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ABSTRACT

Background Sinonasal adenocarcinoma is a rare
disease expected to have rare causes and potential for
strong risk factors as reflected by the strong association
with occupational wood dust exposure. High level
styrene exposure is a rare and suspected carcinogen,
and this study examines the exposure—response relation
between occupational styrene exposure, sinonasal
adenocarcinoma and other subtypes.

Methods We followed 73092 styrene-exposed workers
from 1968 to 2011 and identified sinonasal cancers in
the Danish Cancer Registry. We modelled cumulative
styrene exposure and estimated incidence rates and age,
sex and wood-industry adjusted ORs.

Results During 1 585 772 person-years, we observed
nine cases of adenocarcinoma, corresponding to a
fivefold non-significantly increased OR for estimates
of high versus low cumulative styrene exposure (OR
5.11,95% Cl 0.58 to 45.12). The increased risk was
confined to exposure received during the recent 15
years. The other histological subtypes showed no
increased risk.

Conclusion This study suggests increased risk of
sinonasal adenocarcinoma following styrene exposure.
The observations are, however, few, confounding from
wood dust exposure cannot be ruled out, and additional
studies are needed before firm conclusions can be
drawn.

INTRODUCTION

Fifty years ago, Esme Hadfield, an alert ear-nose-
and-throat clinician, observed a cluster of sinonasal
adenocarcinomas among furniture makers in Buck-
inghamshire, UK, exposed to high levels of wood
dust.! Later, several epidemiological studies have
confirmed these observations by showing a 10-fold
to 40-fold increased risk of sinonasal adenocarci-
noma following wood dust exposure and today
the International Agency for Research on Cancer
(IARC) considers the association well established.??
Sinonasal adenocarcinoma is a rare cancer and these
findings add to similar observations of other rare
cancers strongly associated with specific and
rare occupational exposures like soot and scrotal
cancer and vinyl chloride and angiosarcoma of the
liver.* They all provided early and strong signals
of carcinogenesis probably because rare diseases
according to a deterministic approach to causality
are expected to have rare causes and thus potential
for large effect measures.®

Key messages

What is already known about this subject?

» Sinonasal adenocarcinoma is a rare disease
expected to have rare causes and potential for
strong risk factors as reflected by the strong
association with occupational wood dust
exposure.

What are the new findings?

» High-level occupational styrene exposure
is rare and we observed nine cases and a
fivefold, non-significantly increased risk of
sinonasal adenocarcinoma following high-level
cumulative styrene exposure among 73 000
reinforced plastics workers.

How might this impact on policy or clinical

practice in the foreseeable future?

» This finding may contribute together with other
epidemiological, animal and mechanistic data
to the assessment of the human carcinogenicity
of styrene.

We recently suggested an increased risk of sinonasal
cancer among reinforced plastics workers exposed to
styrene.” Styrene is classified as possibly carcinogenic
to humans by IARC and was listed in the National
Toxicology Programme 12th Report on Carcinogens
as reasonably anticipated to be a human carcinogen.®
High-level styrene exposure occurs almost exclusively
among a small number of reinforced plastic workers.”
We here add to our recent findings by examining the
exposure—response relation between quantitative
measures of cumulative occupational styrene expo-
sure and sinonasal adenocarcinoma and other histo-
logical subtypes.

METHODS

The study population was 73092 workers that
according to a national pension register of all
employees in Denmark were ever employed from
1964 to 2007 in 456 small-sized and medium-sized
companies producing reinforced plastics. The
register provided annual information on employ-
ment in these companies and any other company
since 1964. Statistics Denmark provided informa-
tion on occupation 1970-2007. In the National
Danish Cancer Registry, we identified all inci-
dent cases of sinonasal cancer classified by the
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International Classification of Diseases revision 7 (ICD-7) code
160 (1968-1977) and ICD-10 codes C30 and C31 (1978-2011).
According to the morphology codes of the ICD for Oncology,
third edition, we defined squamous cell carcinomas (8070/3,
8071/3), adenocarcinomas (8140/3, 8440/3, 8260/3) and other
histological subtypes (8002/3, 8020/3, 8200/3, 8430/3, 8720/3,
9680/3, 9999/3).

We modelled styrene exposure intensity from 1122 personal
styrene measurements and company characteristics (production
process, product and decade) obtained from 133 reinforced
plastics companies 1970-2011. We modelled styrene expo-
sure probability in regression models based on survey expo-
sure information from 11264 present and former employees
of all companies linked with information on occupation, sex,
product, production process, company size and calendar year
available for the complete population. For each worker and each
year of employment during styrene production in any of the
study companies, we computed a styrene exposure score as the
product of predicted styrene exposure probability and predicted
styrene exposure intensity. These scores were added across
all years of employment to obtain a cumulative styrene expo-
sure score that was categorised into low and high based on the
person-year median. We refrained from categorising into tertiles
(or more categories) since no case of adenocarcinoma occurred
in the median category. We also estimated the three components
thereof: duration of employment during styrene production,
mean styrene exposure intensity and mean styrene exposure
probability. Detailed information on the study population and
exposure assessment is described elsewhere.’

The study population was followed from 1968 or from
1 January following the year of first employment during
styrene production until an incident diagnosis of sinonasal
cancer, death, emigration, disappearance or end of follow-up by
31 December 2011, whichever came first.

In the initial analyses, we computed the incidence rates (IR)
and estimated crude incidence rate ratios (IRR) with 95% CI by

cumulative styrene exposure score with a discrete survival func-
tion. To account for age, sex and wood dust exposure and due
to the small number of cases, we then conducted a case-control
study nested within the study population. We randomly selected
10 controls for each case by incidence density sampling, matched
on age (within 2 years), sex and employment in a reinforced
plastics company producing boats or employment in wood
industry (sawmilling and planning of wood, manufacture of
veneer boards and wood-based boards, manufacture of builders’
carpentry and joinery, manufacture of wooden packaging, furni-
ture industry, carpentry and joinery business) since 1964 (never,
ever or unknown). With conditional logistic regression, we esti-
mated adjusted OR with 95%CI by cumulative styrene expo-
sure score and the other exposure metrics accrued during the
full work history and during specified time windows (<15 years
prior, 15-29 years prior and =30 years prior). We estimated the
log-linear relation with the original continuous variables. Anal-
yses were performed with STATA V. 13.1.

In accordance with the data confidentiality policy of Statis-
tics Denmark, no less than four cases per cell were reported
or should be inferred, and for that reason, we only present the
overall number of cases from each histological subcategory.

RESULTS
During the 1 5§85 772 accumulated person-years, we identified 37
sinonasal cancers: nine adenocarcinomas, 15 squamous cell carci-
nomas, 13 other histological subtypes and 370 controls, 10 for
each case.

We observed one case of adenocarcinoma per 100 000 person-
years for a high cumulative styrene exposure score (=37 mg/m’-
years, online Supplementary table 1). This corresponded to an
eightfold increased crude risk (IRR 8.00, 95% CI 1.00 to 63.97).
No increased risk was seen for squamous cell carcinomas or
the other histological subtype category. The age, sex and wood
industry matched analyses showed a fivefold increased OR of

Table 1
exposure in the Danish reinforced plastics industry, 1968-2011*

ORs with 95% Cl of sinonasal adenocarcinoma, squamous cell carcinoma and a category of other histological subtypes by styrene

Adenocarcinoma (n=9)

Squamous cell carcinoma (n=15)

Other histological subtypes (n=13)

Exposure metric OR* (95%Cl) OR# (95%Cl)

ORt (95%Cl)

OR% (95%CI) ORt (95%CI) OR% (95%CI)

Cumulative styrene exposure score

<37 mg/m3—years 1. 00 (reference)

>37 mg/m>-years 4.02 (0.44 to 36.6)

Per 100mg/m>-years  1.36 (1.09 to 1.68)
Mean styrene exposure intensity

<23mg/m’ 1. 00 (reference)

>23 mg/m3 1.85 (0.34 t0 10.20)

Per 10 mg/m? 1.17 (1.04 t0 1.32)
Mean styrene exposure probability

<37% 1. 00 (reference)

>37% 2.08 (0.49 to 8.85)

Per % 1.02 (0.99 to 1.05)

Duration of employment during styrene production

<5years 1. 00 (reference)
>5years 3.72 (0.88 to 15.64)
Per year 1.07 (0.96 to 1.19)

1.00 (reference)
5.11 (0.58 to 45.12)
1.08 (0.96 to 1.21)

1.00 (reference)
2.06 (0.38 to 11.25)
1.08 (0.98 t0 1.18)

1.00 (reference)
1.81 (0.39 to 8.45)
1.02 (0.99 to 1.05)

1.00 (reference)
2.50 (0.64 t0 9.73)
1.07 (0.95 to 1.20)

1. 00 (reference)
1.30 (0.37 to 4.57)
0.96 (0.81 to 1.14)

1. 00 (reference)
0.45 (0.14 to 1.47)
0.99 (0.87 t0 1.12)

1. 00 (reference)
1.22 (0.41 t0 3.62)
1.00 (0.98 to 1.02)

1. 00 (reference)
0.67 (0.18 to 2.46)
0.97 (0.86 to 1.10)

1.00 (reference)
1.15 (0.34 to 3.89)
1.02 (0.83 t0 1.25)

1.00 (reference)
0.43 (0.14 t0 1.32)
0.98 (0.86 t0 1.11)

1.00 (reference)
1.40 (0.47 to 4.20)
1.00 (0.98 to 1.02)

1.00 (reference)
0.96 (0.26 to 3.55)
1.04 (0.91 to 1.19)

1.00 (reference)
0.88 (0.28 t0 2.80)
0.80 (0.51 to 1.20

1.00 (reference)
0.46 (0.14 to 1.51)
0.97 (0.87 to 1.09)

1.00 (reference)
1.45 (0.46 to 4.57)
1.00 (0.98 to 1.02)

1.00 (reference)
0.33 (0.04 to 2.59)
0.95 (0.81 t0 1.12)

1.00 (reference)
0.74 (0.22 to 2.42)
0.75(0.46 to 1.23)

1.00 (reference)
0.45 (0.13 to 1.53)
0.95 (0.84 to 1.07)

1.00 (reference)
0.94 (0.29 to 3.04)
0.99 (0.97 to 1.01)

1.00 (reference)
0.24 (0.03 to 1.95)
0.95 (0.80 to 1.14)

*In accordance with the data confidentiality policy of Statistics Denmark, no less than four cases per cell were reported or should be inferred, and for that reason, only the

overall number of cases are presented.
tCases and controls are matched on age and sex.

tCases and controls are matched on age, sex and employment in a reinforced plastics company producing boats or in wood industry (never, ever, unknown).
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adenocarcinoma for a high cumulative styrene exposure score
(OR 5.11; 95%CI 0.58 to 45.12, table 1). High mean styrene
exposure intensity, high styrene exposure probability and long
duration of employment during styrene production all showed
approximately doubled risks of sinonasal adenocarcinoma. For
adenocarcinoma, positive log-linear relations were seen for all
styrene exposure metrics; however, none were of statistical
significance. We observed a fourfold increased risk of adeno-
carcinoma following exposure received during the recent <15
years (OR 3.88; 95%CI 0.71 to 21.05) and a decreased risk
following more distant exposure (online Supplementary table 2).
No increased risks were indicated for squamous cell carcinomas
or the other histological subtype category.

DISCUSSION

We observed a fivefold non-significantly increased risk of sinon-
asal adenocarcinoma following a high level cumulative styrene
exposure score. The increased risk was confined to exposure
received during the recent 15 years. No increased risks were
apparent for other histological subtypes.

To our knowledge, no other epidemiological study has eval-
uated the risk of sinonasal cancer following styrene exposure.
Results for exposure to unspecified organic solvents, which may
include styrene, have been inconsistent. Animal studies have
shown increased occurrence of lung tumours in mice exposed to
styrene.'? Styrene is metabolised to styrene-7,8-oxide, which has
genotoxic effects through formation of DNA adducts and single-
strand breaks and this could indicate mutagen-initiated carcino-
genesis.® A cytotoxic effect of styrene has also been suggested,
and regenerative hyperplasia has been shown in respiratory
tissues.'® The exclusive association with recent styrene exposure
is more suggestive of a promoter than an initiator effect and
differs from that seen for wood dust showing a latency period of
about 20 years.” The exclusive association seen for adenocarci-
nomas suggests this histological subtype to be more susceptible
to environmental exposures.

Information on outcome and exposure relied on sources inde-
pendent of the participants and misclassification of exposure
and outcome are expected to be non-differential and unlikely
to explain our findings. Furthermore, our grouping of exposure
should mainly lead to Berkson type error causing little or no bias
of the exposure response relation. Due to high coverage of the
registries, a public healthcare system in Denmark with no user
payment, recruitment and follow-up were almost complete.

Four of the nine cases of andenocarcinoma were employed in
a reinforced plastics company producing boats and potentially
wood dust exposed, for example, during manufacturing of inte-
rior fitting or employed in other wood industry at some point in
time since 1964. Matching controls on this information should
have reduced confounding from such exposure even if this took
place more than 20 years earlier since the first case of adenocar-
cinoma occurred in the 1990s. But residual confounding cannot
be ruled out due to the limited information on wood dust expo-
sure, for example, related to production of wooden moulds
within the industry.

Nickel, leather dust and formaldehyde are other docu-
mented or suspected risk factors for sinonasal cancer but
they are not expected to be present in the reinforced plastics
industry.® ' Tobacco smoking is associated with sinonasal squa-
mous cell carcinoma but shows weak and inconsistent associa-
tion with adenocarcinoma.'?

Sinonasal adenocarcinoma is a rare disease and despite
the large population and the more than 1.5 million accumu-
lated person-years, the small number of cases is a limitation as
reflected by the wide Cls. But the rarity of the disease may also
be a strength because it is expected to reflect rare causes and thus
the potential for large effect estimates.®

In conclusion, this study suggests an increased risk of sinon-
asal adenocarcinoma following styrene exposure. The observa-
tions are, however, few, confounding from wood dust exposure
cannot be ruled out, and additional studies are needed before
firm conclusions can be drawn.
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