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Supplementary material S1. Negative exposure scenarios to GEN 
Supplementary Table S1. The reported nominal and transformed free internal concentrations of GEN, using the fub in vivo, following intake of different diets which are indicated to be conservative and health protective in humans



	Reference
	Diet 
	Exposure scenario(s)
	Plasma, serum, or blood concentrations reported
	Nominal internal concentrations (µM)1, 2
	Fub in vivo 
	Free internal plasma 
concentrations (µM)

	(Busby et al., 2002)
	Western diet
	Isoflavone intake of < 10 mg/d 
	Plasma
	3.80E-02 ± 22E-02 (mean ± SD)
	0.07
	2.76E-03 ± 1.60E-03 

	(Metzner et al., 2009)
	Western diet
	A 14 day prohibition of soy foods and their derivatives prior to the study 
	Plasma
	5.10E-03 ± 6.00E-04 (mean ± SEM)
	
	3.70E-04  ± 4.35E-05 

	(Grace et al., 2004)
	Western diet
	EPIC-Norfolk following information from a 7 day dietary diary
	Serum
	4.64E-05 ± 3.00E-05 (mean ± SD)
	
	3.36E-06 ± 2.18E-06

	(Heald et al., 2006)
	Western diet
	Control men from a case-control study of prostate cancer
	Serum
	1.00E-04 (median) (4.00E-05 - 1.40E-04 (IQR))
	
	7.25E-06 (2.90E-06 - 1.02E-05)

	(Setchell et al., 2003)
	Western diet
	Consumption a soy-deficient diet for 1 months prior
	Serum
	1.10E-05 ± 3.00E-06 (mean ± SEM)
	
	7.98E-07 ± 2.18E-07

	(Yuan et al., 2012)
	Asian diet
	Polyphenol-free diet for 10 days prior to the study
	Plasma
	1.74E-03 ± 1.36E-03 (mean ± SD)
	
	1.26E-04 ± 9.86E-05

	(Setchell et al., 2011)
	Asian diet
	Consumption of 250 mL soy milk 2 per day for 3.5 day, equivalent to 19 mg GEN per day
	Plasma
	1.65E-03 ± 4.60E-05 (mean ± SD)
	
	1.20E-04 ± 3.34E-06

	(Arai et al., 2000)
	Asian diet
	Estimated dietary intake of 30.1 mg/day
	Plasma
	9.23E-04 (median) (7.60E-05 - 7.40E-03 (range))
	
	6.69E-05 (5.51E-06 - 
5.37E-04)

	(Iwasaki et al., 2008)
	Asian diet
	Calculated GEN intake of 21.7 (16.8-26.1) mg/d from dietary assessment with a food frequency questionnaire 
	Plasma
	 1.60E-03 (median) (8.70E-04 - 2.80E-03 (IQR))
	
	1.16E-04 (6.31E-05 - 
2.03E-04)

	(Shimazu et al., 2011)
	Asian diet
	Calculated GEN intake (not specified) from dietary assessment with a food frequency questionnaire 
	Plasma
	8.00E-04 (median) (3.30E-04 – 1.40E-03 (IQR))
	
	5.80E-05 (2.39E-05 - 
1.02E-04)

	(Takashima et al., 2004)
	Asian diet
	Calculated GEN intake of 22.9 ± 15.9 mg/d from hospital diet
	Serum
	1.20E-03 ± 1.26E-03 (mean ± SEM)
	
	8.70E-05 ± 9.14E-05

	(Ritchie et al., 2004)
	Asian diet
	A specific diet was followed over a 24 hour recording period
	Plasma
	3.80E-04 ± 3.80E-05 (mean ± SD)
	
	2.76E-05 ± 2.76E-06

	(Busby et al., 2002),  Formulation A
	Supplement intake
	Single oral dose of 8 mg/kg bw of a 90% GEN formulation
	Plasma
	0.13 ± 0.02 (mean ± SD)
	
	9.50E-03 ± 1.52E-03

	(Busby et al., 2002),  Formulation B
	Supplement intake
	Single oral dose of 8 mg/kg bw of a 45% GEN formulation
	Plasma
	0.26 ± 0.16 (mean ± SD)
	
	1.89E-02 ± 1.16E-02

	(Metzner et al., 2009)
	Supplement intake
	Repeated dose of 30 mg GEN per day for 7 days
	Plasma
	2.24E-02 ± 9.00E-03 (mean ± SEM)
	
	1.62E-03 ± 6.53E-04

	(Yuan et al., 2012)
	Supplement intake
	4 mg GEN twice per day for 7 days 
	Plasma
	4.31E-03 ± 1.44E-03 (mean ± SD)
	
	3.13E-04 ± 1.04E-04

	(Setchell et al., 2003) (low dose)
	Supplement intake
	A single dose of 0.4 mg/kg bw 
	Serum
	4.95E-04 ± 8.10E-05 (mean ± SEM)
	
	3.59E-05 ± 5.87E-06

	(Setchell et al., 2003) (low dose repeat)
	Supplement intake
	Twice a dose of 0.4 mg/kg bw 
	Serum
	3.69E-04 ± 5.40E-05 (mean ± SEM)
	
	2.68E-05 ± 3.92E-06

	(Setchell et al., 2003) (low dose after food)
	Supplement intake
	A single dose of 0.4 mg/kg bw and another low dose after 1 week of daily soymilk consumption containing 50 mg natural isoflavones 
	Serum
	3.87E-04 ± 6.30E-05 (mean ± SEM)
	
	2.81E-05 ± 4.57E-06

	(Setchell et al., 2003) (moderate dose)
	Supplement intake
	A single dose of 0.8 mg/kg 
	Serum
	7.83E-04 ± 1.26E-04 (mean ± SEM)
	
	5.68E-05 ± 9.14E-06

	(Setchell et al., 2011)
	Supplement intake
	A single oral dose of 50 mg GEN
	Plasma
	1.92E-02 ± 2.96E-03(mean ± SEM)
	
	1.39E-03 ± 2.15E-04



1 As derived from (Becker et al., 2015).
2 Serum concentration were assumed to be equal to plasma concentrations. 




Supplementary material S2. BMC analysis 
The benchmark concentration (BMC) analysis of GEN was performed based on the in vitro concentration response data reported by Wang et al. (2014), using BMDS3.2.1 software (U.S. EPA). The benchmark response (BMR) was defined as a 5% extra response (BMR05). The BMC05 and its upper (BMCU05) and lower (BMCL05) 95% confidence interval were also determined. The model was accepted when the fitted model had a p-value > 0.01, a BMDU05: BMDL05 ratio (precision factor) below 3, or the lowest AIC, indicating support for a concentration response. 
Supplementary material S2.1 BMC modelling of in vitro concentration response data of GEN in the MCF-7/Bos proliferation assay
Supplementary Table S2.1.1. Input values of the in vitro concentration response data of GEN in the MCF-7/Bos proliferation assay (Wang et al., 2014)
	Concentration (µM)
	n
	Response
	SEM

	0.006
	3
	0.05
	0.02

	0.02
	3
	0.17
	0.02

	0.06
	3
	0.35
	0.02

	0.2
	3
	0.55
	0.04

	0.6
	3
	0.64
	0.02

	2
	3
	0.63
	0.08

	6
	3
	0.54
	0.06


Supplementary Table S2.1.2. BMC analysis of the in vitro concentration response data of GEN in the MCF-7/Bos proliferation assay (Wang et al., 2014). BMC05 and BMCL05 values were obtained using BMDS software version 3.2.1, at a BMC of 5% extra risk, BMR type Hybrid model-extra risk with normal distribution and constant variance. 
	Model
	BMC (µM)
	BMCL (µM)
	BMCU (µM)
	Test 4 P‑Value
	AIC
	Accepted

	Exponential 2 (CV - normal)
	4.31
	2.66
	33.91
	<0.0001
	-1.24
	No

	Exponential 3 (CV - normal)
	4.31
	2.66
	33.91
	<0.0001
	-1.24
	No

	Exponential 4 (CV - normal)
	0.06
	0.05
	0.10
	<0.0001
	-26.06
	No

	Exponential 5 (CV - normal)
	0.06
	0.05
	0.12
	<0.0001
	-26.06
	No

	Hill (CV - normal)
	0.01
	3.48E-03
	0.02
	0.01
	-57.35
	Yes

	Polynomial Degree 6 (CV - normal)
	3.42
	1.87
	19.43
	<0.0001
	-1.86
	No

	Polynomial Degree 5 (CV - normal)
	3.42
	1.87
	19.43
	<0.0001
	-1.86
	No

	Polynomial Degree 4 (CV - normal)
	3.42
	1.87
	19.43
	<0.0001
	-1.86
	No

	Polynomial Degree 3 (CV - normal)
	3.42
	1.87
	19.43
	<0.0001
	-1.86
	No

	Polynomial Degree 2 (CV - normal)
	3.42
	1.87
	19.43
	<0.0001
	-1.86
	No

	Power (CV - normal)
	3.42
	1.87
	19.43
	<0.0001
	-1.86
	No

	Linear (CV - normal)
	3.42
	1.87
	19.43
	<0.0001
	-1.86
	Yes



Supplementary material S2.2 BMC modelling of in vitro concentration response data of GEN in the T47D ER-CALUX assay
Supplementary Table S2.2.1. Input values of the in vitro concentration response data of GEN in the T47D ER-CALUX assay (Wang et al., 2014)
	Concentration (µM)
	n
	Response
	SEM

	0.0003
	3
	-10.00
	6.25

	0.001
	3
	-15.37
	4.91

	0.003
	3
	-9.58
	2.01

	0.01
	3
	6.47
	1.79

	0.03
	3
	67.17
	0.89

	0.1
	3
	107.11
	9.15

	0.3
	3
	129.64
	6.03

	1
	3
	210.20
	6.70


Supplementary Table S2.2.2. BMC analysis of the in vitro concentration response data of GEN in the T47D ER-CALUX assay (Wang et al. 2014). BMC05 and BMCL05 values were obtained using BMDS software version 3.2.1, at a BMC of 5% extra risk, BMR type Hybrid model-extra risk with normal distribution and constant variance. 
	Model
	BMC (µM)
	BMCL (µM)
	BMCU (µM)
	Test 4 P‑Value
	AIC
	Accepted

	Exponential 2 (CV - normal)
	-9999
	0.00
	Infinity
	<0.0001
	292.43
	No

	Exponential 3 (CV - normal)
	-9999
	0.00
	Infinity
	<0.0001
	294.43
	No

	Exponential 4 (CV - normal)
	-9999
	0.00
	Infinity
	<0.0001
	294.43
	No

	Exponential 5 (CV - normal)
	-9999
	0.00
	Infinity
	<0.0001
	296.43
	No

	Hill (CV - normal)
	4.88E-03
	3.29E-03
	7.98E-03
	<0.0001
	208.38
	Yes

	Polynomial Degree 6 (CV - normal)
	0.14
	0.11
	0.21
	<0.0001
	249.67
	No

	Polynomial Degree 5 (CV - normal)
	0.14
	0.11
	0.21
	<0.0001
	249.67
	No

	Polynomial Degree 4 (CV - normal)
	0.14
	0.11
	0.21
	<0.0001
	249.67
	No

	Polynomial Degree 3 (CV - normal)
	0.14
	0.11
	0.21
	<0.0001
	249.67
	No

	Polynomial Degree 2 (CV - normal)
	0.14
	0.11
	0.21
	<0.0001
	249.67
	No

	Power (CV - normal)
	0.14
	0.11
	0.21
	<0.0001
	249.67
	No

	Linear (CV - normal)
	0.14
	0.11
	0.20
	<0.0001
	253.51
	Yes



Supplementary material S2.3 BMC modelling of in vitro concentration response data of GEN in the U2OS ERα-CALUX assay
Supplementary Table S2.3.1. Input values of the in vitro concentration response data of GEN in the U2OS ERα-CALUX assay (Wang et al., 2014).
	Concentration (µM)
	n
	Response
	SEM

	0.0003
	3
	-12.10
	0.00

	0.001
	3
	-9.73
	0.00

	0.003
	3
	-0.75
	6.13

	0.01
	3
	34.64
	19.10

	0.03
	3
	90.08
	23.35

	0.1
	3
	102.83
	4.25

	0.3
	3
	108.74
	16.98

	1
	3
	170.78
	24.53


Supplementary Table S2.3.2. BMC analysis of the in vitro concentration response data of GEN in the U2OS ERα-CALUX assay (Wang et al., 2014). BMC05 and BMCL05 values were obtained using BMDS software version 3.2.1, at a BMC of 5% extra risk, BMR type Hybrid model-extra risk with normal distribution and constant variance. 
	Model
	BMC (µM)
	BMCL (µM)
	BMCU (µM)
	Test 4 P‑Value
	AIC
	Accepted

	Exponential 2 (CV - normal)
	-9999
	0
	Infinity
	<0.0001
	287.18
	No

	Exponential 3 (CV - normal)
	-9999
	0
	Infinity
	<0.0001
	289.18
	No

	Exponential 4 (CV - normal)
	-9999
	0
	Infinity
	<0.0001
	289.18
	No

	Exponential 5 (CV - normal)
	-9999
	0
	Infinity
	<0.0001
	291.18
	No

	Hill (CV - normal)
	2.34E-03
	1.34E-03
	4.83E-03
	0.0005
	219.11
	Yes

	Polynomial Degree 6 (CV - normal)
	0.20
	0.15
	0.34
	<0.0001
	251.79
	No

	Polynomial Degree 5 (CV - normal)
	0.20
	0.15
	0.34
	<0.0001
	251.79
	No

	Polynomial Degree 4 (CV - normal)
	0.20
	0.15
	0.34
	<0.0001
	251.79
	No

	Polynomial Degree 3 (CV - normal)
	0.20
	0.15
	0.34
	<0.0001
	251.79
	No

	Polynomial Degree 2 (CV - normal)
	0.20
	0.15
	0.34
	<0.0001
	251.79
	No

	Power (CV - normal)
	0.20
	0.15
	0.33
	<0.0001
	251.79
	No

	Linear (CV - normal)
	0.19
	0.15
	0.29
	<0.0001
	259.52
	Yes





Supplementary material S3. Evaluation of exposures to ZEA
Supplementary Table S3. The EARtest values at the EDI and TDI of ZEA compounds based on the MCF-7/Bos proliferation assay, T47D ER-CALUX assay, and U2OS ERα-CALUX assay calculated using Eq. 2.



	Compound
	Exposure scenario(s)
	Reference
	EARtest MCF-7/BOS proliferation
	EARtest T47D ER-CALUX
	EARtest U2OS ERα-CALUX

	
	
	
	Lowest
	Mean
	Highest
	Lowest
	Mean
	Highest
	Lowest
	Mean
	Highest

	ZEA
	TDI
	Alexender et al., (2011)
	
	3.00E-04
	
	
	1.96E-04
	
	
	1.07E-04
	

	ZEA
	EDI
	Alexender et al., (2011)
	1.44E-06
	2.78E-05
	1.57E-04
	9.38E-07
	1.81E-05
	1.02E-04
	5.14E-07
	9.94E-06
	5.60E-05
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