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Why is ‚endocrine disruptors and cancer‘ a topic?  
 
 

The history of diethylstilboestrol (DES) 
 In 1971, it was shown that DES intake during pregnancy 

caused clear cell carcinoma, a rare vaginal tumor, in 
girls and women who had been exposed to this drug in 
utero because their mothers were treated with this 
substance to avoid miscarriage. 
The mechanism was thought to be due to oestrogenic 
action. 



 
Adenocarcinoma of the vagina. Association of maternal 

stilbestrol therapy with tumor appearance in young women. 
 

Herbst AL, Ulfelder H, Poskanzer DC. 
N Engl J Med. 1971 284(15):878-81. 
 

DES was given to pregnant women in the mistaken belief it 
would reduce the risk of pregnancy complications and losses. Daughters with 

adenocarcinoma 



Adverse health outcomes in women exposed in 
utero to diethylstilbestrol 

Hoover RN, Hyer M, Pfeiffer RM, Adam E, Bond B, Cheville AL, Colton T, Hartge P, Hatch EE, Herbst AL, Karlan BY, Kaufman 
R, Noller KL, Palmer JR, Robboy SJ, Saal RC, Strohsnitter W, Titus-Ernstoff L, Troisi R.  
N Engl J Med. 2011 365(14):1304-14. 



 
DES exposure  and urogenital abnormalities in sons 
born to mothers exposed to DES during pregnancy 

 

Palmer JR, Herbst AL, Noller KL, Boggs DA, Troisi R, Titus-Ernstoff L, Hatch EE, Wise LA, Strohsnitter WC, 
Hoover RN. Urogenital abnormalities in men exposed to diethylstilbestrol in utero: a cohort study. Environ 
Health. 2009 18;8:37 
 

Cryptorchism is a risk factor for  testicular germ cell tumors 



Mode of Action - 
non-thresholded genotoxic cancerogen 

Dose-response for non-thresholded 
actions  



Non-genotoxic (thresholded) actions 
Induction of Cell Growth via Receptor mediated Signalling 

Dose-response for 
thresholded action  

If an ED is cancerogenic, this is a 
thresholded mode of action . This 
means that a dose exists below 
which the probability of an effect 
is very low. 



Endogenous Oestrogens and risk of breast 
cancer in premenopausal women 

Endogenous Hormones and Breast Cancer Collaborative 
Group Lancet Oncol. 2013 Sep;14(10):1009-19. 



The Example of Isoflavone as Food Supplements 
Results from the EFSA assessment 2015 

Botanical sources: 

Soy  Red clover Kudzu root 

Glycine max (L.) Merr Trifolium pratense L. Pueraria montana  

EFSA Opinion, 2015 



Endpoint/ 
Intervention 

Reference Reliability Relevance  outcome 

Breast cancer in epidemiological studies 
Use of food supplements 
containing isoflavones 

Boucher et al. 2013 1 +++ 

Brasky et al. 2010 1 +++ 

Obi et al. 2009 1 +++ 

Rebbeck et al. 2007 2 +++ 

Mammographic density 
Soy isoflavones/soy 

extract 
3071 

Colacurci et al., 2013 
1 +++ 

16401 
Del Manto et al., 2013 

1 +++ 

Soy protein 3127 
Verheus et al., 2008. 

1 +++ 

Daidzein-rich isoflavones 1199 
Maskarinec et al., 2009. 

1 +++ 

Genistein 3138 
Marini et al., 2008. 

1 +++ 

2282 
Morabito et al., 2002. 

2 +++ 

Red clover extract (RCE) 3168 
Atkinson et al., 2004 

1 +++ 

16435 
Powles et al., 2008. 

2 +++ 

Proliferation marker Ki-67 and atypical cytology 
Soy isoflavones/soy 

extract 
16409 

Khan et al., 2012. 
1 +++ 

3158 
Cheng et al., 2007. 

2 +++ 

Human studies +++ No difference 

Human studies 
Mammary gland 
 



Endpoint/ 
intervention 

Reference Reliability Relevance outcome 

Uterus 
Endometrial thickness 

Soy isoflavones/soy 
extract 

14960 
Chilibeck et al., 2013. 

1 +++ 

3071 
Colacurci et al., 2013 

1 +++ 

10231 
Nahas et al., 2007. 

1 +++ 

14945 
Alekel et al., 2015 

2 +++ 

1640 
Kaari et al., 2006. 

2 +++ 

2414 
Han et al., 2002. 

2 +++ 

3158 
Cheng et al., 2007. 

2 +++ 

16165 
Upmalis et al., 2000. 

2 +++ 

Soy protein 16436 
Quaas et al., 2013. 

1 +++ 

1103 
Carmignani et al., 2010 

1 +++ 

11323 
Murray et al., 2003. 

3 +++ 

Daidzein-rich isoflavones 3110 
Penotti et al., 2003. 

1 +++ 

4366 
Steinberg et al., 2011. 

2 +++ 

Glycitein-rich isoflavones 1639 
Nikander et al., 2005. 

1 +++ 

Human studies +++ No difference 

Human studies 
Uterus 



Why did we not see an oestrogenic effect in vivo in postmenopausal women? (III)  
The relative activity of isoflavones in food supplements 

EEQ  
(µg E2 per capsule)1  

Production rate 
expressed as 
External dose/day 
(BV =0.05) (µg/day) 
 

 
Comparison endogenous vs 

isoflavone capsule 
(Endogenous/isoflavone in 

capsules) 
ER alpha ER beta  

 
ER alpha 
 

ER beta 
 

1 1.4 530 380 
2 9.5 530 56 
3 7.6 24.2 530 70 25 
4 5.2 530 101 

5 22.4 530 24 
6 36.4 530 14.5; 7% 

increase 
7 13.8 530 38 
8 11.9 530 44 ; 3% 

increase 
9 15.5 530 34 

1Andres et al., 2015  
 



The Example of Bisphenol A 
Results from the EFSA assessment 2015 



Bisphenol A 

Endpoint Uterus hyperplasia 
 Rat data 

The effective oral dose in humans is > 100 mg/kg bw/day 
The cumulative human exposure (dermal plus oral) is 4 µg/kg 
bw/day, 10,000 fold lower than the effective dose. 
 



Endpoints in the breast 
in rats 

 
The effective oral dose in humans 
 is 1-10 mg/kg/day 
The cumulative human exposure 
 (dermal plus oral) is  
4 µg/kg bw/d,  
1000 – 10,000 fold lower than 
the effective dose. 



Bisphenol A and Prostate  
pre-cancererous lesions 
Incidence of prostatic leasion at 7 months in SD rats 
treated neonatally with oil or BPA via s.c. or oral route 
of exposure and with T+E as adults 

Prins et al. Reprod Toxicol. 2011 31(1):1-9.  
Serum bisphenol A pharmacokinetics and prostate neoplastic responses 
following oral and subcutaneous exposures in neonatal Sprague-Dawley 
rats. 



Relevance of Prins et al. for humans – 
 considerations on the internal exposure 

  

  Rat data Human data Ratio concentration 
experimental 
exposure rat p.o./ 
human mean 
exposure 

  s.c. injection oral oral   

Dose BPA 
(µg/kg bw) 

400 (Prins et 
al., 2011) 

400 (Prins et 
al., 2011) 

100 (Thayer 
et al., 2015) 

    

Exposure 
(µg/kg bw) 

      4 (EFSA,2015)   

Cmax BPA 
(nM) 

7.73 
(measured) 

1.13 
(measured) 

6.5  
(measured) 

0.26 
(calculated) 

4.3 

Prins et al. Reprod Toxicol. 2011 31(1):1-9.  

The internal exposure was 4 fold higher in rats as is the current 
combined exposure in humans calculated as oral exposure 



Other substances – in occupational scenarios 

• TCCD 
• Pesticides  
• Phthalates 
• Organic solvents 
• Alkylphenols 
• Chlorpyriphos (animal study) 

 
 



Studies of veterans with estimated Agent Orange/TCCD 
exposure N= 4533 

Chang ET, Boffetta P, Adami HO, Cole P, Mandel JS 
A critical review of the epidemiology of Agent Orange/TCDD and prostate cancer.  
Eur J Epidemiol. 2014 Oct;29(10):667-723. 



Studies of Vietnam veterans without estimated Agent 
Orange/TCCD exposure N = 19 000 



Studies of manufactureres and sprayers of herbicides  
N = 13 381 



• Overall, epidemiologic research offers no 
consistent or convincing evidence of a causal 
relationship between exposure to Agent 
Orange or TCDD and prostate cancer 

A critical review of the epidemiology of Agent 
Orange/TCDD and prostate cancer.  
Chang ET, Boffetta P, Adami HO, Cole P, Mandel JS Eur J Epidemiol. 2014; 29(10):667-
723. 
 



Phthalates AND cancer 



Testicular germ cell tumours and parental 
occupational exposure to pesticides: a register-

based case–control study in the Nordic 
countries (NORDTEST study) 



Andrology. 2016 Mar 22 

Burden of disease and costs of exposure to 
endocrine disrupting chemicals in the European 
Union: an updated analysis 

Expert panels consensus was achieved for probable (>20%) 
endocrine disrupting chemical causation for IQ loss and 
associated intellectual disability; autism; attention deficit 
hyperactivity disorder; endometriosis; fibroids; childhood 
obesity; adult obesity; adult diabetes; cryptorchidism; male 
infertility, and mortality associated with reduced testosterone. 

Trasande L, Zoeller RT, Hass U, Kortenkamp A, Grandjean P, 
Myers JP, DiGangi J, Hunt PM, Rudel R, Sathyanarayana S, 
Bellanger M, Hauser R, Legler J, Skakkebaek NE, Heindel JJ. 

BUT NOT CANCER! 



Thank you for your attention 

Prof. Dr. Ursula Gundert-Remy 
President German Society of Toxicology (GT) 
Institute for Clinical Pharmacology and 
Toxicology Charité 
Medical School Berlin 
Campus Mitte 
Luisenstrasse 7   
10117 Berlin 

It is the dose which makes the  poison 

Sola dosis facit venenum 

Paracelsus (1493 - 1541) 
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