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The conference was organised by Max P. Baur (Bonn} and Robert C. Elston
{New Orleans). There were 35 participants from Denmark, France, Germany
Great Britain and the USA.

The 32 presentatlons on the topic of statistical methodology in risk as-
sessment dealt with the two major categories of genetical risks and envi-
ronmental risks; some of the approaches presented included the treatment of
gene X environment interaction in risk assessment.

From the viewpoint of statistical methodology, the specific problems of mo-
delling genetic information and estimating the nnkinown parameters was
stressed. The specific problems of family data_structures, the correspon-
ding likelihood formulations and the analytic methodologies of segregation
analysis, linkage analysis and association analysis were presented and rela-
ted to techniques of epidemiologic risk assessmeut by ivay of case control
studies, cohiort studies etc. The areas of application covered cancer, cardio-
vascular diseases and autoimune iseases at the population level as well as
for individual risk assessment in genetical counseling.
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Presentations:

~ Introduction to genetic epidemiology.

Maz P. Baur

Genetic epidemiology centers on the clustering of diseases in families. Ge-
netic factors transmitted from parents to children that increase the risk for
the given disease have to be established. Consequently the datastructure to
be analysed consists of indivduals who are related (families) with their di-
sease status and additional information about known genetic markers. Based
on the general likelihood formulation incorporating the genotype- phenotype
relation, penetrance, population frequency and transition probabilities, se-
gregation analysis tries to differentiate different modes of inheritance, linkage
analysis tests for cosegregation of the disease with regard to genetic markers
and maps the disease gene within the genome, and association analysis tests
for independence of marker alleles among diseased individuals versus controls,
thus pointing to possible linkage. Disease modelling, disease mapping and

‘corresponding parameter estimation is the basis of individual risk assessment

in prenatal diagnosis and genetical counseling.

Risk assessment in epidemiology.

Jirgen Wahrendorf

A brief overview is given about the different steps of risk assessment in epide-
miology. The different types of epidemiologic studies contributing to this are
reviewed and essential definitions of risk and related statistical procedures
are provided. Empirical and logical justification to consider relative risks as
effect measures in epidemiologic research are outlined.

Likelihood 1912-1992.

Anthony W.F. Edwards

The statistical concept of likelihood was isolated and named by R.A.Fisher

in 1921, although he had in fact advocated its use as a measure ’suitable to
compare point with point. but incapable of being interpreted as a probability
distribution over a region. or of giving any estimate of absolute probability’
in 1912 (whilst still a Cambridge undergraduate).

After a brief mention of some of the precursors of likelihood. the concept’s
progress from 1912 to the present is traced. with special reference to its

DF Deutsche
Forschungsgemeinschaft

o

®

o



surprising appearance in repeated- sampling arguments in the 1930's. Can
likelihood continue its separate existence. or is it destined to become merely
an ultermedlary in the neo-Bayesian revolutlon’ What problems does its
non-Bayesian use pose?

Regressive logistic models for assessing familial aggre-
gatlon of oesophageal cancer.

Maria Blettner, Hezko ‘Becher

. Oesophageal cancers have been shown to aggregate within families. To inve-

stigate the family aggregatlon and the genetic mechanism further, detailed
data have been collected of incident cancer cases (n=250) in a high-risk area
“in China, mcludmg the number of family members of three successive gene-
rations, their cancer iicidence; age at diagnosis and causes of deaths. "% -

In this paper we describe the use of regressive logistic models (Bonney, 1966) B

for analyzing patterns of familial aggregation. By modeling the dependency,
of the relatives’ phenotypes (oesophageal cancer) on the parents’ phenotvpes,
their age of onset and other covariables this methods vields adjusted odds
ratios that quantify familial aggregation.. Estimated standard errors are ob-
tained by taking into account possible correlations among family members
following the ideas of Liang et al. (1992).

The regressive models showed that among siblings of the index case the risk

was significantly elevated if the father or mother had been diagnosed with

oesophageal cancer (after adjusting for age and sex). It was also found that:
the familial aggregation was higher if the probands (siblings) were _younger
than 60 years compared to those older than 60 years at diagnosis. - S

The usage of regressive models allows one to investigate complex pattefr;;
of family dependency and to investigate gene and environment interactions
in complex pedigrees. However, several methodological problems, such as.
dealing with missing values and ascertainment bias, deserve further research.

‘ ‘ Some of these issues are discussed using our lla.t.d. and results from a small

oF

simulation study. -
Bonney G.E. (1986) Regressive logistic models for familial disease and
- other binary traits. Biometrics, 42, 611-625.

Liang, K-Y., .Zeger S.L., Qaqish B. (1992) Multivariate Regression Ana-
lysis for Categorical Data. J.R. Statist. Soc. B, 54, 3-40.
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" Retrospective assessment of exposure in a case-control

study on lung cancer: Comparison of methods.

K.-H. Jockel

The retrospective exposure assessment turns out to be one crucial point in
the analysis of case-control studies. In the first part of the talk the exposure
assessment of asbestos in a lung cancer study on occupational risk factors in
Northern Germany is considered to some extent. The result of using detailed
supplementary questionnaires (SQ) is compared to the application of two
different job-exposure matrices (JEM) to job history. The study includes data
from 391 male incident lung cancer cases and the same number of controls
from the general population. :

The comparison of the methods is achieved on the basis of individuals and
with respect to the ability of the instruments to detect a relationship betwzen
exposure and disease (given that asbestos is carcinogenic). All three methods
are able to detect such a relationship. However, on the basis of individual
comparisons the relative merits are seen. So it is recommended to try to
combine the methods in an efficient way. As an example, the performance

“of a modified dual assessment approach is investigated, suggesting an impro-

ved consistency of the exposure- disease relationship. However, additional
methodological research is needed in this area.

The second part of the talk presents a preliminary analysis of the available
data on lung cancer of study subjects and their parents in a case-control
setting.

An Alternative to Gail & Simon’s Approach to Testing
for Qualitative Interactions Between Risk Factors and
Treatment Effects.

Stefan Wellek

As did Gail & Simon (1985) we assume that the effect of the therapy under
investigation on the prognosis of the ith risk group is given by a real-valued
parameter 0;(i = 1,...,k), say, for which there exists an asymptotically
normal estimator 0 Furthermore, we assumme that consistent estlma.tors a?
for the asymptotic variances o? of the 0; are available.

According to Peto (1982) a qualitative interaction between the risk' factor
and the treatment effects is defined to be present if at least two of the 8; are
of opposite sign. If we equate the variances of the 0; with their consistent
estimators, assessing the data with regard to a possible qualitative interac-
tion leads to the problem of testing Hy @ ppy 2 0V pgy <0 versus
Hy oty €0 < ey, where g = E(XG), Xi ~ M, 1), iy = minggics iy
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Bk) = MaXigick #i, and the X; are mutually independent.

Gail & Simon derived a maximum likelihood ratio test for this problem which
rejects Hy for Ia.rge values of the statistic mm(Q (X) Q*( X)), where
Q°(X) = L..— \,2 [ o, 0)( Xi).Q*X) = Z =1 X? - .00 (Xi). The ob-
jective of the present contribution is the derivation of an alternative test for
(Ho, Hy) which uses the rejection region -

{W(X) > 'wa,} = {min(A—X(,),X(k)) > 'wa,} .

We show that this test has, in common with Gail & Simon’s tést, the property
of exhibiting a Schur convex power function. For the critical constant w, ma-
king {W(X) > wa} an exact size « rejection region, a simple explicit expres-
sion is provided. Simulation results are presented which show that the power
functions of both tests are extremely different except for very small values
of k. Typical alternatives against which the new test is much more powerful
than Gail & Simon’s test are of the form (p1,...,m) = (=(.£,...,€), (>
2, £ > (. A prototype of an alternative under which the reverse holds true
is seen to be given by (;41, k) = (=€, —=£,6,....

[kr2) k-[k/'l]

b

Gail, M., Simon, R. (1985) Testing for qualitative interactions between
treatment effects and patient subsets. Biometrics 41, 361-72.

Peto, R. (1982) Statistical aspects of cancer trials. In Halnan, K.E. (ed;),"' i
Treatment of Cancer. London: Chapman and Hall, 867-71.

Estimation of toxikinetic parameters. oo

Wolfgang Urfer

Legal regulations of dangerous chemicals are based on estimates of risks. To-
xic effects of chemicals vary from one animal species to the other. Hence,
it is important to know about the chemical’s toxicokinetics (nptake, rllstn-
bution, elimination and metabolism) in the animals and their inter- spemes
differences. Knowledge of quantitative metabolic parameters of different spe-
cies facilitates a species-specific toxicological approach 1o the toxic effects
observed. We discuss aspects of metabolism within living organism using
deterministic compartmental analysis. Based on non-invasive toxicokinetic
inhalation experiments with rats, mathematical approaches and non-linear
regression analysis are applied to describe the metabolic characteristic of
the biological system. and to estimate toxicokinetic parameters. Pre-existing
data on the hydrocarbon propyletic (propenc) in Sprague-Dawley rats were
usedd to determine the rates of uptake and exhalation in this species.
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M. Becka, H.M. Bolt and W. Urfer (1992): Statistical analysis of to-
xicokinetic data by nonlinear regression. Archives of Toxicology, 66.
A50-453.

Basic genetics for non-geneticists.

Thomas F. Wienker

This presentation is intended to be an introduction to basic principles and
terminology for topics covered during the meeting. In addition, recent advan-
ces are presented which call for a statistical treatment and new methodology.
In order to put phenomena and terminology into place a three- dimensional
approach is taken: (i) no. of genes under consideration is 1,2,3 or many,
(i1) gene(s) act in an individual, a pedigree, or a population, and, (jii) view
is from a genotype or phenotype level. The concepts of penetrance, gene-
tic heterogeneity (locus h.vs. allelic-h.), and polymorphic variation (neutral
vs. selective mutations) are explained and illustrated on examples. Special
consideration is given to highly polymorphic marker systems, which play an
increasing role in epidemiologic studies on a population basis (association
studies), and in genetic linkage analysis and indirect genetic diagnosis, the
principles of which are briefly touched (see contribution by J. Ott).

Now a fairly dense map of the human genome is available, and the different
views and approaches, i.e. physical versus genetic (i.e. based on the analysis
of meiotic recombination events) are stressed. Mapping strategies, methodo-
logy, measurements, and heuristic implications are quite different, and a lot
of confusion may arise, if these viewpoints are not clearly distingiished.

Finally, the population genetic dynamics of highly polymorphic DNA seg-
ments composed of reiterated short motifs with a variable repeat number are
put into focus. These "new” polymorphisms call in my view for a new po-
pulation genetics, i.e. an extension of classical concepts into ones "far from
equilibrium” - very much analogous to thermodynamics of living systems
developed some decades ago.

Introduction to segregation analysis and ascertainment-
correction.

Jon Stene

Initially the one locus, two allelic sitnation was considered. The possible
types of offspring and their probabilities for the 9 different pairs of paren-
tal matings were presented, assuming Mendelian inheritance, both for the

DF g~ Deutsche
Forschungsgemeinschaft ©




oF

Deutsche

codominant and the recessive case. For the latter case ascertainment (or
identification) of parental inatings able o produce recessive children conld
only be done through the observation of the birth of at least one recessive
child. The talk discussed different ways of selecting such family data through
information about recessive children and the probability models for the num-
ber of recessive children in families in the selected data. given the selection
procedure. The more general case, where the probability for an abnormal
offspring was unknown and non-mendélian, was then considered and methods
to select the most appropriate model and estimate the parameters were dis-
cussed.

Introduction to linkage analysis.

Jurg Ott

In the course of meiosis, homologous chromosomes pair up and form points of”
crossing over, where each crossover randomly involves one of the two strand§™
(chromatids) of each homolog. When one crossover has occurred, two of -
the four gametes resultmg from each meiosis are unaffected by the crossover”
while each of the remaining two gametes consist of a piece of chromosome
originating from one homolog and a piece of chromosome originating from’
the other homolog. If the crossover took place between two polymorphic loci,
its effect may be recognized as a recombination in an offspring who received
part of a chromosome from one grandparent. and another part from another
grandparent. The relative frequency of a recombination occurring between
two loci is called the recombination fraction, §. Map distance, z, is defined
as the expected number of crossovers per strand between two loci. Its unit of
measurement is 1 map unit or cM (centi-Morgan). The generally observable
quantity, 0, is a function of map distance. z = f(#), where f is termed -
a map function. It follows from the chromosomal theory of recombination
that 0 < 6 < %, and this is also true for multiple crossovers. For small
distances, | ¢M = 1% recombination fraction. Pairs of loci for which 8 <
1 are called genetically linked. The objects of linkage analysis are 1) to
estimate 8 and 2) to test Ho : 6 = L versus H, < L. Various complications
may make linkage analysis difficult. For example, incomplete penetrance
represents of loss of linkage informativeness, which may be compensated for
with an increased sample size. For example, when penctrance is only 50%,
a roughly threefold larger sample size is required than with full penetrance
(). Ott, Analysis of Human Genetic Linkage. 1991). Cenetic heterogeneity
(admixture of "linked” and “unlinked” families) may be handled by jointly
estimating the admixture proportion o and the recombination fraction 0 in
the "linked” families. Genetie risks are naturally calenlated as

Plyicen, ... )
2 . ——
Pl ere.o..ie) = Pl 0
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where g; is the genotype of the i-th individual. the denominaton_- of the fraction
is just the pedigree likelihood, and the nuinerator is the likelihood assuming
that individual  has genotype g;. Multiple testing between a disease and
m markers is not a problem for mendelian loci because the increased type
I error is more than compensated for by an increased prior probability of
linkage (Ott 1985). However, for (complex) traits with an unknown mode of
inheritance, when linkage analysis is used as a tool to demonstrate presence
of disease loci, multiple testing must be allowed for with a more stringent test
criterion. for example, with a critical lod score of 3+ log1o(m) (Kidd and Ott,
1984): Over the whole genome at most m = 100 independent comparisons
may be made.

Design for the global search of the human genome by
linkage analysis.

Robert C. FElston

It is now feasible to locate an autosomal disease locus on the human genome
by a linkage study in which the whole autosomal genome is spanned by
equally spaced polymorphic markers. Increase in either the number of samp-
ling units or the number of markers will increase the power of the study. This
paper determines the optimal spacing between consecutive markers when the
sampling units are pairs of affected relatives. This spacing is asymptotically
independent of the desired significance level or power, but depends critically
on the "risk ratio factor” of the disease locus being sought. A two-stage
procedure, in which at the first stage more widely spaced markers and a lar-
ger significance level are used, followed at the second stage by more narrowly
spaced markers around those significant at the first stage, leads to much more
economical designs. A method is described to find the optimal such design
on the assumption that the total cost is determined by a cost per person
recruited into the study and a cost per marker assay performed.

Affected sib-pair tests and their relationship to lod
score analysis.

Michael Knapp . |

Affected sib-pair tests have been proposed to detect linkage between a marker
locus and a disease with unknown mode of inheritance. In its simplest form,
these tests require a sample of affected sibs where for cach sib-pair the number
of marker alleles ibd can be determined unequivocally,

It will be shown that the imean test is for significance level a < 0.5 equivalent
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to the classical lod score analysis. if a recessive mode of inheritance is assn-
med. Additionally, for sufficient small a the application of the proportion
test is equivalent to lod score analysis for a dominant mode of inheritance
and a very rare disease allele. :

The computational requirements for calculating pro-
babilities on pedigrees.

Alun Thomas
. The computational problem of efficient calculation of

‘ZZ...Zf(U]UQ..‘U,")

where

‘ . A
f(rivy. o) = H f(Sh)
i=1
and
. S.C {vlv-;...v,,}
is discussed in the context of probability calculations on family trees. Similar

calculations arise in expert systems and other complex stochastic systems.

An associated optimalisation problem of triangulating a graph so as to mi-
nimize the size of the largest clique in the resulting graph is known to be
NP-complete in general. Regularity results for graphs arising from gene-

tic applications, including 4-colourability, are derived and used for heuristic °

search methods.

Construction of a new genetic map of the human pseu-

. doautosomal region.

Christine Fischer

Human sex chromosomes X and Y contaiu two small homologons regions on
both the short and long arm adjacent to the telomeres, the so- called pseu-
doautosomal regions. In hoth regious alleles have been shown to exchange
between X and Y chromosomes and are inherited as if antosomal. On ave-
rage oue crossover event occurs at each male meiosis in contrast to a much
less recombination intensity in female meiosis. Therefore on the basis of the
CEPH reference panel of families a sex specifie genetic map of the pseudo-
autosomal region was constrneted via linkage techniques using 11 physically
mapped markers. Estimates for the map length are 48.8 M in males and
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5.2 cM in lemales. The comparison between male and female recombination
rates reveals a telomere-adjacent interval where no difference in sex specific
rates can be seen.

Cross prevalences and adjustment by age: Methodo-
logical problems exemplified by family studies.

Wolfgang Maier

Epidemiological and family studies observed an excess rate of cases with co-
occurrence of lifetime diagnoses of two or more disorders (comorbidity). The
analysis of the strength of association between two disorders and of the cose-
gregation in families encounters a series of methodological problems lacking
a straitforward solution. The most critical issue is age adjustment: Two
disorders with excess comorbidity might reveal very different age at onset
curves, however the standard measure of the extent of comorbidity - odds
ratio - does not allow age adjustment. A proband or a relative classified as
having only one disorder might develop a second one in the future: however,
it is difficult to build differential age at onset into the available analytic tech-
niques. These problems are discussed by reference to psychiatric data sets.

Association in SLE families: Design, methods and re-
sults. : o

Susanne A. Seuchter

In order to elucidate the role of the Major Histocompatibility Complex
(MHC) a multicenter family study was performed to investigate the asso-
ciations of Systematic Lupus Erythematosus (SLE) with MHC markers in a
caucasian population.

A major problem in the analysis of association of genetic markers and di-
seases is the selection of an appropriate control sample. Rubinstein et al
have proposed the Haplotype Relative Risk (HRR) as a possible solution to
this problem. To assure that disease and control sample are obtained from
the same genetic population they count the parental haplotypes which were
not transmitted to the alfected child as a control sample. However, this
requires that all parcntal genotypes are well known. This assumption can-
not be satisfied in many family studies. Therefore, we introduce a method
where families with partially unknown genotypes and pedigrees of any size
ascertained throngh one affected individual can aiso be included. The me-
thod is based on estimating the haplotype frequency difference between the

10
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transmitted and non- transmitted group. Results obtained by applying this
method to our SLE families will be presented.

(supported by BMFT project 01Z13804/0).

Transmission tests for linkage disequilibrium.

Richard Spielinan

A population association has consisiently heen observed between insulin-
dependent diabetes mellitus (IDDM) and the "class 1" alleles of the region
of tandem repeat DNA (5 flanking polymorphism or 5°FP) adjacent to the
insulin gene on chromosome t1p. This finding suggests the existence of a
gene or genes in that region contributing to IDDM susceptibility. However,
several studies that have sought to show linkage with IDDM by testing for
cosegregation in affected sib pairs have failed to find evidence for linkage
As means for identifying genes for complex diseases, both the association

and the affected sib pairs approaches have limitations. It is well known' that o
population association between a disease and a genetic marker can arise as - o
an artifact of population structure, even in the absence of linkage. On the

other hand, linkage studies with modest numbers of affected sib pairs may
fail to detect linkage, especially if there is linkage heterogeneity.

We consider an alternative method to test for linkage with a genetic marker
when population association has been found. Using data from families with at _
least one affected child, the transmission of the associated marker allele from -
a heterozygous parent to an affected offspring is evaluated. This approach
has been used by several investigators, but the statistical properties of the
method as' a test for linkage have not been investigated. In the present
paper we describe the statistical basis for this "transmission test for linkage -
disequilibrium” (transmission/disequilibrium test or TDT). We then show
the relationship of this test to tests of cosegregation based on the proportion
of haplotypes or genes identical by descent in affected sibs. The TDT provides
strong evidence for linkage between the 5 FP and susceptibility to IDDM.

The conclusions from this analysis apply in general to the study of disease
associations, where genetic markers are nsually closely linked to candidate
genes. When a disease is found to be associated with such a marker, the
TDT may detect linkage even when haplotype sharing tests do not.

Spielman RS, MCGinnis RE, Ewens WJ (1993 Transmission test for
linkage disequilibrium: the insulin gene region and insulin-dependent
diabetes mellitus (IDDM). A J Hum Genet 32 in press

Ott J (1989) Statistical properties of the Imploi\p( refative risk. CGenet
Epidemiol 6: 127-130 :

Forschungsgemeinschaft

o



oF

Deutsche

Case-control studies of association: Likelihoods and
power.

David Clayton

Case-control studies of association between a candidate allele (or an allele
of a marker locus in a candidate region) can be carried out by selecting
population controls or more closely matched controls. The closest matching
is achieved by choosing family controls and in this case there is a choice of
method of analysis. The likelihood which is used to calculate relative risk
estimates and hypothesis tests may be

e a the conditional (hypergeometric) likelihood of conventlonal matched
- case-control analysis, or

e b a likelihood based on the 'genetic’ model.

In either case! the score test for association is the difference between the
observed number of cases carrying the candidate allele (or haplotype) and
the expected number under the null-hypothesis. Analyses differ according to
the information available for evaluating expected frequencies and the strength

~of their assumptions. Correspongdingly the power of the tests varies.

Power calculations were presented for a series of case control designs and
analyses. Family control designs are inefficient as compared with population
based case-control studies, but less so when both parents’ genotypes are
known. If only a single unaffected sibling control is avaiable, a ’genetic’
likelihood is more efficient than a smgle matched case—control analysis, but

usually not dramatically so.

The relationship between the likelihood-based analysis and ’ha.plotype rela-
tive risk’ methods was briefly indicated.

Genetic risk factors in multifactorial diseases - HLA
associated diseases - Alzheimer’s disease.

Francoise Clerget-Darpour

The MASC method was proposed to demonstrate and model the role of a
candidate gene in a muitifactorial disease. Information on markers of the
candidate gene is needed and the method uses the simultaneous information
on the marker association and segregation with the disease. It allows one to
test the goodness of fit of various genetic models in an easy and economical
way.

The method was applied to a sample of 116 Caucasian [nsulin Dependent
Diabetes Mellitus (IDDM) patients and their relatives. We showed that the

12
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model which best explains all the observations assumes a cis or trans comple-
mentation of two tightly linked genes within the HLA region. an additional
maternal effect, as well as other familial factors.

The results obtained by the MASC method provide rules which can be nsed
in molecular research. In particular. we showed that the HLA molecule
corresponding to the complementation of Arg52(+) aud Asp37(-). recently
proposed as explaining the susceptibility to IDDM, does not account. for the
overall observations made on the HLA marker in IDDM patients and their
relatives.

The MASC method may also be applied to evaluate the risk for relatives of
an affected individual depending on the available information.

Epidemiology and genetic analysis of Celiac disease.

Thomas F. Wienker

Celiac disease is a gastrointestinal disorder. A dietary gluten sensntlvny;
is at the basis of the associated mucosal pathology, and accordingly, it is;
designated gluten sensitive enteropathy (GSE), too. Genétic factors do play .
a role, and there is a strong association with HLA-haplotypes. Prevalence
among school children is about 1 in 2000. Hence, GSE is a nosologically
unique multifactorial disorder. Family studies (20 pedigrees, 31 patlents) are -
performed in order to elucidate the tole of genetic components. A number
of neutral polymorphisms scattered over the genome and 8 loci presumably
implicated in the mucosal immune response (T-cell receptor genes) have been
typed. Preliminary results of association and linkage studies are presented

. for discussion.

s
3

Multi-stage models of envu'onmental determinants of
lung cancer risk.

Edward Lustbader

Radon and tobacco smoke are well established risk factors for lung caucer.
Although important insights into the effects of radon and tobacco have heen
derived from the study of uranium miners. questions about how the pattern
of exposure affects risk remain. For example, there are suggestions that frac-
tionation of a given radon dose leads to increased g cancer risk. Such
questions are difficult Lo assess using conventional methods of analysis. Mo-
reover, additional diflicnlties arise when stndying exposure patterns to more
than vue agent. The main purpose of this presentation is to show that bio-
logically based models of carcinogenesis can casily incorporate age related

[
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exposire patterns. Further, the parameters of such models are interpretable
in biological terms and atford some insight into the mechanisms of action of
the agents.

Quantitative risk assessment with cumulative damage
models in cancer epidemiology.

Nikolaus Becker

Cumulative damage models (CD models) have been developed in reliability
theory to get a macroscopic description of environment-induced wear-out

processes of technical devices in order to find optimal inspection and mainte-

nance strategies. Applied to cancer occurrence in human populations, these
models reproduce the bird’s eye view of epidemiology to the etiology of di-
seases in as far as they treat the human host as a kind of "black box” which
is subject to environment-driven carcinogenic damages, whereby the precise
biologic nature of these damages remains unobservable. The precise mathe-
matical definition and some qualitative properties of these models have been
introduced at a previous meeting on statistical methods in cancer research
in Oberwolfach.

In the present paper, the application to quantitative risk assessment is de-
monstrated by two examples. The first is an occupational cancer study
among stainless steel welders. ML-estimation has been carried out on the
basis of individual data. Goodness-of-fit has been tested by application of a
method which has been developed by econometricians but has not yet been
used in biostatistics. The second example is the well-known British phy-
sicians’ study. The fits of three different models (multistage, Moolgavkar-
Knudsen, CD) have been compared. It turns out that all models fit the data
comparably well despite the rather different model assumptions (multistage:
several cellular stages, no growth; Moolgavkar-Knudsen: two cellular sta-
ges and growth; CD: wear-out, no biologic specification). This underlines
the expectation that a simple wear-out mechanism might be sufficient to fit
epidemiologic data in order to carry out quantitative risk assessment. The
closeness of the CD model to the epidemiologic approach to disease occur-
rence guarantees a straightforward parameterization in terms of onset, ces-

sation and intensity of exposure and, thus, easily allows risk extrapolations

or application to, e.g., unit risk assessment.
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Assessment of quantitative exposure variables.

Martin Schumnacher

In epidemiology different strategies can be applied for analyzing the effect
of a quantitatively measured exposure variables on the risk of developing a
certain disease. The most common approach is to dichotomize exposure
into present or absent or to define cutpoints reflecting different levels of
exposure to analyze a dose response relationship. A less frequently applied
approach consists of assuming a special functional shape of the éffect of the
exnosure on the log-odds-ratio or log-relative risk of developing the disease.
and exposure can then be modelled as a continuous covariate in a regression
model. A variety of rules for classifying exposure into two or more categories
are available which range from a-priori selected cutpoints to data-orientated
rules. A rather common approach is to select a cutpoint for which an effect
- or the most pronounced effect - of the exposure variable on the outcome
is observed. This approach for selection of cutpoints can be labelled "dats’
and outcome orientated’ and some adjustment is requxred to qualify the ﬁu
result.

RN

We propose a method for ad)ust.meut of results derived by va.nat\on of t.he>
cutpoint on a specified selection interval. The method should be applied to
correct the P-value if the cutpoint to define different levels of exposure is
selected in a way that the measure of difference between the two groups of
cases and controls, such as the odds ratio or relative risk. is ma.ximized

The various stra.tegxes are illustrated with a case-control study on the asso-.-
ciation between exposure to magnetic fields and the risk of cancer in children
which has been conducted recently in Denmark. A clinical study on the role.
of S-phase fraction for the prognosis of breast cancer patients serves as-‘a se-’
cond example in order to illustrate that snmxlar problems also arise in clinical
research. - E _ . ~

Multistate survival analysis.

Niels Keiding

Multistate survival analysis usually involves a series of detailed regression
analyses describing transitions into various states. There is an often neglecied
need for the many detailed estimates resnlting from such an analysis to he re-
synthesized into summary statements, such as |)rellicLim| of varions outcomes
from specified patient histories, integrating the results of the specilic analyses.
Arjas and Eerola recently proposed a framework for dynamic probabifistic
causality which has calenlation of such prediction statements as a central
tool. We illustrate these procednres on data from a multicenter bone marrow
transplantation study, with death while in remission and relapse as terminal
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events, and the time of recovery of the patient’s platelets to a normal level
and the onset of acute graft-versus-host disease as intermediate events, using
Cox regression models throughout. Among the features illustrated by the
resulting plots is a strong effect on death while in remission if the platelets
do not recover during the first three months.

Statistical issues in risk assessment for developmental

" toxicity of PCBs.

Deutsche

Ursula Krdamer

Polychlorinated Biphenyls (PCBs) are stable environmental contaminants.
They are complex mixtures of congeners differing both in terms of the num-

ber and the position of chlorine atoms on the two rings. Among the broad

spectrum of biological effects, developmental neurotoxicity appears to be a
prominent feature of these chemical mixtures, as can be judged from expe-
rimental and epidemiological findings. Design and results of the studies in

-Michigan and North Carolina, from which a NOAEL ( no observed adverse

effect level) of 1-3 mg/kg fat is derived, are briefly summarized. The EPA
(US Environmental Protection Agency) risk assessment, which leads to a re-
ference dose for the daily intake, is critically revised. Design and goals of our
planned study on PCB exposure and neurodevelopmental deficits are given.
Genetic factors certainly determine neurobehavioral development and have
to be considered as confounding factors.

Visual deficits as a risk for street accidents.

Jiirgen Berger

To answer the question if more people with visual deficits are involved in
street accidents, we are designing a case-control study. One problem is to
get adequate controls. A population based sample looks adequate from the
theoretlcal point of view but may be affected by two disadvantages. 1. Con-
trol persons may have had accidents before starting the study. and do not
report them. 2. For the detailed eye examination the persons have to come to
the hospital and stay there for 2 to 4 hours. This could reduce the response-
rate. Both facts could bias the results. Therefore we decided to formulate
more specific hypothesis. e. g. accidents ignoring somebody’s right of way
are due to a reduced binocular visnal field, and we intend to take persons
involved in other road accidents as controls (however, excluding all aicohol
induced accidents). Planing this study we used data of v. Hebenstreit to esti-
mate the possible risk. The anthor has classified the kinds of 1920 accidents
in two groups: accidents which may be related to visual deficits, such as
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ignoring somebody’s right of way. ignoring tratfic signs. wrongly overtaking
and those which may not be related to vision. Stratifving for age and nsing
the Mantel-llaenszel procedure we estimated a relative risk of 6.7 (95% C.1.:
4.3 - 10.3) for persons with visnal deficits to be involved in such kind of
accidents.

Project: Genetic epidemiology of breast cancer.

Jenny Chang-Claude

The involvement of genetic factors in the etiology of breast cancer has long
been recognized and family history has been found to be one of the most sig-
nificant risk factors for breast cancer in epidemiologic studies. Results from
many segregation analyses suggest that breast cancer is inherited through
a rare autosomal dominant gene in some families. Close linkage of a breast:

cancer susceptibility gene (BRCA1) between 17q12-q21 with breast cancer;’-

especially early onset breast cancer, has recently been reported. The Breast:

Cancer Linkage Consortium, a group of European and American investiga: -

tors, confirmed this finding in 214 breast cancer families including 57 families
with breast and ovarian cancer and provided evidence that the BRCAI gene.
lies in an interval whose genetic length is estimated to be 8.3 cM in males
and 18.0 cM in females.

The purpose of this project is to investigate the interaction between genetic
and non-genetic factors in the etiology of breast cancer. The project includes
a linkage study, first of all for the BRCA1 gene on chromosome 17¢, and case
control analyses, in which the long-term goal is to identify a gene or genes for
breast cancer and to understand its role in the development of breast cancer
in the general population. i

A hereditary breast cancer family study has been initiated in collaboration
with the Women’s Clinic in Heidelberg to identify multiple case families
throughout the country which are potentially informative for linkage analysis.
Families eligible for inclusion should include at least three breast, cancer cases
within three generations in which at least iwo breast cancer cases are alive
(in order to obtain the necessary biological material). In addition families
with at least two ovarian cancer cases are also eligible since linkage with the
BRCAI1 gene was ohserved lor both tnumor types.

In the population-based genetic epidemiologic study of breast cancer newly
diagnosed primary breast cancer patients (up to 50 years of age) will be
compared with two control groups: a) noun- diseased sister control, b) non-
discased population-based control persons from the two study regions “Knr-
plalz’ and "Freiburg” (randomly selected age-matched controls). Parents of
breast cancer patients will be requested Lo provide a blood sample in order
to be able to distinguish between a somatic mutation and a germ line mu-
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tation if necessary. Il a further case of breast cancer has been diagnosed in
the family. all female family members will be requested to participate in the
study. :

Use of the regressive logistic models in linkage analysis.

Maria M. Martinez

The regressive logistic models introduced by Bonney (1984, 1986) are con-
structed by conditioning each individual’s observations on those of his an-
tecedents, using logistic regression for binary traits. The log of the odds
of being affected is assumed to be a linear function of a major genotype,
the phenotypes of antecedents, and other covariates. They allow simulta-
neous estimation of major-gene factors, residual covariation of unspecified
origin, and environmental factors influencing the trait. Demenais (1992) has
proposed an alternative formulation of the regressive logistic models. An
underlying liability to the disease is assumed. The underlying liability is cor-
related among relatives. Then, affected persons have liabilities exceeding a
threshold. The probability for a relative to be affected is expressed in terms
of correlation coefficients among relative’s liabilities. Under this formulation,
the penetrances depend on both phenotypes and genotypes of antecedents.

We have investigated how the linkage detection is affected by the presence
of residual correlation. We have considered the simple case where the effect
of the disease gene is known, and computed for different disease gene models
the recurrence risks predicted in the presence of residual familial correlation.
Observations are affection status (V) and phenotypes at a marker locus (M).
The generalized penetrance function is: P(Y,M | g,Vr,8] where g is the
underlying genotype, Yr represents phenotypes of preceeding relatives, and
0 is the genetic distance between the disease gene and the marker locus.
Our results show that the effect of ignoring residual correlations on linkage
detection depends on the effect of the disease gene. When the effect of the
disease gene is low (genetic variance <10%) ignoring residual correlation leads
to both a bias on # and to a decrease in the maximum expected lod score. We
have also shown that the two formulations of the regressive logistic models
do not lead to similar recurrence risks and these recurrence risks depend on
the ordering of the sibs.

Complex segregation analysis models.

Robert CC. Elston

Complex segregation analysis does not assume that only a single genetic ma-
ting type is possible. The evolution of models for this kind of analysis is

I8
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described and the corresponding likelihoods are presented. The transmission
probability (generalized major gene) model allows for non-Mendelian traus-
mission but assumes that all familial dependencies are due to the transmission
of underlying discrete types. The mixed model allows for both multifactorial
and major gene transmitted dependencies. bui assumes that all such trans-
mission is governed by Mendelian laws. The unified model combines these
two models into a more general model that subsumes each as a special case.
This effectively decreases both Type I and Type Il errors in hypothesis testing
to detect major gene segregation. The regressive models allow for different
forms of dependence in addition to that due to major gene transmission. In
class A regressive models it is assumed that this extra dependence among
the offspring is due only to the parental phenotypes. In class D regressive
models it is assumed that in addition all preceding offspring phenotypes are
equally predictive of an offspring’s phenotype. This model subsumes the mi-
xed model as a special case for a continuous phenotype in nuclear families.
The differences for a discrete phenotype. and in larger family structures, are
described. et

i

A

Genotype x environment interaction in coronary heart:
disease. '

Jean W. MacCluer and John Blangero

Among the problems that arise in identifying genes that affect risk of coronary
heart disease are: (1) lack of a well-defined clinical endpoint: (2) the long time
span over which disease develops; (3) clinical (and genetic) heterogeneity; and
(4) inability to control (or measure) environmental risk factors. These same”
problems are encountered for other complex and common diseases such as )
cancer and autoimmune diseases. A problem of particular concern is that an®
individual’s response to environmental factors may be a function of his/her
genotype, i.e., there may be genotype by environment interaction. We are
investigating the interaction of genotype aud environment and the effect of
such interaction on risk factors for coronary heart disease using a nonhuman
primate model in which we can control, or at least measure, mauy of the
environmental variables that are relevant to disease susceptibility.

Our analyses of lipoprotein phenotypes iu pedigreed baboons have indicated
many cases in which the effects ol genetic variation at specific loci depend
ipon environmental conditions. We have found that the effects of geno-
type on serum councentrations of lipoproteins and apolipoproteins may be
a function of diet, age. sex, or temperature. The interactions between ge-
notype and environment involve major genes, whose identities are still un-
known but which account for a large portion of the phenotypie variance in a

trait; known candidate genes, such as the structural loei for apolipoproteins;
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or polygenes. which are multiple (unidentified) loci that have individually
small effects. The environmental factors may be either known (and there-
fore measnred) factors such as diet and temperature, or unknown (random,
individunal-specific) effects.

Examples of cach of these interactions in nonhuman primates are presented,
and an extension of these studies to coronary heart disease susceptibility in
humans is described.

Supported by NIH grants POl HL28972 and POl HL45522.

Genotype environment interaction in carcinogenesis.

Catherine Bonaiti-Pellié

In the case of diseases with genotype-environment interaction, familial aggre-
gation may. be difficult to demonstrate, particularly when the environmental
exposure is. not very frequent in the population. In such a case, it is possible

to show that taking into.account the environmental exposures of both-the.
.proband and their relatives can substantially increase the power to detect

familial aggregation.

Statistical methods in cancer epidemiology.

Duncan C. Tﬂomas

Genetic epidemiology might be defined as the study of genetic and environ-
mental determinants of disease using population-based family studies. Clas-
sical epidemiology has used studies of independent individuals (cohort and
case-control studies) to examine environmental effects and, in some cases,

familial aggregation through the use of family history covariates. Statistical .

methods based on survival analysis have been widely used in this context.
Classical genetics has relied on segregation and linkage analysis methods to
look at genetic determinants. We have been developing a class of survival
models to look simultaneously at genetic and environmental influences in fa-
mily studies. To overcome the considerable computational difficulties with
standard likelihood methods, we have been exploring two approaches, one
based on Markov Chain Monte Cario methods such as the Gibbs sampler,
and one based on generalized estimating equations approaches for marginal
models in the means, variances, and covariances of the observed phenotypes.
Both approaches are illustrated.

Rapporteur: Rolf Fimmers
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