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“The Committee [CoC] restated its views, published in its
guidelines 1n 1991, that use of mathematical models to
evaluate the dose-response for carcinogens, namely that
extrapolation of the dose-response curve below the lowest
experimental data points, taken from animal bioassay data,
gave an impression of precision which cannot be justified
from the approximations and assumptions used.’

(COC September 2003)

‘American agencies seem prepared to use mathematical models
to estimate risks 1n situations where UK experts either view
the risk as insignificant or the technology of extrapolation as
unproven. From the standpoint of the British regulatory
process, the discussion of quantitative risk assessment
remains largely academic ... .

Jasanoff (1986)



History of modelling

1958 Delaney Clause ‘no safe level of
carcinogen’

1970s FDA began using quantitative risk assessment for
environmental contaminants

1973  Modified Mantel-Bryan method
1980 EPA adopted linearized multistage model

1983 NAC/NRC ‘Risk Assessment in the Federal
Government: Managing the Process

1986 EPA/CAG use upper 95% confidence limit of
linearized multistage model
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Variance of models when modelling the same data set (redrawn from
1991 Guidelines and Cothern 1985)
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Fit a curve to data of the form:
P(d) =1 —exp [-q, + q,d+ q,d* + q,d° ...)]

Where P(d) 1s the proportion of animals with a tumour
(Cancer risk) and d 1s a measure of dose

Estimates of q, q, q, q;are produced by maximum
likelihood methods

‘In the absence of adequate information to the contrary the
linearized multistage procedure will be employed’

‘Considerable uncertainty will remain concerning responses at
low doses; therefore 1n most cases an upper-bound risk estimate
using the linearized multistage model should be presented’
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Slope factor

An upper bound, approximating a 95% confidence limit, on
the increased cancer risk from a lifetime exposure to an agent.

This estimate, usually expressed in units of proportion (of a
population) affected per mg/kg-day, 1s generally reserved for
use 1n the low-dose region of the dose-response relationship,
that 1s, for exposures corresponding to risks less than 1 1n 100.

(US EPA Glossary)



Unit Risk

The upper-bound excess lifetime cancer risk estimated to
result from continuous exposure to an agent at a

concentration of 1 ug/L in water, or 1 ;,Lg/m3 1n air.

The 1nterpretat10n of unit risk would be as follows: 1f unit
risk=1.5x 10" ug/L, 1.5 excess tumors are expected to
develop per 1,000,000 people 1f exposed daily for a
lifetime to 1 pug of the chemical 1in 1 liter of drinking water.

(US EPA/IRIS)



Summary of limitations of LMS

d, 1s unstable, can be zero

q, invariant despite data

q, closely related to MTD

q, larger if top dose data dropped

Low dose data carries little weight

VSD is approx. equivalent to MTD /
500,000



Example of a prediction that VSD is MTD/500,000

Safrole Male Mouse q,"
mg/kg/day affected
0 3/40
15 3/40
75 3/40
150 8/40
750 14/47
Prediction:  VSD =MTD / 500,000 1.5png/kg/d
Using MSTAGE

q, =3.997 x 104

q," = 6.601 x 104

VSD =10%/q," =1.515 x 10-3 mg/kg/d
=1.515 pg/kg/d
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The 4 Step Risk Assessment Process

Hazard Dose-Response

Identification Assessment
What health problems What are the health |C—]
are caused by the problems at different

pollutamt? XpoOsUras?

Risk
Characterization

What is the extra risk of
health problems in the

Exposure exposed population?

Assessment
How much of the pollutant

ara people axposed to during
a specific time period? How
many people are exposed?




EPA Dose-Response Assessment

“Generally, the dose-response assessment consists of
two parts: the evaluation of data in the observable
range, and the extrapolation from the observable
range to low doses/risks. Recent terminology
refers to the result of analysis 1n the observable
range as the "point of departure” from which
extrapolation begins. The approaches used for
evaluation 1n the observable range are similar for
all types of effects, but EPA's current
extrapolation methods differ considerably for
cancer and noncancer effects.”



Point of Departure

A “point of departure” (POD) marks the beginning
of extrapolation to lower doses. The POD is an
estimated dose (usually expressed in human-
equivalent terms) near the lower end of the
observed range, without significant extrapolation
to lower doses.

US EPA Carcinogenicity Guidelines



Mode of Action (MOA)

 EPA 2005

* Genotoxic direct DNA-reactive MOA: low-
dose linear response

* Non-mutagenic MOA carcinogen: non-
linear dose-response



EPA ideally wants a robust,
biologically based model

“If there are sufficient quantitative data and adequate understanding of the carcinogenic
process, a biologically based model may be developed to relate dose and response data
on an agent-specific basis.”

“When a toxicodynamic model is not available or when the purpose of the assessment
does not warrant developing such a model, empirical modeling (sometimes called
“curve fitting”) should be used in the range of observation.”

“Goodness-of-fit to the experimental observations is not by itself an effective means of
discriminating among models that adequately fit the data.”

“The lowest POD is used that is adequately supported by the data.”

“It (the POD) uses information from the model(s) a small distance below the observed
range rather than discarding this information and using extrapolation procedures in a
range where the model(s) can provide some useful information.”



EPA approach
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Linear v. non-linear



Linear v. non-linear

Straight line v. curved line
Linear regression v. non-linear regression
General linear modelling

Non-linear does not mean a threshold

A system 1n which the output 1s not a uniform relationship
to the mput

Disproportionate 1n cause and effect

Shape of D-R can be changed by scale of graph



A footnote:

The term “nonlinear” is used here in a narrower sense than its usual meaning in
the field of mathematical modeling. In these cancer guidelines, the term
“nonlinear” refers to threshold models (which show no response over a range of
low doses that include zero) and some nonthreshold models (e.g., a quadractic
model, which shows some response at all doses above zero). In these cancer
guidelines, a nonlinear model is one whose slope 1s zero at (and perhaps above) a
dose of zero. A low-dose-linear model 1s one whose slope is greater than zero at a
dose of zero. A low-dose-linear model approximates a straight line only at very
low doses; at higher doses near the observed data, a low-dose-linear model can
display curvature. The term “/ow-dose-linear” is often abbreviated “linear,”
although a low-dose-linear model is not linear at all doses. Use of nonlinear
approaches does not imply a biological threshold dose below which the response
is zero. Estimating thresholds can be problematic; for example, a response that is
not statistically significant can be consistent with a small risk that falls below an
experiment’s power of detection.



LMS no longer mentioned in EPA
Guidelines

* “The guidelines are prospective only and
will apply to the agency's current and future
risk assessments of environmental
pollutants.”

e Old methods can still be used.
« LMS approach in sets of data e.g. IRIS
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Approaches to extrapolation below
the observed data

 Model-dependent
— Empirical multi-stage model (LMYS)
— BBDR

* Model-independent
— Linear from PoD

— Reference Doses/concentrations (RfD/R{C) from PoD
using Uncertainty Factors

e Combination approaches
— PoD determined by model then linear



Benchmark Dose



Benchmark Dose (BMD) or Concentration (BMC): A
dose or concentration that produces a predetermined change
in response rate of an adverse effect (called the benchmark
response or BMR) compared to background.

BMDL or BMCL: A statistical lower confidence limit on
the dose or concentration at the BMD or BMC, respectively.

Benchmark response (BMR): An adverse effect, used to
define a benchmark dose from which an RfD (or RfC) can
be developed. The change in response rate over background
of the BMR 1s usually in the range of 5-10%, which 1s the
limit of responses typically observed in well-conducted
animal experiments.

(US EPA Glossary)
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Relationship between the measures
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“It should be noted that the straight line
extrapolation from the LED10 and the LMS

procedure produce similar results.”
(Wiltse & Dellarco, 1996)



