Survival Analysis of Lung Cancer Mortality in a Dutch Cohort Exposed to Bitumen

Lützen Portengen

Purpose:  To analyze the exposure-response relation between bitumen exposure and lung cancer mortality in the Dutch contribution to the IARC cohort study. Earlier analyses using Poisson regression models to compare risks among workers were based on rather broad categories of exposure. To make better use of the available exposure information we aimed to include cumulative exposure to bitumen as a continuous variable in Cox proportional hazards regression models.

Methods:  Data for the Dutch cohort were collected in six companies involved in asphalt production and road construction. Estimated lagged (15 years) cumulative exposure to bitumen at each event time was calculated for all subjects and included as a time-dependent covariate. Flexible smoothing splines were used to investigate possible non-linear effects of bitumen exposure on lung cancer mortality.

Results: Complete personnel records were available for 3,714 workers who had worked for at least one season from 1969 onwards. Follow-up for mortality was completed until 1999, when 3,158 subjects (85 percent) were known to be alive and 471 (13 percent) had died, resulting in 63,982 person-years of follow-up. Average (SD) age at the end of follow-up was 51 (14) years. Seventy-two (72) workers had died of lung cancer. No clear dose-response relation was found in Poisson regression analysis with exposure categorized in quartiles of the exposure in exposed cases. Compared to non-exposed workers, Risk Ratio’s [95% CI] for workers with lagged cumulative exposure to bitumen of [>0–4], [>4–9], [>9–26], and [>26] unit-years were 1.6 [0.6–4.2], 1.1 [0.3–3.6], 1.1 [0.4–3.3], and 2.2 [0.8–6.3] respectively. In Cox proportional-hazards regression using a time-dependent exposure variable, the estimated Hazard Ratio [95% CI] for a 25 unit-year increase in lagged cumulative exposure was 1.4 [1.1–1.7] (P=0.01). Additional model-checking and use of smoothing splines did not show evidence of significant deviations from linearity (Pnon-linearity = 0.49).

Conclusions:  A strong and statistically significant relation between lagged cumulative bitumen exposure and lung cancer mortality was found using Cox proportional-hazards regression with a time-dependent exposure variable in the Dutch contribution to the IARC cohort study. This analysis provides much stronger evidence for a relation between bitumen exposure and lung cancer then an analysis based on only a limited number of exposure categories. As the follow-up for this cohort has been updated recently, we expect a significant increase in the number of cases, and hope this may result in even more precise findings.
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