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Cancer is a complex 
disease influenced across 
the lifecycle

Breast cancer:
• Before birth
• During puberty
• First pregnancy
• Menopause

Pathways Project for Breast Cancer
Schwarzman et al. 2015, Environ Health Perspectives
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Human 
Studies
2007-2017
158 articles
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Update:



2007 Evidence
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Brody et al., Cancer, 2007, Rudel et al., Cancer, 2007,
Xue and Michels, Lancet Oncology, 2007; Rudel et al., EHP, 2011; 
Brody et al., Science (letter), 2014; Rudel et al., EHP, 2015



Goals of review:
• Learn from unique exposure 

scenarios that capture questions 
from biology

• Strengthen “proof of principle”
• Speak to skeptics
• Guide future studies
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Review methods:

• Searched literature for 130+ chemicals 
and breast cancer

• Summarized breast-cancer biology of 
the chemicals

• Is this a breast carcinogen? Estrogen-
mimic? Does it alter breast growth?

• Analyzed 158 epidemiology studies
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Most studies still miss critical timing

16 chemical 
classes



New results - strong studies

• Thank you, cohort members!
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Members of CHDS



Child Health & Development Studies 
Persistent EDCs

1950 1960 1970 1980

Blood 
sampled 
after birth

1990 2000 2010

DDT years

Cohn et al., 2007, 2015

5X higher odds: p,p’-DDT in 
women < age 14 in 1945

Almost 4X higher odds: 
o,p’-DDT in daughters
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DDT/DDE/Organochlorine pesticides

Higher odds of breast cancer:
• Long Island - premenopausal breast cancer 
• Sister Study - ER+/PR+ tumors

Source: panna.org

Niehoff 2016, White 2013 SilentSpring.org

Did you see a fogger 
truck as a kid?



Women who lived near accident age 0-40 

• Higher blood TCDD (dioxin): > 2 X increased risk 
after 11-20 years of follow up

Source: toxipedia.org

Seveso Women’s Health Study
Dioxin - TCDD
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Warner 2011



Organic Solvents at Work

•Early exposure -- before first 
childbirth, before age 36

Ekenga et al., 2014; Glass et al., 2015; Labreche et al., 2010

•Before worker protection rules
Sung et al., 2007’; Ekenga et al, 2014

Source: historicalstockphotos.com
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From diet, vehicle exhaust, 
tobacco smoke…



Consumer Product Chemicals 
studies increased, but have limitations

Limitations: 
� Timing of exposure
� One-time measures of chemicals that 

are metabolized rapidly
� Mixtures

14

� Lifetime use of household cleaners and 
air fresheners (Zota 2010)

� PFOSA at pregnancy associated with 
breast cancer 10-15 years later –
Danish National Birth Cohort 
(Bonefeld-Jorgensen 2014)
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Animal and 
human studies-
generally 
consistent

Updated from 
Rudel 2014. Environmental 
Health Perspectives 

+
Stronger 
evidence of 
association

(+)
Limited 
evidence of 
association

(‐)
Limited 
evidence for no 
association

‐
Stronger 
evidence for no 
association
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Exposure Human 
Breast Cancer

Rodent Mammary 
Tumors

HRT (E + P) + +
HRT (E) (+) +
Oral Contraceptives (E + P) + +
DES + +
Griseofulvin, Furosamide,
Metronidazole (+) +

Indomethacin, 
Nitrofurantoin (‐) +

Ionizing radiation + +
Alcohol + (+)
Heterocyclic amines (meat) (+) +
Sleep disruption (+) +
Ethylene oxide (+) +
PAH (+) +
PAH (polymorphsims) (+) Not tested
Solvents (early exposure) + +
DDE (adult exposure) ‐ ‐
DDT (early life exposure) + Not tested
PCBs (general population) ‐ ‐
PCBs (early life) (+) Not tested
PCBs (polymorphism) (+) Not tested
Dioxin (early life exposure) (+) (+)



Conclusions

1. Rely on the strong studies
2. Support unique cohorts
3. Study early effects before breast cancer, 

mixtures, and interactions
4. Don’t wait: Develop rapid tests to predict 

chemical effects on the breast
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Thank you

Review authors
� Kathryn Rodgers
� Julia Udesky
� Ruthann Rudel
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