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Abstract  Epidemiological studies have suggested that the propensity to develop malignancy in-
vo l ves a complex mix of genetic and environmental determinants, h ow e ver both older and inno-
va t i ve techniques display unre s o l ved questions re g a rding etiology. Cu r rent barriers to achieving
the potential benefit from this understanding are : 1) incomplete background on the various envi-
ronmental and genetic factors invo l ved in the carcinogenesis mechanism; 2) difficulties in accu-
rately differentiating specific molecular subtypes and measuring the effective cellular ex p o s u re
d o s e ; and 3) difficulties in determining the multifactorial interaction between genetic and envi-
ronmental factors. To ex t rapolate Human Genome Project re s e a rch findings to the Po s t - Hu m a n
Genome Project era , South Am e r ica provides a large population and large-pedigree families, t h u s
including genetically heterogeneous and less heterogeneous gro u p s . An initial stra t e gy might be to
t race high risk populations and the re s p e c t i ve ex p o s u res to which they are susceptible, such as: 1 )
m i g ra t i o n , identifying rural migrant populations; 2) inherent susceptibility, studying “long term
homogeneous popul a t i o n s” or large families living in similar rural enviro n m e n t s ; and 3) dissec-
tion of gene-environmental intera c t i o n .
Key words  Ne o p l a s m s ; Population Ge n e t i c s ; Human Ge n o m e

Resumen  Est udios epidemiológicos han demonstrado que la susceptibilidad de la población a
las enfermedades malignas está basada en interrelaciones genéticas hereditarias y no here d i t a-
r i a s . Las técnicas epidemiológicas tradicionales no han resuelto los problemas básicos de los me-
canismos etiológicos. Las barre ras existentes son: 1) el conocimiento incompleto de las etapas del
mecanismo de la carcinogénesis accionada por factores genéticos y ambientales; 2) la dificultad en
delimitar subtipos específicos de neoplasmas basados en mecanismos moleculares definidos, y las
dosis efectivas de exposición celular; y 3) la capacidad en determinar la interrelación en el meca-
nismo genético-ambiental. Anticipandose al futuro, América Latina presenta la oportunidad pa-
ra capitalizar los recientes ava n zos en el conocimiento molecular, aplicando técnicas epidemiológi-
cas y biológicas. La primera estrategia es la delimitación de poblaciones de alto riesgo o que ve n g a n
a re p resentar alto riesgo en el futuro. Las estrategias deberian identificar: 1) poblaciones de migra-
ción reciente a areas urbanas com antecedentes genéticos homogéneos; 2) susceptibilidad genética
en familias numerosas residentes en zonas rurales com antecedentes genéticos homogéneos y me-
nos homogéneos; y 3) estudios biológicos específicos de la interrelación genética ambiental en dis-
tintas situaciones multi-genéticas y multi-fenotípicas entre sus componentes.
Palabras clave  Ne o p l a s i a s ; Genética Po b l a c i o n a l ; Genoma Hu m a n o
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One chapter, one challenge

The pri m a ry pre vention of human cancer re l i e s
on the idea that reducing a population’s expo-
s u re to a causal risk factor will result in de-
c reased cancer incidence. Gi ven that org a n-
isms are adversely affected by hazardous envi-
ro n m e n t s, susceptible individuals are by defin-
ition affected more seve rely or more quickly
under hostile surro u n d i n g s. He n c e, pri m a ry
p re vention is reaching new areas in the interre-
lationship between polygenic (multiple genes)
and multifactorial (genetic and enviro n m e n t a l )
e ve n t s. Owing to the rapid development in the
fields of molecular biology and molecular epi-
demiology since the late 1980s, scientists have
expanded the capacity of epidemiological
techniques to identify the biologically effec-
t i ve dose at tissue targets (for example, DNA),
early biological effects (for example, DNA alter-
ations), and va riations in individual suscepti-
b i l i t y. The goals are a chain of accurate steps
f rom host-biological subtypes, determining ex-
p o s u re, and genetic-multifactorial interre l a-
tions (Table 1).

Available biologic evidence shows the
s t rengths and limitations of these types of as-
s o c i a t i o n s, particularly in susceptibility to
c h e m i c a l l y-induced cancers in the micro - e n v i-
ronmental field (read specific occupational en-
v i ronments) and the extent to which genetic
h e t e rogeneity and other factors play a role in
the pro c e s s. A typical example from tra d i t i o n a l
epidemiological re s e a rch on potential cancer-
causing exposures with successful application
in the occupational and para-occupational ar-
eas of pre ve n t i ve interventions is that of as-
b e s t o s - related malignancies. Howe ve r, not all
associations are causal and not all exposure -
cancer associations (with perhaps a thousand
associations inferred) are biologically plausible.

Mo re recent epidemiological studies sug-
gest that the propensity to develop a malignan-
cy invo l ves a complex mix of genetic and envi-
ronmental determinants and there f o re show s
p a t t e rns of inheritance that do not follow sim-
ple Mendelian transmission (Lander & Schork ,
1994). However, both older and innovative t e c h-
niques still face unre s o l ved fundamental ques-
tions re g a rding etiology, susceptibility, and en-
v i ronmental carc i n o g e n e s i s. As mentioned
a b ove, epidemiological studies have used mea-
s u rement in hazardous enviro n m e n t s, where
individuals are affected more seve rely or more
quickly under hostile surro u n d i n g s. Two exam-
ples lead to different approaches to the dilem-
ma of this gene-environmental interre l a t i o n-
s h i p.

As a first example, case-control epidemio-
logical studies of female breast cancer, descri b-
ing an association between genetic deficiency
in isoforms of the detoxification enzyme glu-
tathione S-tra n s f e rase (GST, mainly class m u i n
post-menopausal women) have conflicting re-
sults (Kelsey et al., 1997; Helzsouer et al., 1998).
Could differences in the environmental com-
ponent of the putative gene-environmental in-
t e raction be responsible for dissimilar re s u l t s
such as geographic distribution, exposure, a n d /
or ethnicity (Laden et al., 1997; Ha rtmann et
al., 1997)? If so, these lines point to a dive r s i t y
of mutational exposures in breast cancer, w h e re
e n v i ronmental studies should be guided by a
classification into genetically homogeneous
populations to show sufficient evidence of bio-
logical plausibility.

The second example is from the study of
the so-called “A-bomb surv i vo r s”, focusing on
the quantified leukemia re l a t i ve risk of 75,991
Japanese surv i vors for whom radiation expo-
s u re levels we re available (Shimizu et al., 1990).
Two hundred and two surv i vors deve l o p e d
leukemia between 1950 and 1985, but the re l a-
t i ve risk declined from 11.7 to 1.8 over time.
The exposed Japanese population is genetical-
ly less heterogeneous than other populations
in the cancer surveillance network, but even in
this example, distinctive mutational pattern s
we re able to differentiate the highly suscepti-
ble population with a short exposure - t o - d i a g-
nosis interval. In terms of similar evidence of
e n v i ronmental-gene interaction, it is re a s o n-
able to cite the example of the differential ri s k
of workers exposed to benzene in the deve l o p-
ment of leukemia and bone marrow aplasia
( A k s oy, 1985; Linet et al., 1996). Far from being
fully clarified, this genetically complex disease
i n volving traditional exposure - related associa-
tion (environmental or occupational) with can-
cer has produced novel approaches to define
the role of genetic susceptibility in epidemio-
logical studies of cancer etiology.

Individual genetic susceptibility is a major
etiologic factor of cancer. While there has been
i m p re s s i ve pro g ress in understanding mono-
genetic diseases prone to cancer risk, for exam-
ple ataxia-teleangiectasia (Gilad et al., 1998), or
which are associated with an inherent domi-
nant gene such as bilateral retinoblastoma ( Si p-
pel et al., 1998), such studies have had re l a t i ve-
ly little impact on pre vention, implications in
cancer control, and public health perspective s,
due to the low incidence of most of these dis-
e a s e s. In contrast, as was pointed out, more
i m p o rtant traits related to the propensity to
d e velop neoplasms follow more complex poly-
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genetic and multifactorial patterns ( Weeks &
L a t h ro p, 1995; Risch & Me ri k a n g a s, 1996). Su c h
complexity makes it difficult to chara c t e ri ze
and identify each and eve ry factor contri b u t i n g
to cancer etiology in a given individual or in
the population at larg e.

The following are some of the current barri-
ers to achieving the potential benefit from this
u n d e r s t a n d i n g :

1) Incomplete understanding of the va ri o u s
e n v i ronmental and genetic factors invo l ved in
the carcinogenesis mechanism and difficulties
in their assessment.

2) Difficulties in accurately differe n t i a t i n g
specific molecular mechanisms.

3) Limitations in measuring the effective
cellular exposure dose and it interre l a t i o n s h i p
with the polygenetic etiology and the effective
individual exposure.

4) Limited ability to determine the multiple
i n t e raction between genetic and enviro n m e n-
tal factors. This interaction gene/mutation s p e-
cific creates “the phenomenon of differe n t i a l
genetic susceptibility to certain enviro n m e n t a l
i n f l u e n c e s” ( Xu & Schork, 1997:521).

Another barrier to identifying enviro n m e n-
tal factor(s) for neoplasms is the paucity of ap-
p ro p riate epidemiological studies conducted
in the field, for example, individual deve l o p-
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mental and differential phenotypical modes of
t ransmission, genetic hetero g e n e i t y, incom-
plete genetic penetra n c e, and delayed age of
onset. Of course, a potential effect of the use of
molecular epidemiology is that it will incre a s e
the number of subsets in each traditionally de-
fined neoplasm type, and as molecular assays
become more sensitive, the probability of
f a l s e - p o s i t i ve findings increases and diagnos-
tic specificity is re d u c e d .

By the years 2003-2005 it is expected that
the 3 billion base-pairs human genome will
h a ve been completely explored and its 50,000-
100,000 genes deciphered (Boguski, 1995;
Schuler et al., 1996). As a result, it will become
possible to identify mutant genes and poly-
morphic alleles associated with the deve l o p-
ment of most neoplasms. In addition, the abili-
ty to accurately measure molecular markers of
exposure (for example, DNA protein adduct, s e e
Table 1) will help in the analysis of the differe n-
tial contribution of each environmental car-
cinogen to the development of malignancies
( Pe re ra, 1996, 1997). To date, the most common
use of biomarkers in cancer re s e a rch is in ana-
lyzing the complex interplay of va rious molecu-
lar determinants in the initiation of neoplasms.

Il l u s t rating this situation of the conjunction
of molecular epidemiology techniques and the

Table 1

Goals in molecular epidemiology, exposure, and neoplasms.

The Host

1) Inheritable variations in carcinogenesis involving metabolic enzymes.

2) Determination of polygenic etiology in carcinogenesis mechanisms.

3) Germ-line mutations in tumor-associated gene(s).

4) Sib-pair design (concordant or discordant) to identify new environmental factor(s), controlling 
for genetic hetero g e n e i t y.

5) DNA repair mechanism.

The Enviro n m e n t

1) Measurement of exposure to mutagenic agents.

2) Intracellular effective exposure .

3) Identification, determination, and measurement of reliable biomarkers for a specific exposure .

4) DNA and protein adducts.

5) Dissection of mutifactorial components (genetic and enviro n m e n t a l ) .

The Neoplasm

1) Somatic mutations in disease pro g re s s i o n .

2) Disturbance of arc h i t e c t u re, invasion by malignant cells, nuclear anaplasia, multicentricity, and cell types.

3) Early biological eff e c t .

4) Molecular subsets.

5) Association with other primary neoplasms.
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i n f o rmation to come from the Human Ge n o m e
Project, some potential future issues will be the
solution to small sample sizes in study popula-
t i o n s, inappro p riate selection of contro l s, sub-
classification of neoplasms, and difficulties in
identifying multifactorial interactions betwe e n
polygenic and/or multiphenotypical compo-
n e n t s. This situation is currently unsatisfactory
using traditional epidemiological methods and
will continue to pose problems if the Hu m a n
Genome Project potential is not applied to de-
velop an understanding of novel gene-enviro n-
mental interaction in an area like Latin Ameri-
ca with a broad socioeconomic tra n s i t i o n .

These new aspects point to a diversity of
challenges in cancer re s e a rch and may be cri t i-
cal for future studies of genes related to envi-
ronmental susceptibility to incorporate larg e r
scale studies with more sophisticated methods
of neoplasm subclassification into etiologically
m o re homogeneous gro u p s. The critical ele-
ment, at least up to now, has been the potential
public impact and potential benefits associat-
ed with interventions based on common ge-
netic ri s k s. A full understanding of the mecha-
nism invo l ved in gene-environmental mecha-
nisms could lead to pre ve n t i ve measure s, in-
cluding the management of high-risk gro u p s
c a r rying inherent germ-line genes.

In the face of inconsistent population stud-
ies and elusive environmental risk factors re-
lated to the environmental-genetic complex
which begins to emerge in specific cancer sites
for example in ductal breast cancer, under-
standing the role of GSTs in the glutathione
conjugation of estrogens and lipid metabolism
in different germ-line mutation carrier popula-
tions (Zhu & Co n n e y, 1998) one would ask what
might be the appro p riate critical approach to
e valuating this threshold of evidence for ac-
cepting putative etiology associated with po-
tential public health impact.

To extrapolate the Human Genome Pro j e c t
re s e a rch findings to the Po s t - Human Ge n o m e
Project era in order to the study cancer in hu-
man population, three important concepts
could apply: a) the sample size must be larg e ;
b) large study should cover both, long-term
isolated populations and those having migra t-
ed recently from remote to more urban and in-
d u s t rial areas; and c) and the markers must be
i n f o rm a t i ve (Ishibe & Ke l s e y, 1997).

An initial strategy could be to trace high-
risk populations and the re s p e c t i ve exposure s
to which they are susceptible. The follow i n g
a p p roach would facilitate this stra t e g y:

a) Mi g ration study by identifying ru ral mi-
g rant populations living in urban are a s. By

identifying the ru ral areas from which the pop-
ulation came and comparing cancer burd e n
b e t ween the urban (host) and ru ral (origin) ar-
e a s, it is possible to estimate the attri b u t a b l e
f raction of neoplasm associated with the urban
e n v i ronment without confounding from genet-
ic factors. Ru ral migrants may be moving on a
l a rge scale from the same region, and they
may be genetically homogeneous, thus facili-
tating gene-mapping studies (Khoury et al.,
1998) from China. The following is an exa m p l e
f rom two parallel studies conducted in Los An-
geles (Douer et al., 1996). Acute pro m ye l o c y t i c
leukemia (or acute myeolocytic leukemia FA B -
M3) was found to be significantly higher in Hi s-
panics than in non-Hispanics (pro p o rt i o n s :
37.% and 6.5%, re s p e c t i ve l y, p<0.00001) in a
hospital-based study on recent migrant g ro u p s.
A similar trend, although to a lesser but still
significant degre e, was found in a population-
based epidemiological study at age 30-69 ye a r s
in the same area, for at least 15 years prior to
the diagnosis of acute pro m yelocytic leukemia
in the migrant Hispanic population as com-
p a red to the non-Hispanic population (pro p o r-
tion 24.3.% and 8.3%, re s p e c t i ve l y, p<0.0075).
The difference in estimated risks of acute
p ro m yelocytic leukemia in the two studies,
p e rf o rmed in the same study area, may re f l e c t
d i f f e rent environmental exposure s, as the au-
thors point out, due to the migration effect.
The rate in the population-based study is
much closer to the non-Hispanic population,
but still significantly higher, probably as a re-
sult not only of differences in genetic suscepti-
b i l i t y, but also of long-term residence in Los
Angeles (at least 15 years), compared with the
hospital series chapter of the study.

b) In h e rent susceptibility by studying larg e
families or “ l o n g - t e rm homogeneous popula-
t i o n s” living in similar ru ral environments and
in the native population. In South Ameri c a ,
t h e re are still isolated populations that are ide-
al for re s e a rching linkage disequilibrium map-
ping ( Jo rg e, 1995). Studying disequilibri u m
mapping in this population in larg e - p e d i g re e
families with high birth rates and a yo u n g e r
population could prove useful for valuable seg-
regation for narrowing chromosomal re g i o n s.
Se a rching larg e - p e d i g ree families could facili-
tate the study, of discordant sib-pairs in gene
mapping, useful to identify new enviro n m e n-
tal risk factors, controlling for genetic hetero-
g e n e i t y.

c) Dissection of gene-environmental inter-
action. Di f f e rential genetic susceptibility to
specific environmental exposures is an essen-
tial part to elucidate the pathogenesis of neo-
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Table 2

Cancer incidence in selected regional areas and cancer sites, 1988-19921.

Cancer site Latin America Canada & USA South Euro p e S c a n d i n a v i a I n d i a A u s t r a l i a
( I C D - 9 ) S E E R - W h i t e

A S R S I R (95% CI) A S R S I R (95% CI) A S R S I R (95% CI) A S R S I R (95% CI) A S R S I R (95% CI) A S R S I R (95% CI)

M e n
Esophagus 7 . 1 1 0 0 ( 9 4 . 7 ; 4 . 2 8 7 . 4 ( 8 5 . 2 ; 5 . 4 9 5 . 2 ( 9 2 . 1 ; 3 . 6 7 6 . 9 ( 7 4 . 3 ; 9 . 7 1 7 7 . 2 (170.4; 4 . 8 9 9 . 2 ( 9 5 . 0 ;
( 1 5 0 ) 1 0 5 . 5 ) 8 9 . 6 ) 9 8 . 5 ) 7 9 . 5 ) 1 8 4 . 2 ) 1 0 3 . 5 )

Stomach 2 6 . 7 1 0 0 (97.2; 9 . 3 5 5 . 2 (54.3; 2 1 . 6 1 0 5 . 1 (103.3; 1 2 . 2 7 8 . 5 (77.1; 9 . 6 4 9 . 8 (47.9; 1 0 . 9 6 3 . 0 (61.2; 
( 1 5 1 ) 1 0 2 . 8 ) 5 6 . 1 ) 1 0 6 . 9 ) 7 9 . 9 ) 5 1 . 7 ) 6 4 . 8 )

Colon 1 0 . 8 1 0 0 (95.6; 2 7 . 4 3 9 9 . 8 (395.9; 1 8 . 5 2 2 1 . 2 (217.1; 1 8 . 2 2 8 3 . 0 (278.9; 2 . 8 3 7 . 4 (34.9; 2 2 . 8 3 8 9 . 6 (382.8; 
( 1 5 3 ) 1 0 4 . 5 ) 4 0 3 . 6 ) 2 2 5 . 2 ) 2 8 7 . 1 ) 4 0 . 1 ) 3 9 6 . 6 )

L a ry n x 5 . 7 1 0 0 (94.4; 6 . 3 1 4 1 . 2 (138.2; 1 2 . 6 2 5 5 . 1 (249.6; 3 . 5 8 0 . 8 (78.0; 6 . 3 1 3 1 . 3 (125.1; 5 . 1 1 1 4 . 5 (109.7; 
( 1 6 1 ) 1 0 5 . 9 ) 1 4 4 . 2 ) 2 6 0 . 7 ) 8 3 . 7 ) 1 3 7 . 7 ) 1 1 9 . 5 )

Lung 2 6 . 1 1 0 0 (97.3; 6 3 . 7 3 4 1 . 5 (339.3; 6 3 . 3 2 9 4 . 8 (292.0; 3 8 . 0 2 1 0 . 8 (208.6; 1 1 . 9 5 8 . 2 (56.2; 4 6 . 7 2 4 9 . 5 (246.2; 
( 1 6 2 ) 1 0 2 . 8 ) 3 4 3 . 7 ) 2 9 7 . 7 ) 2 1 3 . 0 ) 6 0 . 3 ) 2 5 3 . 0 )

B reast 0 . 3 1 0 0 (77.3; 0 . 6 2 7 7 . 7 (260.3; 0 . 6 2 1 0 . 0 (189.0; 0 . 4 1 8 7 . 2 (169.2; 0 . 4 1 4 0 . 5 (114.9; 0 . 6 2 6 2 . 7 (232.3; 
( 1 7 5 ) 1 2 7 . 3 ) 2 9 6 . 1 ) 2 3 2 . 7 ) 2 0 6 . 6 ) 1 7 0 . 1 ) 2 9 6 . 0 )

P rostate 3 6 . 4 1 0 0 ( 9 7 . 3 ; 7 9 . 7 4 2 6 . 1 ( 4 2 3 . 8 ; 2 4 . 1 9 7 . 2 ( 9 5 . 6 ; 4 6 . 1 2 6 7 . 4 (265.1; 5 . 7 2 3 . 7 (22.3; 5 1 . 5 2 7 5 . 1 ( 2 7 1 . 7 ;
( 1 8 5 ) 1 0 2 . 8 ) 4 2 8 . 5 ) 9 8 . 8 ) 2 6 9 . 7 ) 2 5 . 2 ) 2 7 8 . 6 )

Bladder 9 . 0 1 0 0 (95.0; 2 0 . 9 3 8 3 . 1 (378.9; 2 4 . 4 3 6 9 . 9 (364.1; 1 9 . 0 3 6 1 . 6 (356.5; 3 . 7 5 7 . 3 (52.1; 1 5 . 3 2 7 7 . 2 (270.7; 
( 1 8 8 ) 1 0 5 . 2 ) 3 8 7 . 4 ) 3 7 5 . 8 ) 3 6 6 . 8 ) 6 2 . 9 ) 2 8 3 . 9 )

NHL 7 . 4 1 0 0 (95.4; 1 4 . 4 2 5 5 . 6 (252.1; 8 . 7 1 3 7 . 0 (133.2; 1 0 . 4 1 9 6 . 5 (192.5; 3 . 8 5 6 . 8 ( 5 3 . 7 ; 1 3 . 2 2 3 3 . 7 (227.6; 
( 2 0 0 + 2 0 2 ) 1 0 4 . 8 ) 2 5 9 . 1 ) 1 4 0 . 8 ) 2 0 0 . 6 ) 6 0 . 0 ) 2 3 9 . 9 )

All sites, 2 0 4 . 6 1 0 0 (99.0; 3 4 2 . 3 2 5 3 . 2 (252.5; 2 8 3 . 7 1 7 7 . 6 (176.8; 2 5 2 . 6 1 9 7 . 5 (196.7; 1 1 5 . 0 7 4 . 9 (74.1; 3 1 5 . 2 2 2 8 . 3 (227.1; 
but skin 1 0 1 . 0 ) 2 5 3 . 9 ) 1 7 8 . 4 ) 1 9 8 . 2 ) 7 5 . 8 ) 2 2 9 . 5 )

Wo m e n
Esophagus 1 . 1 1 0 0 (90.7; 1 . 3 1 0 9 . 9 (10.5; 0 . 8 4 4 . 6 ( 4 1 . 0 ; 1 . 2 1 1 6 . 1 (110.7; 7 . 5 5 4 6 . 1 ( 5 2 1 . 3 ; 2 . 2 1 9 4 . 9 (184.4; 
( 1 5 0 ) 1 1 0 . 0 ) 1 1 4 . 3 ) 4 8 . 5 ) 1 2 1 . 7 ) 5 7 1 . 9 ) 2 0 5 . 8 )

Stomach 1 3 . 3 1 0 0 (96.4; 3 . 9 5 5 . 6 (54.4; 9 . 9 9 8 . 2 (96.0; 6 . 4 9 6 . 6 ( 9 4 . 6 ; 4 . 6 5 0 . 3 ( 4 7 . 5 ; 7 . 6 6 4 . 3 (61.9; 
( 1 5 1 ) 1 0 3 . 7 ) 5 6 . 8 ) 1 0 0 . 5 ) 9 8 . 6 ) 5 3 . 2 ) 6 6 . 8 )

Colon 1 0 . 0 1 0 0 (95.8; 2 1 . 1 3 9 7 . 9 (394.2; 1 3 . 7 1 8 1 . 2 (177.8; 1 6 . 2 3 1 8 . 6 (314.4; 2 . 2 3 1 . 3 ( 2 8 . 7 ; 2 1 . 9 3 8 1 . 6 (374.8; 
( 1 5 3 ) 1 0 4 . 4 ) 4 0 1 . 7 ) 1 8 4 . 7 ) 3 2 9 . 9 ) 3 4 . 1 ) 3 8 8 . 5 )

L a rynx 0 . 8 1 0 0 (86.2; 1 . 3 2 1 0 . 8 (201.6; 0 . 6 9 1 . 9 (83.7; 0 . 5 8 6 . 3 ( 7 8 . 9 ; 0 . 9 1 4 1 . 9 (123.9; 0 . 6 9 9 . 5 (87.9; 
( 1 6 1 ) 1 1 5 . 4 ) 2 2 0 . 4 ) 1 0 0 . 6 ) 9 4 . 2 ) 1 6 1 . 8 ) 1 1 2 . 1 )

Lung 7 . 3 1 0 0 (95.3; 3 0 . 5 6 0 3 . 5 (598.3; 8 . 4 1 4 1 . 0 (137.6; 1 3 . 7 2 6 9 . 5 (265.2; 2 . 7 4 8 . 9 ( 4 5 . 2 ; 1 5 . 6 3 1 9 . 5 (312.5; 
( 1 6 2 ) 1 0 4 . 9 ) 6 0 8 . 7 ) 1 4 4 . 5 ) 2 7 3 . 9 ) 5 2 . 7 ) 3 2 6 . 6 )

B reast 4 4 . 4 1 0 0 (98.2; 8 2 . 6 2 3 8 . 8 (237.6; 5 6 . 2 1 3 7 . 5 (136.2; 6 8 . 1 1 9 7 . 1 (195.6; 2 4 . 3 6 3 . 4 (61.9; 6 7 . 4 1 8 7 . 5 ( 1 8 5 . 4 ;
( 1 7 4 ) 1 0 1 . 8 ) 2 4 0 . 1 ) 1 3 8 . 9 ) 1 9 8 . 6 ) 6 4 . 9 ) 1 8 9 . 6 )

C e rvix Uteri 2 4 . 5 1 0 0 (97.7; 7 . 7 3 7 . 0 (36.3; 9 . 5 4 1 . 5 ( 4 0 . 5 ; 9 . 2 4 4 . 3 (43.3; 2 5 . 9 1 0 6 . 9 (104.5; 9 . 9 4 6 . 9 (45.5; 
( 1 8 0 ) 1 0 2 . 3 ) 3 7 . 6 ) 4 2 . 6 ) 4 5 . 2 ) 1 0 9 . 4 ) 4 8 . 3 )

O v a ry 6 . 4 1 0 0 (98.4; 1 0 . 7 2 1 5 . 3 (212.1; 7 . 6 1 3 2 . 9 (129.4; 7 . 6 1 5 5 . 8 (152.3; 5 . 7 9 9 . 7 (95.0; 8 . 6 1 7 0 . 5 (165.3; 
( 1 8 3 ) 1 0 4 . 7 ) 2 1 8 . 5 ) 1 3 6 . 5 ) 1 5 9 . 3 ) 1 0 4 . 6 ) 1 7 5 . 9 )

Bladder 2 . 5 1 0 0 (91.5; 5 . 5 3 9 9 . 6 (392.1; 3 . 9 2 0 8 . 7 (201.3; 4 . 8 3 6 2 . 2 (353.3; 1 . 0 5 4 . 8 (47.8; 4 . 3 3 1 2 . 6 (300.4; 
( 1 8 8 ) 1 0 9 . 1 ) 4 0 7 . 2 ) 2 1 6 . 3 ) 3 7 1 . 2 ) 6 2 . 5 ) 3 2 5 . 3 )

NHL 5 . 3 1 0 0 (94.8; 9 . 5 2 6 4 . 0 (260.0; 6 . 0 1 3 0 . 7 (126.8; 7 . 1 2 0 7 . 4 (202.9; 2 . 3 5 4 . 2 (50.2; 8 . 8 2 3 9 . 4 (233.4; 
( 2 0 0 + 2 0 2 ) 1 0 5 . 4 ) 2 6 8 . 1 ) 1 3 4 . 6 ) 2 1 2 . 0 ) 5 8 . 4 ) 2 4 6 . 6 )

All sites 1 8 1 . 3 1 0 0 (99.1; 2 6 4 . 5 2 0 9 . 3 (208.6; 1 9 1 . 4 1 2 3 . 7 (123.1; 2 2 7 . 6 1 8 7 . 6 (186.9; 1 1 9 . 5 7 9 . 0 ( 7 8 . 2 ; 2 4 2 . 1 1 8 7 . 8 (186.7; 
except skin 1 0 0 . 9 ) 2 0 9 . 8 ) 1 2 4 . 4 ) 1 8 8 . 3 ) 7 9 . 9 ) 1 8 9 . 0 )

1 Age-adjusted incidence rates per 100,000 and standardized incidence ratios (SIR) were computed by Parkin et al. (1997). ICD-9 is International 
Classification of Diseases, Ninth Edition; SIR is age-standardized, ASR is age-adjusted standard rate to the world population and CI confidence 
i n t e rval. Reference category: for each neoplasm and cancer re g i s t ry, to similar neoplasm in all of South America. Cancer registration in South America
includes: Concordia, 1990-94 (Argentina); Belém 1989-91, Goiânia 1990-93, Porto Alegre 1990-92 (Brazil); Cali 1987-91 (Colombia); Costa Rica 
1988-92; Quito 1988-92 (Ecuador); Lima 1990-91, Trujillo 1988-90 (Peru); Puerto Rico 1981-91; Montevideo 1990-92 (Uruguay). United State 
of America includes incidence in white population from the Surveillance, Epidemiology, and End Results (SEER) Program. Southern Europe includes
C roatia (1988-92); Herault, Isere, Ta rn 1988-92 (France); Italy; Malta 1992-93; Granada, Mallorca, Murcia, Ta rragona 1988-92 (Spain). Scandinavia 
includes Finland 1987-92, Denmark, Iceland, Norway and Sweden 1988-92.
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Table 3

Cancer incidence by selected sites and cancer registration areas, 1987-19941.

Cancer Registry E s o p h a g u s C o l o n L u n g B re a s t P ro s t a t e Non-Hodgkin 
Ly m p h o m a

S I R 95% CI S I R 95% CI S I R 95% CI S I R 95% CI S I R 95% CI S I R 95% CI

M e n
C o n c o rdia, 1990-94 3 4 0 . 3 251.7; 2 3 2 . 2 171.8; 2 8 5 . 6 243.0; 1 4 1 . 3 4.2; 8 6 . 2 63.6; 6 0 . 2 30.0; 

4 4 9 . 8 3 0 7 . 0 3 3 3 . 7 7 8 7 . 3 1 1 4 . 3 1 0 7 . 6

Belém, 1989-91 1 1 8 . 7 89.8; 5 5 . 5 39.7; 1 3 4 . 0 117.8; 2 8 8 . 1 1 1 5 . 6 ; 7 2 . 8 60.5; 6 7 . 4 50.5; 
1 5 3 . 8 7 5 . 6 1 5 1 . 8 5 9 3 . 4 8 7 . 1 8 8 . 2

Goiânia, 1990-93 1 5 8 . 2 125.2; 6 0 . 4 44.1; 8 7 . 2 7 4 . 5 ; 7 8 . 2 9.4; 1 0 1 . 3 86.7; 7 3 . 8 56.1; 
1 9 7 . 2 8 0 . 9 1 0 1 . 5 2 8 2 . 5 1 1 7 . 6 9 5 . 5

P o rto Alegre, 1990-92 3 2 7 . 8 287.8; 1 6 7 . 1 143.6; 3 0 3 . 3 283.4; 1 3 6 . 5 44.2; 1 4 7 . 2 133.1; 1 2 1 . 4 100.5; 
3 7 1 . 9 1 9 3 . 3 3 2 4 . 2 3 1 8 . 5 1 6 2 . 4 1 4 5 . 4

Cali, 1987-91 7 1 . 3 56.7; 8 4 . 2 71.0; 1 1 6 . 6 106.7; 8 6 . 3 27.9; 1 5 4 . 8 143.1; 1 1 4 . 0 98.3; 
8 8 . 5 9 9 . 1 1 2 7 . 1 2 0 1 . 3 1 6 7 . 3 1 3 1 . 4

Costa Rica, 1988-92 5 5 . 3 46.2; 6 6 . 1 57.8; 6 4 . 2 59.1; 7 7 . 9 35.7; 9 2 . 2 85.9; 8 7 . 5 77.9; 
6 5 . 8 7 5 . 2 6 9 . 7 1 4 7 . 9 9 8 . 9 9 7 . 9

Quito, 1988-92 6 1 . 6 45.7; 5 1 . 3 39.4; 6 0 . 8 44.6; 1 2 1 . 9 3 9 . 5 ; 1 2 5 . 9 113.6; 1 3 4 . 5 114.9; 
8 1 . 3 6 5 . 6 8 0 . 8 2 8 4 . 5 1 3 9 . 2 1 5 6 . 3

Lima, 1990-91 3 5 . 0 27.4; 7 2 . 0 62.8; 7 9 . 9 73.8; 7 8 . 0 33.6; 9 8 . 1 91.2; 1 1 0 . 2 98.5; 
4 4 . 2 8 2 . 2 8 6 . 4 1 5 3 . 6 1 0 5 . 4 1 2 3 . 0

Trujillo, 1988-90 6 9 . 6 38.0; 6 6 . 9 40.8; 6 0 . 8 44.6; 9 8 . 0 2.9; 1 1 8 . 0 94.6; 1 3 5 . 9 97.1; 
1 1 6 . 8 1 0 3 . 2 8 0 . 8 5 4 5 . 9 1 4 5 . 4 1 8 5 . 1

P u e rto Rico, 1988-91 1 6 0 . 1 147.4; 1 8 0 . 0 168.9; 8 7 . 6 82.8; 1 1 1 . 9 68.4; 2 2 2 . 6 215.3; 1 2 2 . 4 112.0; 
1 7 3 . 6 1 9 1 . 6 9 2 . 6 1 7 2 . 8 2 3 0 . 1 1 3 3 . 5

Montevideo, 1990-92 2 4 5 . 0 218.5; 3 4 4 . 7 318.4; 3 6 0 . 7 344.1; 3 1 4 . 8 189.5; 1 7 5 . 5 164.4; 1 7 7 . 4 155.6; 
2 7 3 . 9 3 7 2 . 5 3 7 7 . 9 4 9 1 . 5 1 8 7 . 1 2 0 1 . 4

Wo m e n C e rvix uteri

C o n c o rdia, 1990-94 2 6 0 . 0 134.4; 2 4 8 . 3 187.5; 1 4 9 . 3 98.4; 1 6 6 . 9 144.9; 1 5 0 . 7 123.6; 7 7 . 5 38.7; 
4 5 4 . 2 3 2 2 . 7 2 1 7 . 2 1 9 1 . 3 1 8 2 . 0 1 3 8 . 6

Belém, 1989-91 1 1 4 . 2 68.7; 5 7 . 0 42.2; 1 2 7 . 3 101.8; 7 4 . 2 66.9; 2 7 5 . 8 258.2; 4 9 . 0 33.0; 
1 7 8 . 3 7 5 . 4 1 5 7 . 3 8 2 . 0 2 9 4 . 4 6 9 . 9

Goiânia, 1990-93 1 2 8 . 0 78.2; 1 0 2 . 5 81.7; 1 5 6 . 3 127.3; 9 7 . 3 89.0; 1 3 8 . 1 125.8; 7 3 . 6 53.3; 
1 9 7 . 7 1 2 6 . 9 1 9 0 . 0 1 0 6 . 2 1 5 1 . 4 9 9 . 2

P o rto Alegre, 1990-92 2 5 8 . 2 203.1; 1 7 5 . 7 154.7; 2 3 4 . 9 207.7; 1 4 4 . 7 136.5; 9 7 . 1 88.5; 1 3 5 . 9 112.8; 
3 2 3 . 8 1 9 8 . 8 2 6 4 . 7 1 5 3 . 2 1 0 6 . 3 1 6 2 . 4

Cali, 1987-91 1 6 9 . 7 130.1; 9 3 . 8 80.5; 1 6 6 . 1 146.0; 9 5 . 5 89.9; 1 4 1 . 5 132.9; 1 2 7 . 9 109.1; 
2 1 7 . 6 1 0 8 . 8 1 8 8 . 3 1 0 1 . 4 1 5 0 . 6 1 4 9 . 1

Costa Rica, 1988-92 9 0 . 1 68.6; 7 8 . 1 68.9; 8 6 . 7 75.9; 7 1 . 3 6 7 . 6 ; 1 0 4 . 6 99.0; 7 9 . 5 68.4; 
1 1 6 . 2 8 8 . 2 9 8 . 7 7 5 . 1 1 1 0 . 5 9 1 . 8

Quito, 1988-92 9 7 . 8 63.9; 8 7 . 3 72.3; 7 3 . 3 57.9; 7 1 . 4 65.7; 1 3 3 . 9 1 2 4 . 1 ; 1 4 6 . 3 123.0; 
1 4 3 . 3 1 0 4 . 5 9 1 . 5 7 7 . 4 1 4 4 . 3 1 7 2 . 8

Lima, 1990-91 4 4 . 9 29.3; 8 0 . 2 70.3; 1 2 0 . 2 106.6; 8 5 . 8 81.5; 1 1 5 . 6 1 0 9 . 4 ; 1 3 6 . 3 120.6; 
6 5 . 9 9 1 . 1 1 3 5 . 3 9 0 . 2 1 2 2 . 1 1 5 3 . 4

Trujillo, 1988-90 4 6 . 5 9.6; 7 0 . 0 44.4; 8 5 . 2 53.4; 7 9 . 2 67.2; 2 3 2 . 7 2 0 6 . 4 ; 1 1 9 . 2 78.6; 
1 3 6 . 0 1 0 5 . 1 1 2 9 . 0 9 2 . 7 2 6 1 . 5 1 7 3 . 5

P u e rto Rico, 1988-91 1 3 7 . 1 116.5; 1 6 2 . 1 151.7; 1 1 6 . 2 106.4; 1 1 4 . 3 110.5; 4 3 . 0 40.0; 1 1 0 . 2 99.3; 
1 6 0 . 2 1 7 3 . 0 1 2 6 . 7 1 1 8 . 2 4 6 . 2 1 2 2 . 1

Montevideo, 1990-92 3 1 0 . 9 263.4; 3 4 4 . 8 3 2 1 . 2 ; 1 4 9 . 0 131.9; 2 7 3 . 7 264.1; 8 6 . 3 79.1; 2 0 0 . 1 176.5; 
3 6 4 . 5 3 6 9 . 6 1 6 7 . 7 2 8 3 . 4 9 4 . 0 2 2 5 . 9

1 R e f e rence category: for each neoplasm and cancer re g i s t ry, to similar neoplasm in all 
South America (re f e rence = 100) as in Parkin et al., 1997.
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p l a s m s. By identifying large non-here d i t a ry
neoplasms in high-risk populations and new
disease-susceptibility genes (after the Hu m a n
Genome Project), it will facilitate identification
of the precise pathogenesis mechanisms. On e
b a r rier in traditional epidemiological re s e a rc h
is the apparent lack of success in identifying
the environmental risk factor(s) which can
c o n t ribute to the paucity of controlling envi-
ronmental exposure misclassification.

The potential advantage in these studies
using gene-environmental dissection is that
occupational and environmental exposures to
risk factors are determined within the disease
g roup and compared between those who carry
a specific gene-susceptibility and those who do
not (Dorman et al., 1988). Co m p a rison analysis
of the genotypical determinant of the disease
and its associated absolute risk across the pop-
ulation (migra n t s, ru ral/urban, industri a l i ze d /
p ri m a ry economy) may provide clues as to spe-
cific mechanisms of pathogenesis and etiology,
in addition to new therapeutic and specific
p re ve n t i ve interve n t i o n s. Few epidemiological
studies have been conducted that analyze the
interplay between environmental factors and
DNA or cytogenetic changes; most of them
we re re t ro s p e c t i ve and focused on this associa-
tion, without adjusting for genetic factors (see
Table 1). An example was an epidemiological
study on women working in agri c u l t u re, the
textile industry, and housewives using a mail-
ing survey through the Swedish En v i ro n m e n t a l
Cancer re g i s t ry, in which emphasis was give n
to ascertaining past exposure, showing in-
c reased risk in specific hematopoietic neo-
plasms (i.e., adjusted standard i zed incidence
ratio of 3.6 for multiple myeloma in textile
w o rkers) (Linnet et al., 1994). Mo re ove r, as the
author mentioned, the study lacked detailed
i n f o rmation on specific exposure types and du-
ration of exposure, and occupational data we re
c o m p a red with compiled groups of neoplasms
rather than with dissected gene-enviro n m e n-
tal components. Conduction of compre h e n-
s i ve data-bases that are inform a t i ve (includ-
ing incidence and an occupational-enviro n-
mental m a t rix), re p re s e n t a t i ve (population-
based, larg e - p e d i g ree families, and isolated
populations), and with reliable biological sam-
ples in South America should allow for testing
i n n ova t i ve hypotheses in the post-Hu m a n
Genome Project era .

Tra d i t i o n a l l y, an ecological study examines
the relationship between the disease and the
d i rect event, such as environmental exposure
a c ross va rious populations. In addition, the use
of large numbers of cells across regions will

s o m e h ow ensure random cro s s - regional re l a-
tion between the disease, the exposure, and
their cova riates (Cohen, 1990). Fu rt h e rm o re, it
is sometimes assumed that for spatial corre l a-
tion to be compared, region itself must be a
confounder on the individual level after other
factors are controlled. T h e re are already a
number of descri p t i ve epidemiological re v i e w s
that have accurately illustrated cro s s - s e c t i o n-
al estimates and trends in cancer incidence
and mortality by region (Coleman et al., 1993;
Pa rkin et al., 1997; Pisani et al., 1997), and it is
not intended to replicate them here. In s t e a d ,
focus will be on recent data and the potential
of increasing inform a t i ve sources for intera c-
tion between polygenic and/or multipheno-
typical components. It is beyond the purpose
of these comments to fully explore cancer re g-
i s t ration in South America. Data pre s e n t e d
h e re, comprise more or less 5-6% of the popu-
lation living in the region, which apart fro m
statistical va riation, remain low and ra n d o m l y
re p re s e n t a t i ve of demographic and enviro n-
mental components of the continent.

Gi ven this limitation, Table 2 shows cancer
b u rden from recently published incidence data
by population-based re g i s t ries across re g i o n s
c o m p a red to South America as a population
re f e re n c e. T h e re is a substantial va riation in the
incidence of these selected cancer sites. Bri e f l y,
all neoplasms in both sexes are lower com-
p a red with others re g i o n s. Mo re ove r, the esoph-
a g u s, stomach, and uterine cervix s h owed high-
er incidence ra t e s. In a more detailed analysis
based on the same cancer re g i s t ration network
( Table 3), a heterogeneity of incidence ra t e s
could shed light on the selected cancer sites. It
is likely that the information processes among
the va rious re g i s t ries and diagnostic cri t e ri a
tend to explains the heterogeneity of incidence
ra t e s, yet clear patterns emerge from the net-
w o rk information. Prostate and uterine cerv i-
cal cancer va ried inversely across South Ameri-
ca. Incidence of esophagus, colon, and bre a s t
cancers in both gender differs significantly be-
t ween the highest southern and lowest nort h-
e rn are a s. These results from the two areas in-
dicate clear patterns which may suggest differ-
ent environmental factors and/or demogra p h-
ic components.

Re t u rning to the enigma in the title, we still
h a ve to live with it in times to come. The philo-
sophical drama re p resented in Greek theater is
still upon our shoulders. Howe ve r, in taking
one step forw a rd in a long march, the ties
among experts in different fields must furt h e r
enhance “the enigma in the title”.
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