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Formaldehyde and the risk of squamous cell
carcinoma of the sinonasal cavities
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ABSTRACT A study of 759 histologically verified cancers of the nasal cavity (287 cases), paranasal
sinuses (179 cases), and nasopharynx (293 cases) and 2465 cancer controls diagnosed in Denmark
between 1'970 and 1982 was conducted to investigate the importance of occupational exposure to
formaldehyde. Information on job history for cases and controls was derived from a national data
linkage system and exposure to formaldehyde and wood dust was assessed by industrial hygienists
unaware of the case-control status of the patients. The exposure rates for formaldehyde among male
and female controls were 4-2% and 0 I%, respectively. After proper adjustment for contemporary
wood dust exposure, relative risks of 2*3 (95% CI = 0-9-5-8) for squamous cell carcinoma and 2-2
(95% CI = 0-7-7-2) for adenocarcinoma of the nasal cavity and paranasal sinuses were detected
among men who have ever been exposed to formaldehyde in their job compared with those never

exposed. The introduction of a 10 year latency period did not change the risk estimates
substantially. It was considered unlikely that the results were due to bias or misclassification of
exposure although the effect of chance could not be excluded.

Recent case-control studies suggest that formal-
dehyde may be a human carcinogen in concentrations
that were present in workplaces in the past. Relative
risks of 1-6 and 2-5 for cancers of the nasal cavities
and paranasal sinuses have been assessed in subjects
who have been occupationally exposed to formal-
dehyde.' 2 Formaldehyde is genotoxic in several
assays3 and is carcinogenic for rats and probably for
mice, producing nasal tumours after inhalation.45
Even though the histological subgrouping of the
experimentally induced tumours has later given rise to
some criticism,6 it is generally agreed that it is the
squamous cell carcinoma that predominates in these
long term exposure studies. Human as well as experi-
mental evidence, however, needs further evaluation to
qualify and quantify the risk of nasal cancer in man
after exposure to formaldehyde.

This paper reports on a case-control study to
investigate the risk of squamous cell carcinomas and
adenocarcinomas of the nasal cavities developing
after occupational exposure to formaldehyde and
wood dust. The excess risk of developing a tumour at
these sites has been reported without distinguishing
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between the histological subgroups.' Recently the
histology of the tumour has been verified among the
cases and a reanalysis performed.

Material and methods

Cases and controls were selected from the files of the
Danish Cancer Registry' ' which is a computerised
register based on notification forms filled out by
physicians (or in case of necropsy, by pathologists) at
the time of diagnosis and forwarded to the Cancer
Registry.

CASES
The case group consists of all patients with cancer of
the nasal cavity (ICD-7: 160-0), paranasal sinuses
(ICD-7: 160-2-160-9), and nasopharynx (ICD-7: 146)
diagnosed in Denmark between 1970 and 1982, a
total of 839 subjects (table 1). The original
notification forms were found in the archives of the
registry and examined for futher information on
tumour diagnosis. Approximately 90% of the
notification forms stated exactly the site and histology
of the tumour. In cases where no information on his-
tology could be obtained from the forms or where
uncertainties as to the reliability of the morphology or
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Table 1 Verification oftumour site and histology

ICD-71 Verification No %

Miscoding in Cancer Registry 41 5
160/146 Tumour site and histology confirmed 759 90
160/146 Benign tumour 3 0
160/146 Histology not stated 29 4

Not primary cancer 7 1
839 100

primary site of tumour persisted, inquiries were for-
warded to the hospital departments that had treated
the patients and to the pathology institutes for
verification of the site of the tumour and its histology.
As shown in table 1, 5% of the tumours had been

incorrectly coded to the sinonasal cavities and
nasopharynx. Most of these tumours were, in fact,
skin cancers of the nostrils and external nose. In addi-
tion it appears (table 1) that 1% of the cases were

secondary tumours that had spread to the upper

respiratory tract. Finally, verification was not
obtained in 4% of cases. So, after appropriate exclu-
sion of cases, 759 histologically verified cancers of the
nasal cavity (287 cases), paranasal sinuses (179 cases),
and nasopharynx (293 cases) remained for analysis.

CONTROLS
About three times as many controls as cases were

selected among patients with cancer of the colon, rec-
tum, prostate, and breast diagnosed during the same
period.1 The control group was selected to be similar
to the case group with regard to sex, age (± 5 years),
and year of diagnosis (± 5 years). Altogether 2465
individuals were included as controls and remained
included irrespective of the re-examination of the
cases described above.

ASSESSMENT OF EXPOSURE
By means of record linkage of the information on the
malignancy derived from the Cancer Registry with
information on employment and job titles included in
a so called Supplementary Pension Fund and in the
Danish Central Population Registry, an occupational
history dating back to 1964 was established for each
case and control. The Supplementary Pension Fund is
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Table 2 Normal and restricted (R) stratification for wood
dust exposure used in the analysis ofrisks associated with
exposure toformaldehyde

Registered exposure Restricted (R)
Normal stratification categories stratification

Exposed fLIKELY } Exposed (R)
POSSIBLE

Unexposed UNKNOWN
UNLIKELY} Unexposed (R)

a compulsory national pension scheme that covers all
employees in the country, and the Central Population
Registry is a national roster that comprises job
description by title for most inhabitants and which is
updated daily.

All occupational histories were reviewed, without
knowledge of case-control status, by three industrial
hygienists trained in the assessment of chemical
exposure in Danish industries. For each single
employment it was determined whether cases and
controls (1) had remained unexposed to for-
maldehyde and wood dust, (2) had been exposed with
certainty, (3) had probably been exposed, or (4)
whether no information on exposure could be
obtained. The guidelines for the assessment of
exposure and the data linkage have been described in
detail elsewhere.1

ANALYSIS
The effect of exposure to formaldehyde and wood
dust on the risk of cancers of the nasal cavity and
paranasal sinuses and cancer of the nasopharynx has
been estimated as an odds ratio; 95% confidence lim-
its were calculated as outlined by Miettinen.8 When
subjects were stratified according to exposure in order
to take possible confounding into account, the
Mantel-Haenszel procedure for calculating summary
estimates of the relative risk was used.9

In the calculation of the risk of cancers of the nasal
cavity and paranasal sinuses associated with for-
maldehyde exposure, two alternative procedures for
the stratification of wood dust exposure have been
followed (table 2). The first has been performed to
preserve the best possible power of the study and the

Table 3 Frequency (%) oftumours according to histology and site. (Percentages given in parentheses)

Nasal cavity andparanasal sinuses Nasopharynx

Men Women Men Women

Squamous cell carcinoma & lymphoepithelioma 215 (69) 103 (66) 159 (80) 66 (70)
Adenocarcinoma 39 (13) 13 (8) 6 (3) 2 (2)
Sarcoma 17 (6) 21 (13) 28 (14) 19 (20)
Malignant melanoma 16 (5) 4 (3) 0 (0) 0 (0)
Other histology 23 (7) 15 (10) 6 (3) 7 (8)

310 (100) 156 (100) 199 (100) 94 (100)
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Table 4 Adjusted, separate, andjoint relative risk
(RR)among menfor squamous cell carcinoma ofthe nasal
cavity andparanasal sinuses after exposure toformaldehyde
and wood dust (A: ever versus never exposed; B: 10 or more
years sincefirst exposure)

Formaldehyde

Unexposed Exposed

A:
n= 113 n=4

Unexposed 10 2-0 1.0*
(-) (0 7-5 9) (-)

Wood dust
n=0 n=9

Exposed - 16 1-3*
(-) (0-8-3 3) (06-2-8)

01 (-) 2-3t (09-5 8)

B:
n = 81 n = 2

Unexposed 1.0 14 1.0*
(-) (0 3-64) (-)

Wood dust
n=0 n=6

Exposed - 1-8 1-3*
(-) (0-7-44) (05-3-6)

1 (-) 2 4t (0.8-7.4)

*RR adjusted for formaldehyde exposure.
tRR adjusted for wood dust exposure

other to ensure that no residual confounding effect
from wood dust exposure persisted. The calculations
were performed using the programs developed by
Rothman and Boice.10

Results

The exposure ratios for formaldehyde and wood dust
among controls were found to be 4-2% and 5-8%,
respectively, for men, and 011% and 0 0% for women.

Table 3 shows the distribution of the 759 tumours
of the nasal cavity, paranasal sinuses, and
nasopharynx according to histology. Squamous cell
carcinomas predominate, accounting for 72% of the
cases. Some 8% are adenocarcinomas and 20% sar-
comas, melanomas, and tumours of more rare histo-
logical origins.

CARCINOMAS OF THE NASAL CAVITY AND

PARANASAL SINUSES (ICD-7:160'0,
160 2-160 9)
Table 4 shows the relative risk of squamous cell car-
cinomas of the nasal cavity and paranasal sinuses
developing in men after exposure to formaldehyde or
wood dust (ever versus never exposed (A), and after
the introduction of a latency period of at least 10
years from first exposure till tumour diagnosis (B)).
The adjusted excess risks for these tumours were 2-3
whenever exposed to formaldehyde and 13 whenever

exposed to wood dust. The joint relative risk was 1 6.
None of the risk estimates, however, was significantly
greater than one. The introduction of a 10 year
latency period did not change the risk estimates sub-
stantially.
The effect of formaldehyde and wood dust

exposure on the occurrence of adenocarcinomas
of the nasal cavities is examined in table 5. A
significant excess risk of 16-3 was detected for wood
dust exposure after proper adjustment for for-
maldehyde exposure was carried out (A), and a non-
significant excess risk of 2-2 was observed for
formaldehyde exposure after adjustment for the effect
of wood dust exposure. Table 5 also shows the joint
effect of formaldehyde and wood dust with an esti-
mated relative risk of 39 5. In the study population
not exposed to wood dust a significant excess risk was
observed after exposure to formaldehyde (tables 6
and 7). Inserting a latency period of 10 years (B) did
not interfere with this overall pattern for the adeno-
carcinomas, though the carcinogenic effect of wood
dust seemed even more obvious.

In addition to the ordinary procedure of
stratification an identical risk analysis has been per-
formed based on a restricted procedure of
stratification (table 2) to evaluate possible residual
confounding on the results presented. The risk esti-
mates for squamous cell carcinomas are shown in
table 6 and those for adenocarcinomas associated
with formaldehyde exposure after ordinary and

Table 5 Adjusted, separate, andjoint relative risk
(RR)among menfor adenocarcinoma ofthe nasal cavity and
paranasal sinuses after exposure toformaldehyde and wood
dust (A: ever versus never exposed; B: 10 or more years since
first exposure)

Formaldehyde

Unexposed Exposed

A:
n=8 n=1

Unexposed 1 0 70 1 .0*

Wood dust
n=2 n= 16

Exposed 24-0 39.5 16-3*
(76-75 6) (220-70 8) (5 2-50-9)

1 (-) 2-2t (0 7-7-2)

B:
n=6 n=1

Unexposed 1.0 9-5 1 0*
(-) (16-57-8)

Wood dust
n=3 n= 11

Exposed 36-8 44 1 30.4*
(135-96-0) (22 2-87 8) (89-103-9)

10-t (-) 1-8t (05-6-0)
*RR adjusted for formaldehyde exposure.
tRR adjusted for wood-dust exposure.
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Table 6 Relative risk (RR) for squamous cell carcinoma of the nasal cavity andparanasal sinuses associated to
formaldehyde, after "normal" and restricted (R) adjustmentfor wood dust exposure (A: ever versus never exposed; B: 10 or
more years sincefirst exposure)

Formaldehyde

Wood dust Exposed/unexposed cases RR 95% Cl

A:
Unexposed 4/113 2-0 (0 7-5 9)
Unexposed (R) 4/111 2-1 (0-7-6-3)
Exposed 9/1 3-8 (0-5-28-4)
Exposed (R) 9/0 -

Adjusted risk 2-3 (0 9-5 8)
Adjusted risk (R) 2 5 (0 9-6 8)
B:
Unexposed 2/81 1 4 (0 3-64)
Unexposed (R) 2/81 1 4 (0 3-6-4)
Exposed 6/0 -

Exposed (R) 6/0
Adjusted risk 2-4 (0.8-7.4)
Adjusted risk (R) 2 1 (06-69)

Table 7 Relative risk (RR) for adenocarcinoma of the nasal cavity andparananasal sinuses associated toformaldehyde, after
"normal" and restricted (R) adjustmentfor wood dust exposure (A: ever versus never exposed; B: 10 or more years sincefirst
exposure)

Formaldehyde

Wood dust Exposed/unexposed cases RR 95% Cl

A:
Unexposed 1/8 70 (1.1-43-9)
Unexposed (R) 1/8 7-4 (1-2-45-8)
Exposed 16/4 1-7 (0-5-5 6)
Exposed (R) 16/2 1-3 (0-3-7-0)
Adjusted risk 2-2 (0 7-7 2)
Adjusted risk (R) 2-3 (04-12 0)

B:
Unexposed 1/6 9 5 (1 6-578)
Unexposed (R) 1/6 9 5 (1 6-577)
Exposed 11/5 13 (0-5-4-5)
Exposed (R) 11/3 1.1 (03-52)
Adjusted risk 18 (0 5-6 0)
Adjusted risk (R) 1 8 (0-4-8-4)

restricted adjustment for wood dust exposure are
given in table 7. It may be seen in the tables that risk
estimates remained stable. This is also true for the risk
estimates associated with wood dust exposure (not
shown here).
Among women the exposure rates for for-

maldehyde and wood dust were too low to allow for
any risk estimation.

CARCINOMAS OF THE NASOPHARYNX (ICD-7:146)
Analysis for the risk of histologically specified car-
cinomas of the nasopharynx did not show any associ-
ation with either formaldehyde or wood dust
exposure.

Discussion

A previously published analysis of this case-control
study showed a non-significant excess risk of 1-6 for

carcinomas of the nasal cavity and paranasal sinuses
among individuals with occupational exposure for
formaldehyde and a significant excess risk of 2 1 for
those exposed for wood dust. The results were
claimed to be compatible with a weak relation
between formaldehyde and sinonasal cancer in man.
It was also emphasised, however, that future studies
of those associations should include dose response
relations, and might gain from separate examination
of the different histological types of carcinoma.'
The present analysis has been undertaken after

obtaining the appropriate information on the specific
histological type of carcinoma among the cases. A
substantial excess risk of 16 was detected for ade-
nocarcinomas of the nasal cavities after exposure to
wood dust which increased to 30 after the inclusion of
a 10 year latency period (table 5). These results
confirm the observed substantial excess risk of ade-
nocarcinomas among wood workers especially in the
furniture industry, reported in earlier studies." - 3
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An effect of wood dust exposure on the risk of devel-
oping squamous cell carcinomas was not apparent
after a proper adjustment for formaldehye exposure
was carried out (table 4).
The raised risks of 2-3 (ever versus never exposed)

and 2-4 (10 or more years since first exposed) for
squamous cell carcinomas associated with
occupational formaldehyde exposure were based on
13 and eight cases exposed to formaldehyde of which
only four and two cases, respectively, were unexposed
to wood dust (table 4). These risk etimates for squa-
mous cell carcinomas do not reach a level of
significance but are remarkably near to the risk esti-
mates found by Hayes et al for squamous cell carcino-
mas of the nasal cavities after occupational exposure
to formaldehyde.2
No other epidemiological study gives the risk of

adenocarcinoma of the nasal cavities relative to for-
maldehyde exposure. In this study non-significant
risks of 2-2 (ever versus never exposed) and 1 8 (10 or
more years since first exposed) were detected among
17 and 12 cases exposed to formaldehyde, respectively
(table 5). Owing to the strong relation between
exposure to wood dust and nasal adenocarcinoma
only one formaldehyde case was observed in the cate-
gory unexposed to wood dust which indicates that it
may be difficult to give an unbiased estimate of the
independent influence of formaldehyde on the risk of
developing adenocarcinoma of the nasal cavities.
To reduce the possible effect of residual con-

founding from wood dust in the assessment of the
relative risk for formaldehyde a restricted statification
procedure for the adjustment of contemporary
exposure to wood dust was performed (table 2). The
raised risk estimates for squamous cell carcinomas
and adenocarcinomas of the nasal cavities were found
to be largely unchanged, although the power of the
analysis decreased and the risk estimates became even
more unstable because of the small numbers. Thus we
do not consider that residual confounding from wood
dust exposure is an essential problem in the present
study. This does not, however, exclude the possibility
of misclassification of the exposure to formaldehyde
and wood dust. If the exposure under consideration,
in casu formaldehyde, is subject to such an unbiased
misclassification it would tend to bias the RR esti-
mate towards 1.0.14 15 In the present study this would
mean that the risk estimate was an underestimate of
the true relative risk. If it is the confounder, in casu
wood dust, which is subject to misclassification this
would tend to bias the RR estimate away from 1-0
and accordingly overestimate the true relative risk.'6
Whereas misclassification of formaldehyde cannot be
entirely ruled out because of its widespread use in
industry, misclassification of wood dust exposure is
not likely to occur as the work of wood processing is

well described. It is unlikely, therefore, that the
results of the present investigation are due to
misclassification of exposures.

Both cases and controls originate from a well
defined population and are thus unselected.
Occupational histories are obtained from nationwide
registries which keep their information for different
purposes, and the classification with regard to for-
maldehyde exposure was undertaken by industrial
hygienists with no knowledge of the case-control sta-
tus of the patients under study. Thus no information
bias influences the results. An underestimate of the
relative risks might arise if formaldehyde were associ-
ated with any of the cancers among the controls; this
is unlikely to be the case.

In the present study no information on smoking
habit was available. In a case-control study on cases
of nasal cancer in North Carolina and Virginia an
overall non-significant risk of 20% was detected in
association with cigarette and pipe smoking,'7 which
was most strongly related to squamous cell tumours
(RR = 18 for cigarette smoking and 1-5 for pipe
smoking). It was stated, however, that the associ-
ations found in the study with the occupational vari-
ables remained unaffected after controlling for the use
of selected tobacco products.

In a similar study performed in the Netherlands2 a
moderate rise in risk for nasal cancer associated with
cigarette use was also detected, but again the adjust-
ment for usual cigarette use did not change the overall
risk for nasal cancer associated with formaldehyde
exposure. Adjustment for cigarette smoking in the
assessment of the risk of squamous cell carcinomas
related to formaldehyde did not change the risk esti-
mates essentially. Thus smoking does not seem to be
an important confounder in the study of
occupationally induced cancers of the nasal cavities
and in any case cannot give rise to increased risks of
1-8 to 2-4 seen in association with formaldehyde
exposure in the present study.

After the evaluation of the carcinogenicity of for-
maldehyde by the International Agency for Research
on Cancer3 several new cohort studies'8 -22 and case-
control studies12 13 17 expanding this subject have
been published. The cohort studies are all dis-
tinguished by a lack of power to detect even moderate
excess risks for nasal cancer after occupational
exposure to formaldehyde. It is noteworthy, however,
that none of the studies reported any deaths due to
nasal cancer.23 Two of the case-control studies
showed a weak statistical association between for-
maldehyde exposure and nasal cancer,' 2 the remain-
ing two studies were not designed to evaluate the risk
of formaldehyde and did not detect one. 3 17
No specified substance or characteristic of wood

dust has been identified as a carcinogenic agent. It
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could be argued that the dust may in fact only injure
or reduce the natural renewal of the mucous mem-
branes to an extent that facilitates the action of highly
water soluble potential carcinogens in the ambient
air. If this is true one might expect an effect of for-
maldehyde in the presence of wood dust only but this
is not the case. In addition, the effect of formaldehyde
seems to be in the formation of both squamous cell
carcinomas and adenocarcinomas, while the effect of
wood dust was detectable for adenocarcinomas only.

In conclusion, the present analysis has shown the
well known effect of wood dust on the risk of devel-
oping adenocarcinomas. An independent risk of
occupational formaldehyde exposure on the devel-
opment of both squamous cell carcinomas and ade-
nocarcinomas was also indicated by the present
study. The risk estimates associated with for-
maldehyde were non-significant; however, this may
reflect the lack of power due to the small number of
cases exposed only to formaldehyde. An interaction
of wood dust and formaldehyde seems to exist on the
formation of adenocarcinomas of the nasal cavities.
The target organ in experimental animals of the car-
cinogenic action of formaldehyde is the internal nose.
These reports on animal studies taken together with
the results of the present epidemiological study and a
similar case-control study suggest that formaldehyde
may be a human carcinogen.
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