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Upper aerodigestive tract cancers are strongly related to smoking, and their incidence is substantially lower in
former smokers than in continuing smokers. To estimate the effect of smoking cessation on the cumulative incidence
of these cancers by age 75 years (in the absence of competing causes of death), the authors combined odds ratios
for males from a network of Italian hospital-based case-control studies (1984–2000) with 1993–1997 incidence data
for Italian men. The studies included 961 cases with oral/pharyngeal cancer, 618 cases with esophageal cancer, and
613 cases with laryngeal cancer, plus 3,781 controls. For all upper aerodigestive tract cancers, the cumulative risks
by 75 years of age were 6.3% for men who continued to smoke any type of tobacco, 3.1% and 1.2% for men who
stopped smoking at around 50 and 30 years of age, respectively, and 0.8% among lifelong nonsmokers. Corre-
sponding figures were 3.3%, 1.4%, 0.5%, and 0.2% for oral/pharyngeal cancer; 1.0%, 0.5%, 0.4%, and 0.2% for
esophageal cancer; and 2.1%, 1.1%, 0.2%, and 0.2% for laryngeal cancer. In this Italian population, men who
stopped smoking before age 50 years avoided more than half of the excess risk of upper aerodigestive tract cancer
as men who did not, and men who stopped smoking before age 30 years avoided more than 90% of the risk.

head and neck neoplasms; risk factors; smoking; smoking cessation; tobacco

Abbreviations: CI, confidence interval; OR, odds ratio.

In many populations, persistent tobacco smoking is the
cause of most cancers of the upper aerodigestive tract (1).
Several studies have shown that although former smokers
have higher risks than never smokers, they also have sub-
stantially lower risks than persons who continue to smoke,
the difference in risk being greater the longer ago smoking
stopped (1–3). Some favorable effect of stopping smoking is
evident within just a few years after cessation, although the
main absolute benefit comes later.

Although case-control studies of cancer are often used to
estimate only the odds ratios in various categories of smok-

ing, ex-smoking, and nonsmoking, the corresponding abso-
lute risks can be estimated from these odds ratios by
combining them with the prevalence of various smoking
categories in controls and with the overall incidence rate
(irrespective of smoking) in a population similar to that in
which the study took place. In populations where many per-
sons in later middle age who smoke have done so for several
decades but many who used to smoke stopped some decades
previously, these methods can be usefully informative about
the eventual absolute benefits of cessation. In Europe around
1990, this was generally true for men (who were experiencing
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high incidence rates of lung and upper aerodigestive tract
cancer from tobacco smoking) but not for women (among
whom most of those who smoked had not yet done so for
long enough for the full eventual hazard to be seen).

For men in the United Kingdom in 1990, such methods
indicated that the cumulative risk of death from lung cancer
by age 75 years (in the hypothetical absence of earlier death
from another cause) was 16 percent for those who continued
to smoke and 6 percent and 2 percent for those who stopped
smoking at ages 50 and 30 years, respectively (4). Similar
absolute risks of death from male lung cancer were found in
a study from Germany, Italy, and Sweden (5) and in another
study from Central Europe (6).

No similar estimates of absolute risk are yet available for
cancers of the upper aerodigestive tract. Thus, to measure the
absolute risks of developing cancers of the oral cavity and
pharynx, esophagus, and larynx for various tobacco smoking
categories and ages at stopping smoking, we combined the
odds ratios from a network of case-control studies conducted
in Italy between 1984 and 2000 with incidence data for Italian
men, using the method already adopted for lung cancer (4, 5).

MATERIALS AND METHODS

The present analysis was based on data from six hospital-
based case-control studies of cancer (two of the oral cavity
and pharynx, two of the esophagus, and two of the larynx)
conducted in Italy around the same time period and using
similar protocols. The methods of these studies have already
been described (7–9). Only men were included in the present
analysis, because in women cancers of the upper aerodiges-
tive tract are rare and the proportion of former smokers is low.

Briefly, the studies on oral and pharyngeal cancer were
conducted between 1984 and 1997 in major teaching and
general hospitals in the Greater Milan area and in the prov-
inces of Pordenone, Rome, and Latina. The studies included
961 male cases under age 75 years (median age, 58 years)
with incident, histologically confirmed cancer and 2,824
controls (median age, 56 years) (7). The two studies on
esophageal cancer were conducted between 1984 and
1998 in major teaching and general hospitals in the Greater
Milan area and in the provinces of Pordenone and Padua.
Those studies included 618 male cases aged 26–83 years
(median age, 60 years) and 2,400 controls aged 25–83 years
(median age, 57 years) (8, 10). The studies on laryngeal
cancer were conducted between 1986 and 2000 in major
teaching and general hospitals in Greater Milan and the
province of Pordenone. These studies included 613 male
cases aged 30–80 years (median age, 61 years) and 2,646
controls aged 30–80 years (median age, 58 years) (9, 11).
There was some overlap between the controls in the differ-
ent studies; thus, in total, there were 2,192 cases with upper
aerodigestive tract cancer and 3,781 controls.

All controls were patients admitted to the same hospitals
as the cases for a wide spectrum of acute nonneoplastic
conditions that would not have been expected to be related
to tobacco smoking, alcohol consumption, or diet. Overall,
27 percent of the controls were admitted for trauma, 28
percent for nontraumatic orthopedic disorders, 28 percent

for acute surgical conditions, and 17 percent for miscella-
neous other illnesses, including eye, ear, nose, throat, skin,
and dental disorders. The response rate was over 95 percent
for both cases and controls.

Cases and controls were interviewed during their hospital
stay by trained interviewers using similar structured ques-
tionnaires. The questionnaires collected information on so-
ciodemographic characteristics and lifestyle habits, such as
tobacco smoking and alcohol drinking, before cancer diag-
nosis or (for controls) before hospital admission. The section
on tobacco smoking included questions on smoking status
(never, current, or ex-smoker), daily number of cigarettes,
pipes, or cigars smoked in different periods of life, age at
starting to smoke, duration of smoking, and, for ex-smokers,
age at smoking cessation. Smokers were defined as men who
had smoked any type of tobacco within the past 12 months.
Ex-smokers were defined as those who had stopped smoking
at least 12 months previously and before age 65 years.

Because national age-specific cancer incidence rates were
not available, we used the incidence rates from the province
of Varese, near Greater Milan, for the period 1993–1997
(12, 13)—that is, those from a cancer registry close to the
main population source of our study patients.

Statistical analysis

Odds ratios and their corresponding 95 percent confi-
dence intervals for each category of tobacco smoking were
estimated using unconditional multiple logistic regression
(14). The models included terms for age (in 5-year groups),
study center, years of education (<7, 7–11, or �12 years),
and alcohol consumption (<0.5, 0.5–<21, 21–<35, 35–<56,
56–<84, or �84 drinks/week).

The cumulative risks were estimated by multiplying the
odds ratios for different tobacco smoking categories by
a unique common factor, calculated so that the combination
of these odds ratios with the prevalence of smoking among
study controls resulted in the age-specific cancer incidence
rate for that age group (see Appendix) (4, 5, 15). We as-
sumed that within each age group, the smoking distribution
of the local Italian male population was represented by our
control distribution. Finally, we calculated the cumulative
rate (C) per 100,000 males for the different categories of
smoking by adding age-specific absolute rates (in 5-year age
groups), and then calculated the cumulative risk incurred
by age 75 years using the standard formula 100 3 [1 �
exp(�5C/105)] (16). This can be interpreted as the proba-
bility that an individual will develop the cancer of interest
before 75 years of age, in the absence of competing causes
of death. We calculated 95 percent confidence intervals for
these cumulative risks by incorporating floating variances
for log odds ratios (17) into a Taylor series expansion.

RESULTS

Table 1 gives the odds among ex-smokers relative to those
among continuing smokers (of any type of tobacco) for
cancers of the oral cavity (including pharynx), esophagus,
and larynx and for all upper aerodigestive tract sites
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combined, according to time since stopping smoking and
age at stopping smoking. For the aggregate of all of these
cancer sites, comparing ex-smokers with current smokers,
the odds ratio was lower after smoking cessation, and this
difference in odds ratio became more extreme with increas-
ing time since cessation. Twenty or more years after smok-
ing cessation, the odds ratios for oral and pharyngeal cancer
(odds ratio (OR) ¼ 0.12), esophageal cancer (OR ¼ 0.36),
laryngeal cancer (OR ¼ 0.18), and all upper aerodigestive
tract cancers combined (OR¼ 0.27) were much lower than 1,
but they were still approximately twice those of never
smokers. Likewise, as compared with current smokers,
men who had stopped smoking before age 35 years had odds
ratios of 0.14 for oral and pharyngeal cancer, 0.40 for esoph-
ageal cancer, 0.11 for laryngeal cancer, and 0.19 for all upper
aerodigestive tract cancers.

Since some ex-smokers who had stopped only a few years
previously may have stopped partly because of early symp-
toms of the disease (2, 3), we also analyzed those who had
stopped less than 5 years previously and 5–9 years previ-
ously. These odds ratios were, respectively, 0.54 and 0.48
for cancers of the oral cavity and pharynx, 0.95 and 0.67 for
cancer of the esophagus, 0.88 and 0.73 for cancer of the
larynx, and 0.70 and 0.58 for all upper aerodigestive tract
cancers combined.

Figure 1 shows the age-specific cumulative risks of all
upper aerodigestive tract cancers in the absence of any com-
peting causes of death, according to age at stopping smoking.
The cumulative risks by 75 years of age were 6.3 percent
(95 percent confidence interval (CI): 5.9, 6.8) for men who
continued to smoke, 5.1 percent (95 percent CI: 4.2, 5.9),
3.1 percent (95 percent CI: 2.6, 3.6), 1.7 percent (95 percent
CI: 1.3, 2.1), and 1.2 percent (95 percent CI: 0.8, 1.7) for
men who stopped smoking at around 60, 50, 40, and 30
years of age, respectively, and 0.8 percent (95 percent
CI: 0.6, 0.9) for lifelong nonsmokers.

For oral and pharyngeal cancers, the cumulative risks by
75 years of age were 3.3 percent (95 percent CI: 3.0, 3.6) for
men who continued to smoke, 2.1 percent (95 percent CI: 1.7,
2.6), 1.4 percent (95 percent CI: 1.1, 1.7), 0.7 percent (95 per-
cent CI: 0.5, 0.9), and 0.5 percent (95 percent CI: 0.2, 0.8) for
men who stopped smoking at around 60, 50, 40, and 30 years
of age, respectively, and 0.2 percent (95 percent CI: 0.1, 0.3)
for lifelong nonsmokers (figure 2, part A). The corresponding
figures for esophageal cancer were 1.0 percent (95 percent
CI: 0.9, 1.1), 0.9 percent (95 percent CI: 0.7, 1.2), 0.5 percent
(95 percent CI: 0.4, 0.7), 0.3 percent (95 percent CI: 0.2, 0.5),
0.4 percent (95 percent CI: 0.2, 0.6), and 0.2 percent (95 per-
cent CI: 0.1, 0.3) (figure 2, part B). The figures for laryngeal
cancer were 2.1 percent (95 percent CI: 1.9, 2.4), 1.9 percent
(95 percent CI: 1.4, 2.5), 1.1 percent (95 percent CI: 0.8, 1.4),
0.6 percent (95 percent CI: 0.3, 0.9), 0.2 percent (95 percent
CI: 0.1, 0.4), and 0.2 percent (95 percent CI: 0.1, 0.3), re-
spectively (figure 2, part C).

DISCUSSION

Our study provides a quantitative description of the extent
to which stopping smoking at various ages limits theT
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cumulative incidence of cancer of the upper aerodigestive
tract. In the current analysis, men who stopped smoking at
around 40 years of age avoided approximately 80 percent of
the excess risk of those who continued to smoke, and men
who stopped at around 30 years of age avoided about 90 per-
cent of the risk. Even in ex-smokers who had stopped smok-
ing at around 50 years of age, the excess risk by age 75 years
(as compared with never smoking) was approximately
halved in comparison with continuing to smoke.

Some differences were observed across various cancer
sites. For oral and pharyngeal cancers, the beneficial effect
of stopping smoking was evident even in men who stopped
at around age 60 years. For esophageal cancer, the cumula-
tive risks among smokers were low because of the low in-
cidence rates in Italy and because smoking is not as strong
a risk factor for esophageal cancer as it is for other cancers
of the upper aerodigestive tract (18, 19). The slightly greater
reduction in esophageal cancer among men who had
stopped smoking at around age 40 years as compared with
those who had stopped at around age 30 years can most
plausibly be explained by random variation. In absolute
terms, however, the main benefits of cessation come not in
the first few years but many years later (figure 2), and these
late benefits are not materially affected by such biases.

Although the absolute risks of cancer of the upper aero-
digestive tract are lower than the risks of lung cancer (4–6),
the odds ratios show similar patterns with smoking and
with cessation at various ages, demonstrating that for all
of these tobacco-related neoplasms, stopping smoking in or

FIGURE 1. Effect of stopping smoking at various ages on the
cumulative risk (%) of all upper aerodigestive tract cancers (oral/
pharyngeal, esophageal, and laryngeal) up to the age of 75 years,
estimated using 1990s incidence rates for Italian men.

FIGURE 2. Effect of stopping smoking at various ages on the
cumulative risk (%) of cancers of the oral cavity and pharynx (part A),
esophagus (part B), and larynx (part C) up to the age of 75 years,
estimated using 1990s incidence rates for Italian men.
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before middle age has a substantial impact on the absolute
risk.

The men enrolled in our studies were around age 60 years
in the 1990s, so they had typically been born in the 1930s.
This generation of Italian men was severely exposed to the
adverse effects of smoking, with over two thirds of them
taking up the habit, mostly at an early age, but with appre-
ciable numbers later stopping (20). Consequently, we were
able to estimate both the hazards of prolonged smoking
and the effects of prolonged cessation. In the 1990s,
incidence and mortality for cancers of the oral cavity,
pharynx, esophagus, and larynx in Italy were intermediate
on a European scale (21). Thus, the eventual benefits
of stopping smoking at 30 or 40 years of age in this study
could probably be extended to European men in general,
and to most other male populations in which smokers aged
30 or 40 years have been smoking since early adulthood.
The same probably applies to women (22–25), although in
these studies we could not reliably assess the eventual ef-
fects of prolonged smoking or smoking cessation among
women.

The approach adopted to estimate the cumulative risk
of upper aerodigestive tract cancer does not involve data
from a prospective cohort. Instead, it requires only pop-
ulation data on disease incidence, control data on the
prevalence of exposure, and unbiased odds ratio estimates.
The estimates of cumulative risk obtained in our study may
have been affected by various limitations, because of the
lack of age-specific national data on cancer incidence,
the case-control design of the studies used to estimate the
odds ratios, and the prevalence of tobacco smoking. In
these studies, however, the information on tobacco smoking
was reproducible and valid (26, 27), and the analyses al-
lowed for possible confounding by alcohol consumption
and education, which are important risk factors for these
neoplasms. The prevalence of smoking in our control group
was comparable to that of the general Italian male pop-
ulation aged 15 years or more (approximately 39 percent
at that time) (28), although the prevalence of smoking
cessation was somewhat higher (36 percent vs. 28
percent) because our controls included a higher proportion
of older men, who would be more likely to have stopped
smoking.

In this population of Italian men, stopping tobacco smok-
ing in or before early middle age enabled an individual to
avoid most of the eventual risk of developing cancer of the
upper aerodigestive tract, and even stopping in later middle
age had some beneficial effect. Because of the decrease in
smoking prevalence that has occurred among Italian men
since the early 1960s (29), together with the decrease in
alcohol drinking (30), male mortality from cancers of the
upper aerodigestive tract has decreased over the last few
decades (31–33). Still, among men in the early 2000s, up-
per aerodigestive tract cancers caused more than 5,000
deaths per year in Italy and more than 40,000 deaths per
year in the European Union (12, 13). Helping current smok-
ers who want to stop smoking carry out their intention
would substantially reduce the future number of deaths
from upper aerodigestive tract cancers, as well as from
other diseases.
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APPENDIX

The cumulative risk was calculated using methods similar
to those described by Peto et al. (4). Briefly, to estimate the
cumulative risk, we need first to calculate the odds ratios in

the various smoking categories (step 1). In our study, the
odds ratios for upper aerodigestive tract cancer were esti-
mated by means of unconditional logistic regression mod-
els, using lifelong nonsmokers as the reference category.

ri is the odds ratio in the iith smoking category; ðStep 1Þ
where the i smoking categories are: 1 ¼ never smokers; 2 ¼
ex-smokers, subdivided by age at smoking cessation (<35,
35–44, 45–54, or 55–64 years); and 3 ¼ current smokers.

The second step was to calculate the percentage of con-
trols in each smoking category and for each age group (step 2),
using the assumption that within each country, the smoking
distribution of the population was represented by the smoking
distribution observed among the study controls.

pij is the percentage of controls in the jth age

group and the ith smoking category; ðStep 2Þ

where the age categories are: <35, 35–39, 40–44, 45–49,
50–54, 55–59, 60–64, 65–69, and 70–74 years.

The third step was the estimation of common factors
combining the odds ratios (step 1) for the different smoking
categories with the age-specific prevalences of such smok-
ing habits among study controls (step 2), thus obtaining the
quantities denoted by step 3.

Sj¼ r1p1jþ�� �þ ripij: ðStep 3Þ

Combining the age-specific cancer incidence rates (step
4) with the common factors (step 3), we obtained the pro-
portions given in step 5.

hj is the age-specific incidence rate: ðStep 4Þ

fj¼ hj=Sj: ðStep 5Þ

Multiplying these proportions with the odds ratios for
the different smoking categories produced the age-specific
absolute risks in the different smoking categories (step 6).

aij¼ fj3ri is the absolute rate in the ði; jÞth cell: ðStep 6Þ

Next, we calculated the cumulative rates for the different
categories of smoking by adding age-specific absolute rates
(step 7).

Ci is the cumulative rate; and Ci¼
X

j

Rj3aij; ðStep 7Þ

where Rj is the width of the jth age category in years.
Finally, the cumulative risks by age 75 years were esti-

mated using the standard formula (step 8).

Cumulative risk ð%Þ¼ 1003 1� expð�CiÞ½ �: ðStep 8Þ
The cumulative risk may be interpreted as the probability
that an individual will develop lung cancer before age 75
years in the absence of competing causes of death.
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