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Pooled reanalysis of cancer mortality among five cohorts of workers
in wood-related industries
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Barry A Miller, MSPH,* Cynthia F Robinson, PhD,® Robert J Roscoe, MSc,* Paul D Winter, MSc,?
Didier Colin, MSc," Elena Matos PhD,"” Harri Vainio, MD,"¢

Demers PA, Boffetta P, Kogevinas M, Blair A, Miller BA, Robinson CF, Roscoe RJ, Winter PD, Colin D, Matos E,
Vainio H. Pooled reanalysis of cancer mortality among five cohorts of workers in wood-related industries.
Scand J Work Environ Health 1995;21:179—90.

Objectives To provide more information regarding the risk of cancer associated with wood dust, a pooled
reanalysis of data from five cohort studies was performed.

Methods The combined cohort consisted of 28 704 persons from five studies: British furniture workers,
members of the union representing furniture workers in the United States, two cohorts of plywood workers, and
one of wood model makers, among whom 7665 deaths occurred. Pooled analyses were carried out for all of the
cohorts combined, the two furniture worker cohorts combined, and the two plywood workers cohorts combined.
Results Significant excesses of nasal [observed 11, standardized mortality ratio (SMR) 3.1, 95% confidence
interval (95% CI) 1.6—S5.6] and nasopharyngeal (observed 9, SMR 2.4, 95% CI 1.1—4.5) cancer were
observed. That for nasal cancer appeared to be associated with exposure to wood dust but was based solely on
cases from the British furniture worker cohort, while that of nasopharyngeal cancer was observed for furniture
and plywood workers and was associated with both high and low probability of wood dust exposure. Some
support for an excess risk of multiple myeloma was also observed but was less clearly associated with wood dust
exposure. No excesses of lung, larynx, stomach, or colon cancer were found to be associated with any surrogate
indicators of wood dust exposure.

Conclusions Workers exposed to wood dust may have an excess risk of nasopharyngeal cancer and multiple
myeloma in addition to sinonasal cancer. The limitations of this study would tend to obscure relationships, rather
than create false positive findings.

Key terms wood dust, multiple myeloma, nasal cancer, nasopharyngeal cancer, occupational diseases.

In October of 1994 wood dust was classified as a human
carcinogen by the International Agency for Research on
Cancer (1). The evaluation was based on a very high
excess risk of sinonasal cancer among exposed workers.
This association was first recognized in the 1960s when
a very large excess of sinonasal cancer was observed
among furniture and other workers exposed to wood dust
in the High-Wycombe area of England (2), and many
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studies since that time have confirmed this finding (3—
7). Some studies have observed excesses of other respi-
ratory, digestive, and hematopoietic system cancers, but
the results have been inconsistent (1, 7).

The British furniture worker study is the only cohort
study which has attempted to classify workers according
to level of wood dust exposure (8, 9). Many of the can-
cers suspected of association with wood dust are rela-
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Pooled reanalysis of cancer mortality

tively rare, and most cohort studies may have lacked
sufficient power to determine whether or not an excess
risk exists. To provide more information regarding the
risk of cancer associated with wood dust, we assembled
data from recently completed or updated cohort mortali-
ty studies of wood workers for a pooled analysis and
developed a classification scheme for wood dust expo-
sure for the pooled cohort based on that used in the
British study. Although many types of exposure occur
within wood-related industries, the primary purpose of
these analyses was to assess the relationship between the
risk of cancer and exposure to wood dust. The analyses
focused on suspected cancer sites of a priori suspicion as
indicated by the results of previous studies.

Subjects and methods

Participating studies

The five recently completed or updated cohort mortality
studies included in this pooled analysis are listed in table
1 with the entrance criteria used in the original study and
the follow-up period available for our analysis. The en-
trance criteria used for the original studies were also
used for our analysis. The follow-up periods for two
cohorts, the British (8) and American furniture workers
(10, 11), have recently been updated, and the extended
follow-up periods were used. A brief description of the
cohorts is provided below, but further information re-
garding the design aspects of the studies can be found in
reports published earlier (8, 10—15).

The cohort of British furniture workers consisted of
male workers born prior to 1941 and employed by nine
factories in the High-Wycombe area of England prior to
1969. The most recent published follow-up of this cohort
was through the end of 1982 (8). Nine additional years of
mortality follow-up were performed for our analysis (un-
published). The second cohort consisted of members of
the United Furniture Workers of America (UFWA) trade
union who began employment between 1946 and 1962

(10). The most recent published follow-up of this cohort
was through the end of 1983 (11). Two subcohorts,
formed according to the products manufactured at the
workplace, were used for the purposes of our analysis
(11). The first consisted of workers employed at fac-
tories producing wood furniture, and the second was
composed of workers employed at factories producing
other wood products. Workplaces known to produce non-
wood products were excluded.

Two cohorts of plywood workers were included in
the pooled analysis. The first consisted of workers em-
ployed between 1945 and 1955 and for a minimum of
one year by four plywood companies in the northwest
United States (US) (12). The cohort was enumerated by
investigators from the US National Institute for Occupa-
tional Safety and Health (NIOSH), and mortality follow-
up was performed for the years 1946 through 1977. The
second cohort of plywood workers was enumerated by
investigators from the US National Cancer Institute
(NCI) as one of 10 cohorts included in a large study of
workers exposed to formaldehyde (13, 14). The cohort
was comprised of workers employed at any time be-
tween 1951 and 1965 by a plywood company in the
eastern part of the United States. Mortality follow-up
was from 1951 through 1979. The last cohort consisted
of workers employed for a minimum of one month in
wood model shops within the US automobile manufac-
turing industry between 1940 and 1980 (15). This cohort
was followed for mortality from 1940 through 1984.

Exposure 1o wood dust

Industrial hygiene sampling data for the plants under
study were only available for the British furniture work-
ers and the US wood model shop workers, but it is likely
that exposure to wood dust varied considerably by study.
Wood dust exposure levels in the British furniture indus-
try in the High Wycombe area during the 1970s and
1980s have been relatively well characterized. Extensive
surveys of furniture factories found mean wood dust
concentrations of 4.3 (range 0.3—53) mg - m in 1983

Table 1. Descriptions of cohorts in the pooled reanalysis of wood workers. (US = United States)

Cohort description Entrance criteria Follow-up Reference

British furniture workers First employed before 1969, no minimum 1941—1991 Acheson et al 1984 (8)
employment, born before 1941

Members of the United Furniture First employed 1946—62, no minimum 1946—1983 Miller et al 1989 (10),

Workers of America trade union employment Miller et al 1994 (11)

US plywood workers Employed between 1945—1955, 1946—1977 Robinson et al 1990 (12)
minimum of 1 year

US plywood workers Employed between 1951—1965, no minimum 1951—1979 Blair et al 1990 (13),
employment Blair et al 1986 (14)

Wood model shop Employed between 1940—1980, minimum 1940—1984 Roscoe et al 1992 (15)

of 1 month
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and 8.5 (range 2.0—32) mg - m= in 1976 and 1977 (16).
The authors noted that mainly beech, ash, and elm were
used for making tables and chairs while elm, ash, ve-
neered chipboard, and fiberboard were used for cabinets
and similar products. Hounam & Williams (17) also re-
ported personal sampling results for total wood dust for
five furniture making factories in the High Wycombe
area for 1972 and observed mean exposures of 5.9 (range
1.0—26) mg - m=. Unfortunately, no results are avail-
able for earlier periods, although it is suspected that the
exposures could have been much higher.

Wood dust exposure levels in the US furniture indus-
try have been less well characterized. Whitehead et al
(18) reported area sampling results for both hardwood
(range 0.1— 11.4 mg - m>) and softwood (range 0.2—
14.4 mg - m™®) furniture manufacturing. These were area
samples and thus were not directly comparable to the
British results based on personal sampling. Higher expo-
sures have been observed in small shops in the United
States, but it is unclear how representative these sam-
pling results are (19). As was the case with the British
furniture industry, no industrial hygiene sampling results
prior to 1970 were available.

Wood dust exposure potentially occurs during several
points in the production of plywood. The highest expo-
sures occur during the sanding, machining, and sawing
necessary to finish plywood after the plys (or veneers)
have been glued and pressed. Other areas where expo-
sure can occur at lower concentrations are where raw
logs are converted into veneer and cut to size. Relatively
few data have been collected on exposure to wood dust
in US plywood plants. Whitehead et al (18) reported area
sampling results for a hardwood plywood manufacturing
operation (range 0.1—3.3 mg - m=). Most operations had
relatively low levels with the exception of machining,
sanding, and sawing operations. Edwards et al (20) re-
ported the results of four personal samples taken in a
softwood (fir or cedar) plywood plant in Washington
state as part of a NIOSH health hazard evaluation. The
mean concentration of wood dust was 0.6 (0.3—1.3)
mg - m=3, but the operations evaluated were not speci-
fied. The plants included in the NIOSH study of ply-
wood workers principally used softwoods (primarily
Douglas fir), while the plant in the east, studied by the
NCT, reportedly used hardwoods.

Pattern and model making is a highly skilled trade
responsible for the production of prototypes, models,
and patterns for mass production industries. However,
pattern and model making is not a mass production oper-
ation, each piece is made individually starting from blue-
prints and ending with a finished product that must often
meet very close tolerances. The materials used include a
variety of hard, soft, tropical, and laminated woods, as
well as various plastics, resins, and metals. Soft woods
are often used for experimental models, while, for models
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that need to have more exact and stable dimensions,
harder and laminated woods are used. An industrial hy-
giene survey was conducted at one of the plants studied
by Roscoe and his colleagues, and the mean for the 58
wood dust samples was 1.0 (range 0.1—13.9) mg - m™
(15, 21). The average amount of respirable dust was
approximately 43% (< 10 pm).

It is likely that the exposure levels in this analysis
have changed among the cohorts over time. The increas-
ing mechanization and efficiency of wood-working tools
have generally increased the level of dust generated,
while the increased use of local exhaust ventilation and
respiratory protection have decreased the dust levels. In
general, exposures in most industrialized countries are
likely to have decreased significantly in the last 20 years
due to the increasing knowledge of the hazards of wood
dust and the regulatory response to that knowledge.
Chemicals used in the wood-related industries vary by
type of product and are also likely to have changed over
time.

Classification of expasure

The cohorts included in the pooled analysis differed in
the amount and detail of data collected exposure. The
study of British furniture workers collected job titles for
the single “dustiest” job held, which, in most cases, was
also the longest job held. The jobs were classified as to
dust exposure according to a nine-point relative scale
(8). Employment dates were also collected but, unfortu-
nately, the work history follow-up ceased on this cohort
after 1968 (while mortality follow-up was continued
through 1991). The study of members of the UFWA
collected first date of employment and the major
product(s) manufactured at the workplace available for
all cohort members. In addition, the title of the job at the
date of hire was available for 75% of the cohort. Both
studies of plywood workers collected information on all
jobs held at the factories under study, but the coding of
this data varied. The NIOSH plywood study classified
jobs into seven work areas differentiated according to
qualitative exposure, while the NCI plywood study col-
lected job and work area titles used in the factory. The
workers employed in wood model shops in the auto
industry had first date of employment in a wood model
shop but last date of employment in the auto company.
In order to analyze the risk of cancer associated with
wood dust exposure, a special classification scheme was
developed incorporating the exposure information avail-
able for each study. Wood dust exposure categories were
chosen according to the exposure categories used in the
British furniture and the NIOSH plywood worker studies
and the data available from the other studies. Three cate-
gories were defined according to the assumed probabili-
ty of exposure: possibly exposed, probably exposed, and
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definitely exposed. British furniture workers were placed
in categories according to the “dust” classification in the
original study: less dusty (categories 1-—3), dusty (cate-
gories 4—6), and very dusty (categories 7— 9) (8). For
the cohorts based upon the membership of the UFWA,
job titles were used to place workers in categories similar
to those in the British study. The plywood workers were
categorized using the department codes and qualitative
exposure information from the NIOSH study and depart-
ment and job titles from the NCI study. Workers in
plywood finishing operations were placed in the catego-
ry with the highest probability of wood dust exposure,
workers employed in processing fresh logs and making
veneer were classified into the middle category, and all
others were classified as possibly exposed. All wood
model shop workers were placed in the probable catego-
ty because no information on individual exposure was
available. A complete description of the wood dust clas-
sification scheme is available in an IARC technical re-
port (40).

Full work history information was available for the
two plywood worker cohorts, and therefore analyses
could be made by duration of total employment and
employment in jobs with potential wood dust exposure.
One element that all cohorts in the pooled analysis had in
common was year of first employment. This information
was used to classify workers according to calendar period
of employment as an indicator of potential exposure.

Analysis

Analyses for standardized mortality ratio (SMR) were
carried out on a VAX mainframe computer using the
person-years program with standardization by five-year

age and calendar periods (22, 23). Ninety-five percent
confidence intervals (95% CI) were calculated on the
assumption of a Poisson distribution. Reference rates for
US mortality specific for gender and race (white-non-
white) were supplied by NIOSH for use with the US
studies (24). Mortality rates for England and Wales, ob-
tained from the World Health Organization mortality
data bank, were used for the British furniture workers.
Parallel analyses were performed for each cohort for
cancer sites observed to be in excess in the participating
studies and those of a priori interest, based on a review of
the literature. The cancer sites chosen were the nose,
nasopharynx, larynx, lung, lymphatic and hematopoietic
system, colon, and stomach. In addition, the risk of death
due to nonmalignant respiratory disease and, more spe-
cifically, to bronchitis, emphysema, and asthma were
examined. For each of these causes of death, analyses
were carried out by the classification of wood dust expo-
sure, decade of first employment, years since first em-
ployment, and combinations of these three variables.
Analyses by duration of employment were performed for
the plywood worker cohorts only because the informa-
tion on duration of employment was not available for the
UFWA study and was incomplete for the British furni-
ture worker study. Lagging of exposure by 5, 10, and
20-year intervals was used to allow for a latency period
(25).

The observed and expected numbers from these par-
allel analyses were summed for the pooled analysis. In
this paper the results are presented for all of the cohorts
combined, the two furniture worker cohorts combined,
and the two plywood worker cohorts combined. The
results of all of the pooled analyses were inspected to
determine if the results were due to cxcesses or deficits
from individual studies. In such cases, individual study
results were also reported. Gender and race (white-non-

Table 2. Final vital status by participating cohort. (US = United States, UFWF = United Furniture Workers of America, NIOSH =
Nationa! Institute of Occupational Safety and Health, NCI = National Cancer Institute)

Cohort description Total Deceased Missing
N % N %

Wood furniture workers

British (High-Wycombe) 5106 2432 48 197 4

US (members of UFWA) 12158 2569 - 21 872 7

Total furniture 17 264 5001 29 1069 6
Plywood workers

Northwest US (NIOSH) 2280 569 25 35 2

Eastern US (NCI) 2309 364 16 105 5

Total plywood 4589 933 20 140 3
Other wood workers

Automotive wood model shop 2294 706 3 28 1

Other US wood products

(members of UFWA) 4 557 1025 22 352 8
Total all wood workers 28704 7665 27 1589 6
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white) specific results were also examined to determine
if they differed from the results for the full cohort. The
results of the parallel analyses of the individual cohorts
and the complete results of the pooled analyses are avail-
able in an IARC technical report (40).

Results

The size and vital status at the end of follow-up of each
of the cohorts are presented in table 2. The pooled cohort
consisted of 28 704 persons, among whom 7665 deaths
had occurred. The NIOSH plywood and wood model
shop cohorts were composed of white males and the
British furniture workers were all men (race unspecified,
but assumed to be white). Thus the cohort was primarily
male (92%) and white (89%). However, 3165 cohort
members were nonwhite and composed 12% (N = 1460),
16% (N =733) and 42% (N = 972) of the US wood fur-
niture, other wood products, and NCI plywood cohorts,
respectively. The cohort also included 2198 women who
composed 15% (N = 1778) and 9% (N = 420) of the US
wood furniture and the other wood product cohorts, re-
spectively. Eighty-three women and 53 persons of other
and unknown race from the NCI plywood study were
excluded because of their small numbers. Other differ-
ences in the relation to numbers in published reports
were due to the exclusion of three members of the
NIOSH plywood worker cohort due to missing birth
dates and the deletion of one duplicate record from the
British furniture worker cohort which was discovered in
the course of extending the follow-up.

Table 3 displays the summary mortality results for all
cohorts combined. Overall mortality was significantly
less than expected when compared with the general pop-
ulation rates. Statistically significant excesses were ob-
served only for sinonasal and nasopharyngeal cancer.
Among the other cancers, a greater number of multiple
myeloma deaths was observed than expected, but for all
other sites the relative risks observed were less than or
close to one, and statistically significant deficits were
observed for cancers of the buccal cavity and pharynx,
intestines, liver, lung, skin, bladder, and leukemia. The
standardized mortality ratios for nonmalignant respirato-
ry disease and bronchitis, emphysema, and asthma, as
well as for all other noncancer causes of death, were less
than one.

In table 4 the summary results are presented for the
furniture and plywood worker cohorts. The standardized
mortality ratios observed for most cancers and nonma-
lignant causes of death were less than or close to one. All
11 nasal cancer deaths and seven of the nine nasopharyn-
geal cancer deaths occurred among the furniture work-
ers. Two nasopharyngeal cancers occurred among ply-

Demers et al

Table 3. Summary of mortality results of all of the wood
worker cohorts combined. (O = observed number of deaths,
E = expected number of deaths, SMR = standardized mortality
ratio, 95% Cl = 95% confidence interval, CNS = central nerv-
ous system)

Cause of death? 0 E  SMR 95% Cl

All cancers (140—208) 1726 2165 08 0.8—08

Buccal cavity and pharynx
cancer (140—149) 36 541 07 05—09

Pharynx cancer (146—149) 20 241 08 05—1.3
Nasopharynx cancer (147) 9 38 24 1145
Esophageal cancer (150) 46 600 0.8 06—1.0

Stomach cancer (151) 138 153 09 08—11
Intestinal cancer (152, 153) 136 180 08 06—0.9
Rectal cancer (154) 60 766 08 06—1.0
Biliary passages and liver
cancer (155, 156) 20 337 06 04—09
Pancreatic cancer (157) 96 1064 09 0.7—1.1
Sinonasal cancer (160) 11 35 31 1.6—56
Larynx cancer (161) 18 272 0.7 04—1.0
Lung cancer (162) 575 721 0.8 07—09
Bone cancer (170) 9 84 11 05—-20
Connective and soft tissue
cancer (171) 5 79 06 02—15
Skin cancer (172, 173) 14 295 05 03—0.8
Breast cancer (174, 175) 17 308 06 0.3—0.9
Prostate cancer (185) 137 148 09 08—11
Bladder cancer (188) 46 712 07 05—0.9
Kidney cancer (189) 34 448 08 05—1.1
Brain, CNS cancer (191, 192) 44 521 0.8 0.6—141
All lymphatic and hematopoietic
cancers (200—208) 149 170 09 07—1.0
Non-Hodgkin’s lymphoma
(200, 202) 57 530 11 08—14
Hodgkin’s disease (201) 12 192 06 03—11
Multiple myeloma (203) 33 250 13 09—19
Leukemia (204—208) 47 703 0.7 05—09
Circulatory disease (390—459) 3699 4918 08 0.7—08

Ischemic heart disease
(410—414) 2535 3276 0.8 07—0.8

Respiratory disease (460—519) 678 837 0.8 0809
Bronchitis, asthma, emphysema

(490—493) 252 297 09 08—10
Digestive diseases (520—579) 308 419 0.7 0.7—08
Girrhosis of the liver (571) 130 182 0.7 0.6—0.9
External causes (800—999) 550 766 0.7 0.7—0.38

All causes (001—999) 7665 9983 0.8 0.8—0.8

*Code of the Internaltional Classification of Diseases, ninth revision, in
parentheses.

wood workers. A greater than expected number of deaths
from Hodgkin’s disease and multiple myeloma were ob-
served among the plywood workers, but the confidence
intervals were wide and included one.

Tables 5, 6, and 7 present the stratified results by
likelihood of wood dust exposure, decade of first em-
ployment, and years since first employment, respective-
ly. Among study subjects identified as having the highest
probability of wood dust exposure, the relative risks for
both nasopharyngeal and sinonasal cancer were elevated
(table 5). The SMR for furniture workers in the highest
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Table 4. Summary of mortality results for the furniture and plywood workers. (O = observed number of deaths, E = expected
number of deaths, SMR = standardized mortality ratio, 95% Cl = 95% confidence interval, CNS = central nervous system)

Cause of death Furniture workers Plywood workers
0 E SMR 95% Cl 0 E SMR 95% Cl
All cancers 1199 1506 08 0.8—08 141 194 0.7 0.6—0.9
Buccal cavity and pharynx cancer 21 332 06 0.4—1.0 7 6.8 1.0 0.4—2.1
Pharynx cancer 13 143 09 0.5—1.6 5 3.2 1.6 0.5—37
Nasopharynx cancer 7 24 29 1.2—5.9 2 0.4 4.6 0.6—16.4
Esophageal cancer 32 421 0.8 0.5—11 3 5.8 0.5 01—1.5
Stomach cancer 102 116 0.9 0.7—11 5 12. 0.4 01—1.0
Intestinal cancer 85 117 0.7 0.6—0.9 12 16.8 0.7 0.4—1.3
Rectal cancer 48 564 09 0.6—1.1 2 6.35 0.3 0.0—11
Biliary and liver cancer 14 222 086 0.4—11 4 3.4 1.2 0.3—3.0
Pancreatic cancer 55 709 08 0.6—1.0 15 10.6 1.4 0.8—23
Sinonasal cancer 11 25 43 2.2—7.8 0 0.32 0.0 0.0—11.5
Larynx cancer 9 174 05 02—1.0 2 31 0.6 0.1—23
Lung cancer 408 520 08 0709 46 58.8 0.8 0.6—1.0
Bone cancer 7 54 13 05—2.7 0 1.07 0.0 0.0—-35
Connective and soft tissue cancer 5 516 1.0 0.3—2.3 0 0.8 0.0 0.0—456
Skin cancer 10 185 05 0.3—1.0 1 3.3 0.3 0.0—17
Breast cancer 16 249 06 04—1.0 0 0.3 0.0 0.0—11.9
Prostate cancer 102 100 1.0 0.8—1.2 5 12.5 0.4 0.1—09
Bladder cancer 34 515 07 0.5—0.9 1 586 0.2 0.0—1.0
Kidney cancer 22 295 07 05—141 4 46 0.9 0.2—22
Brain and CNS cancer 27 345 08 05—11 7 5.8 1.2 0.5—25
All lymphatic and hematopoietic cancers 96 110 0.9 0.7—141 21 18.6 1.1 0.7—1.7
Non-Hodgkin’s lymphoma 37 344 14 0.8—1.5 7 5.56 1.3 05—2.6
Hodgkin’s disease 8 12.1 0.7 0315 4 2.66 1.5 0.4—39
Multipte myeloma 20 174 1.2 0.7—1.8 4 2.0 2.0 0.5—5.1
Leukemia 31 449 07 05—, 6 7.8 0.8 0.3—1.7
Circulatory disease 2355 3188 0.7 0.7—038 446 530 0.8 0.8—0.9
Ischemic heart disease 1578 2122 0.7 0.7—0.8 305 357 0.9 0.8—1.0
Respiratory disease 529 634 0.8 0.8—0.9 47 58.9 0.8 0.6—1.1
Bronchitis, asthma, emphysema 196 238 0.8 0.7—1.0 22 18.5 1.2 08—1.8
Digestive diseases 198 254 08 07—09 24 56.2 04 0.3—0.6
Cirrhosis of the liver 78 992 08 0.6—1.0 8 29.1 0.3 0.1—05
External causes 293 435 0.7 0.6—0.38 145 132 1.1 0.9—13
All causes 5001 6597 0.8 0.7—0.8 933 1070 0.9 0.8—0.9

Tahle 5. Relative risk of death by category of wood dust exposure for all of the wood workers. (O = observed number of deaths,
E = expected number of deaths, SMR = standardized mortality ratio, 95% Cl = 95% confidence interval)

Cause of death Possible exposure Probable exposure Definite exposure
0 E SMR 95%Cl 0 E SMR 95%Ci 0 E SMR 95%Cl
All cancers 565 749.7 0.8 0.7—0.8 490 558.8 0.9 0.8—1.0 512 6405 08 0.7—0.9
Nasopharynx cancer 4 14 29 08—75 0 09 00 0.0-38 5 09 53 1.7—124
Stomach cancer 46 512 09 07—1.2 43 377 11 08—15 41 542 0.8 05—1.0
Colon cancer 34 625 05 04—0.8 44 487 09 0.7—1.2 41 495 0.8 0.6—1.6
Sinonasal cancer 1 12 08 0.0—46 1 09 12 0065 9 11 84 39—16.0
Larynx cancer 4 94 04 01—11 8§ 74 11 05—241 6 74 08 03—1.8
Lung cancer 195 245 0.8 07—09 163 181 0.9 0.8—11 166 229 0.7 0.6—0.9
All lymphatic and hematopoietic
cancers 41 60.0 0.7 05—0.9 40 456 0.9 0.6—1.2 50 447 11 0.8—15
Non-Hodgkin’s lymphoma 15 187 08 0.5—13 19 142 13 0.8—=21 17 136 13 0.7—20
Hodgkin's disease 2 69 03 00—1.0 3 49 06 01—18 6 49 12 0432
Multiple myeloma 9 88 10 05—19 8 631 13 06—25 11 71 16 08—28
Leukemia 15 246 06 03—1.0 10 193 05 0.3—1.0 16 185 09 05—14
Respiratory disease 236 276 0.9 0.8—1.0 157 206 0.8 0.7—0.9 229 2% 0.8 0.7—09
Bronchitis, emphysema and asthma 97 962 10 08—1.2 53 693 08 0.6—1.0 86 115 0.8 0.6—0.9
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Table 6. Relative risk of death by calender period of first employment for all of the wood workers. (O = observed number of
deaths, E = expected number of deaths, SMR = standardized mortality ratio, 95% Cl = 95% confidence interval)

Cause of death Prior to 1940

1940—1949

19501959 1960 or later

0 E SMR 95%Cl 0

E SMR 95% Cl 0

E SMR 95%ClI O E SMR 95%Cl

All cancers 354 416 09 0.8—1.0 464 589
Nasopharynx cancer 3 04 77 16—225 5 09
Stomach cancer 35 452 0.8 05—11 33 405
Golon cancer 31 300 1.0 07—15 34 523
Sinonasal cancer 9 07125 57—=237 1 0S8
Larynx cancer 2 43 05 01—17 5 79
Lung cancer 111 155 0.7 0.7—0.9 149 185
Al lymphatic and
hematopoietic cancers 21 226 09 0.6—14 54 472

Non-Hodgkin's

lymphoma 9 64 14 0727 14 148
Hodgkin’s disease 0 22 0.0 00—17 7 53
Multiple myeloma 7 41 17 07—=35 12 64
Leukemia 5 99 05 062—12 21 206

Respiratory disease 205 243 0.8 0.7—1.0 166 208
Bronchitis, emphy-
sema and asthma 69 101 0.7 05—09 68 700

co—=ocowm o
COOHO N~ O W OO

07—09 700 905 08 07—0.8 208 255 0.8 0.7—09
17—123 0 18 0.0 0.0-—2.0 1 06 17 0093
06—11 51 532 1.0 07~13 19 145 13 0.8—21
05—09 49 772 06 05—08 22 205 1.1 0.7—16
01—6.6 1 15 07 0.0—-38 0 04 00 0088
0.2—15 8 118 07 0313 3 3110 02—-28
07—1.0 252 295 09 08—1.0 63 868 0.7 0.6—09
08—15 61 756 08 06—11 13 220 06 03—1.0
05—16 26 245 11 07—1.6 8 7211 05—-22
0.5—2.7 5 89 06 0213 0 28 00 00—1.3
1.0—-33 13 112 12 0.6—2.0 1 33 03 0017
06—16 17 31.0 06 03—09 4 87 05 01—1.2
07—09 249 302 08 07—09 58 843 07 05—09
08—12 91 985 09 07—11 24 273 09 06—1.3

Table 7. Relative risk of death by years since first employment for all of the wood workers. (O = observed number of deaths,
E = expected number of deaths, SMR = standardized mortality ratio, 95% Cl = 95% confidence interval)

Cause of death <10 years 10 to 19 years 20—29 years > years
0 E SMR 95%Cl O E SMR 95% Cl 0 E SMR 95%Cl O E SMR 95% Cl
All cancers 153 278 06 05-07 413 564 0.7 0.7—08 592 671 09 0.8—1.0 568 653 0.9 0.8—09
Nasopharynx cancer 0 04 00 00—97 2 12 16 02—59 0 14 00 00—27 7 0.8 89 36—183
Stomach cancer 27 236 11 08—17 28 368 08 05—1.1 33 373 09 06—1.2 50 557 09 0.7—1.2
Colon cancer 9 221 04 02—0.8 33 480 07 05—1.0 53 600 09 07—12 41 503 08 0.6—11
Sinonasal cancer 0 03 00 00—109 0 10 00 0.0-37 3 12 26 05—76 8 1176 3.3—-150
Larynx cancer 0 38 00 00—10 8 78 10 04—20 7 87 08 03—17 3 6904 01—13
Lung cancer 37 749 05 04-—0.7 138 178 0.8 07—0.9 202 228 0.9 08—1.0 198 240 08 0.7—1.0
All lymphatic and
hematopoietic cancers 13 27.8 05 03—0.8 30 482 0.6 04—09 71 521 14 11—17 35 392 09 06—1.2
Non-Hodgkin's
lymphoma 7 77 09 04—19 11 154 07 04—13 25 174 14 09—21 14 12511 06-1.9
Hodgkin’s disease 1 62 02 0009 4 65 06 02—16 4 40 10 03—26 3 2413 0337
Multiple myeloma 0 16 00 00—24 7 62 11 05—23 17 92 19 1130 9 80 1.1 05—21
Leukemia 5 125 04 01—09 8 201 04 02—08 25 215 12 0817 9 16.3 0.6 0.3—1.1
Respiratory disease 41 889 05 03—0.6 132 186 07 06—0.8 211 231 0.9 0.8—1.1 294 331 09 0.8—1.0
Bronchitis, emphy-
sema and asthma 20 330 06 04—09 55 706 0.8 06~—10 79 732 1.1 09—1.4 98121 08 0.7—1.0

wood dust exposure category was 9.9 (95% CI 4.5—
18.8). The risk of multiple myeloma also increased
with the probability of assumed exposure to wood
dust. No other trends with probability of exposure were
apparent.

The SMR values for sinonasal cancer were greatest
among workers first employed prior to 1940 (table 6).
For furniture workers first employed before 1940 the
SMR was 13.4 (95% CI 6.1—25.5). The SMR values for
workers employed prior to 1950 were highly elevated for
nasopharyngeal cancer and also appeared to be elevated

for multiple myeloma. No other trends with time period
of first employment were apparent. In the analysis by
years since first employment, the SMR values were high-
est for sinonasal cancer and nasopharyngeal cancer for
the workers at least 30 years after first employment,
while the SMR for multiple myeloma was highest for the
workers 20 to 29 years after first employment (table 7).
Table 8 summarizes the stratified analyses of na-
sopharyngeal cancer and multiple myeloma among the
furniture and plywood workers separately. For the furni-
ture workers, the pattern was similar to that of sinonasal
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Table 8. Relative risk of nasopharyngeal cancer and multiple myeloma among furniture and plywood workers. (O = observed
number of cases, E = expected number of cases, SMR = standardized mortality ratio, 95% Cl = 95% confidence interval)

Furniture workers

Plywood workers

0 E SMR 95% Cl 0 E SMR 95% Ci
Nasopharyngeal cancer
Wood dust category
Possible exposure 2 0.9 22 03—7.8 2 0.2 11.8 1.4—425
Probable exposure 0 0.4 0.0 0.0—8.6 0 0.1 0.0 0.0—335
Definite exposure 5 0.7 7.3 2.4—16.9 0 01 0.0 0.0—28.4
Time of first employment
Prior to 1940 3 0.4 8.6 1.8—25.1 0 0.0 0.0 0.0—99.9
1940—1949 4 0.5 7.7 21—19.7 1 0.2 5.0 0.1—27.9
1950—1959 0 1.2 0.0 0.0—3.1 0 0.2 0.0 0.0—20.5
1960 or later 0 0.4 0.0 0.0—0.9 1 0.0 25.0 0.6—99.9
Time since first employment
< 10 years 0 0.2 0.0 0.0—15.4 0 0.0 0.0 0.0—99.9
10—19 years 0 0.7 0.0 0.0—5.0 2 0.2 13.3 1.6—48.2
20—29 years 0 0.8 0.0 0.0—45 0 0.2 0.0 0.0—16.8
> 30 years 7 0.7 0.8 43—22.2 0 0.0 0.0 0.0—99.9
Multiple myeloma
Wood dust category
Possible exposure 5 6.4 0.8 0.3—1.8 3 0.9 35 0.7—101
Probable exposure 4 3.3 1.2 0.3—3.1 1 0.5 1.9 0.1—10.3
Definite exposure 5 0.7 1.2 0.56—25 0 0.5 0.0 0.0—6.8
Time of first employment
Prior to 1940 6 3.7 1.6 0.6—3.6 0 0.1 0.0 0.0—92.2
1940—1949 5 3.9 1.3 0.4—3.0 4 1.2 35 1.0—8.9
1950—1959 9 7.6 1.2 0.5—22 0 0.7 0.0 0.0—5.9
1960 or later 0 2.2 0.0 0.0—1.7 0 0.1 0.0 0.0—41.0
Time since first employment
<10 years 0 1.1 0.0 0.0—3.5 0 01 0.0 0.0—61.5
10—19 years 2 3.9 0.5 0.1—1.8 1 0.5 1.9 0.1—10.3
20—29 years 10 5.8 1.7 0.8—3.2 2 1.2 1.7 0.2—86.3
> 30 years 8 6.7 1.2 0.5—2.4 1 0.3 3.5 0.1—19.2

cancer with the highest risk observed for persons with
the highest probability of wood dust exposure, those
employed prior to 1940, and for persons at least 30 years
after first employment. However, nasopharyngeal can-
cers also occurred in two furniture workers and two
plywood workers who were not known to have been
employed in operations exposed to wood dust. The trends
for multiple myeloma with probability of exposure, years
since first exposure, and decade of first exposure among
the full pooled cohort were also apparent among the
pooled furniture workers and also, although based on
small numbers, among the plywood workers.

Analyses were also performed with stratification by
two-way combinations of probability of exposure, years
since first exposure, and decade of first exposure. Eight
sinonasal cancers occurred among furniture workers em-
ployed in the highest wood dust category prior to 1940
(SMR 18.6, 95% CI 8.0—36.6). Five nasopharyngeal
cancers occurred among furniture workers employed in
the highest wood-dust category prior to 1950 (SMR 13.9,
95% CI 4.4—32.4). In the two-dimensional analysis no
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new associations appeared that were not readily apparent
in tables 5 through 8. There was no evidence of excess
risks of lung, laryngeal, colon, or stomach cancer among
the entire pooled cohort, or the pooled furniture or ply-
wood workers alone, when SMR values were examined
in relation to the probability of wood-dust exposure, time
period of first employment, years since first employ-
ment, or combinations of these parameters.

The results of the analyses of plywood workers by
total duration of employment and duration of employ-
ment in jobs exposed to wood dust {probable or definite)
are presented in table 9 for the lymphatic and hematopoi-
etic cancers. All of the exposures were lagged by five
years, a latency period thus being allowed for. The risk
of death due to all lymphatic and hematopoietic neo-
plasms was elevated among the workers employed for
more than 10 years in any job and for those employed for
10 years or more in wood-exposed jobs. The excess of
Hodgkin’s disease occurred among the workers em-
ployed in wood-exposed jobs while multiple myeloma
was elevated among the workers employed 10 or more
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Table 9. Relative risk of death by duration of employment for the plywood workers. (O = observed number of deaths, E = expecied
number of deaths, SMR = standardized mortality ratio, 95% Cl = 95% confidence interval)

Cause of death

Hodgkin’s disease

Multiple myeloma

Non-Hodgkin’s lymphoma Leukemia

0 E SMR 95%Cl 0 E

SMR 95% Cl 0

E SMR 95% Cl 0 E SMR 95%Cl

Duration of total
employment?

< 5years 0 t5 00 00—-25 0 06 00 00—6.1 22 14 03—4.1 1 32 03 00—18
5 to 9 years 0 06 00 00—72 0 03 00 00—112 1 11 09 0052 1 15 07 0.0-37
> 10 years 4 07 60 16—153 4 11 38 1.0-97 3 23 13 0338 4 31 13 04—33

Duration of employment

in jobs exposed

to wood dust?
<1 year 0 16 00 00—23 3 10 31 06—89 4 28 14 0436 3 43 07 01—=20
110 4 years 0 05 00 00—73 0 03 00 00—122 (0 08 00 00456 0 11 00 00-33
5 to 9 years 0 08 0.0 00486 0 02 00 00—183 1 06 16 0.0—91 1 08 13 0.0—71
> 10 years 4 00 100 48—184 1 06 17 0.0—-94 2 13 15 0256 2 16 13 02—45

a Allowing for a five-year latency period using lagging.

years in any job. Allowing for no latency period or lag- Discussion

ging by 10 or 20 years decreased the apparent associa-
tions. Both nasopharyngeal cancers among plywood
workers occurred in workers employed for less than five
years.

The results for sinonasal cancer for the pooled cohort
were primarily due to 10 cases (expected 1.4) that oc-
curred among the British furniture workers. The remain-
ing sinonasal cancer death occurred among white male
US furniture workers (expected 0.9). The results from
parallel analyses of the British and US furniture workers
were inspected for the apparent discrepancy between the
results of the two cohorts. While 9 of the 10 sinonasal
cancers among the British furniture workers occurred
among men first employed prior to 1940, the entrance
criterion for the US furniture workers was first employ-
ment between 1946 and 1962. The expected number of
sinonasal cancers was very small in both groups, but
fewer were expected in the US versus the British among
workers in the highest probability of exposure category
(0.2 versus 0.7) and the 30 or more years since first
employment category (0.1 versus 0.8).

No sinonasal cancer deaths were observed among
nonfurniture workers, whereas approximately one would
have been expected. Of the nine nasopharyngeal cancers,
five occurred among the British furniture workers (ex-
pected 0.9), two among US furniture workers (expected
1.6), and one each in the NIOSH (expected 0.3) and NCI
plywood (expected 0.2) cohorts. The SMR values for
multiple myeloma ranged from 1.1 to 2.3 in the individu-
al cohorts. In general, the pooled cohort results were
consistent with those of the individual cohorts for com-
mon causes of death. For example, the SMR values
ranged from 0.7 to 1.0 for all cancers and from 0.8 to 1.0
for lung cancer. The one exception was the previously
reported excess of stomach cancer in one cohort (15).

The primary strength of this analysis is the increased
power to examine rare causes of death afforded by the
pooling of data. In addition, the classification of proba-
bility of wood-dust exposure, although crude, represents
an improvement over simple summary SMR values for
the entire cohort, and only the British furniture worker
cohort had previously been examined in this manner.
The large numbers also provided the ability to examine
trends in the data in relationship to time period of expo-
sure and the number of years since exposure began.

The chief limitation of this analysis was the lack of
accurate information regarding exposure to wood dust
and other agents. Although it was possible to create
some crude exposure indices, misclassification undoubt-
edly occurred. Within studies, misclassification will have
occurred because persons were inaccurately assigned to
exposure categories due to the limited exposure informa-
tion available. Since the exposure information used was
obtained prior to the occurrence of disease, the misclas-
sification would be nondifferential and would tend to
obscure potential relationships between wood dust and
disease and could distort dose-response relationships (26,
27). Further misclassification may have occurred be-
tween studies because differences in the detail of the
exposure information available could have caused the
accuracy of exposure assignment to vary by study. The
effects of this type of exposure misclassification are dif-
ficult to predict.

Another limitation of this study was the reliance on
mortality data as an indicator of disease incidence. Death
certificates are a poor source for information regarding
nonmalignant respiratory disease and may also lack de-
tails on the anatomic subsite of origin and histology
information for fatal cancers (28), which are particularly
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important for nasopharynx and sinonasal cancer. In addi-
tion, national rates, which were used in all of the analy-
ses, may not accurately reflect the base-line disease risk
in this population due to the healthy worker effect (29),
social class, and ethnic and regional differences. The
pooled cohort had a significantly depressed SMR for
total mortality, and therefore the SMR values for some
diseases may have been attificially low.

In this study an excess risk of sinonasal cancer was
observed among the British furniture workers with the
highest wood-dust exposure but not among US furniture
workers. It has been noted previously that furniture work-
ers in the United States may not have as high a relative
risk of sinonasal cancer as their British counterparts (10,
30). The reasons for this inconsistency are not known,
but in this analysis at least part of the discrepancy may
have been due to differences in study design and expo-
sure between the two groups. In Britain, the elevated
risks were observed among the furniture workers first
employed prior to 1940, while entry into the US cohort
began in 1946. The available industrial hygiene mea-
surements would seem to indicate that wood-dust expo-
sures may have been higher in the British industry. How-
ever, it is not possible to make a direct comparison be-
cause little is known about the workplaces where the US
workers were employed, and no measurements are avail-
able from earlier periods. It may also be of significance
that the British furniture industry in the High Wycombe
region produced furniture primarily of hardwood, which
has been associated with higher risks of sinonasal cancer

than softwoods (1, 7, 8). No information on species of

wood was available for the US furniture workers.

This reanalysis also observed an excess of nasopha-
ryngeal cancer among furniture and plywood workers.
Among the furniture workers, a large excess was ob-
served for the men employed in jobs with the greatest
likelihood of high wood-dust exposure. We also found
an excess of nasopharyngeal cancer for workers holding
jobs for which exposure to wood dust was less certain,
This observation may be due to a misclassification of
exposure, separate effects of different exposures, such as
formaldehyde among the plywood workers, or, given the
small numbers, chance. Some case-referent studies have
reported an association between nasopharyngeal cancer
and wood work occupations (4, 31—33).

Our analyses suggest that the risk of some of the
Iymphatic and hematopoietic neoplasms may be elevated
among wood workers, particularly multiple myeloma. In
the full pooled cohort, the risk of multiple myeloma was
greatest among workers with the highest probability of
wood-dust exposure, but among furniture workers (who
may have had the highest exposures) the trend was less
pronounced. Three out of the four multiple myelomas
among the plywood workers occurred among persons in
the lowest probability of exposure category. From these
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analyses the specific factors that may be associated with
excesses of multiple myeloma among wood workers are
unclear, but the overall pattern suggests that both chemi-
cal agents and wood dust may play a role. Some studies
have found multiple myeloma to be related to chemical
exposures that may occur within wood-related indus-
tries, such as paints, solvents, and pesticides (34-—37).
Further assessment of exposures in plywood and other
wood-related industries is warranted.

No evidence was found for an excess risk of death
due to lung cancer and nonmalignant respiratory disease
in any of the stratified analyses, nor were any trends
suggestive of a relationship apparent. Among plywood
workers, a small excess of bronchitis, emphysema, and
asthma was observed, but it did not appear to be asso-
ciated with any of the surrogate measures of wood dust
exposure which were used. An important issue to con-
sider is the respirability of wood dust. The particle size
of dust generated by wood-working operations varies
somewhat according to the process used and the type and
dryness of the wood. Industrial hygiene sampling, how-
ever, has generally found the majority of suspended wood
dust to have a mass median aerodynamic diameter of
greater than 10 {m, and this is generally above the re-
spirable size (38, 39). In this analysis, exposure to finer
wood dust would have been expected to occur during
furniture and plywood finishing operations. The lack of
an excess of disease among workers in these categories
could be a true indicator of the absence of effect or could
be due to a combination of a poor measurement of expo-
sure to respirable dust or the healthy worker effect. It has
been noted that wood workers may smoke less because
smoking is prohibited in some workplaces due to the fire
hazard posed by wood dust (8). If true, negative con-
founding by cigarette smoking may be possible. Unfor-
tunately, no data on smoking or other potentially con-
founding factors were available for this analysis.

In conclusion, this reanalysis of data from five co-
horts of workers in wood-related industries confirmed
the association between sinonasal cancer and wood—dust
exposure; this conclusion is based primarily on the
strength of the British furniture worker study. In addi-
tion, a similar pattern was observed for nasopharyngeal
cancer; this result provides further evidence that it may
also be related to wood-dust exposure. Some support for
an excess risk of multiple myeloma was also observed.
No excesses of lung, larynx, stomach, or colon cancer
were found to be associated with any of the surrogate
indicators of wood-dust exposure used. Although the
studies included in this analysis lacked detailed informa-
tion on exposures and potential confounders, these limi-
tations and the healthy worker effect would tend to ob-
scure relationships between wood dust and cancer rather
than create false positive findings. Large studies with
better indicators of exposure are needed to examine the



relationship between some of the relatively rare cancers
found in excess in this study and exposures in wood-
related industries. The use of cancer incidence data, rath-
er than mortality, could also increase study power and
allow the examination of the risks associated with spe-
cific histological types.
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