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There has been long-standing interest in the relationship between
cigarette smoking and colorectal cancer. Epidemiological studies
that were conducted 40 years ago failed to detect any association
with smoking, and essentially, all causative factors were assumed to
be found in the diet, which fit the wide range of incidence in gas-
trointestinal cancers found worldwide (1). Even the most current
epidemiological meta-analyses have reported modest relative risks
(RRs; range = 1.18-1.20) for incident colorectal cancers among
cigarette smokers, with an absolute risk increase of 10.8 cases per
10° person-years (2,3). Considering the enormous health hazards
caused by cigarette smoking to the heart and lungs, some people
might consider the role of cigarette smoking in colorectal cancer to
be relatively trivial.

Between 1990 and 2000, a greater understanding of the patho-
genesis of colorectal cancer began to unfold. Colorectal cancer
actually consists of several different diseases that evolve through
distinct genetic pathways but were initially indistinguishable to the
pathologist. This problem gave rise to the hypothesis that these
forms of cancer may also have different etiologies (Figure 1). The
first identifiable subset of colorectal cancer was a group of approx-
imately 15% with a unique mutational signature called microsatel-
lite instability (MSI) (8). Between 20% and 25% of MSI tumors
are linked to the hereditary form of colorectal cancer—Lynch
syndrome (9)—but the rest occur sporadically and are not familial.
MSI tumors have a large number of point mutations and insertion
or deletion mutations at simple repeat sequences called microsatel-
lites. Another 30% of colorectal cancers were found to have an
epigenetic signature called the CpG island methylator phenotype
(CIMP). In these CIMP tumors, the predominant problem is the
abnormal silencing of genes by the methylation of promoters em-
bedded in CpG islands (10). Overlap occurs between these two
groups because 75%—-80% of MSI tumors occur in the context of
methylation-induced silencing of the MLHI gene, which then
causes MSI. Because of these complexities, it has taken some time
to recognize the patterns involved, but the ability to recognize
specific subsets of colorectal cancers has provided an opportunity
to deconvolute the origins of these tumors.

It has been previously reported (11) that cigarette smoking is
related to the group of colorectal cancers with MSI. Also, a link
between cigarette smoking and colorectal cancers with CIMP has
been noted (12,13). Molecular epidemiologists also recognized the
link between tobacco smoking and BRAF mutations in colorectal
cancer, which are intimately linked with CIMP and MSI (12).
The Multiethnic Cohort Study reported (14) a relationship
between smoking in the context of meat intake and a NAT2
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“rapid” genotype, and the Colon Cancer Family Registry collabo-
ration has reported (11) an association between MSI in rectal
cancers and cigarette smoking. More recently, the Molecular
Epidemiology of Colorectal Cancer Study in Israel has found that
men who smoked were more likely to develop colorectal cancers
with BRAF mutations (15). By focusing on specific subsets, the
epidemiology and presumed causation of colorectal cancer have
begun to be clarified.

The article by Limsui et al. (7) in this issue of Journal used the
Iowa Women’s Health Study database to report associations
between cigarette smoking and molecularly defined subsets of co-
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Figure 1. Molecular characterization of colorectal cancer (CRC). CRCs
can be characterized by the presence or absence of microsatellite insta-
bility (MSI), the CpG island methylator phenotype (CIMP), or BRAF
mutation status. Whereas BRAF mutation status is a simple categorical
variable (wild type [wt] or mutant [mut]), measurements of MSI and
CIMP are quantitative variables and have been characterized as “high”
(MSI-H and CIMP-H, respectively) and “low” (MSI-L and CIMP-L, re-
spectively). The analysis can vary depending on the methods used to
determine MSI and CIMP. This figure is adapted from a conceptual
characterization by Jass (4) with distribution data from unselected CRC
patients (5,6). The work reported by Limsui et al. (7) used a cohort of
middle-aged women. Variations in the distribution of tumors in these
categories can be caused by technical aspects in measuring MSI or
CIMP or by differences in the biology of tumors that might be present
in the cohort of patients selected for study. Also, the variables are not
independent because CIMP is responsible for most (but not all) of the
MSI tumors and BRAF mutations are highly associated with CIMP.
Cigarette smoking is best associated with those CRCs with CIMP-H,
MSI-H, and BRAF mutations.
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lorectal cancer. First, women who had ever been a smoker had an
increased risk for overall colorectal cancer incidence (RR = 1.20),
similar to previous reports (11-13). But, individuals who had ever
been smokers had substantially higher risks for colorectal cancers
with MSI (RR = 1.66), CIMP (RR = 1.46), and BRAF mutations
(RR = 1.57), compared with never-smokers. These risks were
higher yet for current smokers (for MSI tumors, RR = 1.99; for
CIMP tumors, RR = 1.88; and for BRAF-mutated tumors, RR =
1.92). No relationships were identified between cigarette smoking
variables and non-MSI, non-CIMP, and/or BRAF mutation—
negative colorectal cancers. Smokers were more likely to have
proximal colorectal cancers, as expected from colorectal cancers
with these molecular characteristics. The recognition of the
unique nature of these colorectal cancer subsets was required to
make these associations.

There were some unique aspects of the study by Limsui et al.
(7) that might limit or modify the generalizability of these obser-
vations. First, this was a study of women from Iowa between the
ages of 55 and 69 years. This characteristic is perhaps a greater
strength than a weakness because few other studies have focused
upon this population. Smoking was only modestly associated with
the overall incidence of colorectal cancer but was more strongly
associated with MSI colorectal cancers. In this study, 26% of the
colorectal cancers had MSI (specifically, MSI-high), which is
higher than the percentages in other cohorts. Limsui et al. used a
novel set of microsatellite targets to define MSI (ie, four mononu-
cleotide repeats, five dinucleotide repeats, one complex marker,
and >30% instability = MSI), which is nonstandard and a possible
explanation for their findings. Alternatively, colorectal cancers
with MSI are more commonly found in older women. Similarly,
there are no standardized definitions for CIMP (and there are
confusing designations for high and low levels of CIMP), and in-
vestigators might identify slightly different subsets by the use of
differentsets of CIMP markers. The figure indicates the distribution
of colorectal cancers by molecular characterization, adapting a
concept developed by Jass (4), with data from our previous studies
(5,6). It is apparent that if one were to expand or contract the pro-
portion of tumors in any of the categories, the epidemiological
associations might change as well.

The most important messages to take from the study by Limsui
et al. is that colorectal cancer is a complex collection of diseases
and that causation might be different for each of the categories.
Cigarette smoking is associated with a specific subset of these
tumors—those that are proximal, have MSI, come from a back-
ground of CIMP, and have BRAF mutations. As satisfying as it
might be to gain these insights, we still have much more to under-
stand. We need to know how smoking interacts with other envi-
ronmental factors, such as diet. Moreover, the methylation
pathway is particularly interesting because epigenetic changes,
unlike point mutations and chromosomal rearrangements, are po-
tentially reversible. Our task now is to understand how to translate
these finding into improved screening and prevention-based
strategies.
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