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Lead and cancer - association or causation? 

Lead is one of the oldest industrial toxins. It must have begun to take its toll soon after Prometheus 
made the gift of fire to man. Throughout the centuries, this valuable metal has been used in a variety of 
ways. Due to the widespread use of lead in pipes for water distribution, lead-based paint, lead additives 
in gasoline and other applications, lead has since become a general environmental contaminant. It has 
also turned out to be a human toxin that can affect many organs and their functions, including bone 
marrow and the nervous system. 

Early on, acute toxicity after high-level exposures to lead compounds was the main concern. In the 
days of the Roman empire, both lead and mercury poisoning were known, for Pliny the Elder included 
them among the "diseases of slaves" (potters' and knife grinders' phthisis). Nowadays, as a result of 
improved hygiene and increased knowledge, interest has primarily shifted to more subtle changes, such 
as behavioral problems and mental retardation. 

The carcinogenicity of lead compounds was recognized in 1987 by the International Agency for 
Research on Cancer (IARC) ( I ) ,  which considered that lead and inorganic lead compounds are possibly 
carcinogenic to humans (IARC group 2B), on the basis of sufficient evidence of carcinogenicity in 
experimental animals but inadequate evidence for carcinogenicity in humans. 

Fu & Boffetta (2) conducted a meta-analysis of available case-referent and cohort studies on the 
association between exposure to lead compounds and cancer occurrence available at that time. They 
concluded that the data from workers with heavy exposure to lead "provided some evidence to support 
the hypothesis of an association between stomach and lung cancers and exposure to lead [p 731". 

Since the review by Fu & Boffetta, four other studies have been published: 1 from Finland (3), 2 from 
Sweden (4, 5) and 1 from Italy (6). 

Anttila et al (3) studied 20 700 workers who had been biologically monitored for their blood lead 
concentrations during 1973-1983. The internal comparison within the cohort showed a 1.4-fold 
increase in the overall cancer incidence and a 1.8-fold increase in the incidence of lung cancer among 
those who had ever had a blood-lead level of 2 1.0 pmolll. In the case-referent analysis, an increased 
odds ratio was found for lung cancer for concomitant exposure to lead and engine exhaust. 

In a small Swedish cohort of 664 male lead-battery workers, an increased mortality was noted for all 
malignant neoplasms (SMR 165, 95% CI 109-244) (4). The incidence of respiratory tract cancer in the 
total cohort was slightly increased (SIR 132, based on 6 observed and 4.5 expected cases). Another 
Swedish cohort (5) was formed from 3979 primary lead smelter workers. Lung cancer incidence was 
increased in the total cohort (SIR 278, 95% CI 205-375) and in the highest lead-exposed subgroup 
(SIR 305, 95% CI 196-463). 

The Italian cohort consisted of 1388 workers in a lead-smelting plant. Mortality from all cancers, 
stomach cancer, and lung cancer was lower than expected; however, there was a 4.5-fold excess 
mortality from pneumoconiosis and other diseases of the respiratory system, obviously due to exposure 
to silica. The lack of excess cancer occurrence is in apparent contradiction with the epidemiologic 
literature supporting an association between silicosis and lung cancer (7). Therefore, the detection of 
any possible excess of lung cancer due to lead exposure may also have been masked for the same 
reasons (eg, by misdiagnosis of lung cancer on the death certificates). 



Risks of genitourinary diseases and kidney cancer increased significantly with duration of employ- 
ment up to 6.6-fold and almost I 1  -fold, respectively, among smelter workers employed for 21 years or 
more (6). 

Even though the risk estimates for kidney cancer have varied within heavily-exposed lead cohorts, 
some common features emerge, Increased risks have appeared in studies of lead smelters with long- 
term exposure to high levels of lead, with a long latency or induction period. Concerning lung cancer, the 
published cohort and case-referent studies seem to support the hypothesis that exposure to lead causes 
a significant, but relatively small, increase in risk (figure 1). In three of the recent cohorts, an increased 
incidence of lung cancer has been observed among lead-exposed workers. The increases in the Finnish 
and recent Swedish cohorts could not be explained solely by confounding from smoking or by other 
occupational carcinogens. 

Lead and lead compounds have long been recognized as carcinogenic to animals (ie, they have an 
inherent capacity to induce malignant cell growth) (1, 24). Long-term rodent carcinogenicity studies 
have shown that the oral administration of lead compounds can lead to an increased occurrence of renal 
tumors. Lead compounds can also increase tumor yields at other sites. Lead subacetate has increased 
the incidence of lung adenomas in a screening assay of mice. 

In conclusion, the epidemiologic evidence has, until now, been inconsistent. For lung cancer, the 12 
cohort studies and 4 case-referent studies (either among battery workers or among lead smelters), 
included in the meta-analysis by Fu & Boffetta (2), show a fairly consistent increase, although small, in 
lung cancer risk (figure 1). The relative risks among subpopulations more exposed to lead compounds 
showed even higher point estimates of risk in certain studies. With the 4 recent cohorts (not shown in 
figure I ) ,  it seems that long-term, high exposure to lead compounds is associated with an increased risk 
of lung cancer. While the Italian cohort did not report any increase in lung cancer risk, it had an excess of 
kidney cancer (6). Animal studies have provided convincing evidence for the induction of kidney tumors 
after exposure to lead compounds (24). An excess of cancer in the digestive tract has also been reported 
in some epidemiologic studies; however, this excess risk could be explained, at least in part, by 
nonoccupational factors (2). 
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Figure 1. Relative riskestimatesand 95% confidence intervals (95% CI) fortheassociation of industrial lead exposure with lung cancer 
in cohort (N = 12) and case-referent (N = 4) studies. Sources of lead exposure and references (in parentheses): 1. batteries (a), 2 = 
smelters (a), 3 =batteries (9), 4 =smelters (9), 5 =smelters ( lo ) ,  6 =smelter (11), 7 =smelter (12), 8 =pigments (13), 9 =pigments 
(14), 10 =printing (15), 11 =printing ( l6) ,  12 =glassworks (17), 13 =glassworks (18), 14 =glassworks ( l9 ) ,  15 =glassworks (20), 
16 = lead compound (21), 17 = nonferrous smelters (22); 18 = battery and other factories (23). 
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