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Formaldehyde exposure and respiratory cancer
— a meta-analysis of the epidemiologic evidence

by Timo Partanen, PhD’

PARTANEN T. Formaldehyde exposure and respiratory cancer — a meta-analysis of the epidemio-
logic evidence. Scand J Work Environ Health 1993;19:8—15. A recent meta-analysis by Blair and
his co-workers stimulated the undertaking of a reanalysis of the epidemiologic evidence of an asso-
ciation between formaldehyde and respiratory cancer. Emphasis was placed on extracting the maxi-
mal amount of relevant data from the source studies. In close agreement with the original analysis,
the aggregated evidence did not indicate an excess risk or an exposure-response gradient for lung cancer.
An exposure-response gradient was seen for both sinonasal and nasopharyngeal cancers. The risk for
substantial exposure was significantly elevated (odds ratio 1.7 for sinonasal and 2.7 for nasopharyn-
geal cancer). It is suggested that at least substantial levels of occupational exposure to formaldehyde
are associated with a risk of these cancers. The excess risk would be of the order of 100% or more

over background rates.
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A recent review in the Scandinavian Journal of
Work, Environment & Health by Blair and his co-
workers (1) consolidated the results of over 30 epi-
demiologic studies on formaldehyde exposure and
cancer. A causal role for formaldehyde was consid-
ered the most credible for cancers of the nasophar-
ynx and, to a less extent, nose, nasal cavities, and
sinuses, but not the lung. The effects on the aggre-
gated results of the substitution and rederivation of
some of the data extracted from the studies are scru-
tinized in the present reanalysis. The substitutions
and rederivations of input were based on considera-
tions of the maximal amount of information and max-
imal relevance.

Methods

The source studies for the present reanalysis were,
with some updating, very much the same as in the
original meta-analysis (1). The overlaps between
some of the studies in the data were removed accord-
ing to reference 1. To retain comparability, the sta-
tistical treatment of input from the studies was —
with an important addition pertaining to the upper
respiratory sites — kept the same as in the original
analysis (1). Thus the observed (O) and expected (E)
frequencies? were summed over the studies in the
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broad category of any formaldehyde exposure ex-
ceeding background level and in the graded catego-
ries of low-medium and substantial exposure. In sev-
eral studies, graded categories of exposure were sup-
plied, variably delineated in each study via exposure
probability, intensity, duration, cumulated exposure,
or some other related indicator of the authors’ choice.
The aggregate risk ratios (RR) were estimated as ag-
gregated observed-to-expected ratios, and the 95%
confidence limits were set for the RR values by the
Poisson model (2).

The upper respiratory sites were considered in the
subcategories of (i) nasal cavity and sinuses, (ii) na-
sopharynx, and (iii) others (oropharynx, hypophar-
ynx, lip, tongue, salivary glands, and mouth). The
data for these sites derived overwhelmingly from
case-referent studies with imprecise expected fre-
quencies of exposed cases. These data were there-
fore aggregated via the more appropriate log-Gaus-
sian, fixed-effects model for risk ratios (3), in addi-
tion to the Poisson format. The procedure, in essence,
combined the estimates of the log RR values (or log
odds ratios) by weighting each by the inverse of its
variance. The confidence limits of an aggregated RR
were then computed on the assumption of a Gaus-
sian distribution of the log of the estimate of the ag-
gregated RR. The required component RR values and
the variances of the log RR values were extracted
from the study reports. In some reports, estimated
standard errors of the log RR values were readily pro-
vided; in others they were recovered from the re-
ported confidence limits. In the few standardized
mortality ratio (SMR) studies addressing upper res-
piratory sites, the variance of the RR (of the SMR,
that is) was taken as the inverse of the observed fre-
quency. These and other procedures have been de-



scribed by Greenland (4). A chi-squared test for ho-
mogeneity of the component RR values (3) was ap-
plied.

Input values

The main difference between the original analysis (1)
and the reanalysis was the selection of the input val-
ues. Extraction of the maximal amount of relevant
data from the different studies was pursued. Thus
some individual realizations of input parameters cho-
sen by Blair et al (1) were replaced by what were
considered slightly more appropriate ones. The gen-
eral principle was, in the qualitative analysis, to con-
trast the risk connected with formaldehyde exposure
that exceeded background exposure to that associ-
ated with background exposure (“unexposed” sub-
jects). The predetection latency period was accounted
for when lagged inputs (RR or OR values referring
to a period of more than 10 years after the onset of
exposure) could be extracted. In the quantitative set-
ting, similarly, the aggregated exposure-response
analyses were based on lagged input values, if these
values could be derived. In addition, confounder-ad-
justed values were extracted whenever available.

The substitutions made in the inputs for lung can-
cer appear in table 1, and the inputs that were ac-
cepted as such are readily found in reference 1. The
complete inputs for the cancers of the upper respi-
ratory sites are given in tables 3, 4, and 5 in the Re-
sults section. All of the changes are explained in the
following text.

In Harrington & Shannon’s mortality study of Brit-
ish pathologists (5), the figures of lung cancer for
men in England and Wales were replaced by those
for both genders in England, Wales, and Scotland in
order to exploit fully the information provided in the
report.

In the report by Harrington & Oakes (6), on a lat-
er follow-up of British pathologists, the mortality fig-
ures for lung cancer among both genders were pre-
ferred instead of those of men only; this was numer-
ically a minor adjustment.

In place of unlagged values for lung cancer, lagged
equivalents were extracted from the reports of Blair
et al (7) on United States (US) workers producing
and using formaldehyde, Bond et al (8) on Dow
Chemical (Texas) workers, and Stayner et al (9) on
US garment workers exposed to formaldehyde. For
the exposure-response analyses in the large mortali-
ty study by Blair et al (7), low-medium formalde-
hyde exposure referred to any nonzero exposure up
to 5.5 ppm-years, and any exposure exceeding 5.5
ppm-years was considered substantial.

Logue et al (10) contrasted the mortality of US
pathologists with that of radiologists. The observed
and expected values for lung cancer missing in ref-
erence 1 were replaced in the reanalysis with recal-
culated figures. Since 91 malignant neoplasms were
recorded in the follow-up of the pathologists, with
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reported death rates of 1.37/10° years for all cancers
and 0.21/10° years (SMR 0.24) for respiratory can-
cers, the observed number of respiratory cancers (as
a proxy for lung cancer) was calculated as (0.21/
1.37) - 91 =14, and the expected number as 14/
0.24 =58.

From the mortality study by Acheson et al (11, 12)
on British chemical workers, nil, background, and
unknown exposures to formaldehyde were excluded
from the category of exposed workers.

The input for lung cancer from a Swedish nation-
al record linkage study by Malker & Weiner (13) in
the original meta-analysis (1) presumably included,
among others, all physicians, all biologists, most if
not all textile workers, garment shop assistants, and
paper and cardboard production workers as occupa-
tionally exposed to formaldehyde. In the reanalysis,
data for fiber workers in plywood and fiberwood fac-
tories only were included.

The recent updating of the data on Finnish wood-
workers by Partanen et al (14) provided, for the qual-
itative analysis, OR values for lung cancer, with ad-
justment for age, smoking, and vital status at the time
of data collection.

In the case-referent study of sinonasal cancer con-
ducted by Hayes et al (15) in The Netherlands, in-
dependent reconstruction of individual exposure his-
tories from interview data was accomplished by two
hygienists. Blair et al (1) used the assessment of one
of the two. In the reanalysis, mean frequencies were
calculated between the two hygienists in the cells of
a three-dimensional arrangement spanned by wood
dust (two categories), maximal formaldehyde level
(three categories), and case-referent status, from the
frequencies in table III in reference 15. The OR
values adjusted for wood dust and their standard er-
rors (on the log scale) for any, low-medium, and sub-
stantial exposure to formaldehyde were then calcu-

Table 1. Changes in inﬁut between the original analysis (1)
and the reanalysis with respect to lung cancer.? [O = ob-
served frequency, E = expected frequency, RR = risk ratio

(O/E)]

Original values (1) Reanalysis
[¢) E RR (¢} E RR

Reference

Any exposure

Harrington & Shannon (5) 8 242 03 1 279 04
Harrington & Oakes (6) 9 220 04 9 227 04
Logue et al (10) - - 0.2 14 58 0.2
Acheson et al (11, 12) 205 215 1.0 162 160 1.0
Malker & Weiner (13) 214 183 1.2 6 6.7 0.9
Partanen et al (14) 13 98 1.3 7 79 09
Blair et al (7) 201 182 1.1 146 109 14
Bond et al (8) 9 270 06 4 129 03
Stayner et al (9) 39 341 141 8 9.2 09
Low-medium exposure

Acheson et al (11, 12) 39 42 09 53 63 08
Partanen et al (14)° 10 6.6 1.5 1 47 23
Blair et al (7) 88 72 12 102 75 1.4
Substantial exposure

Partanen et al (14)° 3 22 14 3 86 04
Blair et al (7) 62 56 1.1 44 33 13

= Input values that were not changed can be found in reference 1
and they have not been reproduced here.
> Respiratory cancers.
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lated with the Mantel-Haenszel procedure (16), and
the expected numbers needed in the Poisson analy-
sis were derived as O/OR.

Vaughan et al (17) conducted a case-referent study
on sinonasal, nasopharyngeal, and oro- and hypopha-
ryngeal cancers in west Washington in the United
States. For the low-medium and substantial exposure
categories in the reanalysis, 15-year lagged OR val-
ues derived through a job-exposure matrix from tel-
ephone interview data were available. The figures
were readily adjusted for age, gender, cigarette smok-
ing, and alcohol consumption by incorporation of
these covariates into a multiple logistic regression
model. The graded exposure levels were based on a
multiplicative function of maximal exposure level
and number of years exposed. For the qualitative
analysis, exposure levels over background were col-
lapsed into “any” exposure to formaldehyde, and no
adjustment or lagging seemed to be possible for the
reported figures.

Vaughan et al (18) also studied residential expo-
sures to formaldehyde from mobile homes and oth-
er structures. Numbers referring to living in mobile
homes, lagged by 15 years, were selected for the re-
analysis. Figures for “any exposure” were drawn
from the category of “>1 year in mobile home,” ad-
justed for cigarette smoking, alcohol consumption,
gender, and age for sinonasal cancer and for race and
cigarette smoking, and lagged by 15 years, for naso-
pharyngeal cancer.

From the population-based case-referent study of
sinonasal and nasopharyngeal cancers in Connecti-
cut by Roush et al (19), figures adjusted for age at
death, year of death, and quality of occupational in-
formation were extracted. The low-medium catego-
ry of formaldehyde exposure was taken to equal
“probably exposed to some level for most of the
worker’s worklife and probably exposed to some
level for 220 years prior to death,” and the substan-
tial level was “probably exposed to some level for
most of the worker’s worklife and probably exposed
to a high level for 220 years prior to death.” The lat-
ter category was included in the former one in the

Table 2. Aggregated risk of lung cancer for different profes-
sional and occupational groups — Poisson model. [O = ob-
served frequency, E =expected frequency, RR =risk ratio
(O/E), 95% Cl = 95% confidence interval]

Group o E RR 95% Cl
Anatomists, pathologists,
forensic medicine specialists
Blair et al (1)* 29 89.3 0.33 0.22—0.47
Reanalysis 54 159.7 0.34 0.26—0.44
Funeral directors,
embalmers, undertakers,
drug users
Blair et al (1)? 490 5204 0.94 0.86—1.03
Reanalysis 474 4864 0.98 0.89—1.07
Industrial workers
Blair et al (1)? 1181 1096.8 1.08 1.08—1.14
Reanalysis 833 7516 1.11 1.03—1.18

®

Confidence limits recalculated by the present author; see reference
2.
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present analysis because of the way the results were
presented in reference 19. The low-medium catego-
ry therefore served also as the “any” category.

A Danish case-referent study of sinonasal cancer
by Olsen et al (20) provided 10-year lagged figures
for formaldehyde exposure after adjustment for wood
dust exposure.

Three studies missing in the original analysis (1)
were included. From a case-referent study of sino-
nasal cancer by Brinton et al (21), gender-adjusted
figures for formaldehyde exposure were available.
Another case-referent study by Gallagher et al (22)
on cancers of the oral cavity and oropharynx pro-
vided adjusted figures for “any,” as well as “prob-
able or definite” exposure, the latter being used as
input for the “substantial” category of exposure. Mer-
letti et al (23) published their case-referent study on
cancer of the oral cavity and oropharynx after the
original meta-analysis (1). They provided OR values
adjusted for age, education, area of birth in Italy, to-
bacco smoking, and alcohol consumption. The “any”
exposure category served as both “any” and “low-
medium” exposure categories in the present analy-
sis, as no separate “low-medium” category was pro-
vided by the authors. “Probable or definite” exposure,
(ie, exposure very probably or definitely higher than
that of the general population) was selected for “sub-
stantial” exposure.

A recent report of a record-linkage study of oc-
cupational factors for nasopharyngeal cancer in Swe-
den by Malker et al (24) addressed, among other is-
sues, formaldehyde. A standardized incidence ratio
of 3.9, based on four exposed cases, was computed
for fiberboard workers. However, no cases were re-
ported among veneer and plywood workers, and an
adequate input could not be extracted from the re-
port. The study was therefore not considered in the
present reanalysis.

Results

Lung

The results of the qualitative analysis of lung can-
cer are shown in table 2. Only the Poisson model was
applied.

Practitioners of relevant medical specialties (pa-
thology, anatomy, forensic medicine) displayed a
markedly and significantly depressed risk of lung
cancer (aggregated RR =0.3 in the original analy-
sis and upon reanalysis) (table 2). The aggregated RR
for funeral directors, embalmers, and undertakers?
was 1.0 in both analyses, and, in close agreement

3 In lack of a better category, people using formaldehyde
solution (formalin) for medicinal purposes in the
study of Friedman & Ury (25) were placed here. The
authors motivated their scrutiny of lung cancer and
formalin with the statement “since its vapor has been
found to induce squamous cell carcinomas in the nasal
cavity of rats . . . [p 172" (25).
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Table 3. Log-Gaussian® and Poisson® meta-analyses for formaldehyde exposure and sinonasal cancer. (O = observed fre-
quency, E = expected frequency, RR = risk ratio, SE = standard error, 95% Cl = 95% confidence interval)

Level or duration of exposure

Reference Any Low-medium Substantial
O E RR SE (InRR) O E RR SE (nRR) O E RR SE (InRR)

Haynes et al (15) 40 234 1.71 0.291 12 82 146 0414 28 149 1.88 0.339
Vaughan et al (17) 5 6.1 0.82 0.485 4 40 1.00 0579 . . . -
Vaughan et al (18) 5 8.3 0.60 0.546 . - . : . - - :
Blair et al (7) 2 2.2 0.90 0.707 1 2.0 0.50 1.000 1 1.0 1.00 1.000
Roush et al (19)° 16 16.0 1.00 0.327 16 16.0 1.00 0.327 7 4.7 150 0.477
Harrington & Oakes (6) — 0.1 - - . . . . - . - .
Gallagher et al (22) 1 0.0
Hayes et al (26) — 1.7
Acheson et al (11, 12) — 1:1 . -
Olsen et al (20) 23 144 160 0418
Malker & Weiner (13) — 0.2 . -
Brinton et al (21) 2 5.7 035 0.717
All 93 779 0.161 33 302 0.249 36 20.6 0.266
RR (95% CI)

Log-Gauss? 1.11 (0.81—1.53) 1.10 (0.67—1.79) 1.68 (1.00—2.82)

Poisson® 1.19 (0.96—1.46) 1.09 (0.74—1.55) 1.75 (1.21—2.43)

Blair et al (1)° 1.07 (0.82—1.38) 0.82 (0.58—1.12) 1.07 (0.72—1.53)
Heterogeneity®

X2 7.49 1.20 0.44

df 6 3 2

P 0.28 0.75 0.81

a2 See the Methods section, reference 3, and reference 4.

b See the Methods section.

¢ Because of the way the results were presented in reference 19, the low-medium category consists of all of the exposure
categories.

9 QOriginal aggregated risk ratios by Blair et al (1); the confidence limits were recalculated by the present author.

¢ See reference 3.

Table 4. Log-Gaussian® and Poisson® meta-analyses for formaldehyde exposure and nasopharyngeal cancer. (O = observed
frequency, E = expected frequency, RR = risk ratio, SE = standard error, 95% Cl = 95% confidence interval)

Level or duration of exposure

Reference Any Low-medium Substantial
o} E RR SE (InRR) O E RR SE (InRR) O E RR SE (InRR)

Vaughan et al (17) 6 27 226 0470 4 24 167 0.621 2 10 211 0821
Vaughan et al (18) 3 1.0 3.00 0.673 . - . - - . . :
Blair et al (7) 6 2.0 3.00 0408 2 0.5 400 0.707 2 03 667 0707
Roush et al (19)¢ 17 13.1 1.30 0.314 17 131 1.30 0.314 7 3.0 2.33 0484
Hayes et al (26) 4 1.9 2.16 0.500 . - . . - . - -
All 36 207 0.193 23 16.0 0.261 11 43 0.359
RR (95% Cl)

Log-Gauss? 2.00 (1.36—2.90) 1.59 (0.95—2.65 2.74 (1.36—5.55)

Poisson® 1.74 (1.21—2.41) 1.44 (0.91—2.16 2.59 (1.29—5.36)

Blair et al (1)° 1.22 (0.83—1.73) 1.10 (0.74—1.57) 2.06 (1.10—3.52)
Heterogeneity®

X2 3.33 213 2.64

df 4 2 2

P 0.51 0.31 0.27

@ See the Methods section, reference 3, and reference 4.

b See the Methods section.

¢ Because of the way the results were presented in reference 19, the low-medium category consists of all of the exposure
categories.

¢ Original aggregated risk ratios by Blair et al (1); the confidence limits were recalculated by the present author.

¢ See reference 3.

with the original analysis, an RR of 1.1 [95% confi-
dence interval (95% CI) 1.0—1.2] was found for in-
dustrial workers.

A quantitative analysis for lung cancer was per-
formed for industrial workers only, as at least some

of the figures for professionals were confounded by
social class. The aggregated RR was 1.2 (518 ob-
served, 425 expected, 90% CI 1.1—1.3) for low-me-
dium exposure and 1.1 (233 observed, 216 expected,
95% CI 0.95—1.2) for substantial exposure.

11



Scand J Work Environ Health 1993, vol 19, no 1

Table 5. Log-Gaussian? and Poisson® meta-analyses for formaldehyde exposure and cancers of the oropharynx, lip, tongue,
salivary glands, and mouth. (O = observed frequency, E = expected frequency, RR = risk ratio, SE = standard error, 95%

Cl = 95% confidence interval)

Level or duration of exposure

Reference Any Low-medium Substantial
o} E RR SE (InRR) O E RR SE (InRR) O E RR SE (InRR)

Vaughan (17)° 31 220 1.41 0.235 16 178 0.90 0.384 15 115 130 0.419
Blair et al (7)° 13 189 0.69 0.277 11 149 074 0.302 2 49 041 0.707
Merletti (23)¢ 25 156 1.60 0.290 25 156 1.60 0.290 6 3.3 1.80 0.565
All 69 56.5 0.153 52 483 0.183 23 197 0.304
RR (95% Cl)

Log-Gauss? 1.18 (0.87—1.59) 1.05 (0.74—1.51) 1.15 (0.64—2.09)

Poisson® 1.22 (0.95—1.54) 1.08 (0.80—1.42) 1.16 (0.74—1.75)
Heterogeneity'

X2 5.46 3.64 2.84

df 2 2 2

P 0.065 0.16 0.24

2 See the Methods section, reference 3, and reference 4.
b See the Methods section.

¢ Cancers of the oropharynx and hypopharynx.

d

Cancers of the lip, tongue, salivary glands, gum, floor and other oral sites, oropharynx, hypopharynx, and other pharynx
(except nasopharynx). Aggregated from table 5 of reference 7.
¢ Cancers of the oral cavity and oropharynx. Because of the way the results were presented in reference 23, the low-me-

dium category consists of all of the exposure categories.
* See reference 3.

Upper respiratory sites

The complete input data and results of the log-Gaus-
sian and Poisson meta-analyses for sinonasal, naso-
pharyngeal, and other sites of upper respiratory can-
cers are shown in tables 3, 4, and 5. In the reanaly-
sis of both sinonasal and nasopharyngeal cancers (ta-
bles 3 and 4), a significant increase was associated
with the “substantial” exposure category (RR 1.7 for
sinonasal cancers and 2.7 for nasopharyngeal can-
cers). Neither an increased risk nor an exposure-re-
sponse relation was suggested by the aggregated data
for the combined category of oropharynx, hypo-
pharynx, lip, tongue, salivary glands, and mouth (ta-
ble 5).

Discussion

Some of the central problems of epidemiologic meta-
analyses were encountered in this reanalysis. Thus
the choice of the observed and expected frequencies,
or the RR values and their variances, from the vari-
ous studies may have suffered from subjectivity in
a single-author exercise. A weighting of the compo-
nent inputs by study quality was not formally at-
tempted (but the choice of inputs was given some
thought), and the source data were weighted by pre-
cision only. Some heterogeneity and inconsistency
was unavoidable among the inputs from the differ-
ent studies, particularly for lung cancer. All input was
based on published — and most of it peer-reviewed
— results. The procedure was double-edged in that
some data could have been missing, but, if the miss-
ing data were available, their relevance and quality
might have been difficult to judge.
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Considering the statistical procedures, the Poisson
model resulted in narrower confidence limits than did
the log-Gaussian risk ratio model. Strictly taken, the
Poisson model is incorrect when the expected fre-
quencies contain error, which is essentially the case
when the expected values are based on relatively
small numbers of reference subjects. In particular,
when aggregating results of a few small-sized case-
referent studies, the Poisson formula may create a
deceptive illusion of precision, and the log-Gaussian
risk ratio model is preferable. The changes in the
point estimates of the RR values between the origi-
nal and the reanalysis were not however materially
affected by the model; the changes in the input values
were decisive.

Despite a fair number of changes in the input val-
ues, the results of the reanalysis agreed generally well
with those of the original analysis (1). Thus, in light
of epidemiologic evidence, it does remain unlikely
that workplace exposures to formaldehyde pose any
substantial lung cancer hazard among humans. The
exposure-response gradient for lung cancer was
slightly inverse, if any. The statistical significance
on the Poisson model of RR =1.2 for industrial
workers derived from large numbers. Some persistent
confounding (eg, from smoking) may have accounted
for the increase, but a weak true effect of formalde-
hyde could not be absolutely excluded. The deficit
observed among anatomists, pathologists, and spe-
cialists in forensic medicine was confounded by so-
cial class and had nothing to do with formaldehyde.

The aggregated data for the mixed category of can-
cers of the oropharynx, hypopharynx, lip, tongue,
salivary glands, and mouth was not indicative of any



association with formaldehyde exposure. The data
derived from three studies only, and the inputs were
somewhat heterogeneous, the RR values from the
component studies ranging from 0.4 to 1.8.

Upon reanalysis, and in slight contrast to the orig-
inal analysis (1), sinonasal cancers did reveal an ex-
posure-response gradient in the sense that the risk in
the category of substantial exposure was significantly
elevated (RR = 1.7 in the log-Gaussian model). Such
a gradient was observed only for nasopharyngeal can-
cers in the original analysis (1). The rederivation of
the input seemed to sharpen the gradients slightly for
both sites, as compared with the results of the origi-
nal analysis (1). On this evidence, the two contigu-
ous sites appear to be the most likely targets for the
carcinogenic action of formaldehyde in humans.

Confounding by wood dust is a concern, particu-
larly when nasal cancer is considered, and it might
be argued that some of the postulated nasal carcino-
genicity might be due to some constituent of wood
particulates other than formaldehyde. In two (135, 20)
of the four studies that quantitatively contributed the
most to the reanalysis of sinonasal cancer, however,
exposure to wood dust was controlled for. In the one
that addressed exposure-response for formaldehyde
(15), a positive gradient was observed, and in the one
that did not (20) a significant overall excess risk was
found. Hayes et al (15) made a further note that for-
maldehyde exposure in their study was linked with
squamous cell carcinoma, a finding consistent with
data on rodents (27), while wood dust was the most
strongly associated with nasal adenocarcinoma, as
could be expected, particularly with hardwood dust,
from extensive epidemiologic data (28, 29).

The aggregated exposure-response gradients for
nasal and nasopharyngeal cancers were probably un-
derstated because the graded categories (low-medi-
um and substantial) reflected the full variety of con-
ceptions and definitions adopted in the different stud-
ies. An unknown degree of misclassification between
exposure categories resulted from this heterogenei-
ty. In some studies, job-exposure-matrix-type trans-
lation of job titles into exposure levels probably com-
pounded the misclassification rates. If, on the other
hand, publication bias or a file-drawer phenomenon
(3) was operating, it would probably have had a pos-
itively biasing effect also on the exposure-response
gradients. In light of the considerable industrial and
economic importance of formaldehyde, however, the
assumption may be defendable that also nonpositive
high-quality studies on formaldehyde and cancer tend
to get submitted and published.

Some further epidemiologic data, independent of
the input used in this report, may enhance the na-
sal-nasopharyngeal hypothesis. Matanoski (30) has
reported a 4.7-fold increase in nasopharyngeal and
pharyngeal cancers (and also an excess risk of pan-
creatic and brain cancers and leukemia) among pa-
thologists, as compared with psychiatrists. The au-
thor, however, suspended judgment as to the role of
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formaldehyde, since there were other chemical ex-
posures encountered by the pathologists. This study
was not included in the formal reanalysis. Similar-
ly, the data suggesting an elevated risk of nasopha-
ryngeal cancer associated with formaldehyde expo-
sure, reported in Sweden (24), were excluded, as the
assessment of formaldehyde exposure was somewhat
unclear in that particular study.

If the nose-nasopharynx hypothesis gains credibil-
ity, then rats and humans will come closer to each
other in that the carcinogenic action of formaldehyde
would affect both around an immediate target, which
for rodents is the anterior mucosa of the nasal cavi-
ty and which for humans, for anatomic and physio-
logical reasons, is both the anterior mucosa of the
nasal cavity and contiguous sites such as the naso-
pharynx. It is also worthwhile to acknowledge that
— in contrast to the animal cancer tests in which
chemicals are administered at the maximal tolerated
dose (31) — some of the levels of formaldehyde ex-
posure scheduled in the animal carcinogenicity tests
(27, 32—34) that induced tumors in nasal passages
of rats were in the range of realistic workplace ex-
posures. Extrapolation between species poses prob-
lems, however, as usual. Both the disposition of
formaldehyde and, possibly, the tumorigenic re-
sponse seem to be species dependent among rodents
alone, as no carcinogenicity was demonstrated in
hamsters (35) in an exposure scenario comparable
with that of the rat experiments; and the effects on
mice were much less pronounced than those on rats
(33). The latter finding has been explained simply
by the fact that, when exposed to formaldehyde, the
mouse reduces its breathing volume substantially
more than the rat, and therefore also lowers the
amount of exposure (36).

The biological plausibility of the nasal-nasopha-
ryngeal hypothesis is enhanced by the fact that for-
maldehyde, as a reactive compound, is rapidly and
extensively metabolized to formate. Formaldehyde
has genotoxic, typically cross-linking properties (37,
38). It is notable that reactions of formaldehyde with
cellular deoxyribonucleic acid take place in the tur-
binates and anterior nasal mucosa in rodents, and in
monkeys also in the nasopharynx, larynx, trachea,
and carina (39). The sinuses however seem to remain
unaffected in monkeys (39), a finding which may be
relevant with respect to humans. In recent studies,
micronuclei were found to occur more frequently in
the epithelial cells of the buccal cavity (40) and na-
sal mucosa (41) in workers exposed to formaldehyde
than in unexposed subjects.

With some relevance to respiratory cancers, the
epidemiologic evidence on formaldehyde and non-
respiratory cancers is insufficient and inconsistent
(1). Elevated risk for cancers of some nonrespirato-
1y sites remains a possibility. After the original meta-
analysis, a short report (42) was published showing
significant excesses of follicular non-Hodgkin’s lym-
phoma and acute myeloid leukemia among Iowa and
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Minnesota embalmers and funeral directors. In an
animal bioassay (43), leukemia and gastrointestinal
tumors were induced by the administration of for-
maldehyde in drinking water, a finding suggesting
that the ingestion of formaldehyde, for example, in
drinking water, might be associated with a carcino-
genic hazard.

In summary, the current epidemiologic evidence
is about sufficient for the conclusion that at least sub-
stantial occupational formaldehyde exposures are
carcinogenic, and the risk is the most likely to con-
centrate on the nasal cavities and nasopharynx, but
probably not the lung. The increase in the risk would
be, considering the predominant downward con-
founding in the epidemiologic studies, 100% or more
over the background incidence. The excess absolute
cancer burden may remain somewhat limited, how-
ever, if the bronchi and the lungs — for which the
background incidence is much higher — remain un-
affected. This possibility seems likely, considering
the current biological, experimental, and epidemi-
ologic evidence.

Acknowledgments

This work was supported by the Finnish Work En-
vironment Fund.

References

I. Blair A, Saracci R, Stewart PA, Hayes RB, Shy C.
Epidemiologic evidence on the relationship between
formaldehyde exposure and cancer. Scand J Work En-
viron Health 1990;16:381—93.

2. Bailar JC III, Ederer F. Significance factors for the ra-
tio of a Poisson variable to its expectation. Biomet-
rics 1964;20:639—43.

3. Fleiss JL, Gross AJ. Meta-analysis in epidemiology,
with special reference to studies of the association be-
tween exposure to environmental tobacco smoke and
lung cancer: a critique. J Clin Epidemiol 1991;44:
127—39.

4. Greenland S. Quantitative methods in the reviewing
of epidemiologic literature. Epidemiol Rev 1987;9:1—
30

5. Harrington JM, Shannon HS. Mortality study of pa-
thologists and medical laboratory technicians. Br Med
J 1975;4:29—-32.

6. Harrington JM, Oakes D. Mortality study of British
pathologists 1974—80. Br J Ind Med 1984;41:188—
91.

7. Blair A, Stewart P, O’Berg M, Gaffey W, Walrath J,
Ward J, et al. Mortality among industrial workers ex-
posed to formaldehyde. J Natl Cancer Inst
1986;76:1071—84.

8. Bond GG, Flores GH, Shellenberger RJ, Cartmill JB,
Fishbeck WA, Cook RR. Nested case-control study of
lung cancer among chemical workers. Am J Epidemiol
1986;124:53—66.

9. Stayner LT, Elliott L, Blade L, Keenlyside R, Halperin
W. A retrospective cohort mortality study of workers
exposed to formaldehyde in the garment industry. Am
J Ind Med 1988;13:667—81.

10. Logue JM, Burrick MK, Jessup CL. Mortality among
radiologists and pathologists in the radiation registry

14

1.

19.

20.

21.

23.

24.

25.

26.

27

29.

30.

of physicians. J Occup Med 1986;28:91—9.

Acheson ED, Gardner MJ, Pannett B, Barnes HR, Os-
mond C, Taylor CP. Formaldehyde in the British
chemical industry. Lancet 1984;1:611—6.

. Acheson ED, Barnes HR, Gardner MJ, Osmond C,

Pannett B, Taylor CP. Formaldehyde process workers
and lung cancer. Lancet 1984;1:1066—7.

. Malker H, Weiner J. Cancer-miljoregistret: Exempel

pé utnyttjande av registerepidemiologi inom arbets-
miljoomridet [The Cancer-Environment Registry: Ex-
amples of the use of register epidemiology in studies
of the work environment]. Stockholm: Arbetarskydds-
verket, 1984. (Arbete och hilsa 1984;9) (English sum-
mary).

. Partanen T, Kauppinen T, Hernberg S, Nickels J,

Luukkonen R, Hakulinen E, et al. Formaldehyde ex-
posure and respiratory cancer among woodworkers —
an update. Scand J Work Environ Health 1990;16:
394—400.

. Hayes RB, Raatgever JW, De Bruyn A, Gerin M. Can-

cer of the nasal cavity and paranasal sinuses and for-
maldehyde exposure. Int ] Cancer 1986;37:487—92.
Mantel N, Haenszel W. Statistical aspects of the anal-
ysis of data from retrospective studies of disease. J
Natl Cancer Inst 1959;22:719—48.

Vaughan TL, Strader C, Davis S, Daling JR. Formal-
dehyde and cancers of the pharynx, sinus and nasal
cavity: 1. occupational exposures. Int J Cancer
1986;38:677—83.

. Vaughan TL, Strader C, Davis S, Daling JR. Formal-

dehyde and cancers of the pharynx, sinus and nasal
cavity: II. residential exposures. Int J Cancer 1986;38:
685—8.

Roush GC, Walrath J, Stayner LT, Kaplan SA, Flan-
nery JT, Blair A. Nasopharyngeal cancer, sinonasal
cancer, and occupations related to formaldehyde: a
case-control study. J Natl Cancer Inst 1987;79:1221—
5

Olsen JH, Plough Jensen S, Hink M, Faurbo K, Breum
NO, Jensen OM. Occupational formaldehyde exposure
and increased nasal cancer risk in man. Int J Cancer
1984;34:639—44.

Brinton LA, Blot W], Becker JA, Winn DH, Brow-
der JP, Farmer JC, et al. A case-control study of can-
cers of the nasal cavity and paranasal sinuses. Am J
Epidemiol 1984;119:896—906.

. Gallagher RP, Threlfall WJ, Band PR, Spinelli JJ,

Coldman AJ. Occupational mortality in British Colum-
bia 1950—1978. Ottawa: Statistics Canada, Health and
Welfare Canada, 1986.

Merletti F, Boffetta P, Ferro G, Pisani P, Terracini B.
Occupation and cancer of the oral cavity or orophar-
ynx in Turin, Italy. Scand J Work Environ Health
1991;17:248— 54.

Malker HSR, McLaughlin JK, Weiner JA, Silverman
DT, Blot WJ, Ericsson JLE, et al. Occupational risk
factors for nasopharyngeal cancer in Sweden. Br J Ind
Med 1990;47:213—4.

Friedman GD, Ury HK. Screening for possible drug
carcinogenicity: second report of findings. J Natl Can-
cer Inst 1983;6:1165—75.

Hayes RB, Blair A, Stewart PA, Herrick RF, Mahar
H. Mortality of US embalmers and funeral directors.
Am J Ind Med 1990;18:641—52.

Swenberg JA, Kerns WD, Mitchell RI, Gralla EJ,
Pavkov KL. Induction of squamous cell carcinomas of
the rat nasal cavity by inhalation exposure to formal-
dehyde vapor. Cancer Res 1980;40:3398—402.

. Wills JH. Nasal carcinoma in woodworkers: a review.

J Occup Med 1982:24:526—30.

Mohtashamipur E, Norpoth K, Luehmann F. Cancer
epidemiology and woodworking. J Cancer Res Clin
Oncol 1989;115:503—15.

Matanoski GM. Risks of pathologists exposed to for-



31.

32

33.

34,

35.
36.

37.

maldehyde. Baltimore, MD: School of Hygiene and
Public Health, Department of Epidemiology, Johns
Hopkins University, 1989.

Ames BN, Gold LS. Chemical carcinogenesis: too
many rodent carcinogens. Proc Natl Acad Sci USA
1990;87:7772— 6.

Albert RE, Sellakumar AR, Laskin S, Kuschner M,
Nelson N, Snyder CA. Gaseous formaldehyde and hy-
drogen chloride induction of nasal cancer in the rat. J
Natl Cancer Inst 1982;68:597-—603.

Kerns WD, Pavkov KL, Donoftrio DJ, Gralla EJ, Swen-
berg JA. Carcinogenicity of formaldehyde in rats and
mice after long-term inhalation exposure. Cancer Res
1983;43:4382—92.

Sellakumar AR, Snyder CA, Solomon JJ, Albert RE.
Carcinogenicity of formaldehyde and hydrogen chlo-
ride in rats. Toxicol Appl Pharmacol 1985;81:401—
6.

Dalbey WE. Formaldehyde and tumors in hamster res-
piratory tract. Toxicology 1982;24:9—14,

Purchase IFH, Paddle GM. Does formaldehyde cause
nasopharyngeal cancer in man? Cancer Lett 1989;46:
International Agency for Research on Cancer. Over-
all evaluations of carcinogenicity: an updating of
IARC monographs, volumes [—42. Lyon: Internation-
al Agency for Research on Cancer, 1987. (IARC mon-

38.
39.

40.

41.

42.

43.

Scand J Work Environ Health 1993, vol 19, no 1

ographs on the evaluation of carcinogenic risks to hu-
mans; suppl 7.)

Ma TH, Harris MM. Review of the genotoxicity of for-
maldehyde. Mutat Res 1988;196:37—59.

Heck H d’A, Casanova M, Starr TB. Formaldehyde
toxicity — new understanding. Crit Rev Toxicol
1990;20:397—426.

Norppa H, Pfiffli P, Heikanen H, Virtanen H. Formal-
dehydialtistumisen solutasoiset genotoksiset vaikutuk-
set [Cellular-level genotoxic effects of formaldehyde
exposure] [final report]. Helsinki: Finnish Work En-
vironment Fund, 1992.

Ballarin C, Sarto F, Giacomelli L, Bartolucci GB,
Clonfero E. Micronucleated cells in nasal mucosa of
formaldehyde-exposed workers. Mutat Res 1992;280:

Linos A, Blair A, Cantor KP, Burmeister L, Van Lier
S, Gibson RW, et al. Leukemia and Non-Hodgkin’s
lymphoma among embalmers and funeral directors.
J Natl Cancer Inst 1990;82:66.

Soffritti M, Maltoni C. Maffei F, Biagi R. Formalde-
hyde: an experimental multipotent carcinogen. Toxi-
col Ind Health 1989;5:699—730.

Received for publication: 24 June 1992

15





