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What chemical exposures increase breast cancer risk?
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3) Which chemicals cause effects related to breast cancer?
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• For more on the key characteristics of hazardous exposures, see: https://keycharacteristics.org/

New Insights 

for Identifying 
Cancer Causes

https://keycharacteristics.org/


Estrogen and other steroids are 
made from cholesterol in the body. 

This is called steroidogenesis.
H295R cell



Why estradiol and progesterone?

• Women at high inherited risk sometimes remove ovaries to reduce 
risk

• E+P HRT increases breast cancer risk

• Women with a gene for elevated aromatase (increases estrogen) have 
poor survival for ER+/PR+ breast cancer

• Treatments for ER+/PR+ breast cancer block estrogen action with…
• Tamoxifen

• Aromatase inhibitors 



How does the test work?
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How big 
is the 

hormone 
effect?

Dose: How much chemical to get an effect?
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Risk map

Higher chemical dose

Higher 
hormone 
effect

Worst chemicals: 
High effect at 

low dose Not so good: Especially 
problematic for common 

chemicals



Risk map for 
some E2-up 
chemicals

(N = 182)

Cardona and Rudel 2021



In vivo effects of top 10 E2-up chemicals, including 8 pesticides

1. Mammary tumors

2. Mammary swelling, whitening and stiffening 

3. Increased uterine weight of weanling or sexually 
immature mice

4. Lower pup body weight or body weight gain 

(e.g., possible lactation effect)

5. Lower lactation index and lower viability during 

lactation
6. Delayed vaginal opening

7. Less implantation sites or higher post-implantation loss 

8. Increased reabsorptions

9. Lower number of live births

10. Decreased litter size

Effects in rodents 
7 of the top 10 chemicals 

had at least one effect

Cardona and Rudel 2021

3 had 4 effects

Several have incomplete data



Classifications from EPA ToxVal database and other sources

Substantial concordance with earlier assessments  

Cardona and Rudel 2021



Who can use the new “breast cancer list”?

• Regulatory agencies can use in risk assessments (e.g., EPA, FDA, State 
of California, European Chemicals Agency)

• International Agency for Research on Cancer (IARC)

• Manufacturers and product certifiers

• Consumers and advocates

• Epidemiologists

• Computational chemists



• Mixtures: We are exposed to 
many of these chemicals 
simultaneously

• Not all chemicals that are 
positive in this test cause 
breast cancer

Other points to consider



We found ~ 300 

chemicals that increase 

estradiol or progesterone

Testing for breast-

related effects is lax, and 

misses effects

Happy Women’s History Month!



Basis for 

action

+Biological 

mechanism

Educate

Regulate

Reformulate

Human exposure

Brody, Rev Environ Health (2010)

Strength of 
evidence, not 

“proof”

Exposure reduction 

= Opportunities for 

prevention

Cancer Prevention Science
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