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The magnitude of adverse health effects associated with the use of tobacco products has been well demonstrated
over the past several decades. In the United States, approximately 46.3 million people are current smokers, and
nearly 440,000 people die prematurely each year from tobacco-related diseases [1]. Tobacco smoking is the
greatest single cause of premature death, killing approximately half of all people who continue to smoke for most of
their lives. Half of these deaths occur before the age of 69 [2]. In the United States, smoking-related illnesses have
been responsible for approximately $157 billion in annual health-related economic loss annually, in the latest data
for 2001 [3].

The World Health Organization reports that almost 1 billion men and 250 million women worldwide are daily
smokers. The rate of increase of global cigarette consumption is decreasing, yet overall consumption is still
growing, with approximately 5.5 trillion cigarettes consumed in 2000 [4]. It is estimated that, of everyone alive
today, 500 million people will eventually be killed by tobacco use, with cancer being one of the main causes of
death [5], [6]. Cigarette smoking is directly responsible for approximately 90% of lung cancer cases, and is the
leading cause of cancer-related death in the world, representing nearly 1.2 million deaths annually [7]. The
attributable risk for oral, pharyngeal, and esophageal cancers is significant, although less than that for lung cancer
[8], [9], [10]. The International Agency for Research on Cancer published an authoritative series on the evaluation
of carcinogenic risks to humans, and came to the following conclusions on the basis of an extensive evaluation of
the international literature. First, cigarette smoking increases the risk of all histologic types of lung cancer. Smoking
is causally associated with cancer of the oral cavity, including the lip and tongue, and these risks are greatly
increased by the use of smokeless tobacco or by alcohol consumption in combination with smoking. Second,
cigarette smoking is causally associated with laryngeal, oropharyngeal, and hypopharyngeal cancer, and increases
the risk of leukemia, sinonasal cancer, nasopharyngeal cancer, and esophageal cancer. Furthermore, cigarette
smoking has been proved as a risk factor for developing cancer of the stomach and pancreas; transitional cell
carcinoma of the bladder, ureter, and renal pelvis; and cancer of the uterine cervix and kidney [7].

Tobacco smoke consists of more than 4000 chemical compounds, and more than 60 of these are known
carcinogens [11]. In 1992, the US Environmental Protection Agency classified environmental tobacco smoke, so-
called “passive” or “second-hand smoke,” as one of the most dangerous cancer-causing agents in humans [12]. It
is labeled a group A carcinogen. The irrefutable link between tobacco products and human cancers results from
the combination of two key factors: nicotine content and the presence of carcinogens. Without either of these
factors, tobacco would not be responsible for its deadly legacy. Instead, it is the single greatest preventable cause
of death from cancer worldwide. Nicotine, the second most abundant constituent in tobacco smoke, is addictive
and toxic, but it is not carcinogenic. Addiction to nicotine results in continual use of tobacco products, leading to
repeated and prolonged exposure to the many carcinogens contained within tobacco smoke [13].

The first part of this article reviews the carcinogens found in tobacco products and the mechanisms by which
exposure to these compounds causes cancer. The second part focuses on specific cancer types and their
association with tobacco use. Unless noted, studies that examined tobacco smoke were limited to cigarette smoke,
and not to cigar or pipe smoke. Studies of smokeless tobacco usually differentiate chewing tobacco from snuff.

Carcinogens in tobacco products
& . .

Tobacco likely acts on multiple stages of carcinogenesis; it not only delivers a host of carcinogens but also causes
irritation and inflammation and interferes with the body's natural protective barriers [14]. Both tobacco smoke and
smokeless tobacco products contain a diverse array of compounds that can initiate tumors, promote the
development of previously initiated tumors, or act as cocarcinogens [11]. For risk assessment, tobacco smoke is
classified as either mainstream or sidestream. Mainstream smoke is that which is inhaled through the column of
the cigarette and filter tip during puffing, whereas sidestream smoke is emitted from the burning cone between
puffs, and is inhaled by smokers and nonsmokers. Sidestream smoke is often referred to as “second-hand smoke”
exposure. Most of the same carcinogens are present in both mainstream and sidestream smoke, and although the
chemicals released are similar, the concentration of many of the carcinogens is actually higher in sidestream
smoke [13].

There is a broad range of potencies and concentrations among the various carcinogens in tobacco smoke, but in
general, strong carcinogens, such as polycyclic aromatic hydrocarbons, nitrosamines, and aromatic amines, occur
in lesser amounts than weaker carcinogens, such as acetaldehyde. The first carcinogen to be discovered in
cigarette smoke was benzo[a]pyrene [15]. Recent studies have implicated its metabolite as the cause of mutations
in the TP53 tumor suppressor gene [16], [17]. Benzo[a]pyrene is only one of more than 60 carcinogens in cigarette
smoke and although considerable evidence implicates benzo[a]pyrene and other polycyclic aromatic hydrocarbons
as important causative agents of smoking-related cancers, particularly lung cancer, their role is clearly not
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exclusive. First, levels of benzo[a]pyrene in cigarette smoke are relatively low [18]. Moreover, initial studies on
tobacco carcinogenesis clearly show that its tumorigenic activity cannot solely be accounted for by polycyclic
aromatic hydrocarbons or benzo[a]pyrene alone, and that other cocarcinogens (eg, catechols and
methylcatechols) and tumor promoters are critical for full tumor development and activation [19].

Unburned tobacco contains fewer carcinogens than cigarette smoke because most carcinogens are formed during
combustion [20]. Levels of polycyclic aromatic hydrocarbons in unburned tobacco are low. Nitrosamine and its
metabolites are by far the most prevalent strong carcinogens in unburned tobacco products, which include oral
snuff, chewing tobacco, and other smokeless tobacco products. The levels of these chemicals in smokeless
tobacco products are several-fold higher than those of carcinogenic nitrosamines in any other tobacco consumer
product [21]. Although the cancer risk from smokeless tobacco products is considerably less than that of
cigarettes, these products still contain high levels of certain potent carcinogens. Smokeless tobacco products are
known to cause oral cavity cancer, and there is some evidence that they may also elevate the risk of pancreatic

cancer [21], [22].

Mechanisms of carcinogenesis

= N

Carcinogens form the central link between tobacco use and cancer, and DNA adducts, as described here, are
critical in this process [23]. Most carcinogens in tobacco products require metabolic activation before they are able
to react with DNA, although some are capable of reacting with DNA directly. This metabolic activation is generally
initiated by cytochrome P-450 enzymes, which are part of the normal mechanisms of metabolism and
detoxification of foreign compounds. Most of the metabolites processed by this system are excreted in the urine or
undergo further detoxification reactions. Some of these compounds are electrophilic and react with DNA, however,
forming DNA adducts. There is convincing evidence for the presence of adducts in the DNA of human lung cancer
cells and there is accumulating knowledge regarding the metabolic activation pathways that lead to DNA adduct
formation. Cellular repair systems remove DNA adducts, with the goal of maintaining DNA structure in its native
state, but if the adducts persist and escape repair, mutations may result. DNA adducts derived from cigarette
smoke carcinogens lead to miscoding, most frequently resulting in point mutations from G T (guanine to
thymidine) and G A (adenine) mutations [24], [25], [26]. If these mutations occur in critical regions of oncogenes,
such as ras and myc, or in tumor suppressor genes, such as TP53, the result can be loss of normal cellular growth
control mechanisms and development of malignancies. Clearly, there are many pathways involved in this process,
which are much more complex than is described here. Nevertheless, there is no question that tobacco smoke
carcinogens and their metabolically activated forms induce mutations through the formation of DNA adducts, and
there is little doubt that these mutations are associated with disruption of cell-cycle check points, with resultant
chromosomal instability [13].

There are other known mechanisms of tobacco's carcinogenesis. Nitrosamine bioproducts in tobacco smoke have
recently been identified as stimulants for some cell surface receptors [27]. These chemicals act as ligands for the
nicotinic-acetylcholine receptors, leading to activation of specific protein kinases. This leads to downstream effects,
including impaired apoptotic mechanisms, increased formation of arachidonic acid inflammatory metabolites, and
increased cellular proliferation [28].

Additional mechanisms of carcinogenesis, such as hypermethylation of tumor suppressor genes, are active areas
of investigation, and further understanding of this complex process will perhaps serve as a foundation for new
approaches for cancer prevention.

Cancer types associated with tobacco

FRETetmt At ot

Lung cancer

Before the twentieth century, tobacco usually was chewed or inhaled in the form of snuff. With the introduction of
blended cigarettes in the early part of the twentieth century, the practice of inhaling tobacco smoke became
popular. The first studies that showed a strong association between cigarette smoking and lung cancer were
published in the early 1950s [29], [30]. Since that time, many studies have further implicated cigarette smoking as
a major risk factor for lung cancer. In 1964, the US Surgeon General's report on the health effects of smoking
concluded that cigarette smoking was the major cause of lung cancer in American men [24]. Even though this

report suggested a causal relationship between smoking and lung cancer in women, it was not until 16 years later
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that the Surgeon General issued the first report on women's health and smoking, which affirmed a similar strong
causal relationship between cigarette smoking and lung cancer in women [31], [32].

Today, lung cancer is the leading cause of cancer death in the United States, and of cancer deaths worldwide.
Lung cancer was rare in the nineteenth century, but its incidence increased dramatically throughout the twentieth
century. It is now the leading cause of cancer mortality in both men and women, accounting for 31% of cancer
deaths in men and 25% of cancer deaths in women [33]. Lung cancer is extraordinarily lethal, with more than 90%
of affected patients dying of their disease [34]. Cigarette smoking is the primary cause of lung cancer, and the
incidence of the disease in a given population largely reflects the prevalence of smoking that took place decades
earlier. Populations with the highest incidence of lung cancer are those whose tobacco consumption had been
highest during the previous three or four decades, and lower in countries where tobacco consumption has declined
or increased only recently [35]. Smoking rates vary widely between regions and between countries within the same
region. The prevalence of smoking in men is currently highest in countries of the Western Pacific region, such as
South Korea (68%); China (61%); and Japan (59%). In Europe, where almost one half of adult men are regular
smokers, the prevalence ranges from 63% of men in the former Soviet Bloc, to only 17% in Sweden. Among
women, the regional pattern of smoking is quite different, with a dramatic contrast seen between the developed
and developing world. For example, one third of women in Norway and Denmark smoke, compared with fewer
than 5% of those in the Indian subcontinent. In many countries, the number of young people who smoke is
increasing, as it is in the United States. Although 17% of high school students smoked in 1992, alarmingly the
prevalence of smoking increased to 22% of this population by 1995. As tobacco consumption rises, there is a
resulting increase in smoking-related mortality [36]. The American Cancer Society estimates that in 2003, there will
be over 170,000 new cases of lung cancer diagnosed and over 157,000 deaths from lung cancer in the United
States. For women, lung cancer deaths surpassed deaths from breast cancer in 1987 and are expected to account
for 25% of all female cancer deaths. In 2004, it is estimated that there will be 41,000 deaths from breast cancer in
women and close to 69,000 deaths from lung cancer [37].

Tobacco use increases the risk of all types of lung cancer; however, the strongest associations are with squamous
cell carcinoma and small cell carcinoma. Interestingly, the frequency of different histologic types of lung cancer has
changed over the past two decades, making squamous cell carcinoma less common and adenocarcinoma more
frequent [38]. The proposed reasons for this change are discussed later.

Multiple prospective cohort studies involving millions of people throughout the world have shown significantly
higher lung cancer mortality rates among smokers than nonsmokers. In current male smokers, the relative risk for
death from lung cancer compared with nonsmokers averages approximately 10-fold [33]. There is a strong dose-
response relation between cumulative consumption of cigarettes and the risk for death from lung cancer. In the
Cancer Prevention Study II, which included more than 1 million participants in the United States, followed for more
than 6 years, men who smoked 20 cigarettes per day had 22 times the risk for dying from lung cancer when
compared with lifetime nonsmokers. Those who consumed more than 41 cigarettes per day experienced a 45-fold
increased risk of lung cancer. Other smoking-related factors contributing to a higher risk include earlier age of
smoking initiation, deeper inhalation of tobacco smoke, higher tar and nicotine content of cigarettes, and the use of

unfiltered cigarettes [31], [39], [40], [41].

There is considerable evidence that the polycyclic aromatic hydrocarbons and nitrosamines enriched in cigarette
smoke are strongly implicated in the causation of lung cancer. Polycyclic aromatic hydrocarbon DNA adducts and
mutations in the tumor suppressor gene TP53 have been isolated in human lung cancer samples [2], [17], [18].
Nitrosamines have also been proved to induce lung tumors by DNA adducts [42], [43], [44]. Nitrosamine
concentrations have increased in mainstream smoke from the 1950s to current times, resulting from changes in
tobacco blends, and this may be responsible for the changing histology of lung cancer [45]. Adenocarcinoma has
surpassed squamous cell carcinoma in lung cancer incidence. Publications have shown that nitrosamines and
derivative metabolites primarily induce adenocarcinoma rather than squamous cell carcinoma in rat models [13].

There are several important additional factors regarding lung cancer carcinogenesis that require notation. Risk
reduction for the development of lung cancer has clearly been demonstrated by smoking cessation. As compared
with continuous smokers, the excess risk of lung cancer sharply decreases in ex-smokers after approximately 5
years of cessation. Some risk probably persists throughout life; however, there are some reports demonstrating
that the excess risk drops to baseline after 20 years [46]. Another important risk factor is age at which regular
tobacco use began; smokers who started smoking before age 15 have a fourfold to fivefold higher risk of lung
cancer than smokers who started at age 25 or later [46]. Also, the carcinogen content varies depending on the
type of tobacco used. For example, black (air-cured) tobacco has a higher content of nitrosamines than blond (flue-
cured) tobacco, and hand-rolled cigarettes have a higher tar content than filtered cigarettes.

Cigarettes have changed dramatically from the 1950s to the 1980s. Filter use has increased and the average tar
and nicotine concentrations per cigarette have fallen [35]. Until recently, however, nearly all previous epidemiologic
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studies of risk of lung cancer in relation to the type of cigarette smoke had compared smokers of high-tar nonfilter
cigarettes with those of medium-tar filter cigarettes. No large, long-term prospective epidemiologic study had
specifically compared the risk of lung cancer in smokers of medium-tar filter brands with the risk in smokers of low-
tar and very-low-tar filter brands. The Cancer Prevention Study Il recently showed that the risk of lung cancer was
no different in people who smoked medium-tar cigarettes, low-tar cigarettes, or very-low-tar cigarettes. In addition,
men and women who smoked nonfiltered cigarettes with high-tar contents had an even higher risk of lung cancer.
Finally, this study concluded that all current smokers, regardless of the tar level, had a substantially greater risk of
lung cancer than those people who had never smoker or who had quit smoking [41]. This is consistent with the
evidence of compensatory smoking. Addicted smokers who switch from high-tar to lower-tar cigarettes can
maintain their nicotine intake by increasing puff volume, increasing time the smoke is retained in the lungs, and
smoking more cigarettes. As a result, the actual dose of toxicants to the smoker may be much higher than is
predicted by machine-measured yields [47].

The first reports of passive or second-hand smoke exposure and lung cancer risk came to light in the 1980s when
scientific committees and national organizations concluded from available data that exposure to environmental
tobacco smoke, also called “passive smoking,” is a cause of lung cancer [48], [49], [50], [51], [52]. Although the
evidence for other smoking-related cancers is not as consistent, substantial additional evidence has since been
published from large case-control studies confirming an excess risk of lung cancer of 24% in nonsmokers who
lived with a smoker (P < .001) [53]. Furthermore, these studies showed that there is a dose-response relationship
between a nonsmoker's risk of lung cancer and the number of cigarettes and years of exposure to a smoker.
Additionally, tobacco-specific carcinogens are found in the blood and urine of nonsmokers exposed to
environmental tobacco smoke [53], [54], [55], [56]. Although most studies have shown an increased risk mainly in
the spouses of smokers, a case-control study of 191 patients with lung cancer showed the highest risk to be
present in those exposed to household smoke during their childhood and adolescence years. Household exposure
to 25 or more smoker-years during childhood and adolescence doubled the risk for lung cancer [56]. The
epidemiologic and biochemical evidence on the exposure to environmental tobacco smoke, with the supporting
evidence of tobacco-specific carcinogens in the blood and urine of nonsmokers exposed to environmental tobacco
smoke, provides compelling confirmation that environmental tobacco smoke is a cause of lung cancer [55].

Oral and pharyngeal cancer

Cancers of the oral cavity and pharynx are a heterogeneous group of cancers, with an estimated 30,000 cases
diagnosed in the United States annually. Most cancers diagnosed in the oral cavity are squamous cell carcinomas,
and smokers are at a dramatically increased risk for oral cancer, especially of the lip, tongue, floor of the mouth,
and pharynx. The relative risk associated with smoking ranges from 2- to 10-fold in various studies. The risk
decreases on cessation of smoking, and it approximates the risk for never-smokers after 10 years of cessation [35].

Several case-control studies have explored the relationship between smokeless tobacco and carcinomas of the
oral cavity and pharynx. A landmark study was published in the 1970s demonstrating a strong association for
smokeless tobacco use and oral and pharyngeal cancers [57]. With snuff dipping, an odds ratio of 4.2 was noted in
women for cancers of the gum and buccal mucosa. In addition, a dose-response relationship was observed, with
those women who used snuff for more than 50 years having a greater risk of cancer in these locations. This study
remains the strongest evidence for an association of smokeless tobacco use with oral cancers in the United
States, although it is limited to women, and was published many years ago. Recent American studies have failed
to demonstrate an increased risk between smokeless tobacco and oral and pharyngeal cancers. There is some
speculation in the literature that current tobacco products may have reduced levels of carcinogens in smokeless
products. In most studies, however, the number of smokeless tobacco users is small, resulting in insufficient
statistical power to demonstrate an effect unless the risk is markedly elevated [58], [59], [60], [61], [62].

Laryngeal cancer

Laryngeal cancer is the second most common respiratory cancer after lung cancer. It is estimated that there will be
10,270 new cases of laryngeal cancer diagnosed in the United States in 2004, and three quarters of these
occurred in men [37]. The incidence of laryngeal cancer is increasing in much of the world, often in parallel with
changes in tobacco use and alcohol consumption. There are a few encouraging examples worldwide of declining
trends of laryngeal cancer that may be attributable to decreasing use of either tobacco or alcohol. There are
additive effects of tobacco and alcohol exposure in the development of laryngeal cancer; however, alcohol alone
does not seem to be a risk factor [63].

Globally, the incidence of laryngeal cancer is highest in Southern and Central Europe, South America, and among
African Americans in the United States. Low rates of incidence are noted in Southeast Asia and Central Africa.
Over 90% of the laryngeal cancers are squamous cell carcinomas, and most laryngeal cancer in Western countries
is attributable to smoking, alcohol drinking, and the interaction between these factors [64]. Indeed, the increased
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risk from tobacco is substantial, with a 10-fold increase compared with nonsmokers and more than 15-fold
increase for heavy smokers. These risks tend to be higher for glottic than for supraglottic neoplasms [65]. Several
studies in various populations have proved a dose-response relationship in relation to the intensity and duration of
smoking [66], [67], [68]. The risk decreases after cessation of smoking, and it approaches that of a nonsmoker
after approximately 15 years [69]. Smoking black tobacco has a higher risk than that of blond tobacco cigarettes,
and the use of a filter does seem to provide some protection [35].

Esophageal cancer

Esophageal cancer is diagnosed in more than 300,000 people worldwide each year, and is expected to account for
over 14,000 new cases in the United States in 2004 [37]. Esophageal cancer is the seventh leading cause of death
from cancer among American men. African American men have a higher incidence of this disease compared with
men in other racial or ethnic groups. More than 90% of esophageal cancers are either squamous cell carcinomas
or adenocarcinomas, and both are associated with tobacco consumption. Direct contact of tobacco carcinogens,
particularly nitrosamines, with esophageal mucosa increases the risk of esophageal carcinoma [70]. The risk of
esophageal cancer correlates directly with the quantity of cigarettes smoked per day and the duration of smoking

[71].

The overall incidence of esophageal cancer in the United States and the associated mortality rate reveal increases
of 15% to 20% over the past decades, during which time the histologic patterns have changed significantly. As with
lung cancer, in which adenocarcinomas are now more common than squamous cell carcinomas, esophageal
carcinomas have followed a similar pattern of histology. As recently as 1975, about three quarters of cases of
esophageal cancer were squamous cell carcinomas, with the remaining one quarter represented by
adenocarcinomas. Over the past 20 years, the incidence of squamous cell carcinoma has decreased in both the
black population and white population, whereas the incidence of adenocarcinoma has increased by 450% among
white men and 50% among black men [72], [73], [74]. It is estimated that in the United States in 2003, more than
50% of the new cases of esophageal cancer were adenocarcinoma [75]. This may be associated with increases in

the nitrosamine content in tobacco products over the past 30 years.

Smoking cessation is an important step in reducing the risk of squamous cell carcinoma of the esophagus. The risk
of this cancer decreases substantially one decade after smoking cessation. The risk of adenocarcinoma of the
esophagus is not altered after smoking cessation, however, with similar incidence at 30 years after discontinuation
of tobacco use [35]. There have been conflicting data regarding smokeless tobacco use as a risk factor for
esophageal cancer. One study found an elevated odds ratio for chewing tobacco in association with esophageal
cancer [76]. This study also found a significant dose-response relationship between the frequency of daily
consumption, the duration of use in years, and the age when chewing was initiated. The odds ratio associated with
chewing tobacco in excess of 20 years was 10.6 in men, compared with 1.8 who had practiced this habit for less
than 10 years. Two additional studies, however, both reported from India, failed to demonstrate a statistically
significant association between chewing tobacco and esophageal cancer [59].

Pancreatic cancer

Pancreatic cancer, usually adenocarcinoma, has been rising in incidence over the past 40 years, with 30,700 new
cases and 30,000 deaths anticipated in 2003 [33]. Pancreatic cancer is approximately equally frequent in men and
women, and most cases occur in high-income countries [33]. Treatment of this disease has limited efficacy, with 5-
year survival rates less of than 5%. Overall, smoking is associated with an approximate twofold to fourfold
increased risk of developing pancreatic cancer. One study has estimated that 25% of pancreatic cancers are
attributable to cigarette smoking, and other studies have confirmed a significant dose-response increased risk with
increasing pack-years of smoking [77], [78]. Compared with people who continue to smoke, ex-smokers halved

their risk of pancreatic cancer within 2 years [79].

Perhaps the most convincing data demonstrating the link between smoking and pancreatic cancer came from the
National Cancer Institute in 1994, where researchers performed a case-control study based on direct interviews
with patients [80]. The previous case-control studies were based largely on interviews with proxy respondents, who
are historically less accurate. The results of 526 cases and over 2000 control subjects were impressive, with a
70% increased risk of pancreas cancer among smokers compared with nonsmokers. Contrary to other studies, 10
years or less of abstinence showed no reduction of risk; however, after 10 years the risk was reduced. Cigarette
smokers who switched from nonfiltered to filtered cigarettes did not show any benefit in reducing their risk. The
authors estimated that elimination of cigarette smoking could prevent approximately 27% of pancreatic cancer,
saving nearly 7000 lives in the United States annually [80].

Bladder cancer
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More than 57,000 people in the United States were diagnosed with bladder cancer in 2003, with over 12,000
deaths from this malignancy [32]. It is estimated that close to 13,000 Americans will die in 2004 from bladder
cancer [37]. The incidence is higher in men than in women, and is transitional cell carcinoma in most cases.
Schistosoma mansoni is the main cause of bladder cancer in Northern Africa, but in North America and Europe
cigarette smoking is estimated to be responsible for nearly half (47%) of male bladder cancer deaths and 37% of
female bladder cancer deaths [35]. The aromatic amines found in tobacco products are implicated as the main
carcinogens [81]. Many reports based on case-control and cohort studies have concluded that there is a strong
association between cigarette smoking and bladder cancer [80], [82], [83], [84], [85], [86], [87], [88]. Cigarette
smoking is implicated in the occurrence of a greater proportion of bladder cancer than any other known factor. A
systematic review of 43 epidemiologic studies, base on case-control data, concluded that current cigarette
smokers have an approximate threefold risk of bladder cancer compared with lifelong nonsmokers [89]. In a
combined analysis of 11 case-control studies from six European countries, the risk of bladder cancer increased
with both duration and intensity of tobacco use [90]. Even though the relative risk of bladder cancer declines
rapidly after smoking cessation, it never decreases to that of nonsmokers. The relative risk decreases by more
than 30% after 1 to 4 years, and by 60% after 25 years [90], [91].

Kidney and renal pelvis cancer

Approximately 32,000 Americans were diagnosed with kidney or renal pelvis carcinoma in 2003 [32] and over
12,000 will die of this malignancy in 2004 [37]. Adenocarcinomas of the renal parenchyma arise from tubular
epithelial cells, accounting for approximately 85% of malignant tumors of the kidney. Transitional cell carcinoma of
the renal pelvis accounts for most of the remainder of the cases [32]. Many studies have indicated an increased
risk among smokers in comparison with nonsmokers [92], [93], [94]. In an international, population-based, case-
control study, the risk of cancer increased with the duration of smoking and the number of cigarettes smoked per
day. In this same study, there was no noted effect of cigar or smokeless tobacco use in the causation of these
tumors. It is not clear if the cessation of smoking decreases the risk of renal cancer. One study reports that long-
term quitters (>15 years) experienced a 15% to 25% reduced risk compared with current tobacco users [95], yet
other studies have not confirmed these results [35]. Smoking has been shown to significantly increase the risk of
cancer of the renal pelvis and this risk was particularly high among heavy smokers, and declined with time after
smoking cessation [35].

Gastric cancer

Despite the marked decline in the incidence of gastric carcinoma in many industrialized nations, cancer of the
stomach remains the second most common cause of cancer deaths in the world. An estimated 22,700 new cases
of gastric carcinoma will be diagnosed in the United States in 2004, and 11,780 will succumb to this disease [37].
The highest incidence occurs in populations from Eastern Asia, Eastern Europe, and South America. This is
currently believed to be a result of a higher prevalence of Helicobacter pylori infection in these areas. More than
90% of stomach cancers are adenocarcinomas. Several publications, including cohort studies, case-control
studies, and meta-analyses, have assessed the risk of smoking and gastric cancer. The cohort and case-control
studies have shown a 1.5- to 3-fold increase in the risk of gastric cancer among smokers, although most of these
studies have failed to demonstrate a clear dose-response relationship [96]. A meta-analysis demonstrated a similar
increased risk of gastric cancer in smokers, and also confirmed an increased risk of gastric carcinoma with
increased intensity and duration of smoking [97].

Cervical cancer

Cervical cancer is the third most common cancer in women globally, and is particularly frequent in low-income
countries, where more than three quarters of the cases occur. In 2004, it is estimated that 10,520 new cases of
cervical cancer will be diagnosed in the United States, and close to 4000 women will die of this disease [37].
Approximately 80% to 95% of the cervical cancers are squamous cell carcinoma, and a minority is
adenocarcinomas [32]. The most important factor in the development of cervical cancer is exposure to oncogenic
serotypes of human papillomavirus. There have been many studies investigating the association between smoking
and cervical cancer; however, these published reports have been criticized extensively, because they overlook the
confounding factors of sexual practice, which have been strongly linked to tobacco use [35].

In support of tobacco-related causation of cervical cancer, a recent case-control study from the United Kingdom
found evidence for an association between the duration of smoking and the risk of squamous cell carcinoma, but
not adenocarcinoma [98]. Furthermore, this study found that a duration of smoking in excess of 20 years was
associated with a twofold increase in the risk of squamous cell carcinoma. This is consistent with the results of
prior studies, which demonstrated a similar relationship between squamous cell carcinomas of the cervix and
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smoking. Many studies have consistently failed to establish a significant association between smoking and
adenocarcinoma of the cervix. One study examined women aged 20 to 44 years old, and smoking was associated
with an increased risk of squamous cell carcinoma, yet a decreased risk of adenocarcinoma was noted (odds ratio
of 0.6). Multiple lines of evidence support that smoking is a risk factor for squamous cell carcinoma, and not for
adenocarcinoma [98].

Leukemia

Cigarette smoking has not classically been considered an etiologic factor in leukemia; however, an association
was first noted in 1978 [99]. Since this time, several epidemiologic studies have reported an increased risk of
leukemia among cigarette smokers [100], [101], [102]. A meta-analysis published in 1993 assessed seven
prospective cohort studies and eight case-control studies. A statistically significant increased risk of leukemia was
noted in tobacco users, and subsequent studies have confirmed this finding [103]. Two prospective studies
showed an approximate 50% increase in leukemia risk with tobacco use [104]. Some of these studies have also
provided evidence for a dose-response relationship and suggested an association that is most pronounced for
acute myeloid leukemia. The most recent study, a retrospective evaluation of 643 patients with newly diagnosed
acute myeloid leukemia, examined the role of tobacco on the initial characteristics at the time of presentation and
on the course of disease [105]. Cigarette smoking seems to have a deleterious effect on survival in acute myeloid
leukemia, with shortening of complete remission duration. Smoking was also associated with more severe
infections during the aplastic period following chemotherapy [105].

Endometrial cancer

Endometrial cancer is diagnosed in over 140,000 women each year worldwide, and accounts for over 42,000
deaths annually. In the United States, over 40,000 women will be diagnosed and close to 4000 women will die of
endometrial cancer in 2004 [37]. Most endometrial cancers are adenocarcinomas and they are the most commonly
occurring gynecologic malignancy in developed countries. Unlike the other cancers discussed in this article,
endometrial cancer is unique in that there is an inverse relationship between tobacco use and endometrial cancer
[35]. The relative risk of endometrial cancer among smokers is about one half that of never smokers. This
protective effect of smoking seems to be stronger among postmenopausal women, and women with higher levels
of estrogen [106]. This relationship suggests that smoking may reduce the risk of endometrial cancer through an
antiestrogenic effect [107]. In fact, there is epidemiologic evidence to indicate that women who smoke cigarettes
are relatively estrogen-deficient [107], [108], [109]. Smokers have an earlier natural menopause and an increased
risk of osteoporotic fractures. Moreover, women who smoke may have a reduced risk of uterine fibroids,
endometriosis, and benign breast disease. Several possible mechanisms for these effects have been identified,;
however, none have been conclusively proved. There is no clear effect of duration or intensity of smoking, but
there are similar risks of developing endometrial carcinoma in former smokers when compared with never
smokers. This suggests a detrimental effect of smoking cessation for this particular tumor type [106], [108], [109],
[110], [111], [112], [113].

Tumor types generally not associated with tobacco consumption

et artcE ot

Clearly not all cancers have shown a direct causal relationship with tobacco use. Tables 1 summarizes those
cancers in which tobacco may have some minimal effect on risk, whereas Table 2 shows the cancer types that
seem unlikely to be associated with smoking.

11'able Cancers for which tobacco may increase risk
Cancer type Relative risk
Liver [114], [115], [116] 2
Colorectal [39], [117], [118] 2
Gallbladder [119], [120], [121] 1.3
Adrenal gland [122], [123] 2-5
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Small intestine [124], [125] 0.5-4
Sinonasal [126], [127], [128] 2-3
Testicular cancer [129], [130], [131], [132] 2

Table  cancers unlikely to be related to tobacco

2
Cancer type Number of known studies
Skin cancer

Melanoma [133], [134], [135], [136], [137], [138], .

139 5 Case-control studies
Nonmelanoma [134], [137], [140], [141], [142], 1 Prospective, 3 case-control, and 3
[143], [144] cohort studies
Breast cancer [145], [146], [147] 14 Case-control and 5 cohort studies

22 Prospective cohort studies and 30

Prostate cancer [148 X
[128] case-control studies

Lymphoma

) - 6 Cohort, 1 prospective, and 2 case-
Non-Hodgkin's lymphoma [149] control studies
Hodgkin's lymphoma [73], [149], [150 5 Case-control, 1 large cohort studies
Multiple myeloma [151], [152], [153], [154] 4 Cohort, 3 case-control studies
Ovarian cancer [155], [156], [157], [158], [159] 7 Retrospective studies
Soft tissue sarcoma 1 Cohort study
Central nervous system cancer [160], [161], [162], 2 Population-based retrospective, 4
[163], [164], [165], [166] case-control, and 2 prospective studies
Thyroid cancer [167], [168], [169], [170], [171],
[172], [173] 6 Case-control, 1 cohort study
Summary
R . .

Tobacco consumption has been clearly implicated in the causation of many cancer types, with irrefutable evidence
to support the association in multiple organ systems. More than 400,000 deaths per year and 30% of all cancers in
the United States are attributable to smoking. Chief among these are cancers of the aerodigestive tract. Tobacco
cessation leads to reduced cancer risk, and improved survival of those under treatment for their already
established cancers. Prevention and cessation of tobacco use are currently the first line of defense against the
epidemic of tobacco-related cancers. Avoidance of initiation of smoking by younger generations should have a
profound impact on cancer rates and mortality. As the understanding of the mechanisms by which tobacco
products cause cancer increases, clinicians may be able to identify those at highest risk for tobacco-related
malignancies and allow for more focused interventions toward risk reduction among current tobacco users.

References

= N

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/ful ltext (9 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

E F2Turn T artucie outlin:
[1]. [1]Cigarette smoking-attributable morbidity—United States, 2000. Morb Mortal Wkly Rep. 2003;52:842-844.

[2]. [2]Phillips DH. Smoking-related DNA and protein adducts in human tissues. Carcinogenesis. 2002;23:1979—
2004. MEDLINE

[3]. [3]Morbidity and Mortality Weekly Report (April 12). 2002;51(14):300-3.
[4]. [4]Stat bite . Global cigarette consumption, 1880-2000. J Natl Cancer Inst. 2003;95:12. MEDLINE
[5]. [S]Mackay J. The tobacco atlas. Geneva: World Health Organization; 2002;.

[6]. [6]World Health Organization . The world health report 2002: reducing risks, promoting healthy life. Geneva:
World Health Organization; 2002;.

[7]. [7]international Agency for Research on Cancer . Tobacco smoke and involuntary smoking. IARC monographs
on the evaluation of carcinogenic risk. vol. 83. Washington DC: IARC Press; 2002;.

[8]. [B]Gammon MD, et al.. Tobacco, alcohol, and socioeconomic status and adenocarcinomas of the esophagus
and gastric cardia. J Natl Cancer Inst. 1997;89:1277-1284. MEDLINE

[9]. [9]Cigarette brand use among adult smokers—United States, 1986. Morb Mortal Wkly Rep. 1990;39:665;671—
3.

[10]. [10]Day GL, et al.. Racial differences in risk of oral and pharyngeal cancer: alcohol, tobacco, and other
determinants. J Natl Cancer Inst. 1993;85:465-473. MEDLINE

[11]. [11]Das SK. Harmful health effects of cigarette smoking. Mol Cell Biochem. 2003;253:159-165. MEDLINE
[12]. [12]Rodgman A. Environmental tobacco smoke. Regul Toxicol Pharmacol. 1992;16:223-244. MEDLINE

[13]. [13]Hecht SS. Tobacco carcinogens, their biomarkers and tobacco-induced cancer. Nat Rev Cancer.
2003;3:733-744.

[14]. [14]Stein CJ, Colditz GA. Modifiable risk factors for cancer. Br J Cancer. 2004;90:299-303. MEDLINE
[15]. [15]Phillips DH. Fifty years of benzo[a]pyrene. Nature. 1983;303(5917):468-472. MEDLINE

[16]. [16]Denissenko MF, et al.. Preferential formation of benzo[a]pyrene adducts at lung cancer mutational
hotspots in P53. Science. 1996;274:430-432. MEDLINE

[17]. [17]Pfeifer GP, et al.. Tobacco smoke carcinogens, DNA damage and p53 mutations in smoking-associated
cancers. Oncogene. 2002;21:7435-7451. MEDLINE

[18]. [18]Ross JA, et al.. Adenomas induced by polycyclic aromatic hydrocarbons in strain A/J mouse lung
correlate with time-integrated DNA adduct levels. Cancer Res. 1995;55:1039-1044. MEDLINE

[19]. [19]Boysen G, Hecht SS. Analysis of DNA and protein adducts of benzo[a]pyrene in human tissues using
structure-specific methods. Mutat Res. 2003;543:17-30. MEDLINE

[20]. [20]Brunnemann KD, et al.. Formation and analysis of tobacco-specific N-nitrosamines. Crit Rev Toxicol.
1996;26:121-137. MEDLINE

[21]. [21]Hecht SS, Hoffmann D. Tobacco-specific nitrosamines, an important group of carcinogens in tobacco and
tobacco smoke. Carcinogenesis. 1988;9:875-884. MEDLINE

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/f ulltext (10 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

[22]. [22]Vainio H, Weiderpass E. Smokeless tobacco: harm reduction or nicotine overload?. Eur J Cancer Prev.
2003;12:89-92. MEDLINE

[23]. [23]Hecht SS. Tobacco smoke carcinogens and lung cancer. J Natl Cancer Inst. 1999;91:1194-1210.
MEDLINE

[24]. [24]Loechler EL, Green CL, Essigmann JM. In vivo mutagenesis by O6-methylguanine built into a unique site
in a viral genome. Proc Natl Acad Sci U S A. 1984;81:6271-6275. MEDLINE

[25]. [25]Singer B, Essigmann JM. Site-specific mutagenesis: retrospective and prospective. Carcinogenesis.
1991;12:949-955. MEDLINE

[26]. [26]Seo KY, Jelinsky SA, Loechler EL. Factors that influence the mutagenic patterns of DNA adducts from
chemical carcinogens. Mutat Res. 2000;463:215-246. MEDLINE

[27]. [27]West KA, et al.. Rapid Akt activation by nicotine and a tobacco carcinogen modulates the phenotype of
normal human airway epithelial cells. J Clin Invest. 2003;111:81-90. MEDLINE

[28]. [28]Schuller HM. Mechanisms of smoking-related lung and pancreatic adenocarcinoma development. Nat
Rev Cancer. 2002;2:455-463.

[29]. [29]Doll R, Hill AB. Smoking and carcinoma of the lung: preliminary report. BMJ. 1950;2:739-748.

[30]. [30]wynder E, Graham EA. Tobacco smoking as a possible etiological factor in bronchiogenic carcinoma.
JAMA. 1950;143:329-336.

[31]. [31]General S. Smoking and health: a report from the Surgeon General. Washington: US Government Print
Office; 1964;.

[32]. [32]Bilello KS, Murin S, Matthay RA. Epidemiology, etiology, and prevention of lung cancer. Clin Chest Med.
2002;23:1-25. Abstract | Full Text | Full-Text PDF (358 KB) | MEDLINE

[33]. [33]Jemel A, Murray T, Samuels A, Ghatoor A, Ward E, Thun MJ. Cancer Statistics 2003. Cancer J Clin.
2003;53:5-26.

[34]. [34]Pohlabeln H, et al.. Occupational risks for lung cancer among nonsmokers. Epidemiology. 2000;11:532—
538. MEDLINE

[35]. [35]Kuper H, Boffetta P, Adami HO. Tobacco use and cancer causation: association by tumour type. J Intern
Med. 2002;252:206-224. MEDLINE

[36]. [36]Fagerstrom K. The epidemiology of smoking: health consequences and benefits of cessation. Drugs.
2002;62(Suppl 2):1-9. MEDLINE

[37]. [37]Jemal A, Tiwari RC, Murray T, Ghatoor A, Samuels A, Ward E, et al.. Cancer J Clin. 2004,54(1):8-29.

[38]. [38]Wynder EL, Muscat JE. The changing epidemiology of smoking and lung cancer histology. Environ Health
Perspect. 1995;103(Suppl 8):143-148.

[39]. [39]Doll R, Peto R. Mortality in relation to smoking: 20 years' observations on male British doctors. BMJ.
1976;2:1525-1536.

[40]. [40]General S. Reducing the health consequences of smoking: 25 years of progress. Washington: US
Government Printing Office; 1989;.

[41]. [41]Harris JE, et al.. Cigarette tar yields in relation to mortality from lung cancer in the cancer prevention study

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/fulltext (11 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

Il prospective cohort, 1982—8. BMJ. 2004;328:72.

[42]. [42]Hecht SS. Biochemistry, biology, and carcinogenicity of tobacco-specific N-nitrosamines. Chem Res
Toxicol. 1998;11:559—-603.

[43]. [43]Hecht SS. Human urinary carcinogen metabolites: biomarkers for investigating tobacco and cancer.
Carcinogenesis. 2002;23:907-922. MEDLINE

[44]. [44]Schlobe D, Holze D, Richter E, Tricker AR. Determination of tobacco-specific nitrosamine hemoglobin and
lung DNA adducts. Proc Am Assoc Cancer Res. 2002;43:346.

[45]. [45]Hoffmann D, Hoffmann |, EI-Bayoumy K. The less harmful cigarette: a controversial issue: a tribute to
Ernst L. Wynder. Chem Res Toxicol. 2001;14:767—790.

[46]. [46]Peto R. Influence of dose and duration of smoking on lung cancer rates. In: Zaridze D, Peto R, editors.

Tobacco: a major international health hazard; proceedings of an international meeting. Moscow, USSR, June 46,
1985. International Agency of Research on Cancer Science Publication no. 74, 22-23. Lyon (France): WHO-IARC;
1986.

[47]. [47]Lee PN. Lung cancer and type of cigarette smoked. Inhal Toxicol. 2001;13:951-976. MEDLINE

[48]. [48]Lehnert G, et al.. Roundtable discussion: symposium: medical perspectives on passive smoking. Prev
Med. 1984;13:730-746. MEDLINE

[49]. [49]Weiss ST, et al.. The health effects of involuntary smoking. Am Rev Respir Dis. 1983;128:933-942.
MEDLINE

[50]. [50]Bos RP, Henderson PT. Genotoxic risk of passive smoking. Rev Environ Health. 1984;4:161-178.
MEDLINE

[51]. [51]Winters TH, DiFranza JR. Passive smoking: a public health problem. Public Health Rev. 1985;13:309—
323. MEDLINE

[52]. [52]Hirayama T. Non-smoking wives of heavy smokers have a higher risk of lung cancer: a study from Japan.
BMJ. 1981;282:183-185. MEDLINE

[53]. [53]Fontham ET, et al.. Environmental tobacco smoke and lung cancer in nonsmoking women: a multicenter
study. JAMA. 1994;271:1752-1759. MEDLINE

[54]. [54]Boffetta P, et al.. Multicenter case-control study of exposure to environmental tobacco smoke and lung
cancer in Europe. J Natl Cancer Inst. 1998;90:1440-1450. MEDLINE

[55]. [55]Hackshaw AK, Law MR, Wald NJ. The accumulated evidence on lung cancer and environmental tobacco
smoke. BMJ. 1997;315:980-988.

[56]. [56]Janerich DT, et al.. Lung cancer and exposure to tobacco smoke in the household. N Engl J Med.
1990;323:632—-636. MEDLINE

[57]. [57]Winn DM, et al.. Snuff dipping and oral cancer among women in the southern United States. N Engl J
Med. 1981;304:745-749. MEDLINE

[58]. [58]Kabat GC, Chang CJ, Wynder EL. The role of tobacco, alcohol use, and body mass index in oral and
pharyngeal cancer. Int J Epidemiol. 1994;23:1137-1144. MEDLINE

[59]. [59]Critchley JA, Unal B. Health effects associated with smokeless tobacco: a systematic review. Thorax.
2003;58:435-443. MEDLINE

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/f ulltext (12 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

[60]. [60]Schwartz SM, et al.. Oral cancer risk in relation to sexual history and evidence of human papillomavirus
infection. J Natl Cancer Inst. 1998;90:1626-1636. MEDLINE

[61]. [61]Muscat JE, et al.. Gender differences in smoking and risk for oral cancer. Cancer Res. 1996;56:5192—
5197. MEDLINE

[62]. [62]Young TB, Ford CN, Brandenburg JH. An epidemiologic study of oral cancer in a statewide network. Am J
Otolaryngol. 1986;7:200—-208. MEDLINE

[63]. [63]Tuyns AJ. Laryngeal cancer. Cancer Surv. 1994;19-20:159-173.
[64]. [64]Austin DR. Cancer epidemiology and prevention. 2nd edition. New York: Oxford University Press; 1996;.

[65]. [65]Tuyns AJ, et al.. Cancer of the larynx/hypopharynx, tobacco and alcohol: IARC international case-control
study in Turin and Varese (ltaly), Zaragoza and Navarra (Spain), Geneva (Switzerland) and Calvados (France). Int
J Cancer. 1988;41:483-491. MEDLINE

[66]. [66]Talamini R, et al.. Combined effect of tobacco and alcohol on laryngeal cancer risk: a case-control study.
Cancer Causes Control. 2002;13:957-964. MEDLINE

[67]. [67]Pacella-Norman R, et al.. Risk factors for oesophageal, lung, oral and laryngeal cancers in black South
Africans. Br J Cancer. 2002;86:1751-1756. MEDLINE

[68]. [68]Altieri A, et al.. Cessation of smoking and drinking and the risk of laryngeal cancer. Br J Cancer.
2002;87:1227-1229. MEDLINE

[69]. [69]Ahrens W, et al.. Alcohol, smoking, and occupational factors in cancer of the larynx: a case-control study.
Am J Ind Med. 1991;20:477—493. MEDLINE

[70]. [70]De Stefani E, Barrios E, Fierro L. Black (air-cured) and blond (flue-cured) tobacco and cancer risk. Il1:
Oesophageal cancer. Eur J Cancer. 1993;29A:763-766. MEDLINE

[71]. [71]Enzinger PC, Mayer RJ. Esophageal cancer. N Engl J Med. 2003;349:2241-2252.

[72]. [72]Devesa SS, Blot WJ, Fraumeni JF. Changing patterns in the incidence of esophageal and gastric
carcinoma in the United States. Cancer. 1998;83:2049-2053.

[73]. [73]Abramson JH, et al.. A case-control study of Hodgkin's disease in Israel. J Natl Cancer Inst. 1978;61:307—
314. MEDLINE

[74]. [74]in: Ries LAG, Eisner MP, Kosary CL, Hankey BF, Miller BA, Clegg L, et al. editor. SEER cancer
statistics review, 1973-1999. Bethesda (MD): National Cancer Institute; 2002;Available at:http://seer.cancer.gov/
csr/1973 1999/.

[75]. [75]Majek J, et al.. Etiology, epidemiology and diagnosis of esophageal cancer. Bratisl Lek Listy.
2003;104:88-90. MEDLINE

[76]. [76]Phukan RK, et al.. Betel nut and tobacco chewing; potential risk factors of cancer of oesophagus in
Assam, India. Br J Cancer. 2001;85:661-667. MEDLINE

[77]. [77]Fuchs CS, et al.. A prospective study of cigarette smoking and the risk of pancreatic cancer. Arch Intern
Med. 1996;156:2255-2260. MEDLINE

[78]. [78]Chiu BC, et al.. Cigarette smoking and risk of bladder, pancreas, kidney, and colorectal cancers in lowa.
Ann Epidemiol. 2001;11:28-37. Abstract | Full Text | Full-Text PDF (167 KB) | MEDLINE

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/f ulltext (13 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America
[79]. [79]Boyle P, et al.. Cigarette smoking and pancreas cancer: a case control study of the search programme of
the IARC. Int J Cancer. 1996;67:63—-71. MEDLINE

[80]. [80]Silverman DT, et al.. Cigarette smoking and pancreas cancer: a case-control study based on direct
interviews. J Natl Cancer Inst. 1994:86:1510-1516. MEDLINE

[81]. [81]Patton SE, Hall MC, Ozen H. Bladder cancer. Curr Opin Oncol. 2002;14:265-272. MEDLINE

[82]. [82]Shirai T, et al.. The etiology of bladder cancer: are there any new clues or predictors of behavior?. Int J
Urol. 1995;2(Suppl 2):64-75.

[83]. [83]Morrison AS, et al.. An international study of smoking and bladder cancer. J Urol. 1984;131:650-654.
MEDLINE

[84]. [84]International Agency for Research on Cancer , World Health Organization . Tobacco smoking. IARC

monographs on the evaluation of the carcinogenic risk of chemicals to man. vol. 38. Lyon, France: International
Agency for Research on Cancer: Distributed by the Secretariat of the World Health Organization; 1986;.

[85]. [85]Shirai T. Etiology of bladder cancer. Semin Urol. 1993;11:113-126. MEDLINE

[86]. [86]Ross RK, Jones PA, Yu MC. Bladder cancer epidemiology and pathogenesis. Semin Oncol. 1996;23:536—
545. MEDLINE

[87]. [87]Johansson SL, Cohen SM. Epidemiology and etiology of bladder cancer. Semin Surg Oncol.
1997;13:291-298. MEDLINE

[88]. [88]van der Meijden AP. Bladder cancer. BMJ. 1998;317:1366-1369.

[89]. [89]Zeegers MP, et al.. The impact of characteristics of cigarette smoking on urinary tract cancer risk: a meta-
analysis of epidemiologic studies. Cancer. 2000;89:630—639.

[90]. [90]Brennan P, et al.. Cigarette smoking and bladder cancer in men: a pooled analysis of 11 case-control
studies. Int J Cancer. 2000;86:289-294. MEDLINE

[91]. [91]Brennan P, et al.. The contribution of cigarette smoking to bladder cancer in women (pooled European
data). Cancer Causes Control. 2001;12:411-417. MEDLINE

[92]. [92]Bernardini S, et al.. Influence of cigarette smoking on P53 gene mutations in bladder carcinomas.
Anticancer Res. 2001;21:3001-3004. MEDLINE

[93]. [93]Fleshner N, et al.. Influence of smoking status on the disease-related outcomes of patients with tobacco-
associated superficial transitional cell carcinoma of the bladder. Cancer. 1999;86:2337—-2345.

[94]. [94]Gumus B, et al.. Aetiological factors of bladder cancer in the Aegean region of Turkey between the years
1985-1996. Int Urol Nephrol. 1999;31:197-202. MEDLINE

[95]. [95]Doll R, et al.. Mortality in relation to smoking: 40 years' observations on male British doctors. BMJ.
1994;309:901-911.

[96]. [96]Fuchs CS, Mayer RJ. Gastric carcinoma. N Engl J Med. 1995;333:32—-41. MEDLINE

[97]. [97]Tredaniel J, et al.. Tobacco smoking and gastric cancer: review and meta-analysis. Int J Cancer.
1997;72:565-573. MEDLINE

[98]. [98]Green J, et al.. Risk factors for adenocarcinoma and squamous cell carcinoma of the cervix in women

aged 20-44 years: the UK National Case-Control Study of Cervical Cancer. Br J Cancer. 2003;89:2078-2086.
MEDLINE

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/f ulltext (14 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

[99]. [99]Paffenbarger RS, et al.. Energy expenditure, cigarette smoking, and blood pressure level as related to
death from specific diseases. Am J Epidemiol. 1978;108:12—-18. MEDLINE

100]. [100]Kinlen LJ, Rogot E. Leukaemia and smoking habits among United States veterans. BMJ.
1988;297:657—-659.

101]. [101]McLaughlin JK, et al.. Cigarette smoking and leukemia. J Natl Cancer Inst. 1989;81:1262-1263.
MEDLINE

102]. [102]Severson RK. Cigarette smoking and leukemia. Cancer. 1987;60:141-144.

103]. [103]Brownson RC, Novotny TE, Perry MC. Cigarette smoking and adult leukemia: a meta-analysis. Arch
Intern Med. 1993;153:469-475. MEDLINE

104]. [104]Garfinkel L, Boffetta P. Association between smoking and leukemia in two American Cancer Society
prospective studies. Cancer. 1990;65:2356—2360.

105]. [105]Chelghoum Y, et al.. Influence of cigarette smoking on the presentation and course of acute myeloid
leukemia. Ann Oncol. 2002;13:1621-1627. MEDLINE

106]. [L06]Koumantaki Y, et al.. A case-control study of cancer of endometrium in Athens. Int J Cancer.
1989;43:795-799. MEDLINE

107]. [107]Baron JA, La Vecchia C, Levi F. The antiestrogenic effect of cigarette smoking in women. Am J Obstet
Gynecol. 1990;162:502-514. MEDLINE

108]. [108]Newcomer LM, et al.. Hormonal risk factors for endometrial cancer: modification by cigarette smoking
(United States). Cancer Causes Control. 2001;12:829-835. MEDLINE

109]. [109]Brinton LA, et al.. Cigarette smoking and the risk of endometrial cancer. Am J Epidemiol. 1993;137:281—
291. MEDLINE

110]. [110]Weiss NS, et al.. Oestrogens and endometrial cancer: effect of other risk factors on the association.
Maturitas. 1980;2:185-190. Abstract | Full-Text PDF (410 KB) | MEDLINE

111]. [111]Lesko SM, et al.. Cigarette smoking and the risk of endometrial cancer. N Engl J Med. 1985;313:593—
596. MEDLINE

112]. [112]Austin H, Drews C, Partridge EE. A case-control study of endometrial cancer in relation to cigarette
smoking, serum estrogen levels, and alcohol use. Am J Obstet Gynecol. 1993;169:1086-1091. MEDLINE

113]. [113]Weiderpass E, Baron JA. Cigarette smoking, alcohol consumption, and endometrial cancer risk: a
population-based study in Sweden. Cancer Causes Control. 2001;12:239-247. MEDLINE

114]. [114]Tanaka K, et al.. Hepatitis B virus, cigarette smoking and alcohol consumption in the development of
hepatocellular carcinoma: a case-control study in Fukuoka, Japan. Int J Cancer. 1992;51:509-514. MEDLINE

115]. [115]Hadziyannis S, et al.. A case-control study of hepatitis B and C virus infections in the etiology of
hepatocellular carcinoma. Int J Cancer. 1995;60:627-631. MEDLINE

116]. [116]La Vecchia C, et al.. Risk factors for hepatocellular carcinoma in northern Italy. Int J Cancer.
1988;42:872-876. MEDLINE

117]. [117]Giovannucci E, et al.. A prospective study of cigarette smoking and risk of colorectal adenoma and
colorectal cancer in US women. J Natl Cancer Inst. 1994;86:192-199. MEDLINE

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/f ulltext (15 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

118]. [118]Giovannucci E. An updated review of the epidemiological evidence that cigarette smoking increases
risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev. 2001;10:725-731. MEDLINE

119]. [119] Khan ZR, et al.. Risk factors for biliary tract cancers. Am J Gastroenterol. 1999;94:149-152. MEDLINE

120]. [120]Scott TE, et al.. A case-control assessment of risk factors for gallbladder carcinoma. Dig Dis Sci.
1999;44:1619-1625. MEDLINE

121]. [121]Zatonski WA, et al.. Epidemiologic aspects of gallbladder cancer: a case-control study of the SEARCH
Program of the International Agency for Research on Cancer. J Natl Cancer Inst. 1997;89:1132-1138. MEDLINE

122]. [122]Hsing AW, et al.. Risk factors for adrenal cancer: an exploratory study. Int J Cancer. 1996;65:432—-436.
MEDLINE

123]. [123]Chow WH, et al.. Smoking and adrenal cancer mortality among United States veterans. Cancer
Epidemiol Biomarkers Prev. 1996;5:79-80. MEDLINE

124]. [124]Negri E, et al.. Risk factors for adenocarcinoma of the small intestine. Int J Cancer. 1999;82:171-174.
MEDLINE

125]. [125]Kaerlev L, et al.. The importance of smoking and medical history for development of small bowel

carcinoid tumor: a European population-based case-control study. Cancer Causes Control. 2002;13:27-34.
MEDLINE

126]. [126]Mannetje A, et al.. Sinonasal cancer, occupation, and tobacco smoking in European women and men.
Am J Ind Med. 1999;36:101-107. MEDLINE

127]. [127]zheng W, et al.. Risk factors for cancers of the nasal cavity and paranasal sinuses among white men in
the United States. Am J Epidemiol. 1993;138:965-972. MEDLINE

128]. [128]Zzheng W, et al.. A population-based case-control study of cancers of the nasal cavity and paranasal
sinuses in Shanghai. Int J Cancer. 1992;52:557-561. MEDLINE

129]. [129]Srivastava A, Kreiger N. Cigarette smoking and testicular cancer. Cancer Epidemiol Biomarkers Prev.
2004;13:49-54. MEDLINE

130]. [130]Social, behavioural and medical factors in the aetiology of testicular cancer: results from the UK study.
UK Testicular Cancer Study Group. Br J Cancer. 1994;70:513-520. MEDLINE

131]. [131]Henderson BE, et al.. Risk factors for cancer of the testis in young men. Int J Cancer. 1979;23:598—
602. MEDLINE

132]. [132]Brown LM, Pottern LM, Hoover RN. Testicular cancer in young men: the search for causes of the
epidemic increase in the United States. J Epidemiol Community Health. 1987;41:349-354.

133]. [133]Shaw HM, Milton GW. Smoking and the development of metastases from malignant melanoma. Int J
Cancer. 1981;28:153-156. MEDLINE

134]. [134]Lear JT, et al.. A comparison of risk factors for malignant melanoma, squamous cell carcinoma and
basal cell carcinoma in the UK. Int J Clin Pract. 1998;52:145-149. MEDLINE

135]. [135]Osterlind A, et al.. The Danish case-control study of cutaneous malignant melanoma. IV. No
association with nutritional factors, alcohol, smoking or hair dyes. Int J Cancer. 1988;42:825-828. MEDLINE

136]. [136]Westerdahl J, et al.. Risk of malignant melanoma in relation to drug intake, alcohol, smoking and
hormonal factors. Br J Cancer. 1996;73:1126—-1131. MEDLINE

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/f ulltext (16 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

137]. [137]De Hertog SA, et al.. Relation between smoking and skin cancer. J Clin Oncol. 2001;19:231-238.

138]. [138]Green A, et al.. A case-control study of melanomas of the soles and palms (Australia and Scotland).
Cancer Causes Control. 1999;10:21-25. MEDLINE

139]. [139]Koh HK, et al.. Cigarette smoking and malignant melanoma: prognostic implications. Cancer.
1984,;53:2570-2573.

140]. [140]van Dam RM, et al.. Risk factors for basal cell carcinoma of the skin in men: results from the health
professionals follow-up study. Am J Epidemiol. 1999;150:459-468. MEDLINE

141]. [141]Aubry F, MacGibbon B. Risk factors of squamous cell carcinoma of the skin: a case-control study in the
Montreal region. Cancer. 1985;55:907-911.

142]. [142]Karagas MR, et al.. Risk of subsequent basal cell carcinoma and squamous cell carcinoma of the skin

among patients with prior skin cancer. Skin Cancer Prevention Study Group. JAMA. 1992;267:3305-3310.
MEDLINE

143]. [143]Grodstein F, Speizer FE, Hunter DJ. A prospective study of incident squamous cell carcinoma of the
skin in the nurses' health study. J Natl Cancer Inst. 1995;87:1061-1066. MEDLINE

144]. [144]Hunter DJ, et al.. Risk factors for basal cell carcinoma in a prospective cohort of women. Ann
Epidemiol. 1990;1:13-23. Abstract | Full Text | Full-Text PDF (72 KB) | MEDLINE

145]. [145]Gammon MD, et al.. Cigarette smoking and breast cancer risk among young women (United States).
Cancer Causes Control. 1998;9:583-590. MEDLINE

146]. [146]Palmer JR, Rosenberg L. Cigarette smoking and the risk of breast cancer. Epidemiol Rev.
1993;15:145-156.

147]. [147]Lash TL, Aschengrau A. Active and passive cigarette smoking and the occurrence of breast cancer. Am
J Epidemiol. 1999;149:5-12. MEDLINE

148]. [148]Levi F, La Vecchia C. Tobacco smoking and prostate cancer: time for an appraisal. Ann Oncol.
2001;12:733-738. MEDLINE

149]. [149]Stagnaro E, et al.. Smoking and hematolymphopoietic malignancies. Cancer Causes Control.
2001;12:325-334. MEDLINE

150]. [150]Bernard SM, et al.. Hodgkin's disease: case control epidemiological study in Yorkshire. Br J Cancer.
1987;55:85-90. MEDLINE

151]. [151]Friedman GD. Cigarette smoking, leukemia, and multiple myeloma. Ann Epidemiol. 1993;3:425-428.
MEDLINE

152]. [152]Adami J, et al.. Smoking and the risk of leukemia, lymphoma, and multiple myeloma (Sweden). Cancer
Causes Control. 1998;9:49-56. MEDLINE

153]. [153]Linet MS, et al.. Is cigarette smoking a risk factor for non-Hodgkin's lymphoma or multiple myeloma?
Results from the Lutheran Brotherhood Cohort Study. Leuk Res. 1992;16:621-624. MEDLINE

154]. [154]Heineman EF, et al.. A prospective study of tobacco use and multiple myeloma: evidence against an
association. Cancer Causes Control. 1992;3:31-36. MEDLINE

155]. [155]Whittemore AS, et al.. Personal and environmental characteristics related to epithelial ovarian cancer.

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/fulltext (17 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

Il. Exposures to talcum powder, tobacco, alcohol, and coffee. Am J Epidemiol. 1988;128:1228-1240. MEDLINE

156]. [156]Stockwell HG, Lyman GH. Cigarette smoking and the risk of female reproductive cancer. Am J Obstet
Gynecol. 1987;157:35-40. MEDLINE

157]. [157]Smith EM, Sowers MF, Burns TL. Effects of smoking on the development of female reproductive
cancers. J Natl Cancer Inst. 1984,;73:371-376. MEDLINE

158]. [158]Polychronopoulou A, et al.. Reproductive variables, tobacco, ethanol, coffee and somatometry as risk
factors for ovarian cancer. Int J Cancer. 1993;55:402-407. MEDLINE

159]. [159]Kuper H, et al.. Tobacco smoking, alcohol consumption and their interaction in the causation of
hepatocellular carcinoma. Int J Cancer. 2000;85:498-502. MEDLINE

160]. [160]Hochberg F, et al.. Nonoccupational risk indicators of glioblastoma in adults. J Neurooncol. 1990;8:55—
60.

161]. [161]Garfinkel L. Cancer mortality in nonsmokers: prospective study by the American Cancer Society. J Natl
Cancer Inst. 1980;65:1169-1173. MEDLINE

162]. [162]Blowers L, Preston-Martin S, Mack WJ. Dietary and other lifestyle factors of women with brain gliomas
in Los Angeles County (California, USA). Cancer Causes Control. 1997;8:5-12. MEDLINE

163]. [163]Lee M, Wrensch M, Miike R. Dietary and tobacco risk factors for adult onset glioma in the San
Francisco Bay Area (California, USA). Cancer Causes Control. 1997;8:13-24. MEDLINE

164]. [164]Hurley SF, et al.. Tobacco smoking and alcohol consumption as risk factors for glioma: a case-control
study in Melbourne, Australia. J Epidemiol Community Health. 1996;50:442—-446.

165]. [165]Ryan P, et al.. Risk factors for tumors of the brain and meninges: results from the Adelaide Adult Brain
Tumor Study. Int J Cancer. 1992;51:20-27. MEDLINE

166]. [166]Burch JD, et al.. An exploratory case-control study of brain tumors in adults. J Natl Cancer Inst.
1987;78:601-609. MEDLINE

167]. [L67]Memon A, et al.. Epidemiology of reproductive and hormonal factors in thyroid cancer: evidence from a
case-control study in the Middle East. Int J Cancer. 2002;97:82—-89. MEDLINE

168]. [168]Iribarren C, et al.. Cohort study of thyroid cancer in a San Francisco Bay area population. Int J Cancer.
2001;93:745-750. MEDLINE

169]. [169]Rossing MA, et al.. Risk of papillary thyroid cancer in women in relation to smoking and alcohol
consumption. Epidemiology. 2000;11:49-54. MEDLINE

170]. [170]Galanti MR, et al.. Reproductive history and cigarette smoking as risk factors for thyroid cancer in
women: a population-based case-control study. Cancer Epidemiol Biomarkers Prev. 1996;5:425-431. MEDLINE

171]. [171]Kreiger N, Parkes R. Cigarette smoking and the risk of thyroid cancer. Eur J Cancer. 2000;36:1969—
1973. Abstract | Full Text | Full-Text PDF (113 KB) | MEDLINE

172]. [172]Ron E, et al.. A population-based case-control study of thyroid cancer. J Natl Cancer Inst. 1987;79:1—
12. MEDLINE

173]. [173]Sokic S, et al.. Risk factors for thyroid cancer. Neoplasma. 1994;41:371-374. MEDLINE

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/f ulltext (18 of 19)5/2/2008 2:21:12 PM



Medical Clinics of North America

2 pivision of Hematology/Oncology, North Shore University Hospital, 300 Community Drive, Manhasset, NY 11030, USA

9 Department of Community and Preventive Medicine, Mount Sinai School of Medicine,One Gustave Levy Place, New York, NY 10029, USA
Corresponding author.

Pll: S0025-7125(04)00099-9

doi:10.1016/j.mcna.2004.07.005

© 2004 Elsevier Inc. All rights reserved.

[ previous BULIEEL next 1

Copyright © 2008 Elsevier, Inc. All rights reserved | Privacy Policy | Terms & Conditions | Feedback | About Us | Help | Contact Us |
The content on this site is intended for health professionals.

http://www.medical .theclinics.com/article/Pl1 S0025712504000999/f ulltext (19 of 19)5/2/2008 2:21:12 PM





