MACROEPIDEMIOLOGY::

. PUBLIC HEALTH RECORDS
. POPULATION GENETICS AND

FAMILIAL RISK

. ENVIRONMENTAL EPIDEMIOLOGY
. HUMAN PHYSIOLOGY AND

GENETICS

“Eliminate the impossible, and whatever
remains, however improbable, must be
the truth.”

A.C. Doyle, M.D.



1. PUBLIC HEALTH RECORDS

http://epidemiology.mit.edu
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HISTORY OF AGE-SPECIFIC CANCER RATES
(European Americans in the United States)

elUse of data through age 1084 years reveals
iIncreased age-specific rates began with
birth cohorts of the early 19th century.
eThese age-specific rates reached ~stable
values for birth cohorts by the
late 19th century.

The concept that cancer rates rose in the
most “developed” countries as a result of
exposure to novel industrial chemicals
during the 20th century is not supported
by the historical data.



2. Population genetics and familial risk



Familial risk of late onset CRC = 2.5 +/- 0.2
( coincident cases 1958-2002)
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Parent/child colorectal cancer in Sweden (K. Hemminki )



Community risk in the United States:

The distribution of colorectal cancer rates among
communities is not significantly different from the
distribution expected by chance. (1958-1995) Neither
E nor G can be argued to vary among communities in
this highly ethnically heterogeneous post-agrarian
population. These data suggest that the value of E has
reached a stable makimum with E approaching 1.0.
(Janice Vatland, MIT)

Spousal risk in Sweden:

For parents living together for at least thirty years

the relative risk of colorectal canceris 1.0.

(Kari Hemminki, Deutches Krebs Forschung Zentrum,
Heidelberg, Swedish Family Cancer Registry, 1933-2002)

Conclusions:
E =1 in post-agrarian communities for colon cancer.
SinceF=GXE=0.18-0.2, G= 0.18-0.2



Limitations on hypotheses genetic risk of colon

C?rom familial data (Hemminki)

RR;(colon) = ~ 2.5 +/- 0.2
RB, (A*/ - at risk) = 0.5/2pg
RR. (A~ at risk) = 1/q
u.s.w.

From U.S.data (MIT) and clinical data (Atkin)
G(colon) = ~ 0.18-0.2

6 (A*/ -~ at risk) = qu
6 (A~/- at risk) = q
u.s.w.

BEST FIT: [ A*/"]1 = RISK,

g= ~0.1
which is, coincidentally, the average value of q
for all known genes carrying non-deleterious
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5. Environmental epidemiology
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MODERN CANCER RATES AMONG U.S. COMMUNITIES
DISTRIBUTE ACCORDING TO THE NULL HYPOTHESIS
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Prevalence (USA) and starting age of smoking.
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250 T
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200 1| o Females born in the 1910s

Smoking prevalence ~ 35%
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Males and female smokers apparentiy have
identical age specific lung cancer death rates
despite significantly different lung cell numbers.
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4. Human physiology and genetics
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Colon embryology and carcinogenesis.

Digestive system of human fetus between S and 7 weeks age of gestation
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The midgut
elongates rapidly
and during the
sixth week of
development it
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Exponential Growth of Human Juveniles
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Divisions of bell-shaped nuclei in human embryonic midgut

Direct cell division by simple cleavage of
the nucleus without spindle formation or

the appearance of chromosomes:
Amitosis

Symmetrical amitosis ; -
Asymmetrical amitosis
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COMMON THEORETICAL STRUCTURES

1. Clonal expansion models
2. Cell/function mortality models.



“Two-(Rate-Limiting)-Stage” Model
Armitage & Doll, 1957

INITIATION PROMOTION

NORMAL -“I1” events-> PRENEOPLASIA- “II1” events->NEOPLASIA
CELLS

e extended the basic model by positing
that there is a

subfraction, F, of the subpopulation thatis
at lifetime risk

and a subfraction (1-F) that is not.

For the multi-parametric equations

describing the model
e created a comnuter nroaram. CancerFité.



Cancer Data--->Carcinogenesis Model

OBS(h,t)/[1-SUR(h,t) REP(h,t) (1-TOT(h,t)]

F Pops(h,t )

F+ (1-F) e 1/£] (0, )POBS(h,t) dt

where Pops(h,t)=[1-¢- VOBS(h’t)]]



—
t i1 - o (Cprom(m) 2 (k a)))

VOBS (h,t) = Cinit ( )f " | da
t-a

0
INITIATION PROMOTION

NORMAL ->‘“n” events-> PRENEOPLASIA-> “m” events->NEOPLASIA
CELLS B :
u = preneoplastic

“zero” = adult growth rate
growth rate
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0.20 - Percentage of smokers at risk ~
£ 0.82 + (1-0.12) = 94%
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Fraction of cigarette smokers, F, at lifetime risk
of lung cancer mortality is greater than 94% of
maximum fraction smoking cigarettes, E, for males
and females.

Genetic risk is close to 100%.
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