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Finland
• Northernmost population of the 

world (5.6 million)
• 0.6 million lakes 

– 0.3 lakes per family

• 1.3 saunas per family
• Best schools
• Least corrupted
• Happiest people
• Cleanest air (WHO)

•Paradise of epidemiologyParadise of epidemiologyParadise of epidemiologyParadise of epidemiology



Traditional cohort studies 
on occupational cancer

• Quite laborious and slow

• Often low power

• Example: Cancer in airline cabin crew

• Finland

• Four Nordic countries



Pukkala E, Auvinen A, Wahlberg G. Cancer 
incidence among Finnish airline cabin crew, 
1967-92.  BMJ 1995; 311: 649-52. 

• 20 breast cancer cases
• SIR 1.9 (1.2-2.5)
• Cannot be explained by 

radiation or reproductive 
factors



Pukkala & al: Cancer incidence among Nordic
airline cabin crew. Int J Cancer 2012;131:2886-97. 

• 197 breast cancers
• SIR 1.6 (1.4-1.8), 

lag 20+ years



Data on occupation from 

Cancer Registry?

• Data from hospital notifications: low quality

• Data from census records: high quality, 

occupational histories

• Routinely linked to Cancer Registry data 

only in Finland

• In other Nordic countries we need to create

separate research data set to combine

occupational histories and cancer data

• NOCCA study
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Traditional cohort studies 
on occupational cancer

• Quite laborious and slow

• Often low power

• Example: Cancer in airline cabin crew

• Finland

• Four Nordic countries



Nordic Occupational Cancer (NOCCA) Study Group



Nordic countries
Cancer incidence 1998-2003, all sites (WSR)

mkeuhko



Study population, follow -up

� Cohort of all persons 
born 1896-1960 (15 
million persons)

� Histories of 
occupational titles from 
censuses 1960+

�Beginning of follow-up: 
first available census 
(ages 30+)

�Follow-up for cancer 
incidence up to death, 
emigration or 31 Dec 
2005

� Almost 3 million 
invasive cancer cases 
from Cancer Registries







Highest and lowest overall cancer risk, WOMEN



Highest and lowest SIRs: mesothelioma, men



Highest and lowest SIRs: lung cancer, men



Lung cancer (men, Norway): Adjusting for smoking



Risk variation in different cancer sites, MEN



Conclusions of NOCCA basic phase

� Important occupational variation associated with 
life style

�Life style often determined by occupation

� Risk variation largest for cancers where direct 
work-related exposures play a role, e.g.

�Mesothelioma: asbestos exposed plumbers etc.

�Lip cancer: UV radiation exposed fishermen and other 
outdoor workers

�Nose cancer: wood dust exposed wood workers



Firefighters



NOCCA firefighter study (Pukkala & al OEM 2014)

• Firefighting exposures possibly associated with cancer (IARC 2B).

• 16,422 male firefighters (census data) from the five Nordic countries. 

• SIR for all cancer sites combined 1.06 (95% CI=1.02-1.11). 

• Increased SIR for multiple myeloma (1.7, 1.1-2.5), adenocarcinoma of 
the lung (1.9, 1.3-2.6), and mesothelioma (2.6, 1.2-4.8) in ages 70+. 

• Significant excess in prostate cancer (2.6,1.3-4.5) in the ages 30-49; no 
excess in older ages.  

• In contrast to earlier studies, testicular cancer decreased (0.5, 0.2-0.98). 

• Almost identical results found in a US firefighter study by Daniels & al  
published in the same OEM issue.

• Potential exposure to polycyclic aromatic hydrocarbons, asbestos, and 
shift work involving disruption of circadian rhythms may partly explain 
these results.



Can we estimate amount of 
occupational exposures for 
every Nordic person at any 

point of time?

YES WE CAN.
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Job Exposure Matrix (JEM)

P = proportion of exposed persons (%)

1945-59
1960-84
1985+

L = mean level of exposure (ppm, etc.)



NOCCA Job Exposure Matrix

Comprises (in the first phase) job title specific 
estimates of exposure to following 23 agents: 
asbestos, crystalline silica, nickel and its 
compounds, lead and its compounds, chromium 
and its compounds, iron and its compounds, 
welding fumes, diesel exhaust, benzo-a-pyrene, 
wood dust, formaldehyde, aliphatic hydrocarbon 
solvents, aromatic hydrocarbon solvents, 
chlorinated hydrocarbon solvents, other solvents, 
gasoline, animal dust, bitumen fumes, sulphur 
dioxide, ultraviolet radiation, ionising radiation, 
physical workload, night work.



Occupations with wood dust
exposure (FINJEM 1960-84)

Code Occupation P (%) L (mg/m3)

8312 Charworkers, wood industry 80 4.00
6770 Woodworking machine operator 100 2.35
6760 Cabinetmakers, joiners 100 1.25
6750 Bench carpenters 100 1.11
6720 Plywood, wooden board makers 66 1.02
6710 Sawmill workers 100 0.75
6700 Timber workers 56 0.34
0540 Vocational teachers 3 0.25
6740 Boatbuilders etc. 90 0.20
6780 Wooden surface finishers 80 0.10
6790 Woodworkers NEC 100 0.10

Wood dust exposure



Observation 1983, age 55Sawmill worker, born 1928

•



Dose-response
Wood dust - Nasal cancer

(FI-ICE-NO-SWE)

Exposure n HR 95% CI

Highest 10% 35 2.1 1.4-3.1

Moderate 179 1.9 1.6-2.3

Low 214 1.3 1.1-1.5

None 4158 1.0 reference



Dose-response 
Wood dust - Nasal adenocarcinoma

(FI-ICE-NO-SWE, lag 10 years)

Exposure n HR 95% CI

High 24 31 11-91

Moderate 77 11 7.6-17

Low 37 3.0 2.0-4.6

None 255 1.0 reference



Dose-response RR
Wood dust - Nasal non-adenocarcinoma

(FI-ICE-NO-SWE)

Exposure n HR 95% CI

High 20 1.2 0.7-2.0

Moderate 96 1.1 0.9-1.4

Low 180 1.2 1.0-1.4

None 3897 1.0 reference



Cancer among 
ECONOMICALLY 
INACTINE
men and women



Jorma 
Sormunen

Physical 
workload and 
colorectal 
cancer 
incidence



Physical

activity

Number of 

subjects Males Females

Case Control HR 95% CI HR 95% CI

None 83769 399234 1.00 ref 1.00 ref

Low 50906 252728 0.92 0.90-0.94 0.98 0.96-0.99

Medium 38255 204637 0.82 0.80-0.83 0.95 0.93-0.97

Highest 10% 8779 51946 0.74 0.72-0.77 0.87 0.81-0.95

Physical activity at work and colon cancer



Cancer location

PPWL Class

Number of subjects Males Females

Case Control HR 95% CI HR 95% CI

Ascending colon

None 29857 143861 1.00 1.00

Low 17726 88084 0.92 0.89-0.95 0.99 0.96-1.02

Medium 13276 69896 0.84 0.81-0.86 0.97 0.94-1.01

High 3008 17494 0.76 0.73-0.80 0.90 0.79-1.03

Transversal colon

None 12236 58083 1.00 1.00

Low 7407 37635 0.92 0.87-0.97 0.93 0.89-0.97

Medium 5758 30190 0.84 0.80-0.88 0.96 0.91-1.02

High 1280 7497 0.76 0.71-0.82 0.83 0.67-1.03

Descending colon

None 4192 19253 1.00 1.00

Low 2490 12490 0.86 0.79-0.94 0.94 0.87-1.01

Medium 1789 10007 0.73 0.67-0.79 0.89 0.81-0.99

High 392 2565 0.61 0.54-0.69 0.99 0.69-1.40

Physical activity at work and colon cancer, by subsite



”Emergency epidemiology”



Cholangiocarcinoma among workers in the printing industry: 

Using the NOCCA database to elucidate a cluster report from 

Japan



Background

• A cluster of 11 cases of cholangiocarcinoma observed 
among 62 male (former) employees in an offset colour
printing plant in Osaka, Japan (Kumagai et al, OEM-
online 3/2013)
> 2000-fold risk!

• IARC informed by Japanese Ministry of Health, Labour
and Welfare via WHO HQ, August 2012

• Can the finding be generalized to: 
– Printing industry at large?
– Exposure to the specific, suggested chlorinated 

solvents?



Printers in NOCCA 

Men Women

Country Persons Pyrs Persons Pyrs

Finland 12 065 275 698 8 395 204 060

Iceland 528 10 495 246 4 800

Norway 10 551 282 002 2 921 78 730

Sweden 30 730 805 745 9 513 248 536

Total 53 874 1 373 940 21 075 536 126



Results, printers & lithographers combined

Men Women

Cancer site SIR 95%  CI SIR 95% CI

Liver 2.26 1.58-3.13 0.99 0.32-2.39

Intrahepatic

cholangiocarcinoma 3.63 1.68-6.89 2.44 0.44-8.05

Consistent results across countries and genders





Conclusion

• The results are in accordance with the finding of excess 
risk of cholangiocarcinoma among workers in a small 
Japanese printing firm

• This excess cancer risk thus appears to extend beyond 
this specific firm and country

• Exposure to chlorinated solvents seems to be related to an 
excess risk of cholangiocarcinomas

• Focus on specific exposures in the printing industry 
needed

• NOCCA proved to be a useful tool in investigating an 

occupational cancer cluster in another geographical region





Could we get same results 
with cancer mortality 

statistics?

• Wrong topography in cause of death

(liver, lung, brain, …)





Could we get same results 
with cancer mortality 

statistics?

• No morphology information

• Different survival between occupations?

• Wrong topography in cause of death

(liver, lung, brain, …)





RR for cancer death
of cancer patients of 

high vs. basic education

















Does it matter 

(in NOCCA)?





”Paradise of epidemiology”



Nordic Occupational Cancer (NOCCA) Study GroupNOCCAnew Study



Cancer among
ECONOMICALLY 
INACTINE
men and women



Kiitos
(Thank you)


