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Since the early 1970’s, Norman Breslow has made enormous contributions to
statistical theory and its applications in epidemiology, and he was a founding
member and principal statistician of the Wilms Tumor Study Group, which is
credited with great improvements in the treatment and understanding of this
disease. Applications of the biostatistical methods that Norm developed have
been concentrated on two of the most important areas of biomedical science
where statistical thinking is fundamental, clinical trials and chronic disease epi-
demiology. In these two areas, much of the applied statistical work over the
past three decades is based on the conceptual framework of which he was a
principal architect.

Biostatistics is a pluripotential discipline with a multitude of possible
career avenues. Many biostatisticians loosen their ties with the core discipline to
become, for example, epidemiologists, or to manage clinical trial data centers
or move into population genetics, to name just some of the options. This Norm
never did. Although he became deeply involved in a range of biomedical appli-
cations, in particular his extremely productive commitment over the decades to
the Wilms Tumor Study Group, described in the later article by Giulio D’Angio,
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Norm remained focused throughout his career on the development of the core
statistical discipline. In the deepest traditions of scholarship, Norm’s efforts
entailed not only personal research, but also a commitment, described later
by Polly Feigl, to training the next generations of practicing biostatisticians,
to nurturing those in the early stages of a research career, and to advancing
the international status of the profession. In this latter respect, his election as
President of the International Biometrics Society was very broadly welcomed,
and his presidential address in 2002 gave voice to what many feel, that the
major international prize-giving bodies, notably the Nobel committee, have
done biomedicine a great disservice by not properly recognizing the huge con-
tribution that biostatistics and allied disciplines have made to improving the
world’s health over the last six or seven decades.

The 1970’s saw the foundations of survival analysis completely recast. Norm
was a leader in this area, giving rigorous understanding to the stochastic theory
of the Kaplan–Meier curve (Breslow and Crowley 1974) and to the generalized
Kruskal–Wallis test (Breslow 1970) of the equality of survival curves. In a series
of studies, he developed and applied the proportional hazards assumption in
epidemiology and helped create a new conceptual framework and set of tools
for epidemiologists. One paper derived the properties of indirect standardiza-
tion from a regression perspective (Breslow and Day 1975); another gave a
proper statistical interpretation of the epidemiologist’s “expected” number of
events as a random quantity (Breslow 1975). A seminal paper (Prentice and
Breslow 1978) established the connection between hazard ratios in prospective
cohort studies and the relative odds in time-matched (“nested”) case-control
studies. A closely related paper on conditional logistic analysis of matched
case-control data revolutionized the approach to analysis of such data (Breslow
et al. 1978), as did a paper on unconditional logistic regression analysis of the
log odds ratio (Breslow 1976). Later papers on design showed how efficient
the nested case-control design could be, compared to the full cohort analysis
(Breslow et al. 1983).

From my (ND) own viewpoint as a statistical epidemiologist, the devel-
opment of these approaches was greatly liberating. For those who were not
involved with the generation or analysis of epidemiological data in the mid
1970’s, it may be useful to recall the situation. The tools available were limited
in scope and not perceived to have any underlying unity. There had been little
conceptual advance since the classic Mantel-Haenszel paper of 1959 (Mantel
and Haenszel 1959), with the extension to trend tests (Mantel 1963). Mul-
tivariate estimates of risk, the simultaneous control of several confounding
variables, and examination of interaction effects could only be dealt with by
rather unsatisfactory ad hoc approaches. For unmatched studies, unconditional
logistic regression was slowly being introduced, but for matched studies noth-
ing was available. For anything more complex than a univariate analysis with
categorized data, the matching had to be ignored. The workshop that Norm and
I held at the IARC in December 1977 brought together practicing epidemiolo-
gists and biostatisticians to discuss the scope of the monograph on the analysis
of case-control studies we were preparing. Software was available at the work-
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shop for the analysis of matched studies using conditional logistic regression.
The response from the workshop participants was clear, that despite some off-
stage noises from the foggy northwest Atlantic, the analytic tools becoming
available, based on unconditional and conditional logistic regression, provided
a complete answer to the analytic questions being asked of data at the time. Not
only did they offer new and more flexible analytic approaches, but they also
provided a framework to motivate and assess the simpler contingency table
methods, such as those of Mantel and Haenszel. No living discipline stands still,
but there was a feeling that a stage had been completed in the evolution of
the subject. This is perhaps born out by the fact that more than 25 years after
publication of the ensuing monograph (Breslow and Day 1980), this book was
still the most quoted reference in the American Journal of Epidemiology. Seven
years later, the complementary publication on cohort studies (Breslow and Day
1987) appeared, which in a logical world might have been Volume 1 rather than
Volume 2.

This has been a very selective summary of some of Norm’s statistical contri-
butions, chosen from a bibliography containing more than 200 refereed articles
and more than invited 70 chapters and other writings. Among other statistical
research themes that should be mentioned are: development of a satisfactory
asymptotic theory and methods for the analysis of sparse data, as in matched
case-control studies analyzed by the Mantel-Haenszel method (Breslow 1981;
Breslow and Liang 1982; Robins et al. 1986); allowance for overdispersion in
Poisson data (Breslow 1984,1990); and random effects modeling in general
linear models (Breslow and Clayton 1993; Lin and Breslow 1996). Another
important research theme is the design and analysis of two-phase studies, such
as two-phase case-control studies in which readily available covariates are ob-
tained on all cases and controls, but hard to gather measurements are obtained
selectively among cases and controls (Cain and Breslow 1988; Breslow and Ho-
lubkov 1997a, b; Chatterjee et al. 2003). This work is being used to increase the
statistical efficiency of epidemiologic studies and to provide a framework for
analysis when some of the case-control data are missing (Chen et al. 2006).

Norman Breslow has received many honors for his work, including the
Snedecor and Fisher awards from the Committee of Presidents of Statistical
Societies and an Honorary Doctorate from the University of Bordeaux. He is
an Honorary Fellow of the Royal Statistical Society, a member of the Institute
of Medicine of the National Academy of Sciences and a former President and
Honorary Life Member of the International Biometric Society. Perhaps his
greatest honor is the widespread adoption of the many conceptual approaches
and analytic tools he has given us.
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