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Poll

• Carcinogenic to humans

• Probably carcinogenic to humans 

• Possibly carcinogenic to humans

• Not classifiable as to its carcinogenicity to humans

• Probably not carcinogenic to humans



Outline

• The IARC Evaluation Framework

• Evidence for breast cancer and shift-work at time of the IARC 
evaluation

– Evidence in humans

– Evidence in experimental animals

– Mechanistic data

• New developments after the IARC evaluation

• What next?



The IARC Monographs

• The IARC Monographs are a series of scientific reviews that 
identify environmental factors that can increase the risk of 
cancer in humans

• Each Monograph includes

– Critical review of the pertinent scientific literature

– Evaluation of the weight of the evidence that the agent 
can alter the risk of cancer in humans

• The IARC Monographs are unique in that the critical reviews 
and evaluations are developed by the experts who conducted 
the original research



Evaluation of the Weight of Evidence

Cancer in
humans

�  Sufficient evidence

�  Limited evidence

�  Inadequate evidence

�  Evidence suggesting lack 
of carcinogenicity

Cancer in
experimental animals

�  Sufficient evidence

�  Limited evidence

�  Inadequate evidence

�  Evidence suggesting lack 
of carcinogenicity

Mechanistic and
other relevant data

• Mechanistic data “weak,”
“moderate,” or “strong”?

• Mechanism likely to be 
operative in humans?

Overall evaluation

�  Group 1 Carcinogenic to humans (~102 agents)

�  Group 2A Probably carcinogenic to humans (~68 agents)

�  Group 2B Possibly carcinogenic to humans (245 agents)

�  Group 3 Not classifiable as to its carcinogenicity to humans

�  Group 4 Probably not carcinogenic to humans



Evaluating Human Data

Cancer in
humans

— Preamble, Part B, Section 6(a)

� Evidence suggesting 

lack of carcinogenicity

� Sufficient evidence

� Limited evidence

� Inadequate evidence

Causal relationship has been established

Chance, bias, and confounding could be ruled out with reasonable 

confidence

Causal interpretation is credible

Chance, bias, or confounding could not be ruled out

Studies permit no conclusion about a causal association

Several adequate studies covering the full range of exposure levels are 

mutually consistent in not showing a positive association at any

observed level of exposure

Conclusion is limited to the cancer sites and conditions studied

Cancer in
experimental animals

Mechanistic and
other relevant data



Evaluating Experimental Animal Data

Cancer in
experimental animals

— Preamble, Part B, Section 6(b)

� Evidence suggesting 

lack of carcinogenicity

� Sufficient evidence

� Limited evidence

� Inadequate evidence

Causal relationship has been established through either:

- Multiple positive results (2+ species, studies, or sexes of GLP study)

- Single unusual result (incidence, site/type, age at onset, or multi-site)

Data suggest a carcinogenic effect but: (e.g.) from a single study, 

unresolved questions, benign tumours only, promoting activity only

Studies permit no conclusion about a carcinogenic effect

Adequate studies in at least two species show that the agent is not 

carcinogenic

Conclusion is limited to the species, tumour sites, age at exposure, and 

conditions and levels of exposure studied

Cancer in
humans

Mechanistic and
other relevant data



Evaluating Mechanistic and other Data

• Is the mechanism 

likely to be operative 

in humans?

• Are the mechanistic 

data “weak,”

“moderate,” or 

“strong”?

Can the steps of each mechanism be described?

Has each mechanism been established? Are there consistent results in 

different experimental systems?  Is the overall database coherent?

Has each mechanism been challenged experimentally? Are there studies 

demonstrating that the suppression of key mechanistic processes

leads to the suppression of tumour development?

Search for alternative explanations: Could multiple mechanisms be 

involved?  Could different mechanisms operate in different dose ranges, 

in humans and experimental animals, or in a susceptible group?

Note: An uneven level of support for different mechanisms may reflect that 

disproportionate resources were focused on one mechanistic hypothesis

Mechanistic and
other relevant data

— Preamble, Part B, Section 6(c)

Cancer in
humans

Cancer in
experimental animals



A tour of IARC’s Classifications
— Preamble, Part B, Section 6(d)

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

EVIDENCE 

IN HUMANS

ESLC

Limited

Sufficient

Inadequate



Group 1 (carcinogenic to humans) whenever there 
is sufficient evidence in humans

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

EVIDENCE 

IN HUMANS

Group 1

ESLC

Limited

Sufficient

Inadequate



Group 2A (probably carcinogenic) with limited 
evidence in humans and sufficient evidence in 
animals

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

EVIDENCE 

IN HUMANS

ESLC

Limited

Sufficient

Inadequate

Group 1

Group 2A



Group 2B (possibly carcinogenic) with 
either limited evidence in humans . . .

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

EVIDENCE 

IN HUMANS

Group 1

Group 2A Group 2B (exceptionally, Group 2A)

ESLC

Limited

Sufficient

Inadequate



. . . or sufficient evidence in animals

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

EVIDENCE 

IN HUMANS

Group 1

Group 2A Group 2B (exceptionally, Group 2A)

Group 2B

“ ... it is biologically 

plausible that [these 
agents] also present 

a carcinogenic 

hazard to humans.”

ESLC

Limited

Sufficient

Inadequate



Group 3 (not classifiable) with less than 
sufficient evidence in animals

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

EVIDENCE 

IN HUMANS

Group 1

Group 2A Group 2B (exceptionally, Group 2A)

Group 2B

“ ... it is biologically 

plausible that [these 
agents] also present 

a carcinogenic 

hazard to humans.”

Group 3

ESLC

Limited

Sufficient

Inadequate



Group 4 with evidence suggesting lack of 
carcinogenicity in both humans and animals

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

Group 1

EVIDENCE 

IN HUMANS

Group 4

Group 2A

Group 3

Group 2B (exceptionally, Group 2A)

Group 2B

ESLC

Limited

Sufficient

Inadequate



Mechanistic data can be pivotal when the 
human data are not conclusive . . .

Group 1

Group 3

Group 3

����4 consistently and 
strongly supported

by a broad range of 

mechanistic and 

other relevant data

Group 4

����2A belongs to a 
mechanistic class

����2B with supporting 
evidence from 

mechanistic and 

other relevant data

Group 3

����2A belongs to a 
mechanistic class

����2B with strong 
evidence from 

mechanistic and 

other relevant data

Group 3

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

EVIDENCE 

IN HUMANS

����2A belongs to a mechanistic class where other members are 

classified in Groups 1 or 2A

Group 2B (exceptionally, Group 2A)

ESLC

Limited

Sufficient

Inadequate

����1 strong evidence in 
exposed humans…
agent acts through a 
relevant mechanism

Group 2A

����1 strong evidence in 
exposed humans…

����2A strong evidence
…mechanism also 
operates in humans

Group 2B

����3 strong evidence …
mechanism does not 
operate in humans



Outline

• The IARC Evaluation Framework

• Evidence for breast cancer and shift-work at time of the IARC 
evaluation

– Evidence in humans

– Evidence in experimental animals

– Mechanistic data

• New developments after the IARC evaluation

• What next?



Importance

• About 15-20% of the working population in 
Europe and USA is engaged in shift-work 
(outside working hours of 7AM-6PM) that 
involves night-work

• Breast cancer has become the most common 
cancer diagnosed overall

• Risk of breast cancer varies 5-fold among 
countries, is increasing everywhere, and is 
highest in industrialized countries



• The body has a natural cycle of 25 hours

• Internal and external factors synchronize us to 

a 24 hour day

• The internal clock is located in the

suprachiasmatic hypothalmus



Evidence in Humans

Breast Cancer



Shift work and Circadian Disruption

Breast Cancer - Nurses
Author(s) Work Definition of Exposure

Schernhammer 

et al. (2001)

NHS – USA

Nurses “In 1988, the study participants were asked by questionnaire 

how  many years in total they had worked rotating night shifts

with at least three nights per month in addition to days or 

evenings in that month”. 

Lie et al. 

(2005)

Norway

Nurses The reconstruction of total work history as a nurse and number 

of years with night work was based on individual information 

from two sources, the Norwegian Board of Health’s registry of 

nurses (self-reported), from which the cohort was formed, and 

census data from 1960, 1970, and 1980.

Schernhammer 

et al. (2006)

NHS II – USA

Nurses In 1989, 1991, 1993,  1997 (and 2001 retrospectively) the 

study participants were asked by questionnaire how  many 

years in total they had worked rotating night shifts with at least 

three nights per month in addition to days or evenings in that 

month”. 

O’Leary et al. 

(2006) USA

Nurses Definitions of shift work were based on ever working in at least

one job during the past 15 years that inc luded jobs with both 

overnight and evening (till 0200) shift work

Author(s) Work Definition of Exposure

Schernhammer 

et al. (2001)

NHS – USA

Nurses “In 1988, the study participants were asked by questionnaire 

how  many years in total they had worked rotating night shifts

with at least three nights per month in addition to days or 

evenings in that month”. 

Lie et al. 

(2005)

Norway

Nurses The reconstruction of total work history as a nurse and number 

of years with night work was based on individual information 

from two sources, the Norwegian Board of Health’s registry of 

nurses (self-reported), from which the cohort was formed, and 

census data from 1960, 1970, and 1980.

Schernhammer 

et al. (2006)

NHS II – USA

Nurses In 1989, 1991, 1993,  1997 (and 2001 retrospectively) the 

study participants were asked by questionnaire how  many 

years in total they had worked rotating night shifts with at least 

three nights per month in addition to days or evenings in that 

month”. 

O’Leary et al. 

(2006) USA

Nurses Definitions of shift work were based on ever working in at least

one job during the past 15 years that inc luded jobs with both 

overnight and evening (till 0200) shift work

Author(s) Work Definition of Exposure

Schernhammer 

et al. (2001)

NHS – USA

Nurses “In 1988, the study participants were asked by questionnaire 

how  many years in total they had worked rotating night shifts

with at least three nights per month in addition to days or 

evenings in that month”. 

Lie et al. 

(2005)

Norway

Nurses The reconstruction of total work history as a nurse and number 

of years with night work was based on individual information 

from two sources, the Norwegian Board of Health’s registry of 

nurses (self-reported), from which the cohort was formed, and 

census data from 1960, 1970, and 1980.

Schernhammer 

et al. (2006)

NHS II – USA

Nurses In 1989, 1991, 1993,  1997 (and 2001 retrospectively) the 

study participants were asked by questionnaire how  many 

years in total they had worked rotating night shifts with at least 

three nights per month in addition to days or evenings in that 

month”. 

O’Leary et al. 

(2006) USA

Nurses Definitions of shift work were based on ever working in at least

one job during the past 15 years that inc luded jobs with both 

overnight and evening (till 0200) shift work



Shift work and Circadian Disruption

Breast Cancer – Various sectors
Author(s) Work Definition of Exposure

Tynes et al. 

(1996)

Norway

Marine 

radio-

telegraph 

operators 

Shiftwork and travel through time zones classified for each 

ship  by a shipping journalist and a researcher with detailed 
knowledge of the recent (1945-1990) history of Norwegian 

mercant ships, according to 4 categories on frequent presence 

in the radio room (day and night)

Hansen 

(2001)

Denmark

Various 

sectors

Women considered to work predominatly at night if  employed 

for at least 6 months in trades in which at least 60% of female 

responders had nighttime schedules”. (Controls: < 40%)

Davis et al. 

(2001) 

USA

Various 

sectors

In-person interview on sleep patterns, exposure to light at 

night, and % of time worked at day, evening, or graveyard shift 

(1900-0900). At least 1 night/week for 3 or more years in the 

10 years before diagnosis

Schwartzbaum 

et al. 

(2007) 

Sweden

Various 

sectors

Job-exposure matri x for a national survey on working 

conditions (1977-81). 

Shiftwork: occupations with at least 40% rotating shiftworkers 

or working any hour between 1pm and 4am at least 1 d/w. 

Reference: occupations with <30% shiftworkers.

Author(s) Work Definition of Exposure

Tynes et al. 

(1996)

Norway

Marine 

radio-

telegraph 

operators 

Shiftwork and travel through time zones classified for each 

ship  by a shipping journalist and a researcher with detailed 
knowledge of the recent (1945-1990) history of Norwegian 

mercant ships, according to 4 categories on frequent presence 

in the radio room (day and night)

Hansen 

(2001)

Denmark

Various 

sectors

Women considered to work predominatly at night if  employed 

for at least 6 months in trades in which at least 60% of female 

responders had nighttime schedules”. (Controls: < 40%)

Davis et al. 

(2001) 

USA

Various 

sectors

In-person interview on sleep patterns, exposure to light at 

night, and % of time worked at day, evening, or graveyard shift 

(1900-0900). At least 1 night/week for 3 or more years in the 

10 years before diagnosis

Schwartzbaum 

et al. 

(2007) 

Sweden

Various 

sectors

Job-exposure matri x for a national survey on working 

conditions (1977-81). 

Shiftwork: occupations with at least 40% rotating shiftworkers 

or working any hour between 1pm and 4am at least 1 d/w. 

Reference: occupations with <30% shiftworkers.

Author(s) Work Definition of Exposure

Tynes et al. 

(1996)

Norway

Marine 

radio-

telegraph 

operators 

Shiftwork and travel through time zones classified for each 

ship  by a shipping journalist and a researcher with detailed 
knowledge of the recent (1945-1990) history of Norwegian 

mercant ships, according to 4 categories on frequent presence 

in the radio room (day and night)

Hansen 

(2001)

Denmark

Various 

sectors

Women considered to work predominatly at night if  employed 

for at least 6 months in trades in which at least 60% of female 

responders had nighttime schedules”. (Controls: < 40%)

Davis et al. 

(2001) 

USA

Various 

sectors

In-person interview on sleep patterns, exposure to light at 

night, and % of time worked at day, evening, or graveyard shift 

(1900-0900). At least 1 night/week for 3 or more years in the 

10 years before diagnosis

Schwartzbaum 

et al. 

(2007) 

Sweden

Various 

sectors

Job-exposure matri x for a national survey on working 

conditions (1977-81). 

Shiftwork: occupations with at least 40% rotating shiftworkers 

or working any hour between 1pm and 4am at least 1 d/w. 

Reference: occupations with <30% shiftworkers.



Shift work and Circadian Disruption
Breast Cancer – Nurses

Authors 

(year)

Study No 

subjects

Period Exposure Groups OR or RR

Schernhammer 

et al. (2001)

NHS – USA

Prospect 

cohort

78.562 

since 1976) 

2441 cases

Follow-up 

1988-1998

Rotating 

shiftwork, at least 

3 nights/month

1-14 years

15-29 years

30+ years

1.08 (0.99-1.18)

1.08 (0.90-1.30)

1.36 (1.04-1.78)

Lie et al. (2005)

Norway

Case-

control

in cohort 

44.835 

537 cases

marched 1:4

1960-1992 Night work from 

national registers 

of nurses

1-14 years

15-29 years

>30 years

0.95 (0.67-1.33)

1.29 (0.82-2.02)

2.21 (1.10-4.45)

Schernhammer 

et al. (2006)

NHS II - USA

Prospect. 

cohort

115.022  

(since 1989)

1989-2001

(1352 

cases)

Rotating shiftwork 

with at least 3 

nights/month 

1-9 years

10-19 years

>20 years

0.98 (0.87-1.10)

0.91 (0.72-1.16)

1.79 (1.06-3.10)

O’Leary et al. 

(2006) USA

Case-

control

487 cases 

509 controls

1996-1997 Evening and night 

shifts (exposure to 

light at night)

Night&eveni

Evening 

Night shifts

1.04 (0.79-1.38)

1.21 (0.90-1.64)

0.55 (0.32-0.94)

Authors 

(year)

Study No 

subjects

Period Exposure Groups OR or RR

Schernhammer 
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Prospect 

cohort

78.562 

since 1976) 

2441 cases
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1-9 years

10-19 years

>20 years

0.98 (0.87-1.10)

0.91 (0.72-1.16)

1.79 (1.06-3.10)

O’Leary et al. 

(2006) USA

Case-

control

487 cases 

509 controls

1996-1997 Evening and night 

shifts (exposure to 

light at night)

Night&eveni

Evening 

Night shifts

1.04 (0.79-1.38)

1.21 (0.90-1.64)

0.55 (0.32-0.94)

Authors 

(year)

Study No 

subjects

Period Exposure Groups OR or RR

Schernhammer 
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nights/month 
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Shift Work and Circadian Disruption
Breast Cancer – Various work sectors

Authors (year) Study No subjects Period Exposure Groups OR or RR

Tynes et al. 

(1996)

Norway

Nested 

case-

control 

within 

cohort

2169 naval 

radiotelegraph 

operators 

(1920-1980)

50 cases

Follow-up 

1961-

1991

Night work and 

exposure to 

artificial light , 

RF and EMF

Age<50  <3.1yrs

>3.1yrs

Age>50  <3.1yrs

>3.1yrs

0.3 (0.1-1.12)

0.9 (0.3-2.9)

3.2 (0.6-17.3)

4.3 (0.7-26.0)

Hansen (2001)

Denmark

Case-

control

7035 cases Follow-up 

1964-

1994

At least 6 

months at work 

in sectors with 

>60% SW-NW 

All night workers

>6 yrs night work

1.5 (1.3-1.7)

1.7 (1.3-1.7)

Davis et al. 

(2001) USA

Case-

control

813 cases  

793 controls

1992-

1995

At least 1 

night/week in 

previous 10 

years 

< 1 year

1-3 years

3-4.6 years

>4.6 years

1.2 (0.6-2.3)

1.4 (0.7-2.8)

0.6 (0.3-1.5)

2.3 (1.2-4.2)

Schwartzbaum 

et al. (2007) 

Sweden

Retrosp  

cohort

1148661

70 cases in 

3057 shift-

workers 

1971-

1989

Sectors with 

40% rotating 

shiftworkers

(ref <30%)

Shiftwork 1970

Shiftwork ‘60-’70

0.94 (0.74-1.18

0.97 (0.67-1.40)



Confounding Factors Controlled

• Age TT, JH, SD, ES1-2, JL, O’L, JS

• Age at menarche ES1-2

• Menopause ES1-2, JL, O’L

• No. of children JH, JL, JL

• Age at birth of first child TT, JH, ES1-2, JL

• Parity, no. of children JH, SD, ES1-2, JL, O’L

• Family history of breast cancer SD, ES1-2, O’L

• Oral contraceptive use SD, ES1-2, O’L

• Hormonal replacement therapy SD, ES1

• Benign breast diseases ES1-2, O’L

• Socioeconomic status JH, O’L, JS

• Alcohol, smoking, BMI, (physical activity)



Summary
Shift Work and Circadian Disruption

Cancer in Humans

-6 of 8 studies from various geographical regions noted 
an increased risk (~50%) of breast cancer among 
shift-workers 

-Increased risk of breast cancer among female flight 
attendants who also experienced circadian disruption by 
frequently crossing time zones



Women Flight Attendants – Breast cancer

– Cosmic radiation, pesticides, EMF, passive smoking, jet-lag

SIR or SMR

• Pukkala et al. (1995), FIN, 1577 pax, 20 cases, 1.87 (1.15-2.23)               

- in 15-19 yrs of employment group 3.4   (1.5-6.8)

• Lynge (1996), DN, 915 pax, 1.61 (0.90-2.70)

• Wartenberg & Stapleton (1998), USA, retired FA 2.0   (1.0-4.3)

• Haldorsen et al. (2001), NOR, 3105 pax 1.1   (0.8.1.5)

• Rafsson et al. (2001), IS, 1532 pax 1.5   (1.00-2.10)

• Blettner et al. (2002), GER, 16014 pax 1.28 (0.72-2.20)

• Reynolds et al. (2003), USA, 44021 pax 1.42 (1.09-1.83) 

- in international routes 1.79 (1.21-2.54)

• Linnersjo et al. (2003), SW, 2324 pax 1.30 (0.85-1.74)

• Zeeb et al. (2003), EU, 33.063 pax 1.11 (0.82-1.48)

• Kojo et al. (2005), FIN, 44cases/517non cases OR = 1.52 (0.49-4.74) 

SIR or SMR

• Pukkala et al. (1995), FIN, 1577 pax, 20 cases, 1.87 (1.15-2.23)               

- in 15-19 yrs of employment group 3.4   (1.5-6.8)

• Lynge (1996), DN, 915 pax, 1.61 (0.90-2.70)

• Wartenberg & Stapleton (1998), USA, retired FA 2.0   (1.0-4.3)

• Haldorsen et al. (2001), NOR, 3105 pax 1.1   (0.8.1.5)

• Rafsson et al. (2001), IS, 1532 pax 1.5   (1.00-2.10)

• Blettner et al. (2002), GER, 16014 pax 1.28 (0.72-2.20)

• Reynolds et al. (2003), USA, 44021 pax 1.42 (1.09-1.83) 

- in international routes 1.79 (1.21-2.54)

• Linnersjo et al. (2003), SW, 2324 pax 1.30 (0.85-1.74)

• Zeeb et al. (2003), EU, 33.063 pax 1.11 (0.82-1.48)

• Kojo et al. (2005), FIN, 44cases/517non cases OR = 1.52 (0.49-4.74) 

SIR or SMR

• Pukkala et al. (1995), FIN, 1577 pax, 20 cases, 1.87 (1.15-2.23)               

- in 15-19 yrs of employment group 3.4   (1.5-6.8)

• Lynge (1996), DN, 915 pax, 1.61 (0.90-2.70)

• Wartenberg & Stapleton (1998), USA, retired FA 2.0   (1.0-4.3)

• Haldorsen et al. (2001), NOR, 3105 pax 1.1   (0.8.1.5)

• Rafsson et al. (2001), IS, 1532 pax 1.5   (1.00-2.10)

• Blettner et al. (2002), GER, 16014 pax 1.28 (0.72-2.20)

• Reynolds et al. (2003), USA, 44021 pax 1.42 (1.09-1.83) 

- in international routes 1.79 (1.21-2.54)

• Linnersjo et al. (2003), SW, 2324 pax 1.30 (0.85-1.74)

• Zeeb et al. (2003), EU, 33.063 pax 1.11 (0.82-1.48)

• Kojo et al. (2005), FIN, 44cases/517non cases OR = 1.52 (0.49-4.74) 



Shift work and Circadian Disruption
Limitations of the studies

•Inconsistent definition of shift-work
•Limited number of studies (n=8)
•No clear dose-response relation
•Studies often focused on single profession
•Potential uncontrolled confounding by 
reproductive factors



Evidence in Experimental 

Animals

Breast Cancer



Shift work and Circadian Disruption

No other 

exposure

Chemical Initiation / 

promotion

Tumour cell 

transplantation studies

Total

Alterations in light 

exposures*

2 / 3 5 / 6 10 / 10 17 / 19

Chronic 

experimental jet-lag

- - 2 / 2 2 / 2

SCN lesions - - 1 / 1 1 / 1

pinealectomy - 2 / 8 11 / 13 13 / 21

Effect of 

physiological 

concentrations of 

melatonin

- - 5 / 5 5 / 5

Clock gene 

mutations

1 / 1 1 / 2 - 2 / 3

Total 3 / 4 8 / 16 29 / 31 40 / 51

Cancer in experimental animals

* Continuous bright light at night, dim light at night, intermittent or pulsed light at night



Mechanistic Evidence

Breast Cancer



Mechanistic Evidence
Melatonin and Shift Work

05:00 – 07:00 h

15:00 – 17:00 h

23:00 – 01:00 h

05:00 – 07:00 h

15:00 – 17:00 h

Grundy et al., Accepted, 2009



Difference in Time to Breast 
Cancer Appearance in C3CF1

Female Mice Treated for 38 
weeks Daily with Melatonin or 
Saline at Different Circadian 

Stages
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Shift work and Circadian Disruption

Mechanistic data - Oncostatic
effects of Melatonin

Free radical scavenging  and anti-oxidation
up-regulates anti-oxidant enzymes: glutathione peroxidase,
superoxide dismutase…

Anti-proliferative effects
inhibits the mitotic action of hormones and growth factors:
estradiol, EGF, prolactin…
induces the up-regulation of cell-surface proteins E-Cadherin
and b-integrin
slows down the cell-cycle at G0- S phase transition

Activation of the immune defence
enhances INFg and IL-1 production



Shift work and Circadian Disruption
The circadian genes: potential tumour suppressors

2-10% of all mammalian genes are clock controlled genes which are synchronized with the 

circadian oscillation pattern: c-myc, c-fos, mdm2, p53, gadd45a…, caspases, cyclins, transcription 

factors…
Regulate cell cycle and apoptosis

Modulate cell proliferation and transcription factors

Respond to DNA damage
Matsuo et al, 2003, Science 302:255-259;

Fu and Lee, 2003, Natl Rev Cancer 3:350-361;

Panda et al, 2002, Cell  109:307-320



Poll 2

• Carcinogenic to humans

• Probably carcinogenic to humans 

• Possibly carcinogenic to humans

• Not classifiable as to its carcinogenicity to humans

• Probably not carcinogenic to humans



Shift work and Circadian Disruption

Evaluation

Cancer in humans

• There is limited evidence in humans for the carcinogenicity of shift 
work that involves night work.

Cancer in experimental animals

• There is sufficient evidence in experimental animals for the 
carcinogenicity of light during the daily dark period (biological 
night).

Mechanistic data

• strong

• Mechanism likely to be operative in humans



Group 4 with evidence suggesting lack of 
carcinogenicity in both humans and animals

Sufficient Limited Inadequate ESLC

EVIDENCE IN EXPERIMENTAL ANIMALS

Group 1

EVIDENCE 

IN HUMANS

Group 4

Group 2A

Group 3

Group 2B (exceptionally, Group 2A)

Group 2B

ESLC

Limited

Sufficient

Inadequate



Outline

• The IARC Evaluation Framework

• Evidence for breast cancer and shift-work at time of the IARC 
evaluation

– Evidence in humans

– Evidence in experimental animals

– Mechanistic data

• New developments after the IARC evaluation

• What next?





IARC Workshop Shift-work; What next?

Defining ‘Shift Work’ for Use in Epidemiological Studies of 
Cancer - IARC Working Group Report. Stevens et al., 
Submitted



Armed Forces and Shift Work:
Breast cancer

*age, HRT,BMI, alcohol, reproduction

Case

s

Controls RRa RRj* (95% CI)

No shift-work 82 406 Reference Reference

Ever > 1 year 52 208 1.3 1.2 (1.0-1.4)

1-5 years 14 75 1.0 0.9 (0.2-2.3)

6-14 years 18 56 1.7 1.5 (0.7-3.3)

15+ years 12 30 2.1 2.8 (1.1-4.5)

Case

s

Controls RRa RRj* (95% CI)

No shift-work 82 406 Reference Reference

Ever > 1 year 52 208 1.3 1.2 (1.0-1.4)

1-5 years 14 75 1.0 0.9 (0.2-2.3)

6-14 years 18 56 1.7 1.5 (0.7-3.3)

15+ years 12 30 2.1 2.8 (1.1-4.5)



Some Gaps in our EPI Knowledge:

• Exposure

– Type of shift (fixed/rotating, evening/night/morning)

– Speed (# of consecutive days before a shift change)

– Direction (Counterclockwise / Clockwise)

• Lower limit of exposure

– Frequency

– Duration

• Vulnerable groups ?

– exposure before first birth

– young/old

– moningness/eveningness types

• Induction/promotion

• Other Cancers



Exposure assessment of 
Circadian Disruption

Night work

time

Night
work

Night work

no circadian disrupton 

circadian disruption 
end of nightwork

nights/
month



Next Generation of Studies

Exposure
Biological 
Effective

Dose
Effect

Internal 

Dose

Susceptibility

• Genetic polymorphisms (Clock, hormonal, inflammatory genes)

• Diurnal type (morning, evening, neither)

• Timing of meals

• Sleep habits (Duration, sleep quality)

• Number of non-day 

shifts per month / 

year

• Shift type (rotating, permanent)

• Rotating type (continuous / discontinuous)

• Direction of rotation (forward / backward)

• Rate of rotation (rapid, slow)

• Rest periods

• Start and end-times of shift

• Breast cancer

• Prostate cancer

• NHL

• Colon



Many new studies with support of national funding agencies 
have been started to address (some of) these points

• US 

– Nurses health study: More detailed questionnaire (Schernhammer)

– Genetic studies focusing on clock genes (Zheng)

• UK

– Prospective study (EPIC/ MWS) on shift work and cancer (Travis)

• Canada

– Tomorrow project – Prospective study 

– Cross-sectional study on shift work and melatonin (Aronson)

• Spain

– Case-control studies on breast, prostate and colon (Kogevinas)

• Denmark

– Nested case-control studies among nurses and military personal (Hansen)

• Poland

– Cross-sectional study on shift work, melatonin and mammographic density (Poplonska)

• Netherlands (without funding)

– Prospective studies (Vermeulen, Rookus)



• THANKS!

THANKS

• R.C.H.Vermeulen@uu.nl


