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Objectives A cluster of cancers at one plant in a pharmaceutical company in Sweden was the initiator for this 
work, which describes the cancer incidence among the laboratory and production workers at this company. 
Methods The investigation is a retrospective cohort study. All employees with possible exposure to chemical, 
pharinacological, or biological agents and employment for at least six months at the company during 1960- 
1990 were included. Standardized incidence ratios (SIR) were calculated with the local county population as 
reference. 
Results The total cancer incidence was close to the expected. In a subcohort consisting of the highest exposed 
employees, an SIR of 3.5 [95% confidence interval (95% CI) 1.5-6.81 was found for urothelial tumors, while 
there were no urothelial tumors among the workers with the lowest exposure. An evaluation of the exposures 
among the subjects with urothelial tumors revealed no association with specific exposures in the workplaces. 
There was also a statistically significailt increase in the risk for acute leukemia (SIR 4.5,95% CI 1.2-12). With 
a 10-year induction-latency period in the calculations, the elevated risk was smaller and not significant. 
Although the numbers were small, there were also statistically significant overrisks for cancer of the perito- 
neum, the lip, and the pleura. 
C O ~ C I U S ~ O ~ S  A significant increase in the risk for urothelial tumors was found among pharmaceutical 
worl<ers. All but one of those with urothelial tumors were smokers, but confounding from smoking could 
probably not explain the risk increase. 

Key terms acute leulternia, cancer of the lip, cancer of the peritoneum, cohort, epidemiology, renal pelvis, 
urinary bladder, urothelial cancer. 

Acute toxicity and other acute hazards of chemicals used 
in laboratories are well known, as well as the means and 
practices for their safe storage, handling and manipula- 
tion, chemical detoxification, and disposal. Less known 
or understood are the long-term hazards, such as geno- 
toxicity, teratogenicity, and carcinogenicity. Health risks 
such as reproductive problems, chromosome abnormali- 
ties, and cancer have been reported for laboratory work- 
ers in many studies. An increased risk of cancer among 
worlters in chemical laboratories has been reported from 
several countries. In an early study, Li et a1 (1) reported 
an excess of pancreatic and lymphohematopoietic neo- 
plasm among members of the American Chemical Socie- 
ty, and Wynder & Goldsmith (2) reported an increased 
risk of bladder cancer among pharmacists with previous 
exposure to chemicals. An increased risk of bladder can- 
cer has also been reported for chemists (3). Olin & Ahl- 
b o ~ n  (4, 5) described mortality patterns among Swedish 

chemists. Despite low overall mortality, an excess of 
brain cancer and lymphohematopoietic malignancies was 
found. A higher than expected incidence of brain tumors 
has also been reported at the Pasteur Institute in Paris (6) 
and for laboratory workers in England and Wales (7). 

On the other hand, low cancer mortality was reported 
by Hoar & Pel1 (8) in their study of chemists and chemi- 
cal engineers employed by Dupont and by Maher & 
Defonso (9) on chemical research worlters. 

Recently Belli et a1 (10) published their results from 
an epidemiologic study among employees at the Italian 
National Institute of Health. That study indicated ele- 
vated standardized mortality ratios for cancer of the pan- 
creas and the brain, lympho- and reticulosarcomas, and 
lymphatic and hematopoietic tumors. 

In 1989 the Occupational Health Unit at the pharma- 
ceutical company Pharmacia AB, Uppsala, Sweden, no- 
tified that six cancer cases had occurred in 1986-1989. 
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The cases had appeared in a group of 120 employees. 
The reported cases were three cancers of the pancreas, 
one tumor of the brain, one stomach cancer, and one lung 
cancer. In view of the possible cancer hazard for labora- 
tory workers a preliminary analysis was undertalten. This 
analysis revealed an excess risk in that group of worlters 
when compared with expected numbers based on the 
local cancer incidence. To elucidate this excess risk fur- 
ther, an epidemiologic study was initiated. The interest 
was focused on cancer incidence among worlters ex- 
posed to chemicals. 

Subjects and methods 

A retrospective entry cohort base was established, com- 
prising all subjects who had worked for at least six 
months at the Pharmacia Company ally time during the 
period 1960-1990. The inclusion criterioil was, besides 
employment, a possible exposure to chemical, pharma- 
cological, or biological agents. Thus not only laboratory 
workers, but also production personnel were included. 
The information collected for each subject included 
name, gender, date of birth, main work tasks, laboratory 
building, and dates of start and end of employment. Re- 
quested data for each person in the cohort were reported 
on a specific protocol that was filled out by the company 
for those who had left; the data were gathered from 
employment lists and personal knowledge and from 
workers who still worked at the company. According to 
data laws in Sweden, people still working have to sign an 
informed consent form, and they can refuse to participate 
if they wish. Among the reported 3620 subjects were 87 
whose personal identification code could not be retrieved, 
and 19 of those still employed refused to participate. 
Therefore the cohort consisted of 3514 persons, of which 
1821 were men and 1693 were women. Vital status was 
determined as of 31 December 1989. Ten individuals 
were lost to follow-up and excluded from the following 
analysis, leaving 3504 persons (93%). Of the remaining 
persons, 92 (2.5%) had died and 59 (1.6%) had emi- 
grated. The follow-up period was from 1 January 1960 
through 31 December 1989, as the registers used for 
reference data had been updated only up to 1989. 

Information about vital status and present address 
was collected from SPAR, a register of the entire Swed- 
ish population. Mortality data was collected from the 
National Death Register of Statistics Sweden. The infor- 
mation on cancer incidence was collected from the Swed- 
ish Cancer Register at the National Board of Health and 
Welfare. 

The information on work tasks was the base for the 
exposure classification. An exposure subgrouping was 

made by representatives from the company and the 
unions. Four different groups were created. Group I com- 
prised subjects working at chemical laboratories or pro- 
duction units including high risk laboratories (ie, special 
and separate facilities for laboratory-scale safe handling 
of highly toxic chemicals) and workers exposed to ioniz- 
ing radiation (mainly from ,H3, 6C14,,6S15, q3T~991" and 

Group I1 included those who had worked at phar- 
maceutical laboratories and production units. Group I11 
was made up of worlters from biological laboratories, 
and group IV included those who could be indirectly 
exposed to chemicals and the like in, for example clean- 
ing, washing, and storage jobs and administrative per- 
sonnel working within the laboratory and production fa- 
cilities. The exposure was considered low among people 
with indirect exposure and highest among those working 
in chemical laboratories and chemical production. Work- 
ers who had belonged to more than one exposure sub- 
group during employment were allocated to thc group 
where they had spent the longest exposure time. In cases 
of doubt, the highest exposure group in question was 
chosen. The potential exposures in the chemical labora- 
tories have been extremely varied. With exception for 
common organic solvents, there had beell no long-term 
exposures to any specific chemical compound. Sub- 
stances now classified as carcinogens according to the 
Swedish National Board of Occupational Safety and 
Health (4-aminodiphenyl, benzidine and beta-naphthyl- 
amine) had been used in the chemical aild pharmaceuti- 
cal laboratories. Today these substances are banned, but 
there are still substances in use with carcinogenic poten- 
tial (ie, diethyl sulfate, dimethyl sulfate, and ethylene 
dibromide). These substances were used with permission 
from the Factory Inspectorate. 

An analysis of the distribution of the subjects by year 
of employment showed that 57% of the cohort ineinbers 
had started their work before 1981, but only 5.3% were 
employed before 1961. The longest employment was 
46 years and the shortest was six months (according to 
the inclusion criteria). The total time of worlt at the 
company for the cohort was 22 924 years. The distribu- 
tion of men and women into the different exposure cate- 
gories is shown in table 1. 

Table 1. Distribution of the subjects in  the cohort as to gender 
and exposure category. [ I  = chemical, radiological and high 
r isk exposures, I I  = pharmaceutical exposures, I l l  = biological 
exposures, IV = indirect exposures (administrative, cleaning, 
washing and storage jobs)]. 

Gender Exposure category 

I I I 1 1 1  IV 

Men 1096 351 65 309 
Women 896 498 90 209 
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Cancer incidence among pharmaceutical workers 

The epidemiologic analyses were performed with the 
computer program EPILUND at the Department of Oc- 
cupational and Environmental Medicine, University Hos- 
pital, Lund, Sweden. Expected mortality for the period 
1960-1989 was calculated with the use of mortality 
rates specific for calendar year, cause, gender, and five- 
year age groups in the county where the plant was locat- 
ed. These rates were obtained from Statistics Sweden. 
Similarly, yearly incidence rates for cancer in the period 
1960-1989 were obtained from the Swedish Cancer 
Register. Date of death, a second tumor diagnosis, emi- 
gration, or a person's 80th birthday were used as individ- 
ual end points, whichever occurred first. Finally the pro- 
gram computed standardized incidence ratios and 95% 
confidence intervals (95% CI) according to the Poisson 
distribution, or to the normal distribution when the ex- 
pected values is greater than 15. 

Results 

Mortality 

Overall, the cohort experienced fewer deaths than ex- 
pected from all causes combined (92 observed versus 
13 1 expected), including nearly every major category 
(total cancer, ischemic heart disease, nonmalignant 
respiratory diseases, diseases of the digestive system, 
and external causes of deaths). No significant elevation 
of any cause of death was observed. There were two 
deaths due to tumors in the brain versus 1.6 expected 
[standardized mortality ratio (SMR) 1.2, 95% CI 0.15- 
4.51. Five of the cohort members had died in lympho- 
hematopoietic malignancies. There were four cases of 
leukemia versus 1.5 expected (SMR 2.6, 95%CI 0.7- 
6.7) and one lymphoma versus 1.4 expected (SMR 0.70, 
95% CI 0.02-3.9). 

Cancer morbidity 

The site-specific cancer incidence was analyzed. Table 2 
shows the results of the analysis when the county inci- 
dence data were used as reference. There were only mi- 
nor differences in the results when a comparison was 
made with the general Swedish population and the coun- 
ty population as references. Gender-specific risk esti- 
mates are presented in table 2 for the calculations without 
an induction-latency period. 

Acute leukemia (4 cases versus 0.9 expected) had a 
significantly elevated incidence, while the incidence of 
cancers in the urothelial organs (8 cases versus 3.5 ex- 
pected) was almost significant. 

Altogether, there were 72 cases of all cancers com- 
bined compared with 74 expected. The significantly in- 

creased risk estimate for cancer of the peritoneum was 
based on a single case. No significant risk increase was 
seen for brain cancer. Of the initially reported three cases 
of pancreatic carcinoma, one was a cancer in the biliary 
passages and the other two were cancer of the pancreas. 
Therefore cancer of the pancreas had a lower than ex- 
pected incidence. The incidence for female breast cancer, 
the site with the most cases, was close to expected. When 
an induction-latency period of 10 years from the start of 
exposure until contribution to the person-years of the 
observation matrix was taken into account, the person 
years decreased from 42 783 to 17 017, but the risk for 
urothelial cancer remained unchanged (table 2). On the 
other hand, three of the four cases of acute leukemia were 
lost, and therefore the standardized incidence ratio was 
reduced. Besides the gender-specific cancers, there were 
no remarkable gender-related differences in the risk esti- 
mates. 

When the three highest exposed groups (1-111) were 
combined, the total cancer incidence was close to the 
expected, no induction-latency time being taken into ac- 
count (table 3). In the lowest exposed group (IV) there 
was a significantly decreased cancer morbidity. The risk 
estimate for urothelial cancer increased after the lowest 
exposed group was excluded. Taking a 10-year induc- 
tion-latency period into account did not add to the risk 
estimate. In contrast, the risk for acute leukemia was not 
affected by exposure group. When the lowest exposed 
group (IV) was excluded, the standardized incidence ra- 
tio for breast cancer increased to 1.4, still a nonsignifi- 
cant excess. 

A more-detailed evaluation was made for the subjects 
with tumors in the renal pelvis or extrarenal urinary tract. 
The diagnoses from the cancer register were confirmed 
through a check of the clinical histories and the patholo- 
gist's original statements in the hospital records. Two of 
the reported tumors occurred in one person. First, he had 
a tumor in the renal pelvis. Six years later he was found 
to have a cancer in situ in the bladder. Furthermore, we 
learned from the hospital records that yet another patient 
had cancer in the renal pelvis with a following diagnosis 
of bladder cancer four years later. A third patient had 
multiple tumors. He initially had cancer in the ureter and 
subsequently developed cancer in situ in the bladder. 
Information about life-style factors was obtained from 
interviews with surviving patients, relatives, or fellow 
workers. All but one of the patients had been tobacco 
smokers. The interviews revealed nothing in the medical 
history nor previous medication with connection to pos- 
sible confounding (eg, phenacetin abuse). No common 
determinant regarding work periods at the company, spe- 
cific department, or chemical exposure was found. Using 
these findings as a basis and taking the small numbers 
into account, we did not undertake a case-referent study 
within the cohort. 
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Table 2. Cancer incidence in 1960-1989 among the pharmaceutical workers of this study. (0 = observed number of cancers, 
E = expected number of cancers, SIR =standardized incidence ratio, 95% CI = 95% confidence interval). The county population 
was used as reference, except for peritoneum (ICD-7 158) for which the calculations were based on the national rates due to 
lacking regional data. 

cancer sitea Men Women Total Total 
(no induction-latency; (no induction-latency; (no induction-latency; (10 years induction-latency; 
person years: 23 770) person years: 19 013) person years: 42 783) person years: 17 01 7) 

0 E SIR 95% GI 0 E SIR 95% CI 0 E SIR 95% CI 0 E SIR 95% CI 

Lip (140) 2 0.39 5.2 0.63-19 - 0.02 0.00 0.00-150 2 0.41 4.9 0.59-18 2 0.29 7.0 0.85-25 
Stomach (1 51) 1 2.60 0.38 0.01-2.1 1 0.96 1.0 0.03-5.8 2 3.57 0.560.07-2.0 2 2.56 0.78 0.09-2.8 
Colon (153) 2 2.36 0.85 0.10-3.1 - 1.66 0.00 0.00-2.2 2 4.01 0.500.06-1.8 2 2.85 0.70 0.08-2.5 
Liver and biliary 
paF;ages (1 55) 1 0.95 1.0 0.03-5.8 - 0.70 0.00 0.00-5.2 1 1.66 0.60 0.02-3.4 1 1.28 0.78 0.02-4.3 

,,,cress (1 57) 
'eritoneum (158) 
Bronchus and lung 
(162.1) 
Pleura (162.2) 
Breast (I 70) 
Cervix uteri (171) 
Corpus uteri (172) 
Ovary (175) 
Prostate (1 77) 
Testis (178) 
Renal parenchyma 
(1 80.0) 
Urothelial cancer 
(180.1 t 181) 

Rznal pelvis (180.1) 2 0.17 12 1.4-43 - 0.05 0.00 0.00-79 2 0.21 9.3 1.1-34 1 0.16 6.4 0.16-36 
Urinary organs 
(excluding kidney) 
(1 81) 5 2.79 1.8 0.58-4.2 1 0.54 1.9 0.05-10 6 3.33 1.8 0.66-3.9 5 2.45 2.0 0.66-4.8 

Malignant melanoma 
(1 90) 1 1.65 0.60 0.02-3.4 - 1.49 0.00 0.00-2.5 1 3.14 0.320.01-1.8 - 1.91 0.00 0.00-1.9 
Nervous system (193) 3 2.23 1.4 0.28-3.9 2 1.72 1.2 0.14-4.2 5 3.95 1.3 0.41-3.0 1 2.14 0.47 0.01-2.6 
Thyroid gland (194) - 0.37 0.00 0.00-10 2 0.94 2.1 0.26-7.7 2 1.31 1.5 0.18-5.5 1 0.74 1.4 0.03-7.6 
Endocrine glands (195) 1 0.79 1.3 0.03-7.0 3 1.14 2.6 0.54-7.7 4 1.93 2.1 0.56-5.3 2 1.25 1.6 0.19-5.8 
Malignant NH-lymphoma 
(200) 1 1.45 0.69 0.02-3.8 I 0.71 1.4 0.04-7.8 2 2.17 0.92 0.11-3.3 1 1.44 0.69 0.02-3.9 
Hodgkin'sdisease(201) 2 0.68 2.9 0.36-11 - 0.33 0.00 0.00-11 2 1.01 2.0 0.24-7.2 1 0.37 2.7 0.07-15 
Multiple myeloma (203) 0 0.59 0.00 0.00-6.3 1 0.25 4.0 0.10-22 1 0.84 1.2 0.03-6.6 1 0.65 1.6 0.04-8.6 
Acute leukemia 
(204.0 t 205.0 t 
206.0 t 207.0) 3 0.54 5.6 1.2-16 1 0.34 2.9 0.07-16 4 0.88 4.5 1.2-12 1 0.50 2.0 0.05-11 

All sites (140-209) 43 41.3 1.0 0.76-1.4 29 33.2 0.87 0.59-1.3 72 74.4 0.97 0.76-1.2 44 50.1 0.88 0.64-1.2 

a Codes of the International Classification of Diseases (seventh revision) in parentheses 

Discussion 

This study showed a significantly increased risk for can- 
cer in organs with urothelium (ie, renal pelvis and extra- 
renal urinary tract combined) among subjects working at 
a pharmaceutical company. However, further analysis 
could not reveal any specific chemical exposure as the 
cause of this increased risk. Acute leukemia had a signif- 
icantly increased risk when no latency was applied in the 
analysis, but no significant increase with 10 years' laten- 
cy. On the basis of small numbers there were also sig- 
nificant increases in cancers of the peritoneum and lip. 

We found no significantly increased morbidity for all 
malignant tumors combined, nor for malignancies in the 
brain or pancreas. 

The validity aspects of the study deserve some com- 
ments. The employment lists were complete and also 
allowed us to include those who had left the company. 
Regarding selection bias, the subjects included in the 
study were everyone from the study base who fulfilled 
the inclusion criteria, except 19 who refused to partici- 
pate and 87 for whom we were unable to find the correct 
personal identification codes. These losses are not ex- 
pected to have led to any differential misclassification. 
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Table 3. Cancer incidence in 1960-1989 among the pharmaceutical workers in the three highest exposure categories ( I ,  I I ,  I l l )  
and lowest (IV) category. (0 = observed number of cancers, E = expected number of cancers, SIR = standardized incidence ratio, 
95% CI = 95% confidence interval). The county population was used as reference, except for peritoneum (ICD-7 158) for which 
the calculations were based on the national rates due to lacking regional data. 

Cancer sitea Exposure groups I, 11, 1 1 1  Exposure group IV 
(no induction-latency; (no induction-latency; 
person years: 36 397) person years: 6 128) 

0 E SIR 95% CI  0 E SIR 95% CI 

Lip (1 40) 2 0.27 7.5 0.90-27 - 0.14 0.00 0.00-26 
Stomach (151) 2 2.30 0.87 0.11-3.1 - 1.24 0.00 0.00-3.0 
Colon (153) 2 2.58 0.78 0.09-2.8 - 1.42 0.00 0.00-2.6 
Liver and biliary 
passages (1 55) 1 1.04 0.96 0.02-5.4 - 0.61 0.00 0.00-6.0 
Pancreas (157) 2 1.43 1.4 0.17-5.1 - 0.90 0.00 0.00-4.2 
Peritoneum (158) 1 0.01 77 1.9-430 - 0.01 0.00 0.00-530 
Bronchus and lung 
(162.1) 3 3.19 0.94 0.19-2.8 3 1.72 1.7 0.36-5.1 
Pleura (162.2) - 0.15 0.00 0.00-25 1 0.07 14 0.36-78 
Breast (I 70) 10 7.22 1.4 0.66-2.6 1 2.92 0.34 0.01-1.9 
Cervix uteri (171) - 2.12 0.00 0.00-1.7 1 0.53 1.9 0.05-11 
Corpus uteri (1 72) 1 0.91 1.1 0.03-6.1 - 0.67 0.00 0.00-5.5 
Ovary (1 75) 1 1.36 0.73 0.02-4.1 1 0.62 1.6 0.04-9.0 
Prostate (1 77) 1 4.05 0.25 0.01-1.4 2 2.74 0.73 0.09-2.6 
Testis (178) 2 1.49 1.3 0.16-4.9 1 0.23 4.4 0.11-24 
Renal parenchyma 
(1 80.0) 1 1.37 0.73 0.02-4.1 - 0.70 0.00 0.00-5.3 
Urothelial cancer 
(180.1 t 181) 8 2.31 3.5 1.5-6.8 - 1.21 0.00 0.00-3.1 

Renal pelvis (180.1) 2 0.13 16 1.9-57 - 0.08 0.00 0.00-44 
Urinary organs 
(excluding kidney) 
(1 81 6 2.18 2.8 1.0-6.0 - 1.13 0.00 0.00-3.3 

Malignant melanoma 
(1 90) 1 2.55 0.39 0.01-2.2 - 0.58 0.00 0.00-6.3 
Nervous system (193) 5 3.06 1.6 0.53-3.8 - 0.87 0.00 0.00-4.2 
Thyroid gland (194) I 1.05 0.95 0.02-5.3 1 0.26 3.9 0.10-22 
Endocrine glands (195) 4 1.44 2.8 0.76-7.1 - 0.49 0.00 0.00-7.6 
Malignant NH-lymphoma 
(200) 1 1.53 0.65 0.02-3.6 1 0.62 1.6 0.04-8.9 
Hodgkin's disease (201) 2 0.82 2.4 0.30-8.8 - 0.18 O.UO 0.00-20 
Multiple myeloma (203) - 0.52 0.00 0.00-7.1 1 0.32 3.1 0.08-18 
Acute leukemia 
(204.0 + 205.0 t 
206.0 t 207.0) 3 0.66 4.5 0.94-13 1 0.21 4.6 0.12-26 

Exposure groups I ,  11, 1 1 1  
(10 years induction-latency; 

person years: 14 472) 

0 E SIR 95% CI 

2 0.20 9.8 1.2-35 
2 1.76 1.1 0.14-4.1 
2 1.86 1.1 0.13-3.9 

Exposure group IV 
(10 years induction-latency; 

person years: 2 453) 

0 E SIR 95% CI 

- 0.08 0.00 0.00-45 
- 0.79 0.00 0.00-4.7 
- 0.98 0.00 0.00-3.8 

All sites (140-209) 58 51.2 1 .I 0.87-1.5 14 23.0 0.61 0.33-1.0 37 35.4 1.0 0.74-1.4 7 14.6 0.48 0.19-0.99 

a Codes of the International Classification of Diseases (seventh revision) in parentheses. 

The follow-up was successful for more than 96% of the 
cohort members, and data completeness appears to have 
been satisfactory. 

This study was carried out retrospectively, and we 
have no measurements of previous exposure in the vari- 
ous departments. Nevertheless, great care was taken to 
assign cohort members to the exposure groups correctly. 
This exposure classification was made in the same way 
for those who had left the company and those still em- 
ployed. The individual occupational history was obtained 
from job records and validated by the heads of the com- 
pany and the supervisors of participating departments, 

who had worked there for many years and knew most 
workers personally. Information bias might have oc- 
curred if these people were aware of the outcome for the 
included subjects. If so, the cases may have been sur- 
veyed more intensively than the noncases. However, we 
have no indication that this was the case in our study. 
Differential misclassification of exposure status was 
therefore expected to be minimal. 

Information on cancer incidence was uniformly col- 
lected for all the cohort members, through the Swedish 
Cancer Register at the National Board of Health and 
Welfare. We had no particular reference group, but used 
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the general Swedish and local populations as reference. 
The use of national rates in the analysis has the advan- 
tage of the stability of expected numbers. Such methods 
can validly be used to calculate standardized incidence 
ratios, as long as no strong regional fluctuations in cancer 
incidences exist. For this cohort we also used the re- 
gional population in separate analyses and thereby mini- 
mized the risk for misleading results due to possible 
regional fluctuations in cancer incidences. 

The use of general populations as reference might be 
questioned since they include groups with morbidity pat- 
terns differing from workers with long-term employ- 
ment. In cohorts of active workers the observed number 
of deaths therefore often falls short of expected numbers 
calculated from national averages, especially if no induc- 
tion-latency requirement is applied. This phenomenon is 
usually referred to as the healthy worker effect, and it 
adds to the insensitivity of the cohort study. 

In this study the follow-up was stopped at a second 
tumor diagnosis. When only mortality in cancer is possi- 
ble to study, the problem of cut-off does not exist. How- 
ever, when one studies cancer incidence, one must con- 
sider this carefully. A rationale for cutting the follow-up 
period off already after the first tumor diagnosis is that 
anticancer treatment (eg, with radiation or cytostatic 
agents) may increase the risk for a second tumor in 
subjects from the cohort under study. Thus person-years 
included after a tumor diagnosis might therefore carry 
incident cancer cases due to the anticancer treatment, 
besides those due to the exposure under study. This pro- 
cedure will introduce some bias when a comparison is 
made with expected values calculated from the general 
population. On the other hand, cutting off already after 
the first tumor diagnosis decreases the precision of the 
study due to fewer incident cases, and it may also intro- 
duce some bias (multiple primaries). We do not think 
that there is a simple solution to this problem, and we 
have used a second tumor diagnosis as the cut-off as a 
reasonable compromise. 

All five cases of brain cancer belonged to the highest 
exposed groups versus four expected. However, when an 
induction-latency period of 10 years was allowed for, 
there was only one case left versus two expected. Thus 
the inconsistently reported risk increase for brain cancer 
among laboratory workers was not supported by the 
present data. 

The higher than expected risk for cancer of the lip 
among the highest exposed persons became significant 
and increased when a 10-year induction-latency period 
was introduced into the analysis. This finding is consist- 
ent with a relation with the work. However, there were 
only two cases, and we have not been able to identify any 
exposure at work explaining these two tumors. Tumors 
of the lip will be of interest in the future follow-up of this 
cohort. 

The four cases of acute leukemias were not concen- 
trated among workers categorized as having the most 
intense exposure to chemicals, pharmaceuticals, or bio- 
logical material, nor were they concentrated among work- 
ers with long-term exposure in any of the areas. In fact, 
three of the patients had less than 10 years of latency 
from employment to diagnosis. The relatively small 
number of cases and the multiple exposures of the 
workers make it impossible to point to a particular agent 
as a likely cause of the excess, if indeed, any of the cases 
were related to the work environment. However, the 
findings agree with other data indicating an increased 
risk of lymphohematopoietic malignancies among labo- 
ratory workers (1,4, 10). 

The slight increase in breast cancer morbidity among 
the women with the highest exposure might deserve a 
comment. Three earlier studies have found an increased 
risk for breast cancer among female chemists (10, 11, 
12). The major risk factors for breast cancer are medica- 
tion with hormones, diet, and reproductive history. We 
had no information on these. Ionizing radiation, includ- 
ing low-level diagnostic radiation, is also a risk factor for 
breast cancer. Radioactive isotopes have been in use at 
the company, and additional information on the exposure 
history of the cases is necessary to elucidate a possible 
relationship between that exposure and breast cancer. 
Ten out of the 11 cases of breast cancer belonged to the 
three highest exposure groups - versus seven expected. 
Allowing for a latency period of 10 years did however 
not increase the risk estimates. 

There was a significant excess of cancer from the 
renal pelvis and extrarenal urinary tract combined among 
the highly exposed subjects. This significant excess also 
remained when a 10-year latency period was taken into 
account. Two of the eight reported urothelial tumors 
were in one patient, initially in the renal pelvis and six 
years later in the bladder. Hospital records revealed that 
two other patients had multifocal metachronous tumors 
of urothelial origin. This finding agrees with the common 
experience of this disease. There is an ongoing discus- 
sion on whether these multifocal and metachronous tu- 
mors in the transitional epithelium are the result of one 
monoclonal oncogen activation or if they develop inde- 
pendently of each other as a result of a multiclonal acti- 
vation caused by, for example, chemical carcinogens 
acting on the tissue (13, 14). Multiple tumors in the 
bladder do not normally cause multiple registrations in 
the Swedish Cancer Register, unless there are specific 
differences in the histopathological staging. Tumors in 
the renal pelvis [code 180.1 of the seventh revision of the 
International Classification of Diseases (ICD-7)] and tu- 
mors in ureter or bladder (ICD-7 181) are coded sepa- 
rately in the cancer register and usually lead to separate 
registrations for one patient (personal communication 
from E Martin, Swedish Cancer Register). Thus one 
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could expect that our subject with double registrations is 
not unique and that also the expected numbers are affect- 
ed accordingly. 

Risk factors for urothelial cancer are tobacco, diet, 
and certain chemical exposures. Rehn discussed aniline 
exposure as a possible cause of cancer of the urinary 
bladder as early as 1895. Later it has been suggested that 
the aromatic amines beta-naphthylamine, 4-aminodi- 
phenyl, and benzidine were the causative agents for the 
earlier-reported increased incidence of bladder cancer 
among workers. Other studies (2, 3) have also reported 
an increased risk of bladder cancer (although not statisti- 
cally significant) among chemists and pharmacists with 
chemical exposure. In these studies no specific substance 
has been suggested as the causative agent. The obsesved 
excess in our study might be due to exposures at the 
workplace, but a closer examination of the seven individ- 
uals with urothelial cancer revealed no common expo- 
sure. The analgesic phenacetin is a known risk factor for 
tumors in the transitional epithelium. Nothing in the hos- 
pital records indicated any chronic pain problem in any 
of these persons. Neither was there anything in the evalu- 
ation that pointed to a misuse of phenacetin analgesics 
among these persons. Smoking is a cause of urothelial 
cancer. The evaluation of the life-style factors, based on 
hospital records and interviews with the cases, relatives 
or fellow-workers, showed that all but one of the seven 
cases had been smokers. However, there was no data on 
the smoking habits in the whole cohort, either today or 
two to three decades ago. A recent survey among 500 
employees in one part of the company showed that 58 
(about 12%) smoked. This is a low figure with probably 
little relevance to the situation 20 to 30 years ago. It can 
be assumed that, as in the rest of the Swedish population, 
the number of smokers has decreased among the employ- 
ees at the company during the last few decades, and, 
according to a personal communication (K-E Doversten, 
Kabi Pharmacia Diagnostics) probably 50% or more of 
the employees were smokers in the 1950s and early 
1960s. The observed excess in urothelial cancers is of the 
same magnitude as the increased risk for bladder cancer 
among smokers compared with nonsmokers (15). On the 
basis of these figures the role of confounding from 
smoking can be calculated (16). If 50% of the exposed 
subjects and 60% of the reference population were 
smokers, a risk ratio of 0.9 could be explained by a 
difference in smoking habits. If 100% of the cohort mem- 
bers were smokers and 30% of the referents, the risk ratio 
would be 1.9. From the risk estimates for lung cancer, it 
can be assumed that the smoking rate was about the same 
for the Pharmacia workers as for the general population. 
Smoking alone is therefore not a sufficient explanation 
for the risk increase in the cohort. One possible explana- 
tion is effect modification by tobacco smoking or some 
occupational exposure that we were unable to identify. 

Another possibility is the statistical uncertainty in our 
risk estimates. 

Since there is usually a delay between exposure to a 
carcinogen and the development of cancer, the present 
results would largely reflect the effects of past exposure 
in the laboratories. The type of work done by individuals 
in each occupational group was diverse and cannot 
therefore exclude the possibility that some specific but 
infrequent exposure might be associated with an in- 
creased cancer risk. Our data suggest that past exposure 
has not resulted in an unusual pattern of cancer in this 
pharmaceutical industry cohort as a whole, apart from an 
excess of cancers in organs with urothelium. 

In light of our observations, a major cancer risk 
among employees at the Pharmacia Pharmaceutical Com- 
pany can be ruled out. The numerical excess of acute 
leukemia and brain tumors appears to be consistent with 
observations from other occupational investigations. The 
finding of an excess of cancer of the renal pelvis and 
extrarenal urinary tract could not be related to any spe- 
cific chemical exposure. This cohort will be followed in 
the future. 
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