Open access, freely available online

Research in Translation

Will Nicotine Genetics and a Nicotine
Vaccine Prevent Cigarette Smoking
and Smoking-Related Diseases?
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Predictive Testing for Genetic Risks
of Nicotine Dependence

(RR) ranging from 1.5 to 3.5 and a
prevalence in the population between
0.10 and 0.25 (all within the range
of empirical data). One of these
alleles was assumed to interact with
an environmental exposure with
a prevalence of 15% and a RR of
2.0. Their simulation showed that
those who screened positively on
all ﬁve genes had an 81% chance of
developing the disease; this rose to 89%
if they had also been exposed to the
environmental risk factor. However,
these risks applied to only four persons
in 100,000, and only 79 in 100,000
would have a greater than 50% risk.
Third, predictive genetic testing
may have unintended adverse effects.
This would be the case, for example, if
testing adolescents for susceptibility to
nicotine dependence increased their
preparedness to initiate smoking—as
could happen, for example, if they

were prompted to test the accuracy of
the genetic predictions by smoking [7].
Fourth, screening is only ethically
justiﬁable if there is an effective
intervention to prevent the disorder
in those who are identiﬁed as being
at increased genetic risk [15,21].
“Avoid smoking” is good health
advice, regardless of one’s genetic
susceptibility. The prospect of
combining genetic screening with
some preventive intervention sounds
a more appealing option, especially
when such an intervention—a vaccine
against nicotine—is being developed
and trialled by three pharmaceutical
companies for smoking cessation [22].
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genetic risk of dependence [7].
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The term “vaccine” inevitably prompts
journalists to ask about its possible
preventive use. Misconceptions that a
vaccine will produce lifelong immunity
against nicotine may prompt parents to
vaccinate their children [27]. As minors,
children would not be legally able to
consent to vaccination, but since parents
already make choices for their children
about other vaccines and interventions
that affect their lives (e.g., their diet
and education), some have argued
that vaccination against nicotine and
other drugs is simply another decision
that parents should be able to make
on behalf of their children [27]. This
argument is likely to be contested by
civil libertarians and by adolescents
who disagree with their parents’ wishes.
One can expect the tobacco industry to
amplify such dissenting views.
Even if we set aside the ethical issues,
there are major practical obstacles to
the preventive use of a nicotine vaccine
in children. First, the limited period of
protection provided by existing vaccines
would require booster injections,
perhaps every two or three months
throughout adolescence [28]. Second,
the fact that the vaccine could be
circumvented by using higher doses of
nicotine means that vaccination could
be counterproductive if adolescents
were prompted to test its efﬁcacy. Third,
it would be costly to universally vaccinate
children against nicotine with a vaccine
that would probably have only modest
preventive efﬁcacy. These obstacles (and
the high regulatory hurdles that such
a vaccine might be expected to have to
leap when used preventively in children)
make it unlikely that universal nicotine
vaccination would be publicly funded.
“Indicated vaccination” of “high risk”
adolescents seems a more plausible
option because it would be much less
expensive to only vaccinate young
people who are at “high genetic risk”
of smoking. The feasibility of this
approach is also doubtful, given the
likely low predictive validity of genetic
screening for smoking risk (outlined
above), the doubtful preventive efﬁcacy
of a nicotine vaccine, and the possible
adverse effects of vaccination, such
as stigmatisation of those who screen
positive, and discrimination against
them by third parties, such as life or
health insurance companies.
The “off-label” use of a nicotine
vaccine by a physician acting at the
request of a parent is the most likely
PLoS Medicine | www.plosmedicine.org

way in which a vaccine will be used
preventively. It is difﬁcult to see how
this can be prevented if a nicotine
vaccine is approved for therapeutic use,
other than by education of physicians
and parents about the limitations of
this approach.

Screening for Genetic
Susceptibility to Tobacco-Related
Diseases
Genetic factors also appear to play
a role in susceptibility to many
nonfamilial types of cancer, although
there is disagreement about how large
a role this is [29–32]. There is evidence
that polymorphisms that affect the
metabolism of carcinogens in tobacco
smoke and repair of damage to DNA
may increase the risk of smokers
developing lung cancer [33–35]. There
are also indications that polymorphisms
may affect the likelihood of smokers
developing heart disease [36] and
chronic obstructive lung disease
(Figure 1) [37].

There are major
practical obstacles
to the preventive use
of a nicotine vaccine
in children.
Many ambivalent smokers may be
attracted by the superﬁcially plausible
idea that they could continue to smoke
with impunity if they did not have any
of the alleles that predict an increased
risk of smoking-related diseases [38].
However, this type of screening is
very unlikely to work, for reasons that
need to be widely understood by the
community.
First, if, as seems most likely, multiple
genes are involved in susceptibility to
multiple tobacco-related diseases, then
the ability to predict tobacco-related
disease risk from genetic tests may not
improve on the prediction of disease
risk from smoking status.
Second, cigarette smoking causes
multiple diseases, with lung and other
cancers, heart disease and chronic
obstructive lung disease being the most
prevalent. This means that predicting
one’s genetic risk of only the most
common tobacco-related diseases
would involve testing a large number of
polymorphisms.
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Third, because multiple susceptibility
alleles would have to be tested for
multiple diseases, most smokers
would be at increased genetic risk
of developing at least one smokingrelated disease [38]. For example, if we
screened for six different susceptibility
alleles (each with a RR of 1.5, a
prevalence of 10%, and multiplicative
risks) for each of ﬁve major tobaccorelated diseases (lung cancer, coronary
heart disease, chronic lung disease,
other cancers, and stroke), then only
3% of the screened population would
not be at increased risk of developing
any of the diseases. Conversely, 97% of
smokers would be at increased risk of
developing at least one of these diseases
if they continued to smoke.

Conclusion
The preventive use of genetic and
vaccine biotechnologies—screening the
population for genetic susceptibility
to nicotine dependence, vaccinating
children who do not smoke against
the effects of nicotine, and screening
smokers for polymorphisms that
predict increased susceptibility
to tobacco-related diseases—are
superﬁcially attractive tobacco policy
options that are of doubtful efﬁcacy,
cost-effectiveness, and ethicality. We
must ensure that the speculative use of
these technologies does not undermine
effective tobacco-control policies and
the development of more effective ways
of helping cigarette smokers to quit. 
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