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Laryngeal cancer is the second most common respiratory cancer after lung cancer. Its incidence is
increasing over time in much of the world and this increase is generally accepted to be related to
changes in tobacco and alcohol consumption. It is a relatively common cancer in men, but rarer in
women. Moreover, interesting new issues have been raised recently about the influence of other
possible risk factors. Evidence from epidemiological studies which supports the involvement of new
risk factors in the aetiology of larynx cancer, as well as new perspectives in therapy, must be taken
into consideration in order to realise primary and tertiary prevention. However, it remains clear
that, even as new evidence continues to amass about a wide range of risk factors, primary preven-
tion of the great majority of laryngeal cancers could be achieved by elimination of tobacco smoking
and reduction of consumption of alcoholic beverages. With an additional contribution from adoption
of a diet rich in fruits and vegetables, the great majority of laryngeal cancer appears to be preven-

table within our current epidemiological knowledge. Copyright © 1996 Elsevier Science Ltd
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INTRODUCTION

Laryngeal cancer is the second most common respiratory
cancer after lung cancer. Its incidence is increasing over
time in much of the world and this increase is generally
accepted to be related to changes in tobacco and alcohol
consumption. It is a relatively common cancer in men, but
rarer in women. Moreover, interesting new issues have been
raised recently about the influence of other possible risk fac-
tors. Here, the most important research findings from ana-
lytical epidemiological studies as well as the most recent
trends from descriptive epidemiological analysis are
reviewed in light of the most recently published articles
(from 1990 onwards with few exceptions).

PROBLEMS ABOUT CLASSIFICATION

It is now well known that cancer of the epilarynx and
endolarynx differ in many ways, including in their descrip-
tive epidemiology and aetiology. The epilarynx, being at the
junction between the respiratory system and the digestive
tract, is exposed both to inhaled and ingested agents. There
are good reasons, a priori, to believe that a change in alcohol
intake could have a greater effect on epilarynx cancer, while
a change in tobacco consumption could be reflected more
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in changes in endolarynx cancer. Prognostic and therapeutic
benefits could also rise from a more detailed classification.
Therefore, when evaluating larynx cancer, it would be
highly desirable to adopt a new classification which could
at least distinguish between the epilarynx and endolarynx
[1-6]. Unfortunately, there is no such classification in com-
mon usage and it remains virtually impossible to investigate
the separate epidemiology of the different anatomic parts of
the larynx.

DESCRIPTIVE EPIDEMIOLOGY

Laryngeal cancer is the eleventh most common cancer in
men world-wide with an estimate of 121000 new cases in
1985 [7]. The highest incidence rates recorded in men
around the mid-1980s, from over 160 population-based
cancer registries, were from Spain, France, Italy, Brazil and
Poland (Table 1). In women, the highest rates were much
lower, being highest in population groups in North
America. In both sexes, the lowest rates were recorded in a
diverse series of population groups around the world.

From around 1950 onwards, laryngeal cancer has been
seen to increase in occurrence in many countries, both in
men and women (Table 2). Incidence is higher among
black than in white residents of the same geographical
region, and is slightly more common in urban than in rural
areas [8, 9].
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Table 1. Ten highest and ten lowest incidence rates of cancer of the larynx (ICD-9 161) recorded in men and women around the

mid-1980s

Male Female

registry Period Cases* Ratet  registry Period Cases* Ratet
Spain, Basque Country 86-87 520 20.36  U.S., New Orleans: Black 83-87 36 3.75
Spain, Navarra 83-86 238 17.84  U.S., Connecticut: Black 83-87 21 3.44
France, Somme 83-84 110 17.53  Thailand, Chiang Mai 83-87 51 2.57
Spain, Granada 85-87 219 16.15 U.S., Detroit: Black 83-87 65 2.55
Spain, Zaragoza 83-85 269 16.06  U.S., New Orleans: White 83-87 57 2.37
Brazil, Porto Alegre 87-87 68 1598 U.S., Los Angeles: Black 83-87 58 2.36
Ttaly, Trieste 84-85 78 15.00  Canada, PEI 83-87 8 2.30
Poland, Lower Silesia 84-87 486 1530 Cuba 8686 111 2.25
Spain, Murcia 84--87 339 15.25 U.S., Alameda: Black 83-87 12 2.18
Italy, Varese 83-87 377 14.88  U.S., Bay Area: Black 83-87 24 2.15
U.S., Los Angeles: Chinese 83-87 5 1.75  China, Qidong 83-87 0 —
Thailand, Khon Kaen 88-89 14 1.74  U.S. Hawaii: Chinese 83-87 0 -
U.S., Hawaii: Chinese 83-87 4 1.71 The Gambia 87-89 0 e
Bermuda: White and Other 83-87 2 1.43  Bermuda: Black 83-87 0 —
U.S., Los Angeles: Filipino 83-87 5 1.41 Canada, NWT & Yukon 83-87 0 —
Singapore: Malay 83-87 7 1.20 Kuwait: Kuwaitis 83-87 0 —
U.S., Los Angeles: Japanese 83-87 4 0.93 U.S,, Los Angeles: Chinese 83-87 0 —
Mali, Bamako 87-89 4 0.93 Thailand, Khon Kaen 88-89 0 —
The Gambia 87-89 6 0.88  Peru, Trujillo 84-87 0 —
China, Qidong 83-87 3 0.13  U.S., Los Angeles: Japanese 83-87 0 —

Data abstracted from {7].
*Number of incident cases over the time period.
tAge standardised (world) rates per 100 000.

Laryngeal cancer refers almost exclusively to squamous
carcinomas, even if the larynx may be a potential site for all
histological types of neoplasms; the incidence peak is in the
sixth and seventh decade of life [10-12], but some cases
have also been reported in children [13].

In the United States (Texas), the incidence has increased
from 5.6 to 9.0 per 100000 in men and from 0.5 to 1.5 per
100000 in women during the period 1947-1984 [14]. In
Canada, in men, both the truncated and overall age-
adjusted mortality rates showed an increase between 1955

and 1980. Male birth cohort analysis indicated an increase
in mortality rates in successive birth cohorts for age groups
over 50, while for age groups before 50 there is no remark-
able change in rates in successive birth cohorts [15].

In Australia, between 1955 and 1975, the standardised
(truncated) mortality rates in men showed an increase
which thereafter stabilised. No clear time trend was
observed for overall age-adjusted mortality rates in either
men or women. Birth cohort analysis therefore, revealed an
increase in rates in successive birth cohorts for age groups

Table 2. Incidence of cancer of the larynx (ICD-9 161) in selected cancer registries, 1960-1985

Cancer Males Females

registry Vol.1 Vol.2 Vol3 Vol.4 Vol.5 Vol.6 Vol.l Vol.2 Vol.3 Vol.4 Vol.5 Volé6
Canada, Manitoba 3.29 4.73 3.72 4.20 5.59 5.49 0.24 0.57 0.41 0.70 0.96 0.87
Canada, Saskatchewan 0.65 3.01 2.41 3.11 4.53 4.43 0.00 0.42 0.39 0.45 0.60 0.80
U.S., Alameda, White 6.10 7.89 7.14 6.51 6.86 0.61 1.11 1.25 1.20 1.73
U.S., Alameda, Black 433 12.88 10.81 9.70  12.78 0.00 1.66 1.26 1.25 2.18
U.S., Connecticut, 7.07 7.47 7.80 8.20 0.59 0.81 0.93 1.17

U.S., Connecticut, White 7.74 7.42 1.67 1.38
U.S., Connecticut, Black 12.59 9.99 2.70 3.44
India, Bombay 13.76  13.62 12.86 9.96 8.94 2.83 2.57 2.64 2.00 1.58
Japan, Miyagi 2.82 2.41 2.05 2.20 2.23 3.45 0.73 0.33 0.20 0.32 0.23 0.20
Denmark 1.48 2.54 3.51 4.24 5.25 5.56 0.20 0.31 0.50 0.73 0.84 1.20
Finland 6.84 6.65 7.06 5.47 4.51 4.30 0.42 0.31 0.38 0.30 0.35 0.27
Norway 1.60 2.03 2.41 2.82 3.13 3.53 0.04 0.21 0.22 0.20 0.30 0.30
Sweden 1.84 2.05 2.39 2.79 2.77 2.66 0.21 0.19 0.25 0.27 0.33 0.34
U.K., Birmingham 3.52 3.78 3.87 4.05 3.69 4.36 0.31 0.48 0.52 0.54 0.55 0.75
New Zealand, Non-Maori 3.38 3.35 3.95 4.09 4.02 0.19 0.38 0.45 0.46 0.53

Data are abstracted from Cancer Incidence in Five Continents, Vols 1-6.

The time periods covered are Vol. 1 (around 1960-1963), Vol. 2 (around 1963-1966). Vol. 3 (around 1968-1972), Vol. 4 (around 1973-1977), Vol. 5

(around 1978-1982), Vol. 6 (around 1983-1987).
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between 40 and 59 in men but, for all other age groups, the
rates were similar in successive birth cohorts [15].

In Europe, Spain is one of the countries with the highest
incidence in the world and with a large number of regions
involved: the Basque region has an incidence rate of 20.4,
Navarra 17.8, Granada 16.2 and Zaragoza 16.1 [16-18].
From a recent study, it seems that in Segovia province the
incidence is increasing too. In Murcia, the supraglottic
region was the most common location (67%) [20].

Other countries with high rates of laryngeal cancer
include: France, Poland, Italy and Brazil (for Brazil, the
possible relationship with mate drinking (a tea-like infusion)
is discussed in the risk factors section below).

In Poland (Warsaw), the incidence per 100000 has risen
in men from 7.6 in 1970 to 11.4 in 1980 and during the
same period mortality has also risen (both truncated and
overall age-adjusted mortality rates have risen in the whole
of Poland) [21]. In less than 30 years, the standardised
(truncated) rates experienced a more than six-fold increase
from 2.4 per 100000 in 1959 to 15.2 per 100000 in 1988.
Birth cohort analysis showed an increase in mortality rates
in successive birth cohorts for age groups older than 39
years in men and in almost all age groups in women [15].

In Italy, an increasing trend in incidence and a decreasing
trend in mortality has been reported. In particular, in the
male population, the world-standardised mortality rates per
100000 dropped from 4.8 in 1970 to 4.2 in 1989, a
decrease of about 13%, while estimated age-standardised
incidence rates per 100000 increased from 10.0 in 1970 to
12.2 in 1989, corresponding to an increase of 22%. These
features have been the subject of an investigation from
which a 3% annual increase in survival for larynx carcinoma
has been estimated [22]). Birth cohort analysis suggested an
increase in mortality rates in successive male birth cohorts
until the cohort born in 1930. For cohorts after 1930 the
mortality rates have been decreasing [15]. As the highest
incidence is the seventh decade of life, the addition of 70
years to the year 1930 (the birth year with the higher risk)
implies that at the end of the century there will be the high-
est number of new cases. After the year 2010 the incidence
rate should decline [23].

In Italy, the north has incidence rates higher than the
central and south. This north/south gradient in incidence
and mortality was consistently observed in geographical and
migrant studies on respiratory cancer in Italy, but it is
restricted to men only. For women, the rate fluctuates
around 1 per 100000. However, there does not seem to be
any relationship with latitude [24-27].

In Denmark, only recently has the truncated and overall
age-adjusted mortality rates showed an increase for both
sexes. In men, the rates peaked in 1984 and started to
decrease thereafter; the analysis of birth cohorts showed an
increase in rates in successive birth cohorts for age groups
over 40 [15]. The 5-year survival rates are 61% and 62%,
respectively, in men and women in the 1980s [28].

In Germany and Czechoslovakia, an increase in mortality
rates (both truncated and the overall age-adjusted) has been
observed since 1955 and examination by birth cohort
showed a current increasing trend in successive birth
cohorts born after 1915 for German men [15].

In general, the situation in Central Europe presents a very
interesting and consistent pattern of dramatic increases in
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the mortality of laryngeal cancer by birth cohort (Fig. 1).
There are important increases notable in the neighbouring
countries of Switzerland, Austria, Germany, Poland,
Hungary and Czechoslovakia. These increases are remark-
ably consistent given the cultural differences which exist
between the groups of countries and provide an aetiological
lead of considerable potential significance.

Finally, in the United Kingdom, mortality rates declined
between 1955 and 1970 in both sexes; thereafter they have
been relatively stable. Consequently the birth cohort exam-
ination showed a decline in rates in successive birth cohorts
in men until the cohort born in 1925, and relatively stable
rates for recent birth cohorts [15].

Gender

Larynx cancer has traditionally been considered to be a
disease with a high incidence in men, but the male-to-
female ratio has been seen to decrease in many countries
(e.g. Belgium, United States), because of an increasing
incidence in women. Moreover, the male-to-female ratio
varies according to the site, being higher for carcinoma of
the glottis [10, 29].

In Italy (Trieste), for example, between 1979 and 1988,
the overall crude incidence rate was 31.06 per 100000 in
men and 2.29 per 100000 in women with a male/female
ratio of 10.2 for supraglottic cancer compared to 21.4 for
glottic cancer {4]. Similar incidence rates are recorded for
other areas of Italy, France, and Spain where wine pro-
duction and consumption is very high.

In Poland, in a study which covered the years from 1960
to 1987, the reported male to female incidence ratio was
11.5 [30]. A different study [15], which took into consider-
ation data from 1959 to 1988, showed a slow but steady
increase in mortality for women, although the rates were
very low.

In Eastern Austria, the incidence of laryngeal cancer for
women became somewhat greater during the last two dec-
ades [31]. In Germany, no clear time trend was observed
for female mortality rates, either using truncated or overall
age-adjustment; an increase in the rate in successive birth
cohorts was evident only for age groups between 40 and 59.
In Czechoslovakia, female mortality rates have been fairly
stable since 1955 [15]. In the United Kingdom, the mor-
tality rates have been decreasing in successive birth cohorts
for age groups below 55, but above this age each 5-year age
group had recorded an increase in recent time periods [15].

Outside Europe, the situation does not seem to differ very
much. In the United States, in Colorado, a review of the
Colorado Central Cancer Registry from 1979 to 1990
showed a significant trend of an increasing proportion of
female cases. For total larynx cancer, the observed male to
female ratio was 4.3, but for glottic carcinoma, it was 7.6
[29]. In Texas, again through a review of the Cancer
Registry files from 1959 to 1973 and from 1974 to 1988, a
decrease in the male-to-female ratio was noted: from 5.6 in
the first 15-year period to 4.5 to 1 in the second 15-year
period, reflecting an increasing incidence in women [14].

In Canada, since 1955 a modest but steady increase in
both the truncated and overall age-adjusted mortality rate
was observed for women [15]. In Malaysia (Kuala Lumpur)
between 1981 and 1988, in a retrospective study to investi-
gate larynx cancer, a male to female ratio of 7.6 was found



296

[32]. In Cuba (Camaguey), in a study conducted between
1985 and 1992 based on 168 cases in total, cases were pre-
dominantly men, but the relative frequency among women
was high (15.4%), exceeding that usually reported in the lit-
erature [11, 33].

ANALYTICAL EPIDEMIOLOGY

Classically, cigarette smoking and alcohol drinking have
been considered the most important risk factors for laryn-
geal cancer due to the magnitude of the relative risk esti-
mates and the consistency of the findings among the variety
of epidemiological studies. There has generally been a con-
sistent finding of an interaction between cigarette smoking
and alcohol consumption on laryngeal cancer risk, i.e. the
joint effects of both cigarette smoking and alcohol consump-
tion are greater than the sum of the individual effects.
Nevertheless, the nature and biological aspects of the inter-
action between tobacco and alcohol are still not clear.

Other risk factors have been assessed and the advance-
ment of research in these areas has raised some interesting
issues which merit attention. The most important and
recent results are reviewed below together with a broad
account of those already known.
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Tobacco smoking

Tobacco smoking has long been recognised as a major
cause of larynx cancer and especially of the endolarynx [34-
37].

Tuyns et al. [1] published results regarding tobacco and
alcohol consumption from a large, multicentre, case—control
study comprising 1147 male cases (cancer of the larynx and
hypopharynx) and 3057 male controls. The risk associated
with cigarette smoking was approximately 10 for all subsites
of the larynx and hypopharynx considered. The risks for
alcohol drinking, however, varied by site, being higher for
the epilarynx and hypopharynx (OR = 4.3 for 80 g/day or
more) but lower at the same dose for the endolarynx
(OR = 2.1). Risk decreased within 10 years of quitting ciga-
rette smoking and smokers of blond tobacco were found to
have about half the risk of smokers of black tobacco. The
authors also reported that the risks associated with joint ex-
posure to alcohol and tobacco were consistent with a multi-
plicative relative risk model.

Franceschi er al. [38] report of a hospital-based, case-
control study conducted in two regions of Northern Italy:
Pordenone province and the Greater Milan area conducted
between June 1986 and June 1989. It comprised 157 male
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Laryngeal cancer in
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Laryngeal cancer in
HUNGARY 1955-1989
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cases of oral cancer (lip, tongue and mouth), 134 pharyn-
geal cancer (oropharynx, hypopharynx and the hypophar-
ynx/larynx junction) and 1272 male in-patient controls.
Odds ratios for current smokers of cigarettes were 11.1 for
oral cavity and 12.9 for pharynx. For both sites, the risk
increased with increasing number of cigarettes smoked and
the duration of the smoking habit and decreased with time
since quitting smoking. Smokers of pipes and cigars showed
a more elevated risk of oral cancer than did cigarette smo-
kers. Significantly elevated risks also emerged in heavy drin-
kers with the OR=3.4 for oral cavity and 3.6 for
pharyngeal cancer for drinkers of >60 compared to >19
drinks per week deriving mainly from wine consumption.
The risk of oral cancer and pharyngeal cancer for the high-
est levels of alcohol and smoking was 80-fold relative to the
lowest levels of both factors.

The relationship between type of cigarettes smoked and
the risk of cancer of the oral cavity and pharynx (excluding
salivary gland and nasopharynx) was examined in a hospi-
tal-based case—control study involving 291 male cases and
1272 controls conducted in Pordenone Province and
Greater Milan in Northern Italy (same study base as above)
[39]. As the basis of classification, the authors used tar-yield
and the brand smoked for the longest time ( < 22 mg, low
to medium tar; >22 mg, high tar). After adjustment for

other risk factors, relative to non-smokers the risk among
ever-smokers for oral and pharyngeal cancers were 8.5
(95% C.1. (3.7, 19.4)) for low/medium and 16.4 (7.1, 38.2)
for high tar cigarettes. For larynx cancer, the corresponding
results were 4.8 (2.3, 10.1) and 7.1 (3.2, 15.6) relative to
non-smokers. The authors concluded that these data pro-
vided further quantitative evidence of the importance of
type of cigarette smoked on the risk of oral cancers as well
as other cancers of the upper digestive and respiratory tract.

The incidence and mortality rates of laryngeal cancer in
Poland are notably high and have been increasing for 25
years. Zatonski and Becker [21] report a study among per-
sons under the age of 65 years in Lower Silesia, in south-
west Poland, based on 249 newly-diagnosed cases and 965
controls. For smoking more than 30 cigarettes per day, the
relative risk (RR) was 59.7 (13, 274) compared to non-smo-
kers and the risk for consuming vodka regularly for 30 or
more years was 10.4 (4, 27.2). Exposures to tobacco and
alcohol showed a clear multiplicative effect in all categories
of exposure. The risk of laryngeal cancer was shown to be
reduced by quitting smoking or by having a history of inter-
mittent smoking. Poor nutrition was identified as a strong
independent risk factor in this study. It was estimated that
smoking alone accounts for 95% of all cases of laryngeal
cancer in this population.
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Laryngeal cancer in
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Fig. 1. Time trends in mortality from laryngeal cancer in birth cohorts of men in countries of central Europe. (a) Germany;
(b) Switzerland; (c) Austria; (d) Hungary; (e) Poland; (f) Czechoslovakia.

According to a large population-based case—control study
in Southern Europe, about 90% of the current incidence of
larynx cancer could be prevented by avoiding smoking and
alcohol consumption, tobacco being responsible for most of
the risk [2, 27]. A case—control study conducted in Poland
estimated that smoking alone accounted for 95% of all cases
of laryngeal cancer [21]. Similar conclusions have been
drawn from an Italian study aimed at evaluating the impact
of a reduction of cigarette smoking on mortality [35].

From a case—control study conducted in Liaoning pro-
vince (China) between 1991 and 1992, smoking was the
most important risk factor with an OR of 16.8 and tobacco
smoking in particular had an OR of 30.4 [40]. A different
Chinese population-based case~control study conducted in
Shanghai between 1988 and 1990, confirmed that cigarette
smoking was the main risk factor for laryngeal cancer
accounting for 86% of the male and 54% of the female
cases. The adjusted (for age and education) OR was 8.7
(95% CI 3.8-19.6) for ever versus never smoking. The risk
increased with both the quantity and duration of smoking,
with a 25-fold excess in the heaviest consumption cat-
egories; it declined following cessation [41].

Tobacco smoking was found to be connected with an
increased incidence of larynx cancer risk both among natives

and immigrants in a case—control study conducted in
Poland [42]. From a different Polish study, smoking more
than 30 cigarettes per day gave an OR of 59.7 with a 95%
confidence interval (C.1.) between 13 to 274 [43].

A case—control study conducted in Beograd, found that
smoking more than 10 cigarettes per day resulted in an OR
of 18.17 (95% CI 1.95-169.76). Also passive smoking was
investigated and for an extended stay in closed space filled
with cigarette smoke an OR of 2.67 was obtained (95% CI
1.08-6.60) [44].

Similarly in Spain, laryngeal cancer was found to be sig-
nificantly associated with tobacco smoking; the association
was found for smoking more than 15 cigarettes per day
(filter tipped as well as non-filter tipped cigarettes) and hav-
ing been smoking for more than 15 years [17].

Hand-rolled cigarettes have been found to be a greater
risk of laryngeal cancer than commercial ones, in a study
conducted in Uruguay (Montevideo) [45].

The analysis of data from a case—control study conducted
in Northern Italy between 1986 and 1992 showed an OR of
8.8 (95% CI 5.2-14.8) for heavy current smokers compared
to never smokers and an OR of 3.3 (95% CI 1.9-5.5) for
ex- or moderate smokers. Estimates of attributable risk
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implied that 77% of laryngeal cancers in men were due to
smoking [46].

In Heidelberg (Germany) for heavy smokers (greater than
60 pack-years) a RR of 23.4 (alcohol adjusted) was found
[47, 48].

The risk of larynx cancer has been noted to increase with
the intensity of the smoking habit: precocious age at the
beginning, long duration, high number of pack-years, black
tobacco use, deep inhalation of smoke, absence of quitting
[12].

A dose-dependent effect for current cigarette smoking
was observed in data from a hospital-based case—control
study conducted in New York between 1985 and 1990.
Estimates of the risk were calculated separately for supra-
glottic (OR from 21.6 to 68) and glottic cancer (OR from
5.5 to 20.7). Elevated risks were registered for ex-smokers
(OR 4.8) and pipe and cigar smokers (OR 4.3) but they did
not vary by subsite [49].

Similar results were obtained by another American case—
control study (Seattle Western Washington): assuming as a
reference category those who never smoked or those who
quitted more than 15 years ago, the risk for those who
quitted less than 15 years ago, for those who currently
smoked less than 20 cigarettes per day, 20-39 cigarettes per
day and 40 or more cigarettes per day were, respectively,
2.5 (1.4-4.3), 6.3 (3.1-11.8), 10.6 (6.5-18.7) and 23.1
(9.4-52.6) [9].

The risk of laryngeal cancer was shown to be reduced by
smoking cessation [16]; having a history of intermittent
smoking also seems to reduce the risk of laryngeal cancer
compared with continual smoking, but this new finding, of
considerable interest and potential importance with regard
to possible mechanisms of laryngeal carcinogenesis, needs
validation from further studies [43)].

Finally, the results from a Japanese study (with an immu-
nohistochemical and molecular approach) of a series of 41
laryngeal carcinomas, suggested that p53 abnormalities may
be more likely to be related to smoking history than to
infection with human papilloma virus (see below).

Alcohol drinking

The relationship between increased laryngeal cancer risk
and alcohol consumption has been consistently demon-
strated by a variety of epidemiological studies [50].

A large population-based case—control study in Southern
Europe, found that reducing only alcohol consumption could
prevent a quarter of the cases of laryngeal carcinoma [27].

The results from a case—control study conducted in
Northern Italy were an OR of 1.5 (95% CI 1.0-2.2) for
drinkers of six to seven alcoholic drinks per day and a OR
of 2.2 (95% CI 1.6-3.0) for drinkers of eight or more
drinks per day compared to teetotalers or moderate drin-
kers. Estimates of AR implied that alcohol intake accounted
for 25% of cases [46]. Other estimates showed ORs for men
and women, respectively, of 2.0 and 2.6 for people in the
highest intake category (42 or more drinks/week in women
and 42-55 drinks/week in men) as compared to light drin-
kers [51].

A dose-dependent effect for alcohol has often been noted
[49, 52]. In a case—control study conducted in New York
between 1985 and 1990, estimates of the risk, different for
supraglottic and glottic cancer, were, respectively, 9.6 and
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2.5 for heavy drinkers (207 ml or more/daily). Interestingly,
binge drinkers had higher ORs: 28.4 and 8.3 for supraglot-
tic and glottic cancer, respectively [49].

Similar results were obtained by another American case—
control study (Seattle Western Washington): for 7-13, 14—
20, 21-41 and 42 or more drinks per week the OR were re-
spectively, 1.9 (95% CI 1.1-3.2), 2.1 (95% CI 1.0-4.4),
28 (95% CI 1.4-57) and 3.1 (95% CI 1.2-7.9)
when compared to drinkers of less than seven drinks per
week [9].

A Chinese case—control study revealed that there was lit-
tle increase in risk associated with drinking alcoholic bev-
erages after adjusting for smoking [41]. From a Polish case—
control study, it has been estimated that consuming vodka
regularly for 30 or more years is associated with an
increased risk of laryngeal cancer (OR = 10.4, 95% CI (4-
27.2)) [43]. It may be of further value to pursue such differ-
ences in countries where the consumption of alcoholic bev-
erages is so contrasting.

A similar study (of laryngeal and hypopharyngeal cancer)
from the United States classified liquour consumption
roughly into ‘dark’ or ‘light’. The relative effect on hypo-
pharyngeal cancer risk was much stronger for those who
reported high consumption of dark liquour (OR = 4.4, 95%
CI (2.9, 6.8)) than for those reporting consumption of a
comparable amount of light liquour (OR=1.3, 90% CI
(0.8, 2.1)). For laryngeal cancer, consumption of dark
liquour was found to have a smaller effect with little distinc-
tion between the effects of light and dark. Rothman er al.
[53] concluded that the results are consistent with non-alco-
holic content of distilled alcoholic beverages being a deter-
minant of cancer risk and that alcoholic beverages act
topically rather than systemically.

Finally, the relationship between alcoholism and cancer of
the larynx has been evaluated by a case—control study con-
ducted in the United States [9]. The aim of the study was
to determine if alcoholism (as measured by responses to the
Michigan Alcoholism Screening Test (MAST)) was a risk
factor for laryngeal cancer independently from alcohol con-
sumption. They found an OR of 1.9 (95% CI 1.1-3.4) for
a score of 5 or more compared with a score of 0, after hav-
ing been adjusted for age, gender, average alcohol consump-
tion and summary cigarette use. To investigate if there was
a higher association for tissues that come into more direct
contact with alcohol, they evaluated different multiple logis-
tic regression models and obtained an OR of 1.9 (95% CI
1.0-3.7) for glottic and subglottic tumours and an OR of
2.3 (95% CI 0.9-5.5) for supraglottic tumours after having
been adjusted for the same factors listed above. Possible ex-
planations for the association between alcoholism and laryn-
geal cancer include the possibility that the MAST score may
be serving as an additional measure of alcohol consumption,
that is, measure of alcoholism improves the accuracy of
assessment of alcohol consumption; that alcoholism is as-
sociated with a pattern of alcohol consumption (e.g. alco-
holics may gulp drinks instead of sipping them, perhaps
leading to a smaller amount of alcohol being aspirated) that
increases the risk of laryngeal cancer; or that alcoholism
may be a marker for host susceptibility to the carcinogenic
effects of alcohol.

A different study which examined the relationship
between alcoholism and cancer risk in a population-based
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cohort of 9353 individuals who were discharged with
a diagnosis of alcoholism between 1965 and 1983 found an
excess risk for larynx cancer (SIR=3.3, 95% CI 1.7-6.0)
[54].

Foint effects of tobacco smoking and alcohol consumprion

Tobacco smoking [34] and alcohol consumption [50] are
the major established risk factors for laryngeal cancer, as for
other neoplasms of the upper aerodigestive tract. That the
relationship between cigarette smoking and laryngeal cancer
risk is causal is strongly suggested by the magnitude of the
relative risk estimates derived from comparisons between
smokers and non-smokers, by the positive trend in these
estimates with increasing cigarette usage, by the relatively
reduced risk incurred by groups such as Seventh Day
Adventists who do not smoke, by the decrease in risk
among ex-smokers relative to those who continue to smoke
and by the consistency of these findings in epidemiological
studies of a variety of different designs [34, 55]. There are,
however, some quantitative differences in the association
with other upper digestive tract cancers, since cancer of the
larynx, and particularly the endolarynx, is less strongly as-
sociated to alcohol and more strongly to tobacco than
cancer of the oral cavity or of the oesophagus [1]. This
difference is biologically plausible since the endolarynx is
not in direct contact with alcohol. There is still some debate
on the nature of the biological and statistical interaction
between alcohol and tobacco on risk of laryngeal cancer
[50], although most investigations have concluded that the
combined risk is multiplicative, or at least greater than addi-
tive [56]. This further indicates the importance of interven-
tion on at least one factor for subjects exposed to both
habits. The recent study from Poland estimated that ciga-
rette smoking alone accounted for an estimated 95 per cent
of laryngeal cancer in that high-risk area [43].

There is little evidence that different types of alcohol have
appreciably different effects on laryngeal cancer risk.
Rothman er al. [53] reported that consumption of ‘dark’
liquor and ‘light’ liquor had essentially similar effects on lar-
yngeal cancer risk. Pipe and cigar smoking is strongly re-
lated to laryngeal cancer, although the risk is lower for filter,
low-tar cigarettes.

In Heidelberg (Germany), combined alcohol and tobacco
consumption showed a synergistic effect; the risk ratio being
increased in a multiplicative manner rather than in an addi-
tive manner [47]. The same conclusion was reached by a
large population-based case—control study in Southern
Europe [1] and by a Polish case-control study [43] where
exposure to both tobacco and alcohol showed a clear multi-
plicative effect in all categories of exposure. The presence of
this kind of interaction stresses the importance to intervene
on at least one factor for subjects exposed to both habits.

Dietary and nutritional factors

Other factors may play some independent role in laryn-
geal carcinogenesis such as diet. The latter is indirectly
suggested by the observation that social class indicators are
strongly and inversely related to laryngeal cancer rates, and
more directly by a few case—control studies showing that a
poor diet in general terms [43] and specifically a diet poorer
in fresh fruit, vegetables and vitamin A and C is associated
with the risk of laryngeal cancer [57-59]. Diet is being
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increasingly studied as an aetiologic factor and its role, in
the causal pathway, has gained a lot of importance {60].

Evidence is accumulating both in the sense that a diet
deficient in fruits and vegetables may increase the risk of
laryngeal cancer [16, 40] and that a diet rich of fruits and
vegetables may be protective [27].

Beta-carotene intake has been investigated in a case—con-
trol study in Northern Italy: people in the intermediate ter-
tile of intake had an OR of 1.4 (95% CI 1.0-2.0) and
people in the lowest tertile had an OR of 1.8 (95% CI 1.3-
2.5) as compared to the highest tertile. It has been esti-
mated that carotene intake explained 18% of cases [46].

A Chinese population-based case—control study con-
ducted in Shanghai between 1988 and 1990 demonstrated a
protective effect associated with the intake of fruits
(particularly oranges and tangerines), certain dark green/yel-
low vegetables (other than bok choy) and garlic. An
increased risk of laryngeal carcinomas instead was associated
with salt-preserved meat and fish, but not with salt-pre-
served vegetables; a dose-response relationship for salted
meat/fish was also found and it remained significant after
additional adjustment. Moreover, the risk was elevated for
frequent consumption of deep-fried foods even if a no clear
dose-response relationship was observed. Red meat, white
meat and fresh fish were not related to cancer risk [41].

A case—control study conducted in Beograd found a stat-
istically significant risk for a diet containing tinned food and
meat products (OR 2.65, 95% CI 1.02-6.88) while, spiced
food, consumed over an extended period of time, and a
mostly sandwich-based diet (uncooked food) were found
not to have a statistically significant effect related to laryn-
geal cancer, respectively: OR 1.77, 95% CI 0.80-3.93 and
OR 3.03, 95% CI 0.92-10.01 [44].

A population-based case-control study conducted in
Western Washington State investigated the role of past diet-
ary intake of iron and zinc. People who reported dietary
intake of these minerals in the upper quartile were less likely
to develop cancer of the larynx when compared to those in
the lowest quartile; the ORs were 0.5 for iron and 0.1 for
zinc. However, there was no significant difference in zinc
concentration in nail tissue between cases and controls [61].

The same study also investigated the role of nitrate intake
from food and beverages in a population-based case—control
study conducted in the same state. Individuals who con-
sumed higher amounts of nitrate (upper tertile) had less
than one-half of the risk of laryngeal cancer compared with
the lowest tertile [62].

Poor nutrition was identified as a strong independent risk
factor in a Polish study {43]. A significant inverse trend
with body mass was observed for cancer of the supraglottis
[49].

Maté drinking, a tea-like infusion of the herb Ilex
paraguariensis, common in South America, was investigated
by a case—control study. Some excess risk was found for
laryngeal cancer even after having controlled for confoun-
ders (age, sex, admission period, smoking, alcohol, income,
rural residency, consumption of 10 dietary variables, non-
alcoholic beverages), indeed an adjusted OR of 2.24 (95%
CI (1.1, 4.5)) was obtained. Moreover, the same study
demonstrated no association with coffee and tea drinking
[63].
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OCCUPATIONAL EXPOSURES

Asbestos

The available evidence supports an association between
occupational exposure to asbestos and an increased risk of
laryngeal cancer [16, 64, 65].

Results from a Chinese population-based case—control
study conducted in Shanghai between 1988 and 1990
revealed an elevated OR associated with asbestos exposure
(OR 2.0, 95% CI 1.0-4.3) although no dose-response re-
lationship with frequency or duration of exposure was
observed [41].

From data recorded during a hospital-based case-—control
study in New York between 1985 and 1990, a slightly ele-
vated but not statistically significant association was seen for
glottic cancer and asbestos exposure (OR 1.3). Moreover,
the risk did not show any linear trend with the number of
years employed in asbestos-related occupation. Neither a re-
lationship between asbestos and supraglottic cancer nor a
synergistic effect between cigarette smoking and asbestos
exposure was observed [49].

Data derived from personnel working in a plant that man-
ufactures brake linings and disks where asbestos is a major
component, did not support the hypothesis that asbestos is
an aetiological factor for laryngeal cancer, but they implied
that asbestos may act as an irritant [66].

Exposure to chrysotile (a mineralogical division of asbes-
tos), assessed in a cohort study of over 10000 chrysotile
miners and millers, showed no evidence of an adverse effect
on larynx cancer [67].

Diesel exhaust fumes

There has been recent examination of the potential role
of diesel exhaust fumes in the pathogenesis of respiratory
tract neoplasms. A significantly elevated risk was found for
men exposed to diesel fumes (OR 5.2) in a case—control
study conducted in New York between 1985 and 1990
[49].

The same authors conducted another hospital-based
case—control study a few years later with the purpose of bet-
ter investigating this finding. Their results implied that die-
sel engine exhaust is unrelated to laryngeal cancer risk due
to the different estimates obtained from self-reported and
occupation-based exposures. They found an OR of 0.96
(95% CI 0.5-1.8) for occupations that involve substantial
exposure to diesel engine exhaust (truck drivers, mine
workers, firefighters, railroad workers) and an OR of 1.47
(95% CI 0.5-4.1) for self-reported exposure to diesel
exhaust. However, an OR of 6.4 (95% CI 1.8-22.6) was
found for self-reported exposure to diesel fumes. The
authors concluded that these results may reflect recall bias
and were not convinced that diesel fumes play a role in the
aetiology of larynx cancer [68].

Another study conducted in Shanghai between 1988 and
1990 found no association between diesel, gasoline and ker-
osene fumes and an increased risk of laryngeal cancer [41].

In a study conducted in New Caledonia (South Pacific)
among workers in the nickel mining and refining industry,
an association was found between exposure to diesel engine
exhaust fumes on mining sites and larynx cancer; the age-
adjusted OR was 5.1 (95% CI 1.1-22.3). Confounding
from tobacco and alcohol was not present according to the
authors [69].
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Other professional exposures

Exposure to mustard gas and sulphuric acid have been
implicated as risk factors for laryngeal cancer [16].

Elevated but not statistically significant (at the 5% level)
effects were seen for men chronically exposed to rubber
(OR 6.4) and wood dust or employed as construction
labourers and auto mechanics [49].

A Chinese population-based case—control study con-
ducted in Shanghai between 1988 and 1990 investigated the
risk associated with job exposure. Using as the reference
group the professional and administrative workers, and
adjusting for smoking, this study failed to demonstrate any
increase in risk for the following occupational categories:
commercial workers, service workers, farmers, metal refining
and processing workers, chemical, rubber and leather
workers, textile workers, blacksmiths, machine-tool oper-
ators, electricians and other related workers, material hand-
ling and construction workers, drivers and other
transportation workers [41].

The same study also failed to demonstrate any association
with the exposure to the following substances: silica, wood
dust, metal dust, benzene, paint, pitch, lubricant fumes, hy-
drochloric acid. Exposure to coal dust, on the contrary, was
found to be significantly associated to an increased risk of
laryngeal cancer with an OR of 2.6 (95% CI 1.4-4.8)
adjusted for age, education and smoking. Moreover, the risk
increased with frequency and duration of exposure [41].

A population-based case—control study conducted in
Western Washington State between 1983 and 1987 found,
after controlling for alcohol, tobacco, age and education, a
significantly increased risk for painters in construction (OR
2.8; 95% CI 1.1-6.9), supervisors and miscellaneous mech-
anics (OR 2.3; 95% CI 1.1-4.8), construction workers (OR
3.4; 95% CI 1.4-8.1), metal working and plastic working
machine operators (OR 2.6; 95% CI 1.3-4.9), and handlers
and equipment cleaners and labourers (OR 1.5; 95% CI
1.0-2.2). Allowing for a 10 year induction and latent period
did not have a consistent effect on the associations observed
[70].

Being exposed to poor working conditions over an
extended period of time and to be simultaneously exposed
to low temperatures and dust, like people in the building
material industry, textiles and metal working, resulted in an
OR of 4.5 (95% CI 1.8-11.4) [44].

Exposure to nickel or nickel compounds has shown no
increase in risk of larynx cancer among workers in the nickel
mining and refining industry in a study conducted in New
Caledonia (South Pacific). However, exposure to dust on
mining sites resulted in statistically significant OR; specifi-
cally exposure to road and site dust (mine) had an age-
adjusted OR of 5.1 (95% CI 1.1-22.3) and exposure to per-
foration dust had an age-adjusted OR of 5.4 (95% CI 1.2-
23.9), confounding from tobacco and alcohol not being pre-
sent according to the authors [69].

No association was observed between potential carcino-
gens in a metallurgy plant and risk of laryngeal cancer, in a
study conducted in Montreal (Canada) [71].

Within a cohort of automobile workers, exposure to metal
working fluids, commonly referred to as machining fluids
was assessed in relation to risk of laryngeal cancer. This was
the first study that distinguished straight mineral oils from
other types of machining fluids. The results suggested that
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straight mineral oils are associated with an almost two-fold
excess risk. There was also an association with elemental
sulphur (commonly added to machining fluids to improve
the integrity of the material under extreme pressure and
heat) but confounding by other contaminant or process fea-
tures could not be excluded [72].

A suspicion of the involvement of incinerators of waste
solvents and oils in the risk of larynx cancer was investigated
in the UK. due to a cluster of cases near Charnock
Richard, Coppull, Lancashire. A study was conducted
around ten incinerators in the U.K. but no evidence of
decreasing risk with distance was found and so the suspicion
was not proved [73].

POLLUTION (INDOOR AND OF THE WORK
PLACE)

Air pollution in a room and in the working environment
was found to be strongly associated with occurrence of
laryngeal cancer in a Chinese study [40].

A Polish study, confirmed that air pollution in the work
place was associated with an increase in risk among natives
and immigrants, but failed to demonstrate an association
between air pollution in the living place and a greater risk
among natives [42].

A more detailed study conducted in Heidelberg
(Germany) to assess the risk of laryngeal cancer in indoor
air, polluted by emission of fossil fuel, found that the ex-
posure for more than 40 years to fossil fuel due to stove-
heating with oil, coal, gas and wood was associated with an
OR of 2.5 (95% CI 1.51-4.05). The association was still
significant after adjustment for tobacco and alcohol
(OR =2.095% CI 1.10-3.46) [74].

HUMAN PAPILLOMAVIRUS (HPV) AND P53

Detection of HPV in laryngeal carcinomas has recently
been assessed to investigate the hypothesis that HPV may
be associated with larger or more aggressive tumours.
Evidence that the presence of HPV was significantly related
to decreased survival, independent of disease stage, was pre-
sented by Clayman, who also suggested that laryngeal carci-
nomas with detectable HPV may represent a biologically
distinct subset of tumours [75]. Brandwein et al. [76]
reached the same conclusions, even if he analysed only a
very small sample of patients.

Moreover, it has been suggested that HPV transmission
could account in part for the paired occurrence of cervix
and laryngeal cancer (see specific paragraph) and that ciga-
rette smoking could act as a synergistic cofactor in the
malignant transformation of viral genome-harbouring tissue
[77].

A different effect of smoking in relation to a possible
aetiologic role of HPV was proposed by a German study.
The authors suggested that the integration of virus DNA
into host cell DNA may be the result of action of nicotine
and/or alcohol. They also assessed the presence of specific
subtypes of HPV in positive laryngeal cancer and found
HPV 16 and HPV 18 subtypes, the same subtypes regularly
found in cervical cancers, thus suggesting the possibility of
the virus as an aetiological factor in oral carcinogenesis [78].

The same conclusion was drawn by a Chinese study
which suggested that HPV-16 may induce laryngeal carci-
noma [79]. A different conclusion was drawn for verrucous
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carcinomas, which according to the authors, do not seem to
be related to HPV [80].

A Japanese study, which investigated the relationship
between p53 abnormality and HPV infection, reported that
p53 abnormality is related to smoking history and that cor-
relation might be better for smoking and chemical mutagen-
esis than for HPV [81]. A Swedish study found that the
typical p53 mutations associated with smoking and usually
found in lung cancer, accounted for 46% of the mutations
detected in laryngeal cancer [82]. However, an Italian study
reached the opposite conclusion, reporting that their mol-
ecular biology study did not support an association between
elevated p53 expression and tobacco smoking or alcohol
intake [83].

HORMONAL FACTORS

The observation that women, in the same state of clinical
advancement of the disease as men, had better 5-year survi-
val, caused some researchers to put forward the hypothesis
that an unknown phenomena, perhaps hormone-immune,
explained their better survival [30].

A Chinese study investigated the effect of sexual hor-
mones on proliferation of laryngeal carcinoma cells in in
vitro and found that testosterone may stimulate the prolifer-
ation, while beta-estradiol and progesterone have no such
effect. The authors said that this study offers evidence of
endocrine therapy for laryngeal carcinoma [85].

In order to verify the hypothesised hormone sensitivity of
laryngeal carcinoma, an Italian study evaluated the level of
receptors for oestrogen, progesterone, androgens and gluco-
corticoids. No statistical difference with regard to grading,
site and extension of the cancer, extra-laryngeal tissue invol-
vement or node metastasis was noted between the groups of
patients with and without steroid receptors [86].

Finally, difference in detecting a marker related to car-
cinogenesis was observed between male and female popu-
lations and discussion on hormonal carcinogenesis was
faced [87].

ASSOCIATION AND SIMILARITIES WITH OTHER
CANCERS

Some associations among anatomically distinct cancer
sites have been noted. Laryngeal cancer has been noted to
be associated with cervical cancer either as the primary or
the second primary neoplasm. It has been suggested that
HPV transmission could account in part for the paired
occurrence of cervix and laryngeal cancer [77]. Moreover,
the fact that the same subtypes, HPV 16 and HPV 18, have
been detected in cervix and laryngeal cancer, stressed the
possibility that the two tumours may have the same virus
and the same aetiologic factor [78].

The risk of developing a second primary cancer after a
laryngeal neoplasm has been reported to be greater than
that for other neoplasms and the hypothesis of clonality of
multiple primary cancers has been proposed. The analysis
of genetic lesions in multiple primary cancer, however, sup-
ported the independence of these cancers [88].

The most frequent localisation of second primary cancers
after laryngeal neoplasms was reported to be pulmonary
(70%) [89]. An Italian study based on autopsies, confirmed
a high relative risk of a second pulmonary cancer in patients
affected by laryngeal cancer; in detail, the relative risk for
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supraglottic cancer during the first 2 years of follow up was
32.6, while for glottic cancer it was 5.5. The authors
stressed the importance following strict preventive and fol-
low up protocols [90].

Two Japanese studies evaluated the same issues and
found that the cumulatve risk of developing a second
primary cancer was more than 30% at 15 years after
laryngeal cancer. The risk was significantly increased for
tobacco-related cancers (RR=24.5 for oral cavity and
pharynx, RR = 6.1 for oesophagus and RR = 2.3 for lung).
Radiotherapy for laryngeal cancer did not seem to have an
adverse effect on the development of thyroid cancer, lym-
phoma and leukemia [91, 92].

A Polish study estimated that more than 10% of patients
with laryngeal cancer every year get a second primary malig-
nant neoplasm which is also a tobacco-related neoplasm
[93]. In a retrospective Spanish study, a second neoplasm
was found in about 8% of 428 cases who underwent phar-
yngectomy for cancer of the larynx [94].

In a New Zealand [95] and a Spanish [96] study, lung or
oesophageal cancers usually developed as second primary
cancers in patients with larynx cancer.

The risk of developing a subsequent primary larynx
cancer following other cancers has also been evaluated. The
risk was evaluated in Finland for bladder cancer, where an
increased SIR for laryngeal cancer was observed (SIR 1.7,
95% CI from 0.9 to 2.8) [97]. The risk of second aerodiges-
tive cancers in patients who survive free of small-cell lung
cancer for more than 2 years was evaluated at the National
Cancer Institute of Bethesda. The results showed that there
is an increasing risk of second aerodigestive cancers
(including cancer of the larynx) with the passage of time
(from 2% per patient per year to more than 14% after more
than 10 years) [98].

Finally, epidemiological peculiarities of gall-bladder
and larynx cancer have been investigated in a Japanese
study. The authors conclude that the epidemiological trait
of gall-bladder cancer is a ‘“mirror image of that of
laryngeal cancer in many respects including sex-discrimi-
nation of cancer risk and geographical distribution of both
high-risk and low-risk populations’ ([87]: the aetiological
significance of this observation remains unclear at the pre-
sent time.

CONCLUDING DISCUSSION

In this review the major epidemiological aspects of laryn-
geal cancer have been taken into consideration. Principal
risk factors have been considered in some detail and also
new hints for therapy, like endocrine therapy, have been
mentioned as the secondary target of some studies. These
new perspectives are very important due to the poor quality
of life of patients treated with surgery. After total laryngec-
tomy, indeed, some functional changes occur, such as:
hyposmia, dysgeusia, nasal discharge, problems in swallow-
ing, which often induce changes in diet, and problems in
speaking, which may be only partially overcome with rehabi-
litation [94, 99, 100].

Evidence from epidemiological studies which supports the
involvement of new risk factor in the aetiology of larynx
cancer as well as new perspectives in therapy must be taken
into great consideration in order to realise primary and ter-
tiary prevention. However, it remains clear that, even as
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new evidence continues to amass about a wide range of risk
factors, primary prevention of the great majority of laryngeal
cancers could be achieved by elimination of tobacco smok-
ing and reduction of consumption of alcoholic beverages.
There could also be an additional benefit from increased
consumption of fruits and vegetables although this is likely
to be a much lesser effect than that obtained by reducing
smoking or alcohol consumption.
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