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AbstrAct
Objective: To update the analysis of mortality of a cohort of dyestuff workers, in northern Italy, heavily exposed 
to carcinogenic aromatic amines. Methods: We updated to 2018 overall and cause-specific mortality in a cohort of 
590 male workers heavily exposed to carcinogenic aromatic amines in a dyestuff factory from 1922 to 1972. Workers 
were censored at age 85. Expected cases for the period 1946-2018 were computed using Piedmont mortality rates and 
standardized mortality ratios (SMR) were computed. Results: Between 1946 and 2018, 470 deaths were reported. 
The overall SMR from all causes was 1.59 (95% confidence interval [CI] 1.45-1.74) and the SMR from all cancers 
was 2.05 (95% CI = 1.77-2.37); compared to a previous report, there were 4 additional deaths from bladder cancer, 
for a total of 60 deaths compared with 4.0 expected (SMR 14.86, 95% CI 11.34-19.12). The SMR for bladder can-
cer increased with younger age at first exposure and longer duration of exposure, while it decreased with time since last 
exposure, albeit it was still 3.5, 30, or more years since last exposure. An increased risk was observed among workers 
exposed to fuchsine or ortho-toluidine (SMR=16.3; 95% CI = 6.0-35.5). Conclusions: This  73-year follow-up 
confirms the results from previous analyses, with increased overall mortality, and increased mortality from all cancers 
and especially for bladder cancer. The excess risk of bladder cancer persisted several decades after stopping exposure. 
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1. IntroductIon

Bladder cancer is associated with substantial 
morbidity, mortality, and cost. It is the 10th most 
commonly diagnosed cancer worldwide, with ap-
proximately 573,000 new cases/year and 213,000 
deaths [1]. Incidence in men is about three times 
higher compared to women. The disease ranks 
higher among men, for whom it is the 6th most 
common cancer [2]. 

Tobacco smoking is the main risk factor for 
bladder cancer accounting for 50-65% of all cases 
[3]. Occupational or environmental carcinogens 
also contribute to disease burden, though the pre-
cise proportion can be obscured by the fact blad-
der cancer develops decades after exposure [4]. In 
industrialized countries, in the period from 1978 to 
2012, about 2-5% of all cancers [5-7] and 5–6% of 
all bladder cancers [8] were considered to be caused 
by occupational factors. 
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The follow-up for mortality was conducted by 
contacting the municipality of residence; death cer-
tificates were obtained from the same source and 
causes of death were coded according to the 9th Re-
vision of the International Classification of Diseases. 
The follow-up was truncated when cohort members 
reached the age of 85. For the present analysis, the 
follow-up began on 1st January 1946 or date of first 
employment, whichever occurred later, and ended on 
the date of last available information on known ad-
dress or vital status, date of death, 85th birthday, or 
30 November 2018, whichever occurred earlier. Trun-
cation of follow-up at the 85th birthday is justified by 
the lower quality of death certification above that age.

The cohort comprised 590 men that met the in-
clusion criteria (18626 men-years), as they were em-
ployed in the production of dyestuff, for at least one 
year, between 1922 and 1970, and alive on January 
1st, 1946. 

At the end of the follow-up, 30 November 2018, 
93 subjects (15.8%) were alive, 470 (79.7%) were 
deceased, 26 of whom from unknown causes, and 
27 (4.6%) were lost to follow-up. 

Exposure classification is reported in Table 1. As 
described by Rubino et al. [14] workers involved in 
α-naphthylamine manufacture, β-naththylamine 
manufacture, benzidine manufacture, and/or in 
mixed manufacture of benzidine and naphthylamine 
were grouped into the high exposure category for 
this analysis (Group A). 

Prevention measures contributed to reducing the 
burden of occupationally related cases of this tumor 
[9]. A study that reviewed 263 papers on occupa-
tional bladder cancer [10] found that the high-
est pooled incidence risks are for tobacco workers 
(RR  1.72 [95% CI 1.37–2.15]) and dye workers 
(RR  13.4 [95% CI 1.5–48.2]), while the highest 
pooled disease-specific mortality was in metal work-
ers (RR 10.2 [95% CI 6.89–15.09]). 

In 1895 the surgeon Ludwig Rehn firstly de-
scribed 3 cases of occupational bladder tumors in at 
most 45 fuchsine workers in Frankfurt [11]. There 
were also early reports of an increased risk of blad-
der cancer in workers employed in the aromatic 
amine industry [12], still, the production of these 
agents continued till the 1970s.

Rubino et al [13] published a hospital-based study 
showing 23 cases of malignant bladder neoplasms 
among workers of a dyestuff factory in the province 
of Turin (northern Italy) who were heavily exposed 
to α-naphthylamine, β-naphthyl amine, benzidine, 
and other chemicals including ortho-toluidine, up 
to 1970. That cohort study was one of the first stud-
ies to support the hypothesis that ortho-toluidine 
was a human bladder carcinogen.

The cohort study and the subsequent updates  
[14- 17] confirmed a substantial increased total 
mortality and mortality from bladder cancer. Analy-
ses by time since cessation of exposure showed in-
creased risk 20 years or more after exposure stopped. 

Through an update of the follow-up including an 
additional 15 years of observation of this cohort, we 
aimed at providing unique information on bladder 
cancer risk after long-term cessation of exposure to 
a high level of carcinogenic aromatic amines.

2. Methods

The cohort comprised only men who had worked 
for at least one year in the factory between 1922 
and 1970 and were exposed to aromatic amines. No 
women were employed in production jobs in the fac-
tory. White collars were not included in the cohort. 
Information on date of birth, date of first and last 
employment, last known address, and detailed job 
history (including exposure to selected chemicals) 
were obtained from personnel records at the plant. 

Table 1. Exposure classification
Group Exposure 
Group A α-naphthylamine manufacture, 

β-naththylamine manufacture, benzidine 
manufacture, and mixed manufacture of 
benzidine and naphthylamine

Group B workers never involved in the manufacture, 
but only in the use of naphthylamine and 
benzidine

Group C workers with intermittent contact with 
naphthylamine and benzidine

Group D workers who were involved only in the 
manufacture of fuchsin or o-toluidine

Group E* workers employed in other jobs not 
involving exposure or unknown exposure

* Excluded from the analysis
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(SMR = 1.54, 95% CI = 0.56-3.35), laryngeal can-
cer (SMR = 3.92, 95% CI = 1.95-7.01) and for other 
alcohol-related causes including liver cirrhosis (SMR 
= 3.70, 95% CI = 2.68-4.98), and external causes or 
injuries (SMR = 1.27, 95% CI = 0.79 to 1.92). 

Mortality from lung cancer was not significantly 
increased (SMR = 1.24, 95% CI = 0.84-1.86). There 
were 4 deaths from pleural cancer and 2 deaths from 
peritoneal cancer. Two of these workers had started 
working in the plant after the age of 35. 

Results of the mortality analysis from bladder 
cancer, all other cancers, and all causes based on 
time since last employment, age at first exposure, 
and duration of exposure are presented in Table 3. 

There were 16 observed deaths for bladder can-
cer during employment (SMR for bladder can-
cer = 59.7, 95% CI = 34.1-97.0), 15 between 1 
and 9 years since last exposure (SMR = 29.3, 95%  
CI = 16.4-48.3), 13 between 10 and 19 years since 
last exposure (SMR = 14.5, 95% CI = 7.7-24.9), 11 
between 20 and 29 years since last exposure (SMR = 
12.0, 95% CI = 6.0-21.6), and 5 for 30 years or more 
since last exposure (SMR = 3.5, 95% CI = 1.1-8.0, 
test for linear trend, p<0.0001). 

Furthermore, the risk of bladder cancer was 
higher in workers exposed for 10 years or more as 
compared with those exposed for less than 10 years 
(p for trend=0.001). For other cancers and deaths 
overall, no consistent pattern of risk with time since 
last exposure, age at first exposure, or duration of 
exposure was observed.

Results of mortality from bladder cancer by job 
categories are presented in Table 4. We observed 35 
bladder cancer deaths among workers belonging to 
group A (SMR = 45.4, 95% CI = 31.6-63.1), 8 blad-
der cancer deaths in group B (SMR = 8.8, 95% CI = 
3.8-17.3), and 11 bladder cancer deaths in group C 
(SMR = 5.5, 95% CI = 2.8-9.9). 

There was also excess mortality for bladder cancer 
among the group D workers, manufacturers of fuch-
sin or ortho-toluidine (Observed = 6 deaths, SMR = 
16.3, 95% CI = 6.0-35.5).

4. dIscussIon

This updated mortality analysis of a cohort of 
dyestuff workers provides for the first time strong 

Group B included the workers never involved 
in the manufacture, but only in the use of naphth-
ylamine and benzidine, in group C workers with 
intermittent contact with naphthylamine and ben-
zidine while in group D there were workers only in-
volved in the manufacture of fuchsin or o-toluidine.

A further group (Group E) included workers em-
ployed in jobs with no exposure to aromatic amines 
or with unknown exposure to aromatic amines. 
Workers in group E were excluded from the analysis. 

The number of expected deaths from all causes 
and selected causes was computed using male na-
tional and regional (from 1981 onwards) death rates 
for each 5 years calendar period and age group. 

For the period 1946–1950, we used rates of 1951–
1954. Because retirement or change of job may in 
some cases be caused by bladder cancer, and for con-
sistency with our previous reports [14- 17], deaths 
that occurred within 3 years of stopping exposure were 
considered with those occurring during exposure.

From the numbers of observed and expected 
deaths, we calculated the standardized mortality 
ratios for selected causes of death and their corre-
sponding 95% confidence intervals (CIs) by use of 
the Poisson distribution for observed deaths [18]. 
Tests for linear trends were also based on the Pois-
son statistics proposed by Armitage [18, 19].

3. results

A total of 470 cohort members died during the 
follow-up. There were also 42 deaths that occurred 
in subjects older than 85 that were not included in 
the analysis. Results of the mortality follow-up, for 
all causes and specific causes of death, are reported 
in Table 2.  

This update confirms increased overall mor-
tality (SMR 1,59; 95% CI = 1.45-1.74), and in-
creased mortality from all cancers (SMR 2.05; 95%  
CI = 1.77-2.37). A total of 60 deaths were caused 
by bladder cancer (4.0 expected; SMR 14.86; 95%  
CI = 11.34-19.12). 

Excess mortality was observed for alcohol- 
related cancers, including oral and pharyngeal cancer  
(SMR = 2.46, 95% CI = 0.99-5.08), esophageal cancer 
(SMR = 2.23, 95% CI = 0.72-5.20), colorectal cancer 
(SMR = 2.09, 95% CI = 1.28 to 3.23), liver cancer 
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Table 2. Numbers of observed and expected deaths from selected causes, 1946-2018
Cause of death Obs Exp SMR (95%CI)
All causes 470 296.5 1.59 (1.45-1.74)
All cancers 187 91.1 2.05 (1.77-2.37)
Oral and pharyngeal cancer 7 2.8 2.46 (0.99-5.08)
Esophageal cancer 5 2.2 2.23 (0.72-5.20)
Stomach cancer 10 10.1 0.99 (0.47-1.82)
Colorectal cancer 20 9.6 2.09 (1.28-3.23)
Liver cancer 6 3.9 1.54 (0.56-3.35)
Pancreas cancer 4 3.4 1.18 (0.32-3.02)
Peritoneal cancer 2 0.4 4.60 (0.56-16.60)
Laryngeal cancer 11 2.8 3.92 (1.95-7.01)
Lung cancer 31 25.1 1.24 (0.84-1.86)
Pleural cancer 4 0.8 5.29 (1.44-13.55)
Prostate cancer 6 5.5 1.09 (0.40-2.37)
Bladder cancer 60 4.0 14.86 (11.34-19.12)
Kidney cancer 2 1.8 1.11 (0.13-3.40)
Brain & CNS cancers 1 2.1 0.47 (0.01-2.60)
Lympho-hematopoietic neoplasms 5 5.9 0.85 (0.28-1.98)
Lymphomas 3 2.4 1.25 (0.26-3.66)
Myeloma 0 1.0 0 (0-3.00)
Leukemias 2 2.5 0.79 (0.10-2.84)
Ischemic heart diseases 29 43.6 0.67 (0.45-0.96)
Cerebrovascular diseases 31 32.5 0.95 (0.65-1.36)
Non neoplastic resp. dis. 29 22.3 1.30 (0.87-1.87)
COPD 20 13.2 1.52 (0.93-2.34)
Pneumoconiosis 0 2.1 0 (0-1.43)
Liver cirrhosis 43 11.6 3.70 (2.68-4.98)
External causes 22 17.4 1.27 (0.79-1.92)

CI, confidence interval; CNS, central nervous system; COPD, Chronic Obstructive Pulmonary Diseases; Exp, exp0ected deaths;  
ICD-IX, International Classification of Diseases, 9th version; Obs, observed deaths; SMR, standardized mortality ratio.

evidence that high-level exposure to carcinogenic 
aromatic increases the risk of bladder cancer even 
after three or more decades from the cessation of ex-
posure. With 87% (512 subjects) of the members of 
the cohort deceased during a 73-year follow-up and 
with almost 50 years of follow-up since the factory 
ceased the activity, this cohort provides unique re-
sults on long-term health effects of workers exposed 
to high levels of carcinogenic aromatic amines. In 
fact, 32% of all cancer deaths were from bladder 

cancer, compared to 6% among Italian men or 4% 
among US men [20]. 

Strengths of our study include the uniquely long 
follow-up that allowed separate analyses by latency 
and other time-related factors. Also, the availability 
of data on exposure type and exposure levels in the 
early period of operation of the plant was already re-
ported in the previous follow-ups [13, 14]. This up-
dated analysis showed the persistence of increased 
bladder cancer risk long after cessation of exposure. 
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as lung cancer, chronic obstructive pulmonary dis-
ease, and liver cirrhosis. We found no relation with 
time since first or last exposure or with the duration 
of exposure for any of these causes of death. There-
fore, it is plausible that the excess mortality from 
those causes is a result of heavy alcohol drinking, 
tobacco smoking, and other lifestyle characteristics 
rather than occupational exposure. 

The lack of validation of causes of death from 
death certificates and the lack of information on 
morbidity may also represent limitations of the study, 

The excess risk was greater for workers directly 
involved in the manufacture of naphthylamine, ben-
zidine, fuchsine, or ortho-toluidine than for those 
with intermittent exposure.

Limitations include the lack of direct informa-
tion on potential confounders including lifestyle 
habits (e.g., alcohol drinking, tobacco smoking) and 
individual environmental exposure data. Data on 
tobacco smoking and alcohol drinking can be only 
indirectly extrapolated from the excess mortality for 
diseases strongly associated with these factors, such 

Table 4. Mortality from bladder cancer by job category, 1946- 2018
JOB CATEGORY Obs Exp SMR (95%CI)
Group A: Naphthylamine and benzidine manufacture 35 0.8 45.4 (31.6-63.1)
Group B: Naphthylamine and benzidine use 8 0.9 8.8 (3.8-17.3)
Group C: Intermittent contact with naphthylamine and benzidine 11 2.0 5.5 (2.8-9.9)
Group D: Fuchsine or ơrtho-toluidine manufacture 6 0.4 16.3 (6.0-35.5)

CI, confidence interval; Exp, expected; Obs, observed; SMR, standardized mortality ratio.

Table 3. Mortality from bladder cancer, all other cancers, and all causes by time since last exposure, age at first exposure, and 
duration of exposure, 1946- 2018

CATEGORY BLADDER CANCER ALL CAUSES
  Obs Exp SMR (95%CI) Obs Exp SMR (95%CI)

Time since last exposure            
During exposure 16 0.3 59.7 (34.1-97.0) 57 38.3 1.5 (1.1-1.9)
1-9 years 15 0.5 29.3 (16.4-48.3) 99 51.4 1.9 (1.6-2.3)
10-19 years 13 0.9 14.5 (7.7-24.9) 101 68.4 1.5 (1.2-1.8)
20-29 years 11 0.9 12.0 (6.0-21.6) 88 58.0 1.5 (1.2-1.9)
≥ 30 years 5 1.5 3.5 (1.1-8.0) 125 80.4 1.6 (1.3-1.9)
p trend <0.001 0.6
Age at first exposure            
< 25 years 19 1.1 17.3 (10.4-27.0) 115 72.9 1.6 (1.3-1.9)
25-34 years 18 1.3 14.0 (8.3-22.1) 135 85.6 1.6 (1.3-1.9)
≥ 35 years 23 1.7 14.0 (8.8-21.0) 220 138.0 1.6 (1.4-1.8)
p-trend 0.5 1.0
Duration of exposure            
< 10 years 16 2.1 7.6 (4.3-12.4) 251 153.0 1.6 (1.4-1.9)
10-19 years 22 0.9 24.6 (15.4-37.3) 120 72.5 1.7 (1.4-2.0)
≥ 20 years 22 1.0 21.1 (13.2-32.0) 99 70.9 1.4 (1.1-1.7)
p-trend 0.001 0.4

CI, confidence interval; Exp, expected; Obs, observed; SMR, standardized mortality ratio.
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although these potential sources of bias are unlikely 
to contribute to the excess bladder cancer mortality. 
We excluded workers with less of one year of em-
ployment, but, for sake of comparison with previous 
publications [14, 16,17] we did not exclude the first 
year of follow-up of the other workers. While this 
approach would inflate the number of person-years 
(for a maximum of 590 person-years, 3.2% of the 
total), the additional person-years were accumulated 
at a relatively young age, thus contributing little to 
the expected number of deaths.

We do not have more specific medical informa-
tion about the 4 deaths from pleural cancer and 
the 2 deaths from peritoneal cancer (Supplemen-
tary Table 1). We tried to retrieve individual data 
through the Regional Operational Center of the 
National Mesothelioma Registry [https://www.cpo.
it/it/home/]. 

However, after repeated attempts, we have not 
been able to obtain any information on the matter 
as bureaucratic hurdles arose at each step. The infor-
mation from death certification and the proximity 
to the chrysotile asbestos mine of Balangero [21] 
allows us to formulate possible hypotheses: first, 2 of 
the 6 cases, had been previously employed in jobs 
other than that in the dyestuff factory, therefore, 
previous occupational exposure to asbestos cannot 
be excluded; second, residence near the mine is an-
other possibility; finally, while we do not have infor-
mation about the presence of asbestos-containing 
materials in the dyestuff factory, this can be another 
possible hypothesis. The six workers with mesothe-
lial tumor as cause of death, worked in the factory 
for a median time of 6 years, with a median latency 
of 40.5 years (Supplementary Table 1).

5. conclusIons

In conclusion, this study provides evidence of the 
persistence of a substantial excess risk of bladder 
cancer among dyestuff workers with heavy exposure 
to aromatic amines, more than three decades after 
cessation of exposure.
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