratoly 
inveSC;igaticns of radium effects. 
be OSrmitM to this epidemiologic s b d y  as an activity to be defended in 
its m right. 

One or mre senior investigators should 

prelimirlary repccrt. 

and of Fopulations With radium burden. Frnther such data W i l l  
mtinue to be acquired for an indefinate tirre i n  the future. 
mre detailed reports of the abservations to date, including a detailed 
c3nsideratim of the nature of the basic data, should be sulanitted to an 
apprcpriate scientific j d  i n  the near future. 
sucha-req?ortwould focus attention on the. analytic problems of the study. 
'Ihe dissemi~tim of the repart WDUld infm the scientific curmmity and, 
thrcqh its feedbadc to the investigators, would a l e r t  them to problem 
to be considered in the future corduct of the data collection and analysis. 

A substantial of data has m accurreiLated on the eqcsure 

One or 

TIE p e a t i o n  of 

4. Nature of the analysis 
A -)or en'phasis in The Plan of the Radium Project is given to the 

questian of distinguishing between two specific theories as to the 
m a t h e m a t i d  fonn gim the bst f i t  to the observations. 
and 26 it is indicated that an analysis that f a i l s  to distinguish between 
these bio hyptheses is unacceptable, and pages 31 to 40 and Appnd ix  B 
are devoted to sample size amsiderations relative to  this problem. 
retmspckL 've study is described, pages 29, 30, which is designd 
spadically to obtain data required to these W hypotheses. 

it is probable t h a t  the mst important res@.* of these studies w i l l  care 
frun the obsaxations i n  the hiqherburden ranges, where high tmmr 
uudenes  are h u m  to cccur, 
to &tain the best description pssible of r isk  and of the dqree  of 
Certainty that can be associated w i t h  this r isk at whatever ranges of burden 
useful estimates can be made. It may have to be accepted that these 
findings may never pennit a distincticm between the principal ccpopeting 
hyptheses as to the mthemtical nature of the dcse-effect relationship. 
T h i s  failure, if it should cccur, would not constitute a major deficiency 
of these S t d i e s .  

On page 21 

A 

F;lhile the distinction be- these M hypotheses is of sari= interest, 

. .  The rrajar interest in analysis should be - . 

5. ?here+=nqech 've study. 
A new study, the retrospective study, is described on pages 29 and 30. 

The plan of stuQ is obsaire as given and Incorparates features of cohort 
design, case-cont-lol design, and general population study design. 

In 'a aenerdl population stdy, f g p s u r d  grequencies and outaxe 
frequencies (for -le, tumr incidences) .. are dete.unined for a F0pUlaticx-1 
defined without regard to expsure or outccm, as for -le, a populaticm 
defined by cjeqraphic or political mdaries. 
m y  take the form of either (1) q a r i n g  outcame risks in various expsure 
groups or (2) ocaparing exgzsure frqwncies  of various outcaw groups. ?fie 

The analysis of such a stusty 
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present s t d y  is desaiked as a s tMy of a l l  cases in two areas, the 
Ottawa, ~ l l i n o i s ,  area and the Waterbury, Connezticut, area. 
exact definition of the a r e s  is not given, but presumably the Cities 
themselves or the cit ies plus one or mre  contiguous counties are to 
be ircluied. 
years w i l l  be determined. 
be determind for the areas but only for the persons w i t h  t umrs .  
N e v e r t h e l e s s  certam * cccupational groups i n  these areas have been studied 
extensively, and it m y  be a s s d  that the m u r e  frequency of the areas 
is entirely the result of expos- of the studied occupaticml groups. 
IMer that assmption, the study design m y  be considered tha t  of a - Fopulation type study. 

of interest (far -le, certan ' turors). are anpared with appropriate 
prsons w i t h o u t  these OU~CXXES. AndLysis involves camparism of prior 
expcsure frequencies of the t w o  groups. 
proposed study is determination of expsure frequencies in patients w i t h  
bxmrs, suggesting a case-cm~ol design. No ccmparism population is 
mtimxd, ti-, so it is not clear what these expzsure frequenr=ies w i l l  
be ccmpared with. Again ,  a s  with the general population stuly, it may be 
assumd t h a t  the prior cccupational studies are adequate to give infomation 
on exposure of an apFropriate caparison group,  assuming there is no 
significant frequency of radium exposure in the population not )cnaJn to be 
eqxsed in the studied Occupational groups. 

In a cohort stdy groups of -sed persons are followed t o  obtain 
outcarre risks,  as has been done in +hemain body of *>resent radium project 
studies. 
apected nmkers of cases in the hewn occupaticmally v e d  groups, a 
statistic that muld be appropriate for a cohort study. 
were  intended, -ever, the newly desaiked retrospectiGe study would not 
be a new study but would sinply be a new casefinding activily of the present 
OcCupatiQndL group studies. In that circurrstance only cases identified i n  
persans already on lists of v e d  persons wpuld be of interest. 
it is zlnderstood that su& a death certificate search of listed persons is 
already in prcgress or contemplated as part of the analysis of bias. 

populaticm or case-control study is envisaged using only 
the already available V u r e  infomatian, then any exhm cases with 
radium burden but not on previously obtained lists will not be admissable 
patients for analysis, sincethey w i l l  inply an exposure of this ppulation 
that has not been included in the prior m u r e  studies. If a l l  e x k d  
cases are to be used, a carparism group of cases of n o n - m r  deaths n u s t  
similarly be &W, or scxre ot?~er procedure must be used to determine the 
radium burden of the 5eneral Fopulation of khe two cities. 

Tfie chief q a l  of the retrospective study is  to  improve the estimate 
of txmr risk i n  the dose range of 10 to 1000 rads. 
it is do&tful t!!at any useful informtion on t ! s  question would be obtained 
frcrn exh- cases rat alreac3y on -sure lists d e s s  expsure frequency 
for the entire populations of the two cities is d e t e m h d .  If a substantial 
number (pAws 3 or mrel of tmrs with doses i n  the range of 10  to 1000 

The 

Tumr mrtalilq for these total areas during specified 
Radim burden information, hmever, w i l l  not 

In a case-amtml study design s a  groups of persons with outcmes 

The principal feature of the 

The description of the present retrospectim study refers to 

If a cahort study 

indeed 

If a 

As S c a t &  -e, 

. 
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were  fomd, this w w l d  cons+Ltu+s a mjor  new piece of infomation on 
risk. 
ness of follcw-up would  have a major bearing on interpretation of the 
findklg. 

‘son sample in the two c i t ies  is a major new proposal, and 

If faier cases or no cases were found, the problem of inccarplete- 

W study described plus an additional s w -  of radium burden in 
sare 
*e s z c r i p t i i o n  given suggests only pre- planning. Any 
decision to m e  ahead with the re-hpective study w i l l  presumably mt 
k ccnsi2ered without extensive planning. 

6. Persannel. 
persannel associated w i t h  the radium project are clearly highly 

ccqetmt in their specialty areas of radiobiology, radiation physics, 
and radiation fiedicine. 
up act iv i t ies is highly effective. 

110 professiord. epideiuiolcgist on the project staff or associated with the 
project for a mjar camnitrent of tirrre and effort. 
indicated in the Plan of the Radium Project in both general and specific 
ways. In general, the language of the project is unfarniliar to  
epidemiologist r e v i m  and appears to dwell a t  unnecessary length on 
basic epidmiolcgic cancepts. 
View the project as a conventional epidemiologic study (Foreward, page i) , 
and it is f e l t  that they do not consider the project to have major 
epFdemiologic -ts, In specific, the’discussion of bias is inadequate, 
as described above, and it is suggested that the investigators do not 
understand the severe limitations of this body of material, given aptimal. 
analysis. The description of the retmspedx ’ve study indicates an 
UnfaInilhx ‘ty w i t h  t r a d i t i c m a l  features of epidemiologic study design. 

The organization of the case finding and follw- 

There is A n i q d 3 n  t deficiency &ts in epidemiologic expertise. 

This deficiency is 

It is stated that the investigators do not 

7. 
a.It is that the Center for Human Radiabiology obtain 

~ Z e s s b m l  qidanio1ogi.c asistance ~JI study design and aqdysis. 
m m b r  of ~ t h c d s  of acccmplishing this -tion are suggested below, 
ard the pd H c c  caprmittee does not make an exclusive reccmTlendatim of any 
one of these but suggests that they be considered as irdicative of the 
degree of assistance that should be obtained. 

rwded “an ad Hoc Ccmnittee of epidemiologists who would work w i t h  the 
Laboratay D i r e c t o r  or Associate D i r e c t o r  for B i e c a l  and Erivironr~%tdl 
Research to establish rigorously formdated objectives and bicnaetrical 
rreth&**-.” This reccmmdation deserves further consideration. A 
Oamnittee which would simply establis7 cbjectives and mthcds, haever, 
would p d a b l y  have insufficient long-tern Comnitnwt to the study to give 
n e e d  assistance i n  the long nm. 

on a part time basis. 
as a IIwi3eT of the group of investigators, for the epidemiologic aspects 
of research design and execution and. for data analysis. 

A 

(1) ?he ccmrwts of the peer review group of Nargober, 1973, ream- 

(2) A senior epidemiologist mi&t be app5nted to the research group 
‘ k i s  person would have an on-gob-g respnsibility, 

(3) A jlnior epidemiologist, a t  the level of Assistant Professor or of 

00 t 9 8 1 8  
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simihr seniority, kghc ke appoinbd on a part tbw basis as described 
above. 
ccnsultant relatia w i t h  a senior epidemiologist or w i t h  an advisory 
group of epidemiologists. 

~n investigator a t  this level would establish a h t i n u i a g  

(4) A relationship rrCic&t be established on a psrrmnent bash With 
other &ts of the A t a n i c  Energy CQrmission where epideiniolcgic studies 
are l=eing c o w .  
m i g h t  be namEd as pmanent collaborator in epidemiobgic ~ t h c d s  and 
keaxns part of the research group of the center far.- -a 'cbiolcgy. 

b.A - pratocol for the radium project should be drawn up along 
the lines of the present Plan of the Radium Project but ccmceived only 
w i t h  broad chjectives and a broad outh ie  * of the stu.3~ plan. 

SFeCific protoools should be prepared for l i n i i t d  projects w i t h i n  
the total s+las/. These protoools should include detailed plans of data 
collectim and analysis. 
acxumitaM substantial data, specific plans for preliminary or final 
reparts should be incorporated in the present plan. 

A suitable person or camnittee f m  such other Unit 

In the case of projects that have already 

c.A special plan of analysis of problems associated with inmrplete 
data should be prepared. 
in the docurrrsnt Calculation of twor incidace f m  an inaxpletely- 
mtasured sample. Further ccmrwts on this document axe enclosed and 
further consideratians-zdati.ve . t o - p l r o b h ~ ~  of inecaoplekeness, and bias are 
included as secticm 1 of this Review. 
to be carried aut to achieve the rmxhnnn informtion frcan the radium 
project and should also indicate necessary limitations irrposed by the 

This plan night include the concepts presentd 

This plan should indicate the analyses 

Of the data. 
d.It is reaomnended that the retrospective study (pages 29, 30 of the Plan) be 

reamsidered. 
a major expansion of the exhumation activi ty, a detailed study p W m l  
should be developed and discussed w i t h  appropriate epidemiolcgic staff or 
alnsultants. 

If it is ultin\ately decided to carry out this study, involving 

e.It is reccmrended that one or mre preliminary reports of the radium 
project be prepared for publication in scientific journals in the near 
fie. Tnese should be substantial reprts with extensive display of data 
and w i t h  detailed treabnsnt of prablens of incmpleteness of data and of 
limitations irrpcsed by this inaxpleteness. 

Ehcl. Ccnmnts on: Calculation of t m r  incidence fram 
an inccqletely-masued sarqile. 
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&-I analytic procedure is presented for evaluating the effect of 

bias in the estisllate of tumr incidence as derived fzrm studies of the 

radiumburdencases. 

'Ihe prm&ure C Q r l S i m  an abjective list of radium burden cases 

to be CXlIpsen of 3 sub - groups - 
a, 

b, Casesnotma.surdandfolluwedbutdeadand 

Cases -surd and f ! o W  for tumr hcidence 

located in death search 

?nisclassificaticm using published est imtes of errors o f  

mlsclassLi?icalA.m. corrected rate = K. 

No ra-s are mmilable far gmup L, but it is a s h  that 

gmups b. and c-c c. have shrilrn rates. Fate = R. 
.c 

The .hmror rate for the total objective list is then estimated to 
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I = J M + J  ( l - F Q / B = J l M +  U-MI/B7=Jp  

For M Valrvts of M and B it is clear that the standard error of I 

p = M +  u-Ml/B 

The investigabrs have mde a different estimte of the stafidard 

error of I, using the relationship - 
Nl N2 F N3-G 

I = - - +  - +- 
L I D C L D C  

w k ~  %, 3, and N3 are numbers of-tunrxs or nrms3ers of mn - ~ ~ R X S  

in sub - groups; F and G are masures of misclass*icatim error; and 

LID, ad C are castants d e f i i i  the s i 2  c9 the ppdatian and sub - 
groups. An estimk! of standard error is obtained under the 

ass'uptbn that N1, % r  and N3 are indeipenden t Yariables, each w i t h  a 

Poisson distribution. 

quantities J,L,M,D,C,B,P, and G. 

these quantities, the ra t io  of the standard error of I given mn-null 

values of B to the standard error of I given the null value of B 

(B = 3 is cxnpted.  This ratio ranges fm .89 to 1.3. The 

quantity p, a b w ,  ranqes from .79 to 1.39 m6er the snne assurd  

W w s  for M and B, so it m y  be assurred t h a t ,  w i t h i n  the ranges 

The Poisson paramters are functions of the 

Assuming a Variety of values for 
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StJAied, the a s s u m p e m  of Lndep&ht Poisson variables lead to 

estinates of standard error in an acceptable range. 

Be imrestigabrs conclude that "the tntal error in our estjnate 

of the tumr incidence for a listed papulat3m sbu ld  k about equal 

to the error which arises solely frcan the statistics of gnall nunbers 

even if follocJvp is only 50% Ccrnplete.'' 

DiscUsSiClll 

The above analysis does not adquatdy treat the serious prablems 

of potential bias involved in the studies of the radium burden cases. 

1. The Fopulatim sub - g m q : ~ .  , pa t i a t s  not m?a,mred and f o l l d  

and mt found in a death certificate search is larye. 

of Fadim Project, page 191 sbws 258 patients rat studied &d living 

plus 261 patients not located anmg 1,338 patients on objective lists 

of the major radium dial ccnpanies. 

Table 4 ( P h  

It is passible that an a d d i t i d  

m m h r  of patients "lccated and studied'' are not currently t z a d l e ,  

and a numbm of patients rot stxidied and -may not ke locatabls ia 

deathcertificatesearch. U n w  ' t iesofthissub-graupc.relatE 

to the pssibiliky t h a t  inability to be studied, inability to be 

follcwd, likelihood of survival, and inability to be traced afker 

death in death certificate search are all correlated with either deqe= 

of radium fqnsure or w i t h  turror a e v e w t .  !&ere sears to be I10 

basis far the asslmption &%--he -turwr rate in the gro~rpg.-is s i m i k  

to-that'fn grc)up 5 

2, Fn the nwrerical analysis the cpantity 3, bias, is assigned the 

m h e s  1.3, 1.0, and 0.7, irrplyins 30% variation s33np, 03: below the 

00 t 9 8 8 2  
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null value. No justification 2s given for assuming that the bias lies 

w i t h i n  tbis range. The assumptiOn of a bias w i t h b  this range leads 

di rect ly  to the conclusicn of a satisfactorily small error in the total . 

turror rate I. 

3. The "total MtoT in estimte of turror incidence" apparently 

refers to the quantity I - J, the d i f f d - b e -  t3e twrJr rate I 

for the total poppllatian and the rate J for the sub - group 5 

~lrasured and follawed. prrployins the relathnskt 'p T = Jp, t h i s  total 

&ere N 1  is the 

IM. The standard ermr I, SE (I), is - 
of ~LIKO~S in the m=amred sub'- graup of size 

a.smdng Poisson distsibutian. 

The total error is then related to the standard m r  by the ratio r, 

M - 1  
range to 1 w i t h  null - d u e  0. 

masured ppulaffon is &ut 40, and tt-e propzctdan of LFle populatim 

PasuEed, M, is about 0.5. W e f o r e  the quantity r has the  range 

That is, - 6.3 < r ~ 6 . 3 ,  with a m i l l  Yalw r = 0. 
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m a w e .  

that the death certificate search yields That 

is, t k  death certificate cases may be similar to the ~lpdsured cases, 

~ e i b e s p o c q ? c , ,  not-&, survivingordeadandunbxed, 

have a relatively high turrpr rate. 

folJmed, m, is 0.5, then 1 is est.ha&?d as I' = .07 f .01 while the 

As-, for -le, that J = .07 and K = .21 and 

an es-te K' = .07. 

If the praportian mastzed and 

lxw YdLue of I is 4 (.07 + .21) = -14 f .02. 

i s  .07 wh ich  is 3.5 tires the standard error of I. 

emx, 'immer, is 7.0 times tbe s b n i k c d  ermr 03 1'-. 

the known quantities I' and SE (1') give 110 indication that the 

Here the total error 

This total 

%t is, 

estifiate is d y  one - half the true vcrlue. 

By selecting e s t h t e s  of bias B in the range 0.7 to 1.3 the 

investigaimrs suggest that the bias of 0.33 inplied in the abave 

-le is  imprabable. 

. 

AS noted in secccion 2, above, no justificatim 

is g i m  for th is  as.sxmptim. 

4 .  The analysis given by the investiF~rs assurres that sub - groups 

o f  the papulation defird by CmpleMess of T n e a s c r m t  and follow - 
q are caparable in n m k a  of y'p-ars of risk at various intswals 



not d i d e r  the of estlfiates of ermr due to bias within 


