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Science vs Science Policy

How EPA Makes Science Policy

Hormesis Science and Science Policy

Looking Ahead
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* “Risk assessors might be faced with several scientifically
plausible approaches (e.g., choosing the most reliable
dose-response model or extrapolation beyond the range
of observable effects) with no definitive basis for
distinguishing among them. The earlier Committee
[NRC 1983 (The “Red Book”)] pointed out that selection QuekTime™ and 2
of a particular approach under such circumstances
Involves what it called a science-policy choice. Science
policy choices are distinct from the policy choices
associated with ultimate decision-making...”

Source:  NRC 1994 Science and Judgement in Risk Assessment p 27
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Science Policy is policy about how science will be used
to inform decisions

e Often focused on what choices to make in the face of
scientific uncertainty

« May be guided by many factors such as concern about
safety, equity, or burden of proof

 For U.S. EPA, science policy for risk assessment is often
Implemented through guidance documents
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e  Which study?
* Epidemiology
» Toxicology
* Which species?
* Which sex?
* Which endpoint

 How to estimate exposure?
e Measure?

 Model? Which Model?

 How to estimate dose-response?
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» Cancer Risk from 3.45 ppb formaldehyde in air
e assume breathe 20 cubic meters of air per day
« assume 70 years of exposure
« Assume population of 10,000,000

Model Predicted Lifetime Cancers
One-hit 21,000
Multistage <1l

Probit 0
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“Science informs, and provides a foundation for,
EPA’s regulatory decisions. At the same time, it
IS important to recognize that what often appear
to be purely scientific questions or assessments
generally involve both "science" and "science-
policy" considerations. For example, developing
risk values requires many decisions, choices,
and assumptions that are generally guided by
Agency science policy.”

“Because the scientific method encourages
critical thinking and professional disagreement, it
does not commonly lend itself to a “bright line”
that decision-makers can use as a reliable
reference point. A range of reasonable and
scientifically defensible options or decisions are
usually available, and there is rarely a single “best
answer” for use in decision-making. Scientific
assessments also entail varying degrees of
uncertainty and many decisions, choices, and
assumptions must be made based on science-
policy considerations”
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The Science Policy Council (SPC) serves as a mechanism for
addressing EPA's many significant science policy issues that go
beyond regional and program boundaries. With a goal of
Integrating policies that guide Agency decision-makers in their
use of scientific and technical information, the SPC works to
Implement and ensure the success of selected initiatives
recommended by external advisory bodies such as the National
Research Council and the Science Advisory Board as well as
others such as the Congress, industry and environmental groups,
and Agency staff. In this way, the SPC contributes guidance for
selected EPA regulatory and enforcement policies and decisions.

Source: http://www.epa.gov/spc/
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“Importantly, remember that
risk characterization is not
just about science. It makes

clear that science doesn't tell
vt F e us certain things and that
science policy choices must
be made.” Page 11
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 “ltisthe Agency’s long-
standing science policy
position that use of the linear
low-dose extrapolation
approach provides adequate
public health conservatism in
- the absence of chemical-specific
wersst T e data indicating differential early-
life sensitivity or when the mode

of action is not mutagenic” page 1-
19
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e Grants mentioning hormesis
« Development of Biomarkers for haloacetonitriles-induced cell injury in
Peripheral Blood - Ahmed Elsayed Ahmed, UT Medical Branch,
Galveston

* Development of a BBPK Model for the Thyroid Axis in the Pregnant Rat
and Fetus for the Dose Response Analysis of Developmental

Neurotoxicity - : ,
of Georgia

* Issues and Applications in Toxicology and Risk Assessment
(Toxicology Conference, April 3-26, 2001) — Hormesis in Human
Health and Ecological Risk Assessment


http://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.investigatorInfo/investigator/6352
http://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.investigatorInfo/investigator/7976
http://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.investigatorInfo/investigator/7977
http://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.investigatorInfo/investigator/7977
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United States Stience Advisory
Enviranmental Protection Board (1400}
Agency

EPA RE-EVALUATING
DIOXIN

‘noeAdvisory Board

The Committee urges EPA 1o examine
fundamental principles of recepror theory,
and the evidence from the epidemiclogical
and roxdcological data bases in the low expo-
sure ranges for their consistency with its
assumption of a linear, non-threshold carcine-
genic risk. [n addition, the Committee {with
several exceptions) believe that the Agency
should at least consider the suggestions from
the public™® regarding evidence for reduced
cancer risks assoclated with very low levels of
exposure, Although such a concept seems to
be countenntuitive, there 15 a bodvy of htera-
ture (albeit debatable. and both pro and con)
on the concept of hormesis and ionizing radia-
tion biological effects; this concept was not
discussed during the review meetng, but is
mentoned as a possible area of future investi-
gation.”

= Several Members of (he Commitbse babese (hal

the evidence of "Normesis” for oo r-lime compaunss 8 not
rlatistizally or sxpanmenially signiicant ai this ime, and that
urfil moneg sclid ewdence 15 obtamed. this iIssLE 5 melevant
These Members 8lao conlend 1k e putalee “Fomess"
afpcts dng BECLITTG &1 Bz berwels of expoaure gt whech the
desstopmertal and smmunciogecal afteraions are seen
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Hormesis and Its Place in Nonmonotonic Dose-Response Relationships:

Some Scientific Reality Checks
Paul Mushak

PB Associates, Durham, Naorth Carolina, US&

Tierasure, | dinciss definigis
4l duta specific For haemesis
i gisk amessmeme.

Onjecrives This analysis is a arivical assessment of curnent hormesis
charactencation, geacralicability, mechaniss, shicnce of cm)
Iy hesi testing, aml angunests thas horses be che *default g

Do sovmcess Hormeis, a biological phenomenos gpically described as low-dose simularion
From subszances penducing higher-dow inhibitios. has recemtly gamered imterest in several quartees.
ipal sources of published suleiadi b this anabyis arc Lings of cerlais propancsts
urprsingly fow syslesutic crtiques of curreat hoci literature exist. Limils fo the
phmamenan’s appropriane role i sk asessmens and heakh palicy bave Baen pul 5
D sz Sericus paps i acicntific sedeesanding remain: 3 seable definiven: gencsalizabilicy,
expecially fae bimans; a dear mechuniscie basic lmiearkan in tbe persence of multiple i ead
targes argans, and mechanisms. Ahsence of bosh arms-lengrh, consensus-driven. wific eval-
waginng and empirical i from smdies specifically decigned for hormess waring have Timined ins
arcrpmance,
Corciesons: Definition, chasscierieation, acourreace, and mechanistic ratinnale for barmeids will
remain speculaive, absent rigorons sdics done specifically for harmesis testing. Any ol for
hormesis im carrens risk assessment and regulavary palicies for sovics remaing 1o be deermined
Kir wonns: bidirections] dese response, bighasic duse repeoce, hermesis, neemonnossic dave
vesponse. Fwvirem Heslth Perypece | 0506 [2007), dois1i. 1269/ chp 4619 available via
Fepofidic doarg! [Online 4 Jassary 2007]

The & fast decade has wirnessed a revival of  « Whar is the evidence for or against barmetic
 snene in barmesis, a hox\'ill.cl] phe- phencmenz in bumans?

namenar: broadly defined a5 2 “stimulaary”  + Has any gere

response 0 kw dosnso‘l.ls-u'n.n e tha oah
mspmu: ar

r hormesis
cins,

po of dose mspons-
1 rwi general forms TATgEL CIpins, and coxicedagic
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Defining Hormesis

reccianal respanses to dose, appearing i Formesis has beer plzgued by zhoence
Unshaped or inverse U-shaped praphic farms.
( raphic depictians of these responses appear
1 les (2., Calabrese and
2001k, 2001¢; Davis and

Baldwir: (2002z] for & carrers definision ard
izs chanpes over time|.

Liel s of hormesis 2lsa zrose with

from #!P‘d o com
zh ap)

san populaticn respanse 1o xenchi
expasures.

The specific scientific framiny, questions

r and valid warking

defirdtion far hormesi
= What i its peneralizabil

iar the 2ppropriaeness of the
armesis” to cover all lnw diose resporses
nar: J002). *Digect™ s-\lr\u_mnr one-
i and backs
2 mechanism. Overcompensation stimulztion
licked o presesvaion of bomecstads i affered
: hanism of Bormneric 2o

uncouples h-=m||| from harmesi
thar hormesis is ot inherently “beny
and can be dele
dinag, actions char
rarmal dos-response raspe may be preceded
by cumor cell pralier

Fickal |
nd Klasssen 2003).

W‘hal Is Its Gnnorallza rl‘y?

wnfairly. These zuchoes assert that early Mich
cenrury research estak d harmesis sudfi
§ b

dicse respanses and public presures far dealing
with high-dase nac low.dose exposices.

500 wotuve 118 | wuvaes 41 Apnl 2007 ¢ Emvironenental Health Perspectives
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Fundametal Flaws of Hormesis for Public Health Decisions.
Kristina A. Thayer, Ronald Melnick, Kathy Burns, Devra Davis, and James Huff

e The concept of hormesis is based largely on empirical observations and does not
adequately consider underlying mechanism(s) of action.

e Stimulatory responses are not always beneficial, and some may be harmful.

* Health decisions based on beneficial effects must address all the induced effects by
that agent.

« Health decisions based on beneficial effects must address interindividual differences
in exposure and susceptibility, including genetic, life-stage, and health status factors.

* Health decisions based on beneficial effects must address the fact that other
environmental and workplace exposures may alter the low-dose response of a
single agent.

The claims and projections of health benefits from exposures to environmental
toxicants and carcinogens are based on untested assumptions and disregard
numerous well-established scientific principles that underpin a public health-
protective approach to regulating exposure to toxic substances. If hormesis
were used in the decision-making process to allow higher exposures to toxic and
carcinogenic agents, this would substantially increase health risks for many, if not
most, segments of the general population
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* No mention of hormesis in any EPA risk assessment
guidance document
e Guidelines for Cancer Risk Assessment
* Guidelines for Developmental Toxicity Risk Assessment
e Guidelines for Neurotoxicity Risk Assessment

 Hormesis is not explicitly excluded but no direction
given on how to incorporate it into an assessment
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e Science
* Questions as raised by Mushak and Thayer et al.
* Evidence from epidemiology?

« Science Policy
e Seen as “not health protective”
 Allow higher exposure to “toxic” materials

* No evidence that ignoring hormesis is leading to bad
decisions
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“Some evidence suggests that many toxic agents that are harmful at
high levels are actually beneficial at low levels. Thus, hormesis is a
dose-response relationship in which low doses stimulate desirable
effects and high doses inhibit them. When hormesis is involved, use
of alinear dose-response curve, with out safe thresholds, will
actually cause mortality and morbidity effects. Which default
approach to the dose-response curve is precautionary? To raise this
guestion is not to take any stand on whether some, many, or all toxic
agents are beneficial or instead harmful at very low doses; it is only to
say that the simultaneous possibility of benefits at low levels and of
harms at low levels makes the precautionary principle paralyzing.”

Source: CASS R. SUNSTEIN BEYOND THE PRECAUTIONARY PRINCIPLE (2003) UNIVERSITY
OF PENNSYLVANIA LAW REVIEW Vol. 151: 1003-1058
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 Decision-focused risk
assessment as advocated In
NRC Science and Decisions
report

« Weighing options changes
approach to assessment

e Do assessment to inform
choices

 RiIsks on each side of choice

« Want “best estimates” of risk,
not “health protective” with
unknown (and often different
levels of) conservatism
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e A clear public health case that not considering low
dose non-monotonicity is a public health threat

* | don’t see any examples on the horizon, do you?
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* RiIsk assessment is a mix of science and science
policy

* There are still science questions regarding hormesis
and the way it should inform risk assessment

* Acceptance of hormesis in science policy choices
only partly informed by advances in science - still
need to contend with the premise that it is not “health
protective”
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