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U.S. EPA BMDS Modeling Approach is Now 
Widely Used to Estimate BMD and Potency (Slope)

BMDL and Slope FactorDose-Response Data
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BMDS Analysis

Slope Factor (SF) = BMR/BMDL 

SF = Potency
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Some Quantal Models Used by BMDS v. 2.1.1 

a BMDS-equivalent names appear in parentheses 
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U.S. EPA BMD Decision Treea is Complex and 
May Impose Unquantified Bias or Error

a EPA 2008 Benchmark Dose Technical Guidance 
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U.S. EPA BMDS Model Selection and Estimation 
Process has a Dubious Statistical Basis
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Only low-dose information
is relevant to estimating true

BMD and potency 

?? High-dose information
is largely superfluous 
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A Single, “Generic Hockey-Stick” (GSH) Model 
Suffices to Estimate BMD and Potency

Modified “linearized” multistage model:
1 – exp[–Σqi d i ]  for  i G(g) for g dose groups
G(g) = any subset of ≤g elements of G = {0, 1, ..., g–1, g+1} 

All nonlinear coefficients qi (i ≠ 1) ≥ 0 

Linear (“potency”) coefficient q1 is constrained only  
to ensure that R(d) ≥ 0 over the experimental dose 
range

∈
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Dose

Linear (potency) coefficient 
constrained to ensure R(d) ≥ 0 

A GSH Model is Adequate to Estimate BMD and 
Potency (continued)
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A GSH Model is Adequate to Estimate BMD and 
Potency (continued)

All possible coefficient combinations are optimized 
analytically, by iterative, weighted, constrained linear 
regression on logit-transformed data
Best-estimate coefficients are those that minimize      
chi-square using the observed data
Confidence bounds on q1 and BMD are calculated by the 
Monte Carlo bootstrap-percentile method
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Simulated Quantal-Response Data were used to 
Compare the Reliability of BMDS versus GHS 
Estimates 

a Benchmark dose (BMD) = d10 = d||( BMR = P(d) – p0 = 0.10)
BMR = Benchmark Response
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BMD (d10) and BMDL (d10
*) Estimates from 

BMDS Fits to Simulated Data 

a n = # good fits to 100 simulated data sets       
b Coverage = Pr(d10* ≤ Ed10)
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Potency (q, q*) Estimates from BMDS Fits to 
Simulated Data

a Coverage = Pr(q* ≥ Eq); in parentheses: Pr(q* < 0) 
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BMDS Model Fits Tend to Mis-Specify the True 
Model used to Simulate Data that were FitDose-Response 2010
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BMD (d10) and BMDL (d10*) Estimates from 
GHS Fits to Simulated Data

a Model L1 and H1 fits were all conditioned on |q| > 0
b Coverage = Pr(d10* < Ed10)
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Potency (q, q*) Estimates from GHS Fits to 
Simulated Data 

a Coverage = Pr(q* ≥ Eq); in parentheses:  Pr(q* < 0)
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Illustrative GHS Model Application:

Anthraquinone (AQ):  A known rodent carcinogen and 
anti-carcinogen 
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GHS Estimates of AQ Tumor Potency (´100) 

a MCL = mononuclear cell leukemia, RTAC = renal cell adenoma or carcinoma, HB = hepatoblastoma (benign or malignant), 
HC = hepatocellular carcinoma, HAC = hepatocellular adenoma or carcinoma.

b HE = human equivalent
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AQ Suppresses Mononuclear Cell Leukemia 
(MCL) in Male and Female F344/N Rats 

Male rats

Female rats
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AQ Effect on MCL in Rats Modeled as 
Pure Suppression (i.e., Exponential Loss)

Male rats

Female rats
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GHS Estimates of AQ Potency for Suppressing 
Spontaneous MCL in Rats

NEGATIVE POTENCY
(per mg/kg-day)
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Net Potency Calculation

Net potency Q of joint effects involving tumors 
induced at potencies qi must adjust for estimated 
background rates rj of any tumor types purely 
suppressed at rates aj

Q = qi
i=1

ni

∑ −
rj

1− rj
a j

j=1

n j

∑
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Net Human-Equivalent AQ Potency:  
Approach

Equal weights were used to aggregate estimated 
potencies for

MCL suppression in male vs. female rats
Tumor suppression vs. induction in rats

HAC or HB induction in male vs. female mice

Tumor induction in mice vs. rats

Standard animal-to-human surface-area adjustment

Dose-Response 2010



23

Net Human-Equivalent AQ Potency:  
Result

NET POTENCY (per mg/kg-day)
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Conclusions
The USEPA BMDS procedure does not reliably identify 
dose-response relationships

BMD & potency estimates are easier to obtain by the 
GHS than by the BMDS procedure

GHS estimation performs as well or better than BMDS 
estimation (at least for quantal data)

The GHS model can be used to test objectively for, and 
to characterize, negative dose-response patterns such 
as AQ-induced MCL suppression in rats
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