Environmental Health: Science, Policy and Social Justice

Week 6


Workshop – Benchmark Dose 

Gephart 2001: “Evaluation of Subchronic Toxicity Data Using the Benchmark Dose Approach”, in week 6 folder of Winter Hadndouts.

Advantages of NOAEL 

(i) It is easy to understand, 

(ii) It has intuitive appeal, 

(iii) It is not dependent on the assumed dose–response model, and 

(iv) It can be used for continuous or discrete responses. 

Disadvantages of NOAEL 

(i) Must be one of the doses tested - it is limited to the doses tested in the experiment, 

(ii) Fewer animals give higher NOAELs - it rewards poor experimental design, 

(iii) it does not provide an indication of the magnitude of the risk, and 

(iv) The rest of the curve is ignored - it does not provide a slope of the dose–response curve, 

(v) Response is not identified
According to EPA, specific limitations of the NOAEL/LOAEL approach are well known and have been discussed extensively (see EPA technical guidance document):

• The NOAEL/LOAEL is highly dependent on dose selection since the NOAEL/LOAEL is limited to being one of the doses included in a study.

• The NOAEL/LOAEL is highly dependent on sample size. The ability of a bioassay to distinguish a treatment response from a control response decreases as sample size decreases1, so that the NOAEL for a compound (and thus the POD) will tend to be higher in studies with smaller numbers of animals per dose group.

• More generally, the NOAEL/LOAEL approach does not account for the uncertainty in the estimate of the dose-response which is due to the characteristics of the study design.

• NOAELs/LOAELs do not correspond to consistent response levels for comparisons across studies/chemicals/endpoints and for use as PODs for the derivation of RfCs.

• The slope of the dose-response curve is not taken into account in the selection of a NOAEL or LOAEL, and is not usually considered unless the slope is very steep or very shallow.

• A LOAEL cannot be used to derive a NOAEL when a NOAEL does not exist in a study. Instead, a tenfold uncertainty factor has been routinely applied to the LOAEL to account for this limitation.

• While the NOAEL has typically been interpreted as a threshold (no-effect level), simulation studies and reanalyses of developmental toxicity bioassay data have demonstrated that the rate of response above control at doses fitting the criteria for NOAELs, for a range of study designs, is about 5-20% on average, not 0%. 

EPA has developed a guideline document that addresses a number of issues that must be resolved in order to apply the BMD approach for dose-response assessment in a consistent manner:

1. Determination of appropriate studies and endpoints on which to base BMD calculations;

2. Selection of the benchmark response (BMR) value;

3. Choice of the model to use in computing the BMD;

4. Details surrounding computation of the confidence limit for the BMD (BMDL); and

5. Reporting requirements for BMD and BMDL computation.
Data from 90-day inhalation study with 3 different endpoints (critical effects):

[image: image1.wmf]
Benchmark Dose:

· BMD at 1%, 5%, 10% risk levels

· Gives a measure of effect/risk for that dose

· More info means less uncertainty

· Considers the whole curve

· Includes measure of variability (CI)

· Uses responses tested, not extrapolated

· Consistent across studies

Limitations of BMD: 

It does not work well if:

· Minimal test doses only

· Shallow dose response

Widely spread doses

· Curves with the same NOAEL may have different BMDs if the slopes are different:
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The upper confidence limit of the response used to give the lower confidence limit of dose:
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Relationship between BMD and BMDL at different BMRs with the NOAEL of the same study
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Questions (due next Friday):

1 – What is the difference between the MLE and the LCL in the BMD approach?

2 – In the example above is the NOAEL or the MLE (BMD) more protective for the population? Explain your answer

3 - In the example above is the NOAEL or the LCL (BMDL) more protective for the population? Explain your answer

4 – How does each approach consider gender differences? Is considering gender appropriate in this case?

Model and Data Selection

1. What model(s) should be used to calculate the BMD?

2. Should a threshold parameter be incorporated into the model? Noncarcinogens often have thresholds below which no effect occurs.

3. Should a background parameter be incorporated into the model? Many effects have background response rates independent of exposure.

4. How should risk be defined? Extra risk. Additional risk.

5. What should the BMR be set at? One to 10% is believed to be reasonable.

6. Should continuous data be transformed into quantal data prior to modeling?

7. How should the risk associated with continuous responses be defined? Percentage of change relative to control value. Percentage of change relative to the maximum response expected.

Uncertainty Calculation and Model Fit

1. How should the uncertainty associated with the dose–response curve be calculated? Asymptotic methods of Crump and Howe (1985); Bootstrapping techniques.

2. How important is model fit? The EPA (1995) suggested that the model with the best fit should be used.

3. Should data points be eliminated to provide a better fit to the model? Saturation of a response at high doses often results in poor model fit.

4. Can correlated effects be accurately modeled?

5. What is the minimum number of responding groups required for calculation of a BMD?

Risk Assessment and the BMD

1. Should the slope of the dose–response curve be used in risk assessment?

2. Should the BMD be defined as the MLE or the LCL?

3. Should the BMD be compared against the NOAEL?

4. Should multiple effects be modeled or only the effect with the lowest NOAEL? An effect with a low

5. NOAEL may have a higher BMD than an effect with a higher NOAEL and a steeper dose–response slope.

6. Should extrapolation to extremely low BMRs be done?

7. What uncertainty factors should be applied to the BMD to derive an RfD or RfC?
The authors address some of these questions in the article referred while other questions remain unanswered – see article for details. 
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