ASBESTQS, DENTAL X-RAYS, TOBACCO, AND ALCOHOL
IN THE EPIDEMIOLOGY OF LARYNGEAL CANCER

M. Warp Hinps, MD, MPH,*t Davio B. Tuosmas, MD, Dr PH.E
AND H. P. O'REiLLY, MPH*

A case-control study of 47 laryngeal cancers in males of three counties of
Washington State was conducted. Personal interview was used to obtain in-
formation on smoking, alcohol use, exposure to asbestos, and other substances,
and x-rays of the head and neck area. Smoking and alcohol consumption were
found to increase risk of laryngeal cancer independently, with a clear dose-
response relationship. Neither asbestos exposure nor exposure to other sub- .
stances was found to sigmificantly increase the risk of laryngeal cancer, w0
although the relative risk with asbestos exposure was 1.75. Lifetime history of
exposure to dental x-rays on five or more occasions was associated with sig-
nificantly iacreased risk of laryngeal cancer among heavy smokers but not
among light smokers. The importance of tobacco and alcohol in the
cpidemiology of laryngeal cancer was re-affirmed, the importance of
asbestos exposure was brought into question, and a possible relationship of
laryngeal cancer with exposure to dental x-rays among heavy smokers was

demonstrated.
Cancer 44:1114-1120, 1979,

Csu'r,\m RISK FACTORS for cancer of the
larynx have been well established by epi-
demiologic studies. These include smoking,
aleohol, and male sex 11162021 [ addition,
various occupational exposures have been in-
vestigated as possible causes of cancer of the
larynx. Chemical exposures have been im-
plicated by wwo studies. Cancer mortality
was examined among 139 U. S, counties with
the highest proportion of employment in the
chemical industry.” It was found that these
chemical industry counties showed a statisti-
cally significant 10% elevation in mortality
from cancer of the larynx when compared
to toral U. 8. morwlity. A case-control study
carricd out at the Ruswell Park Memegrial In-
stitute lound significantly elevated relative
risk for laryngeal cancer among barbers,
operatives in the chemical industry, and

From the *Oceupaional Health Scction. Washingion
State Deparument of Social and Health Services, Olympia,
Wanhingion, tCancer Center of Hawigii, Epidemiology
Program,  University of  fhawaii,. Honoludu,  Tawaii,
trred Tlotchioson (auner Resvarch Center, seattle,
W.ashingum

Snppi-urd in part by NCE Grant No. NCHCA 1574
and Connadt NOTLCISA5T]L

Addiess lor 1eprints: Be. ML W, Hinds, Cancer Center
of Hawaii, University of Hawaii, 1236 Lauhala, Suite 407,
Honolulu, HI 96813,

Accepted for publication Scptember 18, 1978,

operatives in the leather industry.” Smoking
history but not alcohol intake wus controlled
for in the analysis. A morality study of male
workers in a nickel refinery disclosed 5
laryngeal cancer deaths when only 1.4 deaths
were expected based on national mortality
rates in Norway.'? An association of laryngeal
cancer with wood dust exposure among non-
smokers but not among smokers has also been
noted.?!

Considerable interest has been aroused
concerning the possible association of asbestos
exposure and risk of laryngeal cancer. Asbestos
is known 1o be associated with bronchogenic
carcinoma and mesothelioma and possibly
other cancers.' In 1973, Stell and McGiil re-
ported a case-control study of 100 males with
laryngeal cancer.’” They found that 31 casces
reported exposure to asbestos as compared
1o only 3 controls for a relative risk (RR)
of 14.5. The same year a brief report on a
cohort of workers at an asbestos textile and
cement factory indicated that 2 deaths from
cancer of the larynx had occurred, whereas
only 037 were expeded.? A second case-
control study in 1975 found that 10 of 13
males with Luryngeal cancer gave histories of
exposure to ashestos compared with none of
the age-matched neighborhood controls.™

The present study was initated following
an investigation of mesothelioma incidence in
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the arca of Puget Sound, Washington Stue,
where dhere is considerable  shipbailding
activity and, thus, asbestos use® Because
mesothelioma incidence was found to be sig-
nificandy and ‘gready elevated in the one
county that contains a very large Naval ship-
varrd, incidence rates for cancer of the larynx
were also examinerd For that county. Sur-
prisingly. that county was found to have the
lowest, rather thun the highest, age-adjusted
incidence of larvngeal cancer in men af the six
countics examined. There was no correlation
between incidence ol mesothelioma and in-
cidence of laryngeal cancer by county (Table

'1). The question was thus raised of whether

ashestos exposure is related to risk of laryngeal
cancer in the Puget Sound arca. This study
wis designed 1o explore that question and to
examine other exposures which might have a
relationship to risk of laryngeal cancer.

MATERIALS AND METHODS

All males diagnosed as having laryngceal
vancer while residents of Pierce. King, or
Kitsap countics between January 1, 1976 and
June 30, 1977 were identified through the
Cancer Surveillance System (CS$S) of the Fred
Huwchinson  Cancer Rescarch Center in
Scattle. The €SS is a population-based cancer
registry and a member of the Surveillunce,
Epidemiology and End Results (SEER) Group
ol the National Cuncer Institute. Sixty-nine

“such cases were identified and 47 of thesé

were included in this study. The remaining 22
cases were excuded because their private
physicians were unwiiling for their patients
to be interviewed (10), the patient was
deceased with no close reladves (8), the
patient could not be located (2) or the patient
refused to be interviewed (2).

A ncighborhood control was chosen for
cach case with matching for sex, race, and
10-year age group. Controls were chosen by a

Tastr 2. Comparison of Usual Cigarette

Fanie 1. Inadence of Mesothelionm and Laivngeal
- Ganeer in Six Washingion Counties, 197470

Average antmal age-adjuseed
mcidence per 100000 males

Laryngeal cancer Mesothehama
County (N = 220) (N = 34)
Pierce 0.0 0.9
Greys Harbor e 0.9
Thurstun X! 08
King 6.8 1.0
Snohomish 3.5 ‘ 0.8
Ritsup 4.0 4.5

door-to-door survey starting at the third house
to the right of the case’s address and follow-
ing a written sct of dircctions until a control
was found. A potential control address was
not to be abandoned undl at least two visiis
at differemt times of the day and vwo phone
cafls, one at night, were unsuccessful. No
addresses had to be abandoned with this pro-
cedure, although ¥ potential controls refused
to be interviewed and were replaced by
others in the same neighborhood.

All cases and conurols read and signed an
informed consent form and reccived a copy
prior o being interviewed. The interviews
were carried out by two of the authors (MWH
and HPO) with matched cases and controls
always interviewed by the same person. Inter-
views were conducted cither in the subject’s
home or at his place of work. In three in-
stances where the case was deceased, a pri-
mary relative (wife. brother) who lived with
the deceased for many years was interviewed.
The same relative of the matched control [or
these cases was interviewed rvather than the
control himsclf. The interviewer employed a
standard questionnaive and over a period of
20 to 30 minutes clicited a detailed history
of places and nature of employment through-
out the subject’s life and specific histories of

Consumption Levels for Cases and Countrols

Cases Caonirols
Cigarcttes

per day Percent (Nol) Percent (No.) RR* - P
Larss than J0 4.2 () 310 (I 1.00
to-un KN [SRJ] 298 (1 713 <025
- AN [Sd) Firi 113) 13,754 < {1
Musre than (10 213 (1v) 1.5 (B} 2000 <.01

Toran UG {47) 1.0 i7}

Test for trend, p < .001,

* Risks are expressed reltive woa sk of 100 for
consumption of less than 10 cgarettes per day.

(R K]
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- Tanee 3. Comparison of Total Puck-Years of Gigarete Exposure for Cases and Controls
Cuses Controls

Pack-veurs .

exposupe Percent  (No.) Percent  (Nu.) RR* P
Less than 10 4.3 2) 34.1 (16) 1.00
10-39 5.5 (12) 319 (15 6,40 <05
10-69 40.4 (RE1)] 17.0 8) 19.00 < .40}
70 or more 24.8 (1) 17.0 (8) 14.00 <.01

Torar 100.0 (47) 100.0 {47)

Test for trend, p < .005.

exposure to ashestos, arsenic, nickel, uranium,
chromium, cobalt, and other chemicals or
mmaterials felt to be of importance to the sub-
ject. In addition, a detailed smoking history,
alcohol consumption history, history of x-ray
exposure in the head and neck area, and his-
tory of habbies were obtained.

All cases were classificd according to site
of origin of the tumor (glottie, supraglouic,
other) and all dita were coded and key-
putiched for analysis,

For 2 x 2 matched-pair tables with simall
cell frequencies, the method suggested by
Bennett and Uniderwood was used lor testing
significance.? Chi-square avalysis was used
where matching was not maintained.

Resurrs

All47 laryngeal cancers were in Caucasians,
There was no significant difference between
the mean age at diagnosis of the cases (63.0
+ 8.3%) and the comtrols (63.1 % 9.2), in-
dicating that matching on age was successful.
[n addivon there was nosignificant difference
between the mean age of the cases and the
mean age of all male laryngeal cancer cases
identificd by €SS in the three countics under
study for the period January 1, 1975 through

® Mcun = standard deviation.

* Risks are expressed relative o a rish of 1.00 for
cxpasure to less than 18 pack-years.

June 30, 1977 (63.2 £9.2, N=133). A
comparison of the 47 study cases to these same
153 total cases likewise revealed no significant
difference for site of wumor, county of
residence, or marital status. Thus, the study
population of 47 cases would appear o be
representative of all laryngeal cancer cases
occurring in:males during this period and in
this geographic area.

The sitc of the cancer was glottic for 33
of the cases (74.5%), supraglottic for 9 (19.14),
and subglottic or other for the remaining 3
cases. This is a higher proportion of glotic
cuses than has been reported in a study by
Wynder et al ?! but may retlect the substantial
population ot Swedish ancestry in the Puget
Sound area, since glottic cancers in Sweden
may constitute up to 89% of all luryngeal can-
cer.'® In the 1970 census, the three counties
surveyed in this study had a propordonate
Swedish population more than four times
greater than Wynder's population.™*

A comparison of the 47 cases interviewed
with the 22 cases not interviewed revealed
that the cases not interviewed were slightly
younger (60.7 £ 7.5 years), less likely 10 be
marricd (77.3% versus 30.9%), and less likely
to have a glottic cancer (54.5% versus
74.5%), but none of the dilfercnces were
statistically significant.

Comparison of Usaal Level of Alcohal Consumption for Cases and Contrals

Tame 4.
Cases Controls
Akohal per day Pereem (No.) Percent  (No) RR* . p
Foss thuar § et 2038 {tn 5.2 {20 .50
=2 wnts 192 (' 212 {im T 05 . h Y
B8 e 319 115) 9.2 2] 1.79 <05
Mote than G ity 255 [EA3] 6 3 Q.01 <.}
100.0 47) jo0.0 1D

Turar

Test lor tend. p < 001,

* Risks arc expressed selative 1o a risk of 10O for
consumption of less thun 1 unit per day.
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. The relationship of smoking and alcohol
constmption to risk of laryngeal cancer were
analvzed without maintaining matched pairs.,
The spnoking association, witha dose-response
relationship, was apparent whether one
examined the usual level of cigareue con-
sumption (Table 2) or the total pack-years
consumption calculated from the yearof start-
ing smoking to the year ol diagnosis tor the
case {Table 3). Exsmokers were combined
with current smokers for all analyses. Only 1
of the cases but 8 of the controls were non-
smokers. Usual alcohol consumption was cal-
culated on the basis of units per day, with
the approximation that one unit = 1 ounce of
hard liquor = 4 ounces of wine = 12 ounces
of beer. The results in Table 4 clearly dem-
onstrate an assochition between alcohol con-
sumption and risk of larvngeal cancer and
strongly suggest a dose-respouse relationship.

Although the number of cases was small,
it was possible to demoustrate that smoking
and alcohol consumption appear o act as in-
dependent risk factors (Table 5). This would
agree with the findings of previous studies.®
Although  synergism was  suggested,® the
broad, apen-ended categories do not really
alow such analysis.

For a history of exposure w asbestos, 25
(53.998) of the cases and 19 (40.1%) of the
controls gave a positive response. There were
14 matched pairs for which only the case was
cxposed to ashestos and 8 pairs for which only
the control was exposed. Matched pair analy-
sis of asbestos exposure thus gave a RR for
laryngeal cancer of 1.73. which was not
statistically significant. When the duration of
exposure to ashestos was examined for cases
and controls with an exposure history, again
there was no significant ditference (8.4 = 8.2
vears and 8.3 = 7.5 vears, respectively), and
no dosc-response clfect could be demon-
strated. The sources of asbestos exposure
{shipvirds, brake repair, construction) were
also similar for both cases and controls. A lack
ol significant association between asbestos ex-
posure and laryngeal cancer was found for
both plottic and supraglottic cases, and for
casc-cantral pairs fortwitously matched for
stoking and alcohol consumption (Table 6).
The RR was consistenty greater than 1.00 for
cich antegory of pairs analyzed, however.

Very few cases or controls gave a history
ol exposure” to arsenic, nickel. uranium,
chromium, or cobalt and there was no sig-
nificant association found between exposure

Tanr 50 Relative Risks of Larvngead Cancer Accoding
ty Presence or Absence of fwo Exposures —Fleavy
Drrinking and Heavy Senoking®

Heavy simokng

Na Yes
Heavy No 1.0t RN
drinking Yes 2.23 ®.10

* Heavy drinking is defined as one or more unis of
aleohol per day: heavy sinoking as more than 20 cig-
areues per day.

t Risks are expressed relative o a rnk of 10D for
persons who are neither heavy drinkers nor heavy
smokers.

to any one of these and risk of laryngeal
cancer.

There was some suggestion of an associa-
tion bewween a history of exposure w dental
x-rays and risk of hiryngeal cancer. Cases and
controls were asked to estimate the number
of times in their lives that a visit to a dentst
had involved dental x-rays. Cases reported a
mean of 14.3 dental x-ray visits and controls a
mean of 12,3, a nousignificant difference. The
frequency distribution of the number of dental
x-ray visits was highly skewed however, with
15 (31.9%) cases and 22 (46.8%) controls giv-
ing a history ol only 0—4 dental x-ray visits,
Because of a concern about the possibility of
confounding of any assaciation of dental x-
rays and laryngeal cancer by cither smoking
or alcohol use, the relationships between
smoking and dental x-rays and between
alcohol use and denal x-ravs were examined
for all 94 subjects. No statistically significant
association could be found in any analysis of
number of dental x-ray visits versus number

Tante 6. Mutched-Pair Analyvsis of Asbestos Exposure
in Relation to Risk of Laryngea Cancer

Paus Pairs

wlonly winnly
Pairs cases contruls
analyvzed N exposed exposed  RR p
All 47 14 R 1.75 .2
Glottic cancer 35 9 7 1.29 .63
Supraglattic .
caneer 9 4 i f.00 22
Smoking.
muncheed® 12 3 i 300 37
Al(()h()l
it hedt 12 4 3 133 .73

* Matched on smoking ctegories in Table 2.
t Matched on  alcohol consumption  catcgories in
‘Table 4.
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Tante 7, Comparison of Nuniher of Dental Xeray Visits by Cases and by Controfs Amaonyg
* Smokers of 21 or More Cigarertes a Day
Cases Coatrols
No. of denal
X-Fay visits Yercem {(No) Percemt {No.) RR* P
0-4 219 (D 64.7 (D) 10
5-9 8.4 (6) i1.8 (2) 4.7 NS
10 armmore 549.3 () 23.5 [C}] 7.5 <.02
Toran 100.0 132) 100.0 (7

Test for trend, p < .003.

of cigarcties a day smoked or number of units
of alcohol a week consumed. Specifically,
there was no cvidence that more heavy
smokers were present among the groups with
maore dental x-ray visits. ¥or the categories of
0-4, 5-9, and 10 or more dental x-ray visits
the percentage of heavy (21+/day) smoker
was 48.6, 44.4, and 56.4, respectively. Th
dental x-rav data were then analyvzed in ww
ways to determine associatdon with faryngeal
cancer risk. First, the matching of pairs was
disregarded and evidence of a dosc-response
wis sought. Among lightsmokers (20 or fewer
cgarettes per day), there was no increased
risk of laryngeal cancer found in association
with dental x-ray visits. However, among
heavy smokers, a dose-response relationship
was suggested and a significant relative risk
ol 7.5 was found when a history of 10 or more
dental x-ray visits was reported (Table 7). A
matched pair analysis revealed 12 case-control
pairs in which only the case was exposed w0
five or more dental x-ray visits versus 5 pairs
in which only the control was so exposed. This
difference was not significant, but when the
matched pair analysis was stratified by smok-
ing level, a significant association was found
among hecavy smokers (21 or more cigarettes
per day) between expostire to 3 or more dental
x-ray visits and laryngeal cancer (Table 8). No
association was found between laryngeal can-
cer and other x-rays of the head and neck, but

* Risks are expressed relative to a risk of 1.0 for
exposure to less than 3 dental x-ray visits.

the number of persons giving such an ex-
posure history was too small for meaningful

analysis.

Discussion

This study found, as have others, that the
most recadily identifiable risk factors for
laryngeal cancer are tobacco and alcohol con-
sumption.®*?! The findings in this study,
however, arc not supportive of the hypothesis
that asbestos exposure is an important risk
factor for cancer of the larynx, although the
RR of 1.75 found is consistent with a small
risk associated with asbestos exposure. Both
the studies of Stell and McGill' and Shettigara
and Morgan'® found very high relative risks
tor larynyeal cancer associated with asbestos
exposure (RR = 14.5 amd =, respectively). It
is difficult 10 understand why such a strong
relationship would have been missed in the”
current study if itis a real one. The investiga-
tion of Stell and McGill used hospital con-
trols with no apparent matching other than
sex and age. No alcohal consumption history
was taken. We do not know it both cases and
controls were interviewed by the samce in-
dividual using a standardized format. Some
possibilities for bias thus exist, but it is dif-
ficult to sce how such biases would produce
a RR of 14.5. Onc question which nceds to
be answered is whether the laryngeal cancer

Camparison of Matched Case-Control Pairs for Exposure to Denial X-rays
P 3

Tantr 8.
- Pairs wlonly Pairs w/only
N~ cases exposcid* contials exposed KR . P
Al marched pains 47 12 5 140 A0
Lans i hed for smokiogt
1 yaht 2 2 1.00 .00
Heavy 12 5 0 £ fiL

* Exposed = 5 or more dental visits with x-rays taken.

t Light simohing = 20 or fewer cigmenes per day:
heavy simoking = 21 or mare cigarettes per day.
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cases were likely o gain any workmen's
tompensation benefits by linking a past work-
ing cxposure to their illness. Such a situation
could indeed introduce a’large bias if the
nature of the investigation was at all ap-
parent to the cases prior to or during the
interview.

The investigation by Shettigara and Morgan
did match on neighborhood of residence as
well as sex and age, thus using a control
group very similar to that of the current study.
Four of the cases were apparently inter-
viewed by dinic personnel while all the con-
trols and the remainder of the cases were
interviewed in their homes by a single inter-
viewer. It scems possible that a search for
ashestos exposure might have been somewhat
more emphasized for the 4 cases interviewed
in the clinic, thus introducing some bias into
the study. It is surprising that alcohol con-
sumption was not found to be related to risk
ol laryngeal cancer even though this is ap-
parently a well-established risk factor.1t:2031

- Ashestos-exposed  cases were more often

smokers than non-asbestos exposed cases
(100% versus 90.9%) although the difference
was not significant. Again. although some po-
tential for bias can be shown,.it is difficult
to see how bias alune might produce the
high RR found for ashestus exposure.

The primary difference in the findings of
the present study as compared to the two
above was in the proportion of controls who
were found to give' a positive history for
asbestos exposure. Only 3% of the controls of
Stell and MceGill and none of the controls of
Shettigara and Morgan reported asbestos ex-
posure as compared to 40.4% so doing in
the present study. We included any person
in the asbestos-exposure category if he
answered positively o an inquiry about cx-
posure as a result of working directly with
or in the vicinity of asbestos dust. [t is pos-
sible that definitions of exposure used by the
two previous studies were more restrictive
and this is in part responsible for the dif-
ferent findings, or it may be that asbestos
cxposure in the general population is more
common in the Puget Sound arca ol Wash-
ington State than in Liverpool or Toronto.
While this might not ‘be unexpected for
Toronto, it would be somewhat surprising for
Liverpool, which is in an area where meso-
thelioma due o asbestos exposure is not un-
common.® [n the Puget Sound area, the ship-
building indusiry was found to be a common

1119

source of accupational exposure o asbestos,
with 12 of the 44 asbestos-exposed subjects
identifying a shipyard job as the site of asbestos
contact. However, occupational exposures
also occurred frequendy in construction of
buildings and homes. brake lining repair, and
the plumbing industry.

At least three previous studies present evi-
cdence which is not in favor of a relationship
between ashestos exposure and laryngeal can-
cer. Sclikoff et al. have been following three
large cohorts of asbestos workers for several

years and as yet no significant excess of

laryngeal cancer has heen observed.' Ad-
mittedly, laryngeal cancer is an uncommon
ncoplasm, but not so rarc as mesothelioma
for which excess mortality has been easily
demonstrated in these cohors. The case-
control study of 314 cases of laryngeal cancer
by Wynder et al. was unable to detect any oc-
cupational exposure. other than possibly
wood dust in nonsmokers, which conferred
excess risk of laryngeul cancer.®' Asbestos
exposure was specifically questioned for and
none of the 13 nonsmoking cases were aware
of such exposure. Finally, a retrospective
survey of over 14,000 cancer cases admitted
to Roswell Park Memorial Institute in Buffalo
was carried out with tomparison to nounco-
plastic controls.? Each person was classilied
into as many different occupational groups
as were present in the history. After adjust-
ment for smoking history, there were no oc-
cupations usually associated with ashestos ex-
posure which showed an increased risk for
laryngeal cancer. ’

In summary, the relationship of asbestos
exposure to laryngeal cancer appears 1o be
open to question. A recommendition for
further studies may not be warranted, how-
cver, since asbestos exposure is already com-
ing under strict control because of its clear re-
lationship to mesothelioma and lung cancer.!

The finding in the present study of a pos-
sible relationship between exposure to dental
x-rays and laryngeal cancer among heavy
smokers is one which does call for further
investigation because of the common use of
dental x-rays. Of course this relationship was
based on a small number of cases and may
nat be real, or if real may not indicate that
dentad x-rays themselves are responsible for
excess laryngeal cancer among heavy smokers.,
The lrequency of visits to the dentst’s office
and the usc of dentl x-rays arc undoubtedls
correlated with many variables, particularly

HWBUI0006307
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dictary habits, which were not controlled for
in this study. Also arguing against a causal
asseciation between dental x-rays and laryn-
geal cancer is the fact that although thyroid
cancer has been found in cxcess among per-
sons who have received large doses of external
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geal carcinoma in Scandanavia. Laryngoscope B3:1185~
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ADDENDUM

Alter acceptance of the manuscript for publication, an -additional case-contral study of
laryngeal cancer and asbestos exposurc appeared in the litcrature.® This study was con-
ducted in the province of Treste, haly, where 60 laryngeal cancer paticnts and 60 age-
and sex-matched hospital controls were interviewed concerning smoking habits and oc-
cupatonal exposure to asbestos. Fifty percent of cases'and 35% of controls gave a history
of occupational exposure to asbestos. The relative risk of 1.86 was notstatistically significant.
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