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ABSTRACT 
Exposure to silica (Si<>z) causes silicosis and silicotuberculosis; now there is new concern about its car­
cinogenicity (see IARC Monograph on Silica, 1987). The California Silicosis Registry was created to ex­
amine the mortality of silicotics (individuals with high SiC>i exposures) among state Workers' Compensa­
tion Appeals Board claimants. The authors used proportionate mortality ratios (PMRs) to assess the risks 
among 212 while male silicotics who filed claims between 1945 and 1963 and were followed until 1984. 
The PMRs (and 95% confidence intervals [~"]) indicated that silicotics had excesses of cancer of the 
lung (PMR=2.22; ~"=l.30, 3.37), tuberculosis (PMR=9.75; ~"=6.58, 13.92), and nonmalignant 
respiratory diseases (PMR =4.18; ~" =3.10, 5.51). Removing tuberculosis deaths from the analysis pro­
duced a Jung cancer PMR of 2.53. 1bere was no excess risk for gastrointestinal or lymphatic cancers. These 
preliminary findings from the Registry suggest that silicotics in California have a significant respiratory 
cancer risk. This risk is consistent with findings from many international studies and strongly suggests that 
silicosis acts as a precursor lesion for lung cancer. 

BACKGROUND 
Since the 1930s there has been unsubstantiated conjecture 
that silicosis predisposes to cancer of many sites. It is 
established that silica exposure causes silicosis, silicotuber­
culosis, cor pulmonale, and perhaps nephritis. However, that 
silica may be a carcinogen or that silicosis may increase the 
risk of bronchogenic cancer (Goldsmith et al., 1982; 
Goldsmith et al., 1986; IARC, 1987) has been seriously con­
sidered only in the past seven years and challenges a great 
deal of expert medical opinion (see Heppleston, 1985; 
Selikoff, 1978; Ziskind et al., 1976). 

The following is a summary of the scientific evidence of 
silica's carcinogenicity and the relationship between silicosis 
and respiratory cancer: 

1. Very recent evidence shows that silica produces muta­
tions and premalignant hyperplasia in vivo (Hesterberg 
et al.; 1986, Gibson et al., 1986; Saftiotti, 1986). 

2. Since 1980 silica (as Min-U-Sil) has been shown to be 
a pulmonary carcinogen in five lifetime rat studies us­
ing both intratracheal and inhalation methods (Holland 
et al., 1983; Groth et al., 1986; Dagle et al., 1986; 
Wagner et al., 1980; Muhleetal., 1989). Muhleetal.'s 
research on rats shows that quanz is a carcinogen at 
a level of 1 mg!m3. Although the tumorigenic results 
were not replicated in hamsters (Holland et al., 1983; 
Saftiotti, 1986), this is the first time that pulmonary 
tumors were induced using inhalation (Dagle et al., 

1986; Muhle et al., 1989; Holland et al., 1986), 
paralleling the human route of exposure. 

3. Workers in dusty trades with known high exposure to 
crystalline silica, including sandblasting, firebrick 
manufacture, ceramics, granite and stone work, and tun­
neling have statistically significan,t excess mortality from 
lung cancer (reviewed in Goldsmith et al., 1986; IARC, 
1987; Lynge etal., 1986). Smoking was not controlled 
in most of the studies, however its lack of adjustment 
cannot completely explain the high lung cancer risk 
ratios (Axelson, 1978, Fletcher and Ades, 1984). By 
way of contrast, Goldsmith and Guidotti (1986) 
presented evidence that smoking may be synergistic with 
silica exposure in the risk of lung cancer. 

4. Paralleling the lymphatic malignancies induced by silica 
in anin3als (Wagner et al., 1980), there are several 
studies indicating an elevated risk in hUD38DS (Brown 
et al., 1986; Kurppa et al., 1986; Redmond et al., 1981; 
Mirer et al., 1986). In addition there are several studies 
indicating excess mortality from stomach cancer among 
workers in which silica exposure predominated (re­
viewed by Greenberg, 1986). 

5. Similar to the obse!"Vations of pulmonary tumors adja­
cent to silicotic nodules in rats, lung cancer excesses 
have been reported consistently in studies of silicotics 
(reviewed by Goldsmith et al., 1988). The risk measures 
range from 1.4 to 5. 9 and have been reported from 
Sweden (Westerholm, 1980), Ontario (Finkelstein 
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et al., 1982, 1987), Switzerland (Schuler and Rottner, 
1986), Austria (Neuberger et al., 1986), Finland 
(Gudbergsson et al., 1984; Kurppa et al., 1986), Italy 
(Forastiere et al., 1986; Rubino et al., 1985; Zambon 
et al., 1986), U.S. (Steenland and Beaumont, 1986), 
and Japan (Chiyotani, 1984). 

EXPERIMENTAL DESIGN AND METHODS 

Background of This Study 
In 1986 and 1989 we received funding from the California 
Thoracic Society and the Centers for Disease Control, respec­
tively, to create the California Silicosis Registry. Its purpose 
is to provide a registry of all claims for silicosis (and claims 
for other occupational pulmonary disease) within Califor­
nia, and to provide a basis for testing the association be­
ween silicosis and cancer. This paper will describe the pro­
portional mortality ratio (PMR) findings from a partial and 
preliminary examination of the registry. 

Methods 
Patients having claims for silicosis diagnosed in California 
who were state residents from January l, 1946 to December 
31, 1980 are being identified. We are using the files of the 
California Workers' Compensation Appeals Board (WCAB). 
The following data are being extracted from the archived 
records of WCAB: name, address, sex, Social Security 
number, date of birth, name and address of primary physi­
cian, date of claim, type of injury alleged, and employer's 
name and address. There are three types of controls being 
selected (excluding fatal injuries): one, matched for age(± 
2 years), year of claim, region and sex; second, the next non­
case in the files after a lung disease claim is found; the third 
control is a random selection of one claim from every 12 
boxes of files (approximately 1 per 400 sample). 1bese cases 
of silicosis and controls constitute the California Silicosis 
Registry. 

All subjects are being traced up to December 31, 1984 to 
determine their vital status. Using California Department of 
Motor Vehicles (DMV) records, tracing is now being car­
ried out to determine last known address if alive. Deceased 
subjects are being identified and information extracted from 
the California Vital Statistics Section of the Department of 
Health Services. 

We used a proportionate mortality ratio (PMR) analysis pro­
gram developed by Maizlish (1986) to provide a preliminary 
assessment of mortality between silicosis and respiratory dis­
ease claims whose death certificates (up to 1984) could be 
abstracted from California vital records. Expected values are 
from U.S. white male rates according to the 8th revision of 
the International Classification of Diseases. The major ad­
vantage is that this approach uses all the deaths obtained in 
the registry to date and provides a useful indication of any 
excesses relevant to the hypotheses under evaluation in this 
study. 

RESULTS 
This paper will examine only those data from the San Fran­
cisco district in a preliminary follow-up. All claims listing 
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either silicosis, silicotuberculosis, anthracosilicosis, pneumo­
coniosis, dust diseases of the lung, or any lung illness (not 
accidents) are being extracted from the files of WCAB. 

Table I shows the number of WCAB files examined, the 
number of lung disease claims found and the proportion of 
cases found per 1,000 records. These preliminary results in­
dicate that about 5 of every 1,000 files reviewed contains 
a WCAB claim for occupational respiratory disease. As of 
May, 1988, over 130,000 individual files had been reviewed, 
and nearly 700 pneumoconiosis claims (plus controls) have 

been extracted. For this study we focused only on white males 
because fewer than 5 % of the deaths occurred among non­
whites or females. 

Tables II and ID presents PMRs for white male cases dying 
from nonmalignant and malignant diseases, respectively. As 
expected, the cases have a striking excess mortality from 
tuberculosis (TB), a frequent complication of silicosis (PMR 
= 9.15; 95% Cl= 6.58, 13.9'2). Thereisasignificantdeficit 
of mortality for all circulatory diseases, PMR = 0.60; 95% 
Cl= 0.47, 0.75. Nonmalignant respiratory disease mortality 
showed the expected pattern with claimants having a clear 
excess PMR of 4.18; 95% Cl = 3.10, 5.51. Cirrhosis of 
the liver showed a nonsignificant PMR of 1.39. Accidental 
deaths among lung disease claimants had a borderline signifi­
cant deficit PMR of0.42, and there was no excess mortality 
for suicide. 

Table ID indicates that the silicosis claimants have a PMR 
of 1.07 for all malignant neoplasms. In contrast to the re­
cent findings of Finkelstein et al. (1987), there was no ex­
cess of cancer of the gastrointestinal tract among cases (PMR 
= 0.91). An excess risk for lymphopoeitic cancers was not 
born out among these pneumoconiotics, PMR = 0.90. There 
was also a PMR of 2.32 for pancreatic cancer (based on 
only 5 deaths). 

Malignant neoplasms of the respiratory system were 
significantly elevated for lung disease claimants (PMR = 
2.16; 95% a= 1.37, 3.24). For cancer of the trachea, bron­
chus and lung, the pneumoconiotics had a PMR of2.22; 95% 
Cl = 1.39, 3.37. Removing the deaths from tuberculosis, 
produced a PMR of 2.53 for pulmonary cancer among 
silicotics. 

DISCUSSION 
In this preliminary PMR analysis (with the known 
weaknesses of PMR data acknowledged), respiratory disease 
claims showed an expected striking excess risk for TB and 
nonmalignant pulmonary disease mortality. In addition, we 
demonstrated a significant doubling of respiratory system 
cancer among claims for occupational lung disease (cases). 
Because we could not adjust for smoking, this finding can 
only be considered preliminary. However, 1hese findings sup­
port the association between silicosis and lung cancer mor­
tality risk descnbed by Goldsmith et al. (1988), and the con­
sistei)cy of this association suggests that silicosis may act as 
a "precursor lesion" in the risk of pulmonary cancer 
(Goldsmith et al., 1983). The nature of the association will 
become clearer as the research on the California Silicosis 
Registry progresses. 
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Table I 

Number of Files Erarnined, Number and Proportion of Claims for Lung Disease 
Found from the San Francisco Office of WCAB, 1945 to 1965 

Years of claim # Files Reviewed Claims found Proportion/1,000 

1945-49* 

1951-55 

1956-60 

1962-65 

TOTAL 

27,242 

33,321 

21,931 

18,776 

101,270 

174 

122 

112 

57 

465 

* 1950 and 1961 are missing from current files 

Table n 

6.4 

3.7 

5.1 

3.0 

4.6 

PMR Findings from the California Silicosis Registry: Claims of Pneumoconiosis 
from 1945 to 1963 Followed until 1984 (Nomnalignant Diseases 

Among White Males; N = 171) 

CAUSE QE DEATH tm ae BE ~CONJ.NI 

Tuberculosis 30 3.1 9.75 6.58, 13.92 

All Circulatory Diseases 71 119.2 0.60 0.47, 0.75 

All Respiratory Diseases 50 12.0 4.18 3.10, 5.51 

Cirrhosis of Liver 5 3.6 1.39 0.44, 3.20 

All Accidents 4 9.5 0.42 0.11, 1.07 

Suicide 0 3.4 000 
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Table ill 
PMR Findings from the California Silicosis Registry: Claims of Pneumoconiosis 

from 1945 to 1963 Followed until 1984 (Malignant Neoplasms 
Among White Males; N = 41) 

CAUSE QE DEATH 

All Malignant Neoplasms (MN) 

MN of Digestive Tract 

MN of Pancreas 

MN of Respiratory System 

MN of Lung 

MN of Lymphopoietic System 

COl'ICLQSIOl'I 
This preliminary assessment of the proportionate mortality 
risk for silicosis claims has confirmed the finding of an 
elevated risk for pulmonary cancer. Because this finding is 
preliminary and because it only represents a minority of cases 
expected to be in the registry when finished, some caution 
is needed in drawing definitive conclusions. Spoecifically, 
adjustment for smoking is needed, and industry-specific risks 
should be calculated in order to see if the risk differs accord­
ing to whether there is confounding from asbestos (in con­
struction and shipbuilding), from pyrolosis products and 
metal fumes (in metallurgical industries), or from radon (in 
mining). 

In the United States there are over 3,000,000 workers ex­
posed to silica (Frazier and Sundin, 1986) and over 100,000 
patients suffering from silicosis (Wegman, 1983). In spite 
of the limitations of this study, several activities can and 
should now be undertaken: 

1. Physicians who now care for silicosis patients must 
become aware of the consistent findings of excess lung 
cancer risk and transmit this information to their 
patients. 

2. Occupational health agencies, including NIOSH, 
OSHA, and other public health agencies, should reex­
amine the current standards for silica (0.1 mg/ml 
TWA) in order to factor in the consequences of its be­
ing labelled as a probable human carcinogen by IARC 
(1987). 
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41 38.4 1.07 0.77, 1.45 

12 13.2 0.91 0.47, 1.59 

5 2.2 2.32 0.74, 5.42 

23 10.6 2.16 1.37, 3.24 

22 9.9 2.22 1.39, 3.37 

3 3.3 0.90 0.18, 2.65 

3. Additional research should now be undertaken among 
silica-<:xposed workers in order to prevent new cases 
of fibrotic lung disease, and to assess their risk for 
cancer in the absence of silicosis. 
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