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In the United States, laryngeal cancer accounts for approximately 1%
of all new cancer diagnoses but fewer than 1% of all cancer deaths.® La-
ryngeal cancer is usually diagnosed relatively early because it alters the
sensitive phonatory and airway functions of the larynx; 60% of patients
present with localized disease alone, 25% with local disease and regional
nodal metastatic disease, and 15% with advanced disease or distant me-
tastases or both. _

Squamous cell carcinoma (SCC) is the predominant type of laryngeal
cancer, accounting for over 90% of cases, and laryngeal SCC accounts for
26% of all cases of head and neck SCC.” Undifferentiated carcinoma and
verrucous carcinoma are major variants of SCC; lymphoepithelial carci-
noma and spindle cell carcinoma (“pseudosarcoma”) are less common.?

Most patients who develop laryngeal SCC are men, and the overall
male-to-female ratio for this disease is approximately 5:1%; however, since
the 1950s, an increasing incidence of laryngeal SCC has been observed in
black male patients and in all female patients (both white and black).®
This increase in women from 0.5 to 1.5 per 100,000 population® is par-
ticularly significant, and it may relate to the increased use of tobacco and
ethanol by women during that period. By the mid-1980s, the overall 5-
year survival rates for all patients with laryngeal SCC had improved to
approximately 67%, but since then they have remained unchanged.?>#

The rate of metachronous SCC disease of the upper aerodigestive

From The Center for Voice Disorders of Wake Forest University (JAK), and the Department
of Otolaryngology, Bowman Gray School of Medicine, Wake Forest University JAK,
AJB), and North Carolina Baptist Hospital (A]B), Winston-Salem, North Carolina

OTOLARYNGOLOGIC CLINICS OF NORTH AMERICA

VOLUME 30 - NUMBER 1 - FEBRUARY 1997 1



2 KOUFMAN & BURKE

tract, including the larynx, is reported to be between 5% and 35% of
cases.*465.8 The esophagus is the most cormmon second site,%# and con-
sequently, it has been postulated that gastroesophageal reflux may be a
carcinogenic cofactor. :

Changing patterns of disease with time and exposure to comparable
risk factors in different countries of the world have helped elucidate a
group of common carcinogenic variables that are now being associated
with a broader, more multifactorial hypothesis of laryngeal carcinogene-
sis.’*>8 This multifactorial theory is supported by observations that mu-
cosal carcinoma is often multicentric, a phenomenon often called “field
cancerization.” This phenomenon is usually attributed to the panmucosal
carcinogenic influences of a variety of environmental factors.s+66.6

Although many of the presumed carcinogenic influences have been
shown to alter the “internal (mucosal) environment,” not one has been
proved to cause carcinoma. Virtually all of the available data is “associ-
ative,” that is, epidemiologic.® This is even true for “well-established
causes” of head and neck carcinoma, such as tobacco and ethanol.

In addition to tobacco and ethanol, it now appears that other risk
factors may influence the carcinogenic process, and that identification
(and correction) of specific factors in susceptible patients with laryngeal
SCC may influence both management and outcome.

RISK FACTORS ASSOCIATED WITH
THE DEVELOPMENT OF LARYNGEAL SQUAMOUS
CELL CARCINOMA

Tobacco

Tobacco has long been implicated as an important etiologic agent in
the development of laryngeal SCC, as well as for SCC in other areas of
the head and neck, and for tumors elsewhere in the aerodigestive tract,
such as the esophagus and the lungs. Tobacco is still considered to be the
predominant risk factor in laryngeal carcinogenesis.!142.27.62.74.82

Jayant et al® have shown that smoking is a stronger risk factor for
the development of laryngeal cancer than is chewing tobacco, the relative
risks (compared with controls) being 11.8-fold and 7.7-fold, respectively,
with the reverse being the case for SCC of the hypopharynx.#

In two separate studies, Maier et al®? and DeStefani et al?2 found that
96.5% and 97.2%, respectively, of patients with laryngeal SCC were smok-
ers. Comparing smokers with nonsmokers, Wynder et al'*¢ demonstrated
a relative 30-fold risk of developing laryngeal SCC for men smoking at
least a pack-and-a-half of cigarettes per day for more than 10 years.

Falk et al”” observed a dose-dependent relationship between smoking
and laryngeal SCC. The relative risk was calculated at 4.4-fold for patients
who smoked up to half-a-pack per day, and at 10.4-fold for those smoking
more than two packs per day.?

Rothman et al®? also reported a linear relationship between the num-
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ber of cigarettes smoked and the risk of developing laryngeal SCC; in
addition, controlling for alcohol consumption, they reported the risk of
developing laryngeal carcinoma to be 40-fold for those smoking more
than 35 cigarettes per day, and 22-fold for cigar and pipe smokers as
compared with nonsmokers.

Risk has also been delineated by the quality of the tobacco used: dark
versus light. Light tobacco is flu-cured; dark tobacco is air-processed. De
Stefani et al2 compared the risk of laryngeal SCC between users of light
and dark tobacco in Uruguay; the relative risk for the dark tobacco users
was 2.5 times higher than that for light tobacco users. In addition, the
latter group was controlled for age, and the data demonstrated a doubling
of the risk ratio for subjects who had started smoking prior to the age of
15 years. The larynx appears to be particularly susceptible to damage from
dark blends of tobacco. In another study, the relative risk for dark versus
light tobacco was 9.0-fold versus 1.6-fold.?

The risk of cancer from tobacco usage appears to be strongest for
current smokers, and it declines markedly when smoking is stopped, al-
though Falk et al¥ showed a persistent threefold risk for heavy smokers
who had quit at least 10 years prior to inclusion in his study. In Wynder
and Stellman’s series,'’” the age-matched relative risk of laryngeal cancer
in men decreased from 14.3-fold (compared with nonsmokers) to 2.5-fold
after 16 years of not smoking.

Table 1 summarizes reports on the relative risk of developing laryn-
geal SCC, based upon epidemiology of tobacco use.

Table 1. REPORTED RELATIVE RISKS FOR DEVELOPING LARYNGEAL CARCINOMA
WITH TOBACCO USE

Tobacco Type Relative Risk Reference
Cigarettes 5.6 (less than 50 pack-years) Maier et al®2
9.1 (more than 50 pack-years)
6.0 (less than 30 cigarettes/day) Falk et al*
19.2 (more than 40 cigarettes/day)
9.6 (less than 45 pack-years) Falk et al*
113 (more than 45 pack-years)
14.7 (light tobacco) DeStefani et al
35.4 {(dark tobacco)
11.8 (less than 20 cigarettes/day) Jayant et al*
13.5 (less than one pack per day) Wynder et al''?
34.4 (more than two packs per day)
Chewing tobacco 7.7 {Laryngeal and oral squamous Jayant et al*s
cell carcinoma included) :
40.0 (smoking and ¢hewing tobacco)~ Rothman et als?
Cigars/pipe 22.0 Rothman et al®?
3.9 (cigars and/or pipe alone) Wynder et al'*”
10.0 (cigars/pipe and cigarettes)
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Alcohol (Ethanol)

Studies that have controlled for age, race, and smoking habits still
suggest that the risk of developing laryngeal SCC is increased by the con-
sumption of all types of alcohol (ethanol).>38.74.80.87.101 Interestingly, the
rate of laryngeal cancer in France dropped during the Second World War,
mirroring a fall in the consumption of alcohol, despite no change in to-
bacco use.!®

The study by Jensen et al® of Danish brewery workers, whose con-
sumption of beer was estimated to be four times that of the general male
population, showed an increased incidence of laryngeal cancer. Although
that study indicated a dose-related increase in risk of laryngeal SCC with
alcohol use, in comparison with tobacco-smoking-derived data, the dose-
dependent risk was not as dramatic.

In the Third National Cancer Survey (1975)!2 (in which most of the
other carcinogenic variables were controlled), the relative risk of alcohol
drinkers (compared with nondrinkers) developing laryngeal carcinoma
was increased 2.2-fold.

In other studies, the relative risk of alcohol as a cause of laryngeal
carcinoma (in nonsmokers) ranges up to 5.6-fold®1’; this higher figure
was in Wynder'’s series,*” which included heavy “hard liquor” drinkers
(greater than 6 oz/day). Other studies have implicated whiskey as the
most important alcoholic risk factor for head and neck cancer,#.18 but
Williams and Horm' reported male beer drinkers to have the highest
relative risk of laryngeal SCC.

In a large and carefully case-controlled study in France, Guenel et al*®
reported that the risk of developing supraglottic laryngeal SCC was
greater for alcohol users than for tobacco users.

Finally, another source of alcohol that has been associated with aero-
digestive SCC is commercially available mouthwashes,®”115 the ethanol
content of which may range up to 28%. Weaver et al'” showed that of 200
patients with head and neck cancer, 11 did not use alcohol or tobacco, but
10 of the 11 had used mouthwash daily for more than 20 years.

Table 2 summarizes reports on the relative risk of developing laryn-

geal SCC, based upon epidemiology of ethanol consumption.

Occupational Risk Factors

The development of laryngeal SCC related to occupational factors
appears to be relatively uncommon and not well documented, as com-
pared with other work-related head and neck cancers, such as wood-re-
lated sinonasal adenocarcinoma.>'*¢! Guralnick® found that all laborers
except agricultural and semiskilled workers (such as factory workers)
were at greater risk than professionals for developing laryngeal carci-
noma. Although the study was not controlled for alcohol and tobacco, the
finding was supported by the similar finding of Olsen et al.” In a study
by Maier et al,2 92% of laryngeal SCC patients were labeled as “blue
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Table 2. REPORTED RELATIVE RISKS FOR DEVELOPING LARYNGEAL CARCINOMA
WITH ETHANOL CONSUMPTION*

Variabies Studied Relative Risk Reference
Nonsmokers 3.2 Herity et al+®
Smokers 6.8

Nonsmokers 46 Stevens et al%
Smokers 26.0 .
Moderate drinkers 7.7 DeStefani et al22
Heavy drinkers 9.3

Moderate drinkers 2.6 Maier et als2
Heavy drinkers 9.0

Moderate drinkers 0.8 Olsen et al™
Heavy drinkers 22

Moderate drinkers 1.7 Wynder et al'"?
Heavy drinkers 5.6

Moderate drinkers 20 Falk et al
Glottic tumors 1.8 Falk et al?”
Supraglottic tumors 4.6

*All of these studies were controlied for tobacco use

collar” workers; the risk ratio for those workers having no specialist train-
ing or upper education was 3.8 as compared with those with occupational
training or higher educational levels.

Of the specific occupational exposures reported, the ones most likely
to be related to the development of laryngeal SCC were asbestos,.30.40.70.73
wood dust,*#-6.78 cement dust,®2” and tar products.’*>” The estimated
risk of laryngeal SCC due to asbestos exposure has been estimated to be
from 1.5-fold to 5.1-fold.’**% Having adjusted for smoking, alcohol, age,
sex, and residence, Olsen and Sabroe” estimated the increased risk of
laryngeal SCC to be 1.8-fold for workers with occupational asbestos ex-
posure.

In a report from Spain, the exposure risk of developing laryngeal SCC
was increased 5.6-fold for wood workers, and the risk appeared to in-
crease with duration of exposure (and to decrease with elapsed time after
leaving a wood-working occupation).”

Other reported occupational risks of developing laryngeal SCC in-
clude exposure to dust and gas compounds in polluted work environ-
ments.7-18.63,93.105 The reported excessive risk of laryngeal SCC found in
furniture workers as compared with non-wood workers may also be due
to exposure to the finishing and varnishing processes.'? Pederson et al”™
found that the roasting and smelting occupations increased the risk of
laryngeal carcinoma. Suspected agents include nickel,” mustard gas,®® and
certain textile fibers."” ‘

Table 3 summarizes reports on the relative risk of developing laryn-
geal SCC, based upon epidemiology of specific occupational exposures to
chemicals, dusts, fibers, and other agents.
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Table 3. REPORTED RELATIVE. RISKS-FOR DEVELOPING LARYNGEAL CARCINOMA
WITH OCCUPATIONAL EXPOSURES

Occupational Exposure Relative Risk Reference
Asbestos - 1.8 Olsen and Sabroe”
5.1 Burch et al'
9.0 Morgan and Shettigara™
Industrial/cement dusts 1.6 Olsen and Sabroe™ °
1.9 Maier et ale2
Isopropyl alcohol 3.2 Lynch et als®
Leather working 3.0 Decoufle'”
5.5 Decoufle et al‘“
Metal processing 5.3 Burch et al*
8.5 Flanders et al*°
Mustard gas 9.3 Manning et al®?
Nickel/nickel réﬁning 1.7 Olsen and Sabroe™
19 Decoufle et al'®
10.0 Pederson et al’®
Sulfuric acid/other acids 13 Olsen and Sabroe™
: . 134 Soskolne et al?
Textile fibers/processing ' 2.0 " Decoufle'®
5.6 Flanders®
Wood working 14 Olsen and Sabroe™
3.2 Maier et alf2
5.6 Acheson et a2
Coal and tar products ' 1.4 Olsen and Sabroe™
6.1 Maier et al®2

Diet and Vitamin Deficiency

It has been suggested that the consumption of fruits, vegetables, dairy
products, and supplemental vitamins may confer a protective effect re-
lating to head and neck SCC %2111 Vitamin A has been shown to have an
inhibitory effect on the development of epithelial tumors by controlling
cell differentiation.® Retinoids, analogues of retinol (a precursor of vita-
min A), have also been shown to suppress in vitro expression of malignant
phenotypes caused by chemical carcinogens, radiation, or viral transform-
ing factors, the mechanism being an unknown effect on the expression of
genes involved in cell differentiation and proliferation.?® Because it is the
loss of cell differentiation that characterizes cancer, the lack of this control
could explain the action of vitamin A and of the retinoids. In support of
this theory, Bollag? described regression of laryngeal leukoplakia in pa-
tients treated with retinoic acid, and Hong et al# showed that the inci-
dence of subsequent second primary tumors could be reduced by pro-
longed daily treatment with retinoic acid.
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Beta-carotene is a dimer compound that is metabolized to two mol-
ecules of retinol. Vitamin A and carotene levels have been reported to be
lower in patients with head and neck SCC,* but relationships between
pre-disease and disease levels of these vitamins are not known.% Like
other antioxidants, beta-carotene may protect against oxidative reactions
within the cell, thereby limiting damage to DNA. Graham et al* found
when low levels of both vitamin A and vitamin C were ingested, the
relative risk for the development of laryngeal cancer was increased 3.0-
fold and 2.5-fold, respectively.

The protective effect of dietary fruits and vegetables may be related
to their high content of certain vitamins, such as A and C. Mettlin et al®’
demonstrated that the greatest protective effect was in dietary fruits; they
reported a 4.75 increase in risk of laryngeal SCC when fruits and vege-
tables were consumed less than 40 times a month as compared with more
than 80 times a month. These results suggest that a person who lacks these
nutrients may be at a higher risk of developing aerodigestive tract SCC.&”

A study evaluating the effect of cruciferous vegetables (such as cab-
bage and broccoli) containing inoles and flavinols, which are known to
inhibit the development of chemically induced cancer, showed that a high
intake of these vegetables did not decrease the risk of laryngeal carci--
noma.> -

Protease inhibitors have been shown to decrease the incidence of, and
to delay the onset of, some tumors in animals.” They affect tumor inva-
siveness and metastasis by inhibiting the action of numerous cellular pro-
teases induced by tumor promoters and by cellular malignant transfor-
mation. Sources of protease inhibitors include soybeans, chick peas, and
lima beans. Although epidemiologic studies on the influences of protease
inhibitors are not available, the theoretic cancer protection derived from
their consumption is reflected by the finding that Seventh Day Adventists,
who are vegetarians, have lower rates of head and neck cancers than do
other nonsmoking, nondrinking populations.”

Irradiation Exposure

In 1902, a radiology technician developed SCC of the skin of his hand.
Since that time, the relationship between irradiation and the subsequent
development of SCC has been strongly suspected.3235.41.8.86.92 The inter-
val between irradiation and subsequent malignancy may be quite long,
and tumors developing in irradiated fields have been reported to have
latencies of up to 40 years.® .

The dosage, fractionation, rate of delivery, and distribution (field) of
radiation all contribute to its carcinogenic effects.”? These factors appear
to be important in carcinogenesis; their relationship to the host’s cell cycle,
and especially to DNA repair, are key factors that also account for the
beneficial effects of irradiation as a therapeutic modality.3235

The long-term effects of radiation therapy are suggestive of its on-
cogenic potential. In adults, tumors that develop after irradiation therapy
for malignancy appear to have a shorter induction period than do tumors
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occurring after irradiation for benign processes.®? The total dose of radi-
ation does not appear to affect the duration of the induction time.583%2

The development of laryngeal SCC following irradiation for thyro-
toxicosis and tuberculous adenitis has been reported.® Similarly, meta-
chronous second laryngeal carcinomas have been associated with prior
radiation therapy for an earlier malignant lesion, with the latent periods
- usually being longer than 4 years.® This occurrence seems to be more
common in male patients who are ex-smokers, possibly reflecting the im-
portance of other carcinogenic risk factors.

Viral Risk Factors

The human papillomaviruses (HPVs) are well recognized as etiologic
agents for a variety of cutaneous and mucosal proliferative disor-
ders.1.46.264547.75,97-59.118 Among the papillomaviruses, more than 60 sepa-
rate subtypes are now recognized. Laryngeal papillomas resemble con-
dyloma acuminata clinically and histologically, but in one electron
microscopic study, only 10% of such papillomas actually were found to
contain viral particles.®* Only recently has their true incidence been more
adequately explored, with the application of modern investigative tech-
niques such as viral nucleotide probes for hybridization, antigen immu-
nofluorescence with permissive co-cultures, and the polymerase chain re-
action for amplification of viral DNA.>2¢45% The latter has demonstrated
HPV DNA in laryngeal carcinomas in up to 40% of cases studied.%525

Usually, laryngeal papillomas run a benign course, but recent studies
. suggest that the transformation to SCC occurs in approximately 2% of
cases.®!® Malignant transformation may take 15 to 20 years, and the role
of other possible co-factors has not yet been defined. Abnormal hyper-
keratotic laryngeal lesions also have been shown to contain papilloma
DNA 52 :

Cummins and Koufman®® reported that 21% (14 of 88) of patients with
adult-onset laryngeal papilloma (followed an average of 10 years) devel-
oped SCC of the aerodigestive tract, either at the site of the known pap-
illomas or at another site. In addition, the authors reported that all of the
patients developing SCC were cigarette smokers and /or had documented
reflux into the laryngopharynx (by double-probe pH monitoring).¢

The subtypes of papillomavirus have marked differences in their
predilection for different anatomic sites and in their propensity for malig-
nant change. HPV types found in laryngeal specimens include subtypes
- 6,11, 16, 18, 30, and 33.1>% Based on studies of cervical carcinoma, dif-
ferent HPV types have been graded as high-risk (types 16 and 18), me-
dium-risk (30 and 33), and low-risk (6 and 11).* There appears to be a
strong association with HPV subtypes 6 and 11 for laryngeal papilloma-
tosis,** and SCC arising in pre-existent benign papillomas is also asso-
ciated with those same subtypes.? HPV 16, one of the more potent
subtypes associated with transformation of condylomata to invasive car-
cinoma, is also associated with the verrucous subtype of SCC of the aero-
digestive tract.’® '
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Although a lower prevalence of HPV has been reported in de novo
laryngeal carcinomas, the presence of subtypes 16 and 30 has been most
common.® Simon et al** have reported the co-existence of subtypes 18 and
33 in laryngeal SCC in a child in whom no other attributable risk factors
could be found, thereby suggesting a role for cooperative carcinogenic
action between HPV subtypes.’

- Recent studies have demonstrated a link between HPV and the tumor
suppressor protein p53.>! Expression of p53 has been found with high
frequency in head and neck malignancies, especially in early pre-invasive
lesions. The product of the HPV gene E6 binds p53 and so sequestrates
or degrades it, preventing its tumor-suppressor function. A model for p53
inactivation by mutation or HPV-induced degradation could be important
to the understanding of the pathogenesis of SCC.110

The Role of Gastroesophageal ,(Lvaryngoph'aryngeal-)
Reflux in Laryngeal Carcinogenesis _

The first reports in the otolaryngology literature of the effects of gas-
troesophageal reflux on the larynx (“contact ulcer and granuloma of the
larynx”) were those of Cherry and Margulies in 1968' and Delahunty and
Cherry in 1968.% Since that time, laryngopharyngeal reflux (LPR) has re-
ceived increasing attention as a possible co-factor in laryngeal carcino-
genesis, 55571106 :

In 1976, Glanz and Kleinsasser* were the first to suggest that inflam-
matory disease could give rise to laryngeal cancer, and a decade ago, a
-causal relationship among LPR, inflammation, and laryngeal carcinoma
in nonsmokers was postulated by Morrison” and by Ward and Hanson.%
In each of those studies, documentation of reflux was limited to the pa-
tients” histories, the laryngeal findings, and/or barium esophagography.
Ward and Hanson,* for example, in their report of 19 cases of laryngeal
carcinoma in lifetime nonsmokers, relied on history and barium esopha-
gography alone to diagnose LPR. Their studies did, however, produce the

first documentation (using serial photographs of the larynx) of the pro-

gression of benign laryngeal mucosal conditions to invasive SCC of the
larynx. : _ : '
In 1987, Weiner et al'® reported 24-hour double-probe pH monitoring
results for 16 patients with laryngeal carcinoma, nine of whom had doc-

umented reflux disease. This was the first report documenting the pres-

ence of acid in the throats of human subjects with presumed LPR. The
technique of “double-probe” pH monitoring they employed involved the
placement of one pH probe in the distal esophagus, and the other in the
hypopharynx, behind the laryngeal inlet, but above the cricopharyn-
geus.'” Thus, extraesophageal reflux was documented-for the first time
in patients with laryngeal SCC. :

In 1995, Koufman and Cummins® reported reflux-testing results for
50 consecutive, prospectively studied patients with early laryngeal SCC.
(All of the patients underwent double-probe pH monitoring and barium
esophagography.) Two thirds (33 of 50) had abnormal pH studies, and
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when additional radiographic criteria were added, 72% (38 of 50) of the
patients had documented reflux. The authors commented that the results
seemed particularly significant, because only 44% (22 of 50) were “current
smokers,” 42% (21 of 50) were ex-smokers with a median duration of
smoking cessation of 8 years, and 14% (7 of 50) were lifetime nonsmok-
ers.%

Although reflux has not yet been proven to be a carcinogenic cofactor,
it is clear that reflux may cause acute and chronic laryngeal inflammation.
The evidence that there may be a connection among smoking, reflux, in-
flammation, and malignant degeneration is beginning to accumulate.

There is an analogous model in the esophagus, in which the associ-
ation among reflux, Barrett’s esophagus, and esophageal malignancy is
well established.®® Barrett's esophagus occurs when there is metaplastic
transformation of normal stratified squamous epithelium of the esopha-
gus to gastric-like epithelium.® Barrett’s esophagus occurs as a result of
the chronic inflammation caused by gastroesophageal reflux, and the in-
cidence of malignant degeneration in Barrett’s esophagus occurs in direct
proportion to its duration.”? Conversely, prior to malignant degeneration,
Barrett’s esophagus will revert to normal with effective long-term anti-
reflux treatment.>”

Among nonsmoking patients having an association between LPR and
laryngeal SCC, there have been few other associated risk factors.ss.5671
Thus, in these cases, as in the Barrett’s esophagus model, inflammation
may cause malignant transformation. The role of reflux as a co-factor in
smoking patients remains to be further investigated, but at least by as-
sociation, reflux appears to be as important a factor as smoking in the
development of laryngeal carcinoma. - '

A MULTIFACTORIAL THEORY
OF AERODIGESTIVE CARCINOGENESIS

Classic carcinogenic theory relates to the dysregulation of cellular
growth and differentiation.®>! Discrete steps in this process permit altered
cellular homeostasis with autogenous cellular function separate from the
usual constraints of an orderly tissue environment and endogenous cel-
lular control. Carcinogens cause susceptible cells to undergo this dysreg-
ulation of growth and differentiation, which is termed malignancy. Initi-
ation and promotion are the two recognized stages of carcinogenesis.
Initiators are those carcinogens acting in the early phase of transforma-
tion; promoters act during the more variable late phase within the latent
time prior to malignant change. For example, the prolonged risk of laryn-
geal SCC developing after smoking cessation?-#2112116 suggests that ciga-
rette smoking may act as an initiator as well as a promoter (or other vari-
ables, such as reflux, may play a carcinogenic role). -

The widespread cellular target sites for exogenous and endogenous
aerodigestive carcinogens, the time course for the progression of cells to-
ward phenotypic transformation, and the likelihood that multiple cellular
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insults are necessary to induce malignant change all support a multifac-
torial theory of carcinogenesis.®! The theoretic model proposed by Mool-
gavkar and Knudson® is probably correct in its assertion that carcinogen-
esis may occur as a result of the interaction of spontaneous events,
hereditary factors, and environmental agents.

In their landmark 1978 paper, Jarrett et al*® suggested a possible re-
lationship between viral infection and a dietary factor in causing malig-
nancy. They observed that cattle in Scotland have a relatively high inci-

dence of papillomas at several aerodigestive sites, but that only highland.

cattle develop carcinoma. In both the highland and the lowland cattle
groups, the incidence of aerodigestive papillomas was 19%, yet carcino-
mas were diagnosed almost exclusively within the highland cattle pop-
ulation, 96% of which had papillomas. Jarrett et al postulated that the
distinguishing difference between the two groups was that braken fern,
known for its carcinogenic potential from other animal studies, grows
only in the highlands, and thus was present only in the diet of highland
cattle.®

In humans, SCC of the cervix in women is an HPV-associated malig-
nancy.'? In the 1960s, zur Housen et al proposed a possible link between
herpes simplex virus infection and cervical SCC, but 10 years later they
found that approximately 80% of cervical SCC contained identifiable sub-
types of HPV.1** They also found that the presence of HPV was more easily
detected in the dysplastic phase of cervical disease than after frank SCC
had developed.” In the 1980s, however, with the advent of the polymer-
ase chain reaction, their yield of HPV DNA in invasive cervical SCC in-
creased to almost 80%. Less than a decade ago, the same authors postu-
lated that there was a synergistic interaction between HPV infection and
herpes simplex infection leading to malignant degeneration, and they re-
ported finding that patients with HPV (condyloma acuminata) progressed

to carcinoma approximately 15 years earlier than did their papilloma-free

counterparts.'”® Finally, patients with immune dysfunction or suppression
(e.g., AIDS, lymphoma, renal dialysis) commonly are infected by HPV.22
Thus, in the cervical SCC model, viral carcinogens have been shown to
play a pivotal role in the pathogenesis of SCC.

Data on the role of HPV in cervical SCC*12 appear to support the
possibility that HPV is an important co-factor in aerodigestive, especially
laryngeal, carcinogenesis.?*33%.46.51.52.60.%2 This concept is supported by the

findings of similar HPV types at both sites. Furthermore, the finding of
altered p53 in samples of papilloma-positive laryngeal SCC implies pre-
existing loss of tumor cell suppression. In addition, HPV infection might
theoretically provide the promoter stimuli for the induction of tumori-
genesis.

Interactions Among Risk Factors for Laryngeal
Squamous Cell Carcinoma

The cumulative risk of laryngeal SCC in the presence of both alcohol
and tobacco does not behave in an additive fashion, but rather it follows
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multiplicative ratios.1>22387482.117 Therefore, synergy is seen when these
two risk factors are both present, and the “synergistic risk” of developing
laryngeal SCC has been reported to be increased by up to 100-fold for
smoker /drinkers.2 In addition, the risk of developing laryngeal SCC has
been shown to follow a dose-response pattern, and the risk increases with
greater alcohol consumption at every level of smoking.”

Tobacco is a known reflux-inducing agent.’%-5 In studymg a large
series of patients with reflux disease, 92% were found to be smokers.*
Dennish and Castell*! reported that smoking led to a fall in resting pres-
sure of the lower esophageal sphincter (LES) in normal nonsmokers, and
Stanciu and Bennett,® using pH manometry in 25 chronic smokers, found
that the mean basal LES pressure of 10.8 + 3.7 cm H,O fell to 6.4 + 2.9
cm H,O during smoking (P < .01). LES pressure began to fall within 1 to
4 minutes of the initiation of smoking, and reflux episodes occurred with
66% of all cigarettes smoked. In addition, tobacco has been shown to de-
crease esophageal motility and to delay gastric emptying, both of which
increase the risk of developing reflux disease.¢

Alcohol also significantly increases the risk of reflux disease. Vitale
et al'® studied its effects on 17 normal volunteers using pH monitoring
on two consecutive evenings. Three hours after dinner, each subject in-
gested 4 oz of Scotch on one night, and an equal volume of water on the
other night. Reflux occurred more frequently after alcohol consumption
(P < 0.02), and the effective alcohol peak during the third hour corre-
sponded to the time when most of the reflux events occurred.®

Alcohol also has been shown to reduce LES tone, to delay gastnc
emptying, to decrease esophageal motility, and to increase gastric hyper-
acidity, all of which are known to cause or exacerbate reflux.51% Alcohol
and tobacco appear to adversely influence all of the body’s natural anti-
reflux barriers, and both have been shown to be refluxogenic, thus linking
these three (alcohol , tobacco, reflux) as possibly interactive risk factors in
laryngeal carcinogenesis.®

As a final illustration of the logic of a multifactorial theory of carci-
nogenesis, chemotherapy and radiation therapy appear to sensitize ana-
tomic “fields,” which are then susceptible to activation by other carcino-
gens. This is exemplified by the increased rate of SCC in patients who
have received doses of chemotherapy and radiation therapy.® Because
such treatments are not necessarily temporally related to the development
of subsequent SCC, these examples are used to illustrate the lasting tissue
defects that, after the addition of a second risk factor, may lead to sub--
sequent malignancies:

A Unified Multifactorial Theory
of Squamous Cell Carcinogenesis

It is apparent that the risk factors described herein may be intercon-
nected, and that they may play complementary, even synergistic, roles in
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laryngeal carcinogenesis. The variables of induction time, latency, and
field recurrence may belie the relative influence of each of the co-factors
involved. It is the distinct, yet complementary, actions of these risk factors
that fit a new multifactorial model of carcinogenesis in which mucosal
inflammation, injury, and/or infection play a critical role.

Clinical observations suggest that HPV is exclusively an infection of
squamous epithelium; it grows on skin, on squamous epithelial surfaces
of the aerodigestive tract (such as the nose and larynx), on the cervix, and
in the rectal area. When it occurs in the tracheobronchial tree and lung,
squamous metaplasia of the normal respiratory epithelium is almost al-
ways found. Such metaplasia may be exacerbated by smoking, reflux, or
any other cause of chronic inflammation.

As the diagnostic armamentarium has expanded, HPV has been
found to be associated with SCC at all sites with increasing frequency.
Whether HPV infection is a prerequisite for squamous carcinogenesis at
all of its sites of occurrence remains to be seen; however, it is reasonable
to postulate that HPV may be a common factor at many sites, and that a
second carcinogenic co-factor may need to be present for malignant trans-
formation to occur. , :

Presumably, tobacco is an important co-factor in laryngeal carcino-
genesis. 5o too, reflux may be a very important co-factor. Ethanol appears
to be a greater risk factor, compared with tobacco, for the development
of supraglottic SCC.% Because ethanol is not inhaled, it probably has little
direct contact with the laryngeal mucosa. One might speculate that it ex-
erts its effects by altering the immune status of the host, by predisposing
to reflux, or by both mechanisms. '

Perhaps laryngeal SCC occurs in patients who drink and smoke and
therefore who reflux, and perhaps some of these patients have dormant
HPV infections. Could it be that most SCC, regardless of site, is related to
HPV infection? As polymerase chain reaction testing has become more
widely employed, the finding of HPV DNA in squamous malignancy ap-
pears to be increasing. Could it be that SCC on the skin is similar, with
the carcinogenic combination being HPV and ultraviolet light? Could oral
SCC be similar to cervical SCC, with the carcinogenic combination being
HPV and herpes simplex? :

It also seems likely that a significant proportion of SCC cases may
not be involved with HPV at all, and that other combinations of carcin-
ogens may be sufficiently potent to cause malignant degeneration. It
seems likely, however, that inflammation is the most important common
cause.

In conclusion, the relationship between HPV infection and environ-
mental factors such as pollution, occupational exposures, tobacco smoke,
and reflux may yet prove to be profoundly interactive, and the etiology
and pathogenesis of laryngeal carcinoma may prove tobe truly multifac-
torial. Figure 1 summarizes these possible interrelationships.
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Figure 1. A multifactorial model of laryngeal carcinogenesis.

References

10.

. Abramson AL, Steinberg BM, Winkler B: Laryngeal papillomatosis: Clinical, histopath-

ologic and molecular studies. Laryngoscope 97:678-685, 1987

. Acheson ED, Cowdell RH, Rang EH: Nasal cancer in England and Wales: An occupa-

tional survey. Br J Ind Med 38:218-224, 1981

. Amendola BE, Amendola MA, McClatchey KD: Radiation induced carcinoma of the

larynx. Surg Gynecol Obstet 161:30-32, 1985

. Arends M], Wyllie AH, Bird CC: Papillomaviruses and human cancer. Hum Pathol

21:686-698, 1990

- Barrett NR: Chronic peptic ulcer of the oesophagus and oesophagitis. Br J Surg 38:175—

182, 1950

. Batsakis JG, Raymond K, Rice DH: The pathology of head and neck tumors: Papillomas

of the upper aerodigestive tracts. Part 18. Head and Neck Surg 5:332-344, 1983

. Batsakis JG: Tumors of the Head and Neck: Clinical and Pathological Considerations,

ed 2. Baltimore, Williams and Wilkins, 1979, pp 200-225

. Bollag W: Retinoids and cancer. Cancer Chemother Pharmacol 3:207-215, 1979
. Brandsma JL, Abramson AL: Association of papillomavirus with cancers of the head

and neck. Arch Otolaryngol Head Neck Surg 115:621-625, 1989

Brandsma JL, Steinberg BM, Abramson AL, et al: Presence of human papilloma virus
type 16 related sequences in verrucous carcinoma of the larynx. Cancer Res 46:2185-
2188, 1986




11
12.
13.
14.
15.
16. C
17.

18.

19.
20.

21.

27.

28.

29.

30.

31.

32.
33.

35.
36.

37.
38.

THE ETIOLOGY AND PATHOGENESIS OF LARYNGEAL CARCINOMA 15

Burch JD, Howe GR, Miller AB, et al: Tobacco, alcohol, asbestos, and nickel in the
etiology of cancer of the larynx: A case study. ] Natl Cancer Inst 67:1219-1224, 1981
Canellos GP, DeVita VT, Arseneau JC, et al: Second malignancies complicating Hodg-
kin’s disease in remission. Lancet 1:947-949, 1975 .

Cann CI, Fried MP, Rothman KJ: Epidemiology of squamous cell cancer of the head
and neck. Otolaryngol Clin North Am 18:367-388, 1985

Cann CI, Fried MP: Determinants and prognosis of laryngeal cancer. Otolaryngol Clin
North Am 17:39-150, 1984

Cherry J, Margulies SI: Contact ulcer of the larynx. Laryngoscope 78:1937-1940, 1968
ummins MM, Koufman JA: Reflux and recurrent laryngeal papillomas. Presented at
the annual meeting of the Southern Section of the Triological Society, Naples, FL, Jan
1996

Decoufle P: Cancer risks associated with employment in the leather a.nd leather prod-
ucts industry. Arch Environ Health 34:27-33, 1979

Decoufle P, Stanislawczyk K, Houten L, et al: A retrospective survey of cancer in re-
lation to occupation. NIOSH Research Report. DHEW Publication No. [NIOSH] 77—
178, 1977

Delahunty JE, Cherry J: Experimentally produced vocal cord granulomas. Laryngo-
scope 78:1941-1947, 1968

DeLuca L, Maestri N, Bonnani F, et al: Maintenance of epithelial cell differentiation:
The mode of action of vitamin A. Cancer 30:1326-1331, 1972

Dennish DW, Castell DO: Inhibitory effect of smoking on the lower esophageal sphinc-
ter. N Engl ] Med 284:1136-1137, 1971

. DeStefani E, Correa P, Oreggia F, et al: Risk factors for laryngeal cancer. Cancer 60:3087-

3091, 1987

. Dorn HF, Cutler SJ: Morbidity from cancer in the United States. Part I. Variation in

incidence by age, sex, marital status, and geographic region. Public Health Monograph
No. 29, 1955

- Doyle DJ, Henderson LA, LeJeune FE, et al: Changes in human papillomavirus typing
of recurrent respiratory papillomatosis progressing to malignant neoplasm Arch Oto-

laryngol Head Neck Surg 120:1273-1276, 1994

. Eisenstein B: The polymerase chain reaction. N Engl ] Med 322:178-183, 1990
. Eron LJ, Judson F, Tucker S, et al: Interferon therapy for condylomata acummata N

Engl ] Med 315:1059-1064, 1986

Falk RT, Pickle LW, Brown LM, et al: Effect of smoking and alcohol consumption on
laryngeal cancer risk in coastal Texas. Cancer Res 49:4024-4029, 1989

Feldman JG, Boxer P: Relationship of drinking to head and neck cancer. Prev Med
8:507-519, 1979

Ferlito A: Histological classification of Iarynx and hypopharynx cancers and their clin-
ical implications. Acta Otolaryngol (Stockh) Suppl 342:8-38, 1977

Flanders WD, Cann CI, Rothman K], et al: Work-related risk factors for laryngeal can-

cer. Am J Epidemiol 119:23-32, 1984

Fouret P, Dabit D, Sibony M, et al: Expression of p53 protein related to the presence of
human papillomavirus infection in precancerous lesions of the larynx. Am J Pathol
146:599-604, 1995

Fry RJM: Radiation carcinogenesis. Int ] Radiat Oncol Biol Phys 3:219-226, 1977
Gissman L, Wolnik W, Ikenberg H, et al: Human papilloma virus types 6 and 11 DNA
sequences in genital and laryngeal papillomas and in some cervical cancers. Proc Natl
Acad Sci USA 80:560-563, 1983

. Glanz H, Kleinsasser O: Chronische laryngitis und carcinom. Arch Otolaryngol 212:57-

75,1976

Goolden AWG: Radiation cancer: A review with special reference to radiation tumors
in the pharynx, larynx and thyroid. Br ] Radiol 30:628-640, 1957~

Graham S, Mettlin C, Marshall ], et al: Dietary factors in the epidemiology of cancer of

_ the larynx. Am J Epidemiol 113:675-680, 1981

Graham S: Toward a dietary prevention of cancer. Epidemiol Rev 5:38-50, 1983
Guenel P, Chastang J-F, Luce D, et al: A study of the interaction of alcohol drinking
and tobacco smoking among French cases of laryngeal cancer. ] Epidemiol Commun
Health 42:350-354, 1988



16

39.

41.
. Healey GB, Strong MS, Uchmakli A, et al: Carcinoma of the palatine arch: The rationale

43.

49,
50.
51.
52.

53.

55.°

56.

57.
58.
59.

60.
61.

62.

&

R

KOUFMAN & BURKE

Guralnick L: Mortality by occupation level and cause of death among men 20 to 64
years of age: United States, 1950. Vital Statistics-Special Reports 53:439-612, 1963

. Hammond EC, Selikoff IJ, Seidman H: Asbestos exposure, cigarette smoking and death

rates. Ann NY Acad Sci 330:473—490, 1979
Hatfield PM, Schulz MD: Postirradiation sarcoma. Radiology 96:563-602, 1972

of therapeutic selection. Am J Surg 132:498, 1978
Herity B, Moriarty M, Bourke GJ, et al: A case-control study of head and neck cancer
in the Republic of Ireland. Br ] Cancer 43:177-182, 1981

. Hong WK, Lippman SM, Itri LM, et al: Prevention of second primary tumors with

isotretinoin in squamous cell carcinoma of the head and neck. N Engl ] Med 323:795-
801, 1990

. Hoshikawa T, Nakajima T, Uhara H, et al: Detection of human papillomavirus DNA

in laryngeal squamous. cell carcinomas by polymerase chain reaction. Laryngoscope
100:647-650, 1990 : :

. Howley PM: The human papillomaviruses. Arch Pathol Lab Med 106:429-432, 1982
. Ishibashi T, Matsushima S, Tsunokawa Y, et al: Human papillomavirus DNA in squa-

mous cell carcinoma of the upper aerodigestive tract. Arch Otolaryngol Head Neck
Surg 116:294-298, 1990

. Jarrett WFH, McNeil PE, Grimshaw WTR, et al: High-incidence area of cattle cancer

with a possible interaction between an environmental carcinogen and a papilloma vi-
rus. Nature 274:215-217, 1978

Jayant K, Balakrishman V, Sanghvi LD, et al: Carcinoma of the nose and paranasal
sinuses in woodworkers in the state of Victoria, Australia. Cancer 36:1115-1121, 1975
Jensen OM: Cancer morbidity and causes of death among Danish brewery workers.
Lyon, International Agency For Research on Cancer, 1980 ;
Kashima H, Tzyy-Choou W, Mounts P, et al: Carcinoma ex-papilloma: Histologic and
virologic studies in whole-organ sections of the larynx. Laryngoscope 98:619-624, 1988
Kashima HK, Kutcher M, Kessis T, et al: Human papillomavirus in squamous cell
carcinoma, leukoplakia, lichen planus and clinically normal epithelium of the oral cav-
ity. Ann Otol Rhinol Laryngol 99:55-61, 1990

Khoury GA, Bolton J: Age: An important factor in Barrett’s oesophagus. Ann R Coll
Surg Engl 71:50-53, 1989 :

. Kiyabu MT, Shibata D, Amheim N, et al: Detection of human papillomavirus in for-

malin-fixed, invasive squamous carcinomas using the polymerase chain reaction. Am
J Surg Pathol 13:221-224, 1989

Koufman JA: The otolaryngologic manifestations of gastroesophageal reflux disease.
Laryngoscope 101(suppl 53): 1-78, 1991

Koufman JA, Cummins MM: Reflux and early laryngeal carcinoma: A prospective
study using pH monitoring. Presented at southern Section of the American Laryngo-
logical, Rhinological and Otological Society, Key West, Jan 1995 :

Lee FI, Isaacs PET: Barrett’s ulcer: Response to standard dose ranitidine, high dose
ranitidine and omeprazole. Am J Gastroenterol 83:914-916, 1988

Lund V, Sawyer R, Papavasiliou A: Secondary respiratory tract carcinomas following
radiotherapy to the larynx. Clin Oncol 8:201-206, 1982

Lynch J, Hanis NM, Bird MG, et al: An association of upper respiratory cancer with
exposure to diethyl alcohol. ] Occup Med 21:333-341, 1979

Lynch P: Warts and cancer. Am J Dermatopathol 4:55-60, 1982

Macbeth RG: Malignant disease of the paranasal sinuses. ] Laryngol Otol 79:592-612,
1965 ' :

Maier H, Gewelke U, Dietz A, et al: Risk factors of cancer of the larynx: Results of the
Heidelberg case-control study. Otolaryngol Head Neck Surg 107:577-582, 1992

. Manning KP, Skegg DCG, Stell PM, et al: Cancer of the larynx and other occupational

hazards of mustard gas workers. Clin Otolaryngol 6:165-170, 1981

. Mansel RH, Vermeersch H: Panendoscopy for second primaries in head and neck can-

cer. Am Laryngol Soc Meeting, Vancouver, BC, May 1981

. McGavran MH, Bauer WC, Ogura JH: The incidence of cervical lymph node metastases

from epidermoid carcinoma of the larynx and their relationship to certain character-
istics of the primary tumor: A study based on the clinical and pathological findings in



66.
67.
68.
- 69.
70.
71.
72.

73.
74
75.

76.

78.
79.

80.
81.
82.

&

86.

87.

89.

91.

THE ETIOLOGY AND PATHOGENESIS OF LARYNGEAL CARCINOMA 17

96 patients treated by primary en bloc laryngectomy and radical neck dissection. Cancer
14:55-66, 1961

McGuirt WF, Matthews B, Koufman JA: Multiple simultaneous tumors in patients with
head and neck cancer. Cancer 50:1195-1199, 1982

Mettlin C, Graham S, Priore R, et al: Diet and cancer of the esophagus. Nutr Cancer
2:143-147, 1981

Miller G, Palmer KR, Smith B, et al: Smoking delays gastric emptying of solids. Gut
30:50-53, 1989

Moolgavkar SH, Knudson AG: Mutation and cancer: A model for human carcmogen—
esis. ] Natl Cancer Inst 66:1037-1052, 1981

Morgan RW, Shettigara PT: Occupational asbestos exposure, smoking, and laryngeal
carcinoma. Ann NY Acad Sci 271:308-310, 1976

Morrison MD: Is chronic gastroesophageal reflux a causative factor in glottic carci-
noma? Otolaryngol Head Neck Surg 99:370-373, 1988

Naef AP, Savary M, Ozzello L: Columnar-lined lower esophagus: An acqmred lesion
with malignant predisposition. Report on 140 cases of Barrett’s esophagus with 12
adenocarcinomas. J Thorac Cardiovasc Surg 70:826-835, 1975

Olsen J, Sabreo S: Occupation causes of laryngeal carcinoma. ] Epidemiol Commun
Health 38:117-121, 1984 v

Olsen J, Sabreo S, Fasting U: Interaction of alcohol and tobacco as risk factors in cancer
of the laryngeal region. J Epidemiol Commun Health 39:165-168, 1985

Ostrow EA, Shaver MK, Turnquist S, et al: Human papillomavirus-16 DNA in a cuta-
neous invasive cancer. Arch Dermatol 125:666-669, 1989

Pederson E, Hogetveit AC, Anderson A: Cancer of the respiratory organs among work-
ers at a nickel refinery in Norway. Int ] Cancer 12:32-41, 1973

. Phillips RL, Kuzma JW, Beeson WL, et al: Influence of selection versus lifestyle on risk

of fatal cancer and cardiovascular disease among Seventh-Day Adventists. Am J Epi-
demiol 112:296-314, 1980

Pollan M, Lopez-Abente G: Wood-related occupations and laryngeal cancer. Cancer
Detect Prev 19:250-257, 1995

Rossman TG, Troll W: Protease inhibitors in carcinogenesis: Possible sites of action. In
Slaga TJ (ed): Carcinogenesis, vol 5. Modifiers of Chemical Carcinogenesis. New York
Raven Press, 1980, pp 127-143

Rothman KJ: The effect of alcohol consumption on risk of cancer of the head and. neck.
Laryngoscope 88(suppl 8):1-5, 1978

Rothman KJ: Causation and causal inference. In Schottenfeld D, Fraumem JF Jr (eds):
Cancer Epidemiology and Prevention. Philadelphia, WB Saunders, 1982, pp 15~22
Rothman KJ, Cann CI, Flanders W, et al: Epidemiology of laryngeal cancer. Epidemiol
Rev 2:195-209, 1980 '

. Sakamoto A, Sakamoto G, Sugano H: History of cervical radiation and incidence of

carcinoma of the pharynx, larynx, and thyroid. Cancer 44:718-723, 1979

. Salam MA, Rockett ], Morris A: General primer-mediated polymerase chain reaction

for simultaneous detection and typing of human papillomavirus DNA in laryngeal
squamous cell carcinomas. Clin Otolaryngol 20:84-88, 1995

. Salam MA, Rockett ], Morris A: The prevalence of different human papillomavirus

types and p53 mutations in laryngeal carcinomas: Is there a reciprocal relationship?
Eur J Surg Oncol 21:290-296, 1995

Scanlon EF, Sener SF: Head and neck neoplasia following irradiation for benign con-
ditions. Compr Ther 7:59-64, 1981

Schmidt W, Popham RE: The role of drinking and smoking in mortality from cancer
and other causes in male alcoholics. Cancer 47:1031-1041, 1981

. SEER Cancer Statistics Review, 1973-1991 (Gloeckler Ries LA, Miller BA, Hankey BF,

et al). Surveillance Program, Division of Cancer'Prevention and Control, National Can-
cer Institute, Washington DC, 1992

Shapshay SM, Hong WK, Fried MP, et al: Simultaneous carcinomas of the esophagus
and upper aerodigestive tract. Otolaryngol Head Neck Surg 88:373, 1980

. Shekelle B, Lepper M, Liu S, et al: Dietary vitamin A and risk of cancer in the Western

Electric Study. Lancet 2:1185-1190, 1981
Simon M, Kahn T, Schneider A, et al: Laryngeal carcinoma in a 12-year old child.




18

92,
93.

94.

95.
. Stevens MH, Gardner JW, Parkin JL, et al: Head and neck cancer survival and life-style

97.

- 98.

99.
100.
101.

102.
103.
104.
105.
106.
107.

108.
109.

110.
111.

112.

113.
114.
115.
116.

117.

KOUFMAN & BURKE

Association with human papillomavirus 18 and 33. Arch Otolaryngol Head Neck Surg
120:277-282, 1994 .

Son YH: Radiation carcinogenesis. Cancer 37:941-945, 1975

Soskolne CL, Zeighami EA, Hanis NM, et al: Laryngeal cancer and occupational ex-
posure to sulfuric acid. Am ] Epidemiol 120:358-369, 1984 :

Sporn MB, Roberts AB: Role of retinoids in differentiation and carcinogenesis. Cancer
Res 43:3034-3040, 1983 ,

Stanciu C, Bennett JR: Smoking and gastroesophageal reflux. Br Med J 3:793-795, 1972

change. Arch Otolaryngol 109:746-749, 1983

Stiernberg CM: Human papillomavirus: Its significance in tumor margins. Arch Oto-
laryngol Head Neck Surg 115:775, 1989

Syrjanen S, Syrjanen K, Mantyjarvi R: Human papillomavirus DNA in squamous cell
carcinomas of larynx demonstrated by in-situ hybridization. ORL ] Otorhinolaryngol
Relat Spec 49:175-186, 1987 :

Terry RM, Lewis FA, Robertson S, et al: Juvenile and adult laryngeal papillomata:
Classification by in-situ hybridization for human papillomavirus. Clin Otolaryngol
14:135-139, 1989 :

Tuyns AJ, Audigier JC: Double wave cohort increase for esophageal and laryngeal
cancer in France in relation to reduced alcohol consumption during the Second World
War. Digestion 14:197-208, 1976

Tuyns AJ, Esteve ], Raymond L, et al: Cancer of the larynx/hypopharynx, tobacco and
alcohol: IARC international case-control study in Turin and Varese, Zaragosa and Na-
varra, Geneva, and Calvados. Int ] Cancer 41:483-491, 1988

Vaughan TL, Davis S: Wood dust exposure and squamous cell cancers of the upper

respiratory tract. Am J Epidemiol 133:560-564, 1991

Vitale GC, Cheadle WF, Patel B, et al: Smoking delays gastric emptying of solids. Gut
30:50-53, 1989

Vitale GC, Cheadle WG, Patel B, et al: Effect of alcohol on nocturnal gastroesophageal
reflux. JAMA 258:2077-2079, 1987

Wada S, Miyanishi M, Nishimoto Y, et al: Mustard gas a cause of respiratory neoplasia
in man. Lancet 1:1161-1163, 1968

Ward PH, Hanson DG: Reflux as etiological factor of carcinoma of the laryngopharynx.
Laryngoscope 98:1195-1199, 1988

Weaver A, Fleming SM, Smith DB, et al: Mouthwash and oral cancer: Carcinogen or

coincidence? J Oral Surg 37:250-253, 1979

Weiner GJ, Cooper JB, Wu WC, et al: Is hoarseness an atypical manifestation of gas-
troesophageal reflux? An ambulatory 24 hour pH probe study. Gastroenterology
90A:1691, 1986 g

Weiner GJ, Koufman JA, Wu WC, et al: Chronic hoarseness secondary to gastroeso-
phageal reflux disease: Documentation with 24-hour ambulatory pH monitoring. Am
J Gastroenterol 84:1503-1508, 1989

Werness BA, Levine AJ, Howley PM: Association of human papillomavirus types 16
and 18 E6 proteins with p53. Science 248:76-79, 1990

Willett WC, MacMahon B: Diet and cancer. An overview. N Engl ] Med 310:633-638,
697-701, 1984 ,

Williams RR, Horm JW: Association of cancer sites with tobacco and alcohol consump-
tion and socioeconomic status of patients: Interview study of the Third National Cancer
Survey. J Natl Cancer Inst 58:525-547, 1977

Wynder EL, Bross IJ, Day E: A study of the environmental factors in cancer of the
larynx. Cancer 9: 89-110, 1956

Wynder EL, Dod H, Bloch DA, et al: Epidemiologic investigation of multiple primary
cancers of the upper alimentary and respiratory tracts. Cancer 24:730-739, 1969
Wynder EL, Kabat G, Rosenberg S, et al: Oral cancer and mouthwash. J Natl Cancer
Inst 70:225-260, 1983

Wynder EL, Stellman SD: Comparative epidemiology of tobacco-related cancers. Can-
cer Res 37:4608-4622, 1977 o

Wynder EL, Covey LS, Mabuchi K, et al: Environmental factors in cancer of the larynx:
A second look. Cancer 38:1591-1601, 1976




118.

119.
120.

THE ETIOLOGY AND PATHOGENESIS OF LARYNGEAL CARCINOMA 19

Yoder MG, et al: Squamous cell carcinoma in\so]itary laryngeal papillomas. Otolaryngol
Head Neck Surg 88:745-748, 1980

zur Housen HP: Papillomaviruses in human cancer. Cancer 59:1692-1696, 1987

zur Housen HP: Papillomaviruses as carcinoviruses. Advances in Viral Oncology: Tu-
morigenic DNA Viruses 8:1-26, 1989

Address reprint requests to

James A. Koufman, MD

Center For Voice Disorders of Wake Forest University
Department of Otolaryngology

Bowman Gray School of Medicine

Medical Center Boulevard

Winston-Salem, NC 27157-1034




