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ABSTRACT

The application of chemical-specific toxicokinetic or toxicodynamic data to address interspecies differences
and human variability in the quantification of hazard has potential to reduce uncertainty and better charac-
terize variability compared with the use of traditional default or categorically-based uncertainty factors. The
present review summarizes the state-of-the-science since the introduction of the World Health
Organization/International Programme on Chemical Safety (WHO/IPCS) guidance on chemical-specific adjust-
ment factors (CSAF) in 2005 and the availability of recent applicable guidance including the WHO/IPCS
guidance on physiologically-based pharmacokinetic (PBPK) modeling in 2010 as well as the U.S. EPA guid-
ance on data-derived extrapolation factors in 2014. A summary of lessons learned from an analysis of more
than 100 case studies from global regulators or published literature illustrates the utility and evolution of
CSAF in regulatory decisions. Challenges in CSAF development related to the adequacy of, or confidence in,
the supporting data, including verification or validation of PBPK models. The analysis also identified issues
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related to adequacy of CSAF documentation, such as inconsistent terminology and often limited and/or
inconsistent reporting, of both supporting data and/or risk assessment context. Based on this analysis, rec-
ommendations for standardized terminology, documentation and relevant interdisciplinary research and
engagement are included to facilitate the continuing evolution of CSAF development and guidance.
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Introduction

This review, undertaken by experts from participating institu-
tions in the World Health Organization (WHO) Chemical Risk
Assessment Network, summarizes the state-of-the-science since
the introduction of the WHO/International Programme on
Chemical Safety (IPCS) guidance on chemical-specific adjust-
ment factors (CSAF) in 2005. The objective of the review was to
identify strengths, limitations, and future research needs for
increasing utility and facilitating regulatory acceptance of CSAF.

The complexity of hazard characterization in toxicological
risk assessment varies as a function of the precision required
for the range of decision contexts. The necessary precision (i.e.
the degree of uncertainty acceptable) is preferably established
in the problem formulation phase and takes into consideration
numerous factors, such as the extent of available data, urgency
of the impending decision, and available resources. This rela-
tionship between problem formulation and the tiers of
increasing complexity of hazard characterization options has
been previously described (Meek et al. 2011, 2014a), including
its role relevant to uncertainty analysis (Figure 1).

Figure 2 (WHO/IPCS 2014) further illustrates how the tiered
approach to uncertainty analysis is aided by a range of

increasingly data-derived approaches to characterizing expos-
ure (see Figure 1 and left side of Figure 2), hazard (see right
side of Figure 2), dose-response and associated uncertainty.
These range from semi-quantitative to more data-derived and
quantitative approaches based on increasing information on
mode of action (MOA) and species concordance, increasing
extent of quantitation, and probabilistic versus deterministic
analyzes (Meek et al. 2014a). Potential tiers are described in
more detail in the WHO/IPCS combined exposures framework
(Meek et al. 2011), with lower-level tiers dealing with default
(conservative) assumptions for both exposure and hazard.

As shown in the right side of Figure 2, uncertainty is taken
into consideration at all tiers of hazard assessment. At lower
tiers, default uncertainty factors are often applied. At higher
tiers, computational modeling, such as PBPK-based determin-
istic and probabilistic CSAF for toxicokinetics (TK) and/or toxi-
codynamics (TD) can be applied. As such, precision is lower
and uncertainty is higher at the lower tiers, which could be
useful in priority-setting exercises, compared to higher-tiered
exercises such as setting health-based guidance values.

For decades, developing "safe doses" such as the oral ref-
erence dose (RfD), the inhaled reference concentration (RfC)
or the acceptable or tolerable daily intake (ADI or TDI)
involved incorporation of default 10-fold uncertainty factors
(UFs) to address variations between species (i.e. animal-to-
human extrapolation) and between humans (i.e. interindivid-
ual or intraspecies variability) to ensure protection of average
healthy adults as well as susceptible individuals within the
entire population (US EPA 2002; WHO/IPCS 2005), when char-
acterizing dose-response through identification of a point of
departure (POD) such as a No Observed Adverse Effect Level
(NOAEL) or the benchmark dose (BMD). Other UFs that are
sometimes applied relate to database deficiencies and/or
uncertainties in the key study or critical effect on which the
risk assessment is based, such as when the POD is based on
a LOAEL rather than a NOAEL, or a sub-chronic study to pro-
tect for lifetime exposure (see, for example, WHO/IPCS 1994).

Problem formulation
For example:
* Risk management scope and goals of assessment
* Choice of relevant exposure scenarios

¢ Analysis plan and information needs
¢ Choice of hazard assessment end-points
¢ Acceptable levels of uncertainty and risk

Dose-response
assessment

L

Mode of action
considerations

Uncertainty analysis
options:

¢ Qualitative

* Non-probabilistic
Approximate
probabilistic
Full probabilistic

:

Uncertainty analysis informs

Risk management and socioeconomic impacts

Risk assessment and derivation of reference doses

Characterization of and comparison across hazard data sets

Application of mode of action analysis and further refinement of hazard characterization
using other methodologies

Figure 1. Conceptual representation of WHO/IPCS' problem formulation and its relationship with various tiers of increasing complexity of hazard characterization.
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Both the original default 10-fold uncertainty factors for
interspecies differences and for human variability encompass
TK and TD considerations. These default factors have been
additionally subdivided into two 3.16-fold (normally rounded
to 3.2) subfactors for human variability and a combination of
a 2.5-fold TD subfactor with a four-fold TK subfactor for inter-
species differences (Figure 3). The TK/TD splits for interspecies
differences were originally proposed based on underlying
data in rodents and humans related to basic physiological
parameters, cardiac output, renal and liver blood flows (major
determinants of clearance/elimination). These data were con-
sistent with an approximately four-fold difference (according
to the three-quarter power of the ratio of the body weight
between rats, the most commonly used test species, and
humans). For human variability, kinetic parameters and PBPK/
PD modeling for a range of toxicological or therapeutic
responses to pharmaceutical agents (Renwick 1991, 1993;
Renwick & Lazarus 1998) were the basis of the kinetic and
dynamic splits. The subfactors have been adopted by various
national and international organizations, such as WHO/IPCS
(2005), the European Food Safety Authority (EFSA 2006), and
Health Canada (Meek et al. 1999, 2002). US EPA also adopted

Initial
tier
“fit for
purpose”

Exposure
assessment?!

uncertainty

Problem formulation

Outcome with

- Exposure Hazard -
Refined S uncertainty uncertainty T Refined
scenarios, = analysis! Do we analysis® = MOA,?
refined 2 know ' 2 develop
parameters, % enough? % CSAF,?
refined :u More More :c develop
models, £ precise precise £ PBTK,*
new data, Z uncertainty No uncertainty Z new data,
etc. g analysis analysis g etc.
= needed @ needed =
. \/ Refinement needed . \/
Higher tier to reduce uncertainty Higher tier
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a subfactor approach for quantitative valuation of TK and TD
during derivation of inhalation RfC (US EPA 1994) and oral
RfD (US EPA 2011).

An additional notable development in this area was the
2005 publication by the WHO/IPCS entitled "Chemical-Specific
Adjustment Factors for Interspecies Differences and Human
Variability: Guidance Document for Use of Data in Dose/
Concentration-response Assessment” (CSAF; WHO/IPCS 2005),
which is referred to hereafter as the Guidance. Figure 4 illus-
trates the evolutionary timeline of the major developments
surrounding publication of the Guidance. The Guidance was
developed through an extended consultative process initiated
in the early 2000s within the WHO/IPCS initiative on
“Harmonization of Approaches to the Assessment of Risk
from Exposure to Chemicals” to address the following
objectives:

1) to increase common understanding and to encourage the
incorporation of relevant quantitative data in a context consistent
with traditional approaches to development of measures of dose/
concentration-response and 2) to more fully delineate appropriate
avenues of research to enable more predictive estimates of risk.
(WHO/IPCS 2005).

Initial
tier
“fit for
purpose”

Hazard
assessment

characterized

‘ What is the best option for ‘

T t given ilable resources l
| and potential to reduce uncertainty? ]

Figure 2. Relationship of the consideration of uncertainty relevant to problem formulation and tiered assessment (amended from WHO/IPCS 2014).

100-fold Uncertainty Factor

Interspecies differences: 10 A Human variability: 10

Toxicokinetics }4 Toxicodynamics Toxicokinetics: X Toxicodynamics
4 25 3.16 3.16

Figure 3. Subdivision of default uncertainty factors into toxicokinetic and toxicodynamic subfactors for the derivation of CSAF.
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1999
1991 1994 Price et al.
Renwick proposes US EPA adopts propose finite sample
subdivision of the subdivision size and sensitive
default 100-fold of UF into TK population models for
factor into TK and and TD human variability.
TD components for components for | | Silverman et al.
interspecies inhalation propose data-derived
extrapolation and dosimetry and adjustment factors
human variability RfC derivations from datain
pharmaceuticals
1954 1993 1994 1998
Lehman Renwick WHO/IPCS Renwick and
and proposes refines TK and Lazarus analysis
Fitzhugh TK TD subfactors of pharmaceutical
propose values of suggested by database
default 4andTD Renwick for confirms 1994
100-fold values of human IPCS position.
safety 205 variability to
factor 3.16

2002
WHO, ﬂpcs 2017+
o | [au ) (ot B | oy
roject: WHO/IPCS | | US EPA
Guidance in the human
e PBPK DDEF cell
o heilh S Guidance | | Guidance ;
data to inform derived
quantitative assays
extrapolations
2001 2005 2011 2017+
e ans WHO/ US EPA Increased reliance
Al IPCS CSAF | | default on in vitro assays
b Guidance 3“0:""'!“'" and quantitative
Categorical scaling PBPK-based in
Adkiatirierk approach for | | yitro-to-in vivo
Factors HEDand RfD | | extrapolation
derivations models for risk
assessment

Figure 4. Evolutionary timeline of the major developments surrounding the WHO/IPCS (2005) CSAF Guidance.

« Data-derived » factors

CSAF

related
, Clearance-
ific NOT

i
i
MOA:-related (e.g. TK or TD data) ;
- single substances i
- Multiple substances grouped i
based on relevant MOA) i

Fully Biological-

Protection for:

Assumed -

sensitivity sensitivity

Biology-based

Figure 5. Continuum between default uncertainty factors and CSAF and relationship with fully biological-based adjustment factors, as a function of the available
data. The directional arrow and intensity of the gray shade corresponds to increased robustness and decreased uncertainty.

The Guidance provided advice on how to incorporate
quantitative data on TK and TD to depart from default UFs
for interspecies differences and human variability in TK or TD
during derivation of acceptable exposure levels, such as TDI,
ADI, RfC, or RfD. It was also noted that some of the method-
ology was applicable to the other approaches to exposure-r-
esponse analyses, such as margins of exposure or linear
extrapolation from estimates of carcinogenic potency.

The Guidance also sought to increase understanding of
the type of mechanistic data that can meaningfully inform
departure from the default factors. Figure 5 illustrates how
this process may ultimately lead to the determination of
CSAF, which are part of the broader continuum of data-

derived approaches to account for interspecies differences
and human variability ranging from default (presumed pro-
tective) to more biologically based and predictive. The
approach adopted for a given substance depends on the
objectives of the assessment (i.e. problem formulation) and
the availability of relevant data (Meek et al. 2002; Haber
2007; Meek et al. 2014a).

The Guidance and associated training materials indicated
that data relevant to CSAF development include the presumed
or determined MOA, including the toxic moiety of interest
(e.g. parent compound, reactive or circulating metabolites)
and modeled (e.g. by PBPK or dynamic models) or measured
data on the relevant dose metric for the active entity (e.g. area
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under the blood concentration versus time curve (AUC), max-
imum concentration (Cnay) or clearance) and effective doses
for key events or the adverse outcome in the target organ.
CSAF for interspecies differences are calculated as the ratio of
estimated or modeled mean parameter values in animals and
humans, whereas for human variability, the values are derived
from the consideration of population distributions of parame-
ters. CSAF may be calculated as the ratio between the values
for an upper percentile for the relevant parameter (e.g. 95th)
to its central tendency (e.g. median) in the population (Meek
et al. 2002; Silverman et al. 1999), such as illustrated for ben-
zene, chloroform, and other solvents by Valcke and Krishnan
(2014). Alternatively, they are calculated as the ratio between
the values for an upper percentile in a presumed susceptible
subpopulation and the central tendency in the general healthy
population. These approaches reflect the theoretical “finite
sample size” or “sensitive populations” models referred to by
Price et al. (1999) for estimating the human variability TK sub-
factor, respectively. Where the sensitive subpopulation consti-
tutes a significant proportion of the total population, the CSAF
for human variability can also be calculated as the ratio of the
upper percentile to median value for this subgroup (Meek
et al. 2002; WHO/IPCS 2005). If the population is sufficiently
representative, some authorities have used the POD in the pre-
sumed sensitive subjects without further adjustment for vari-
ability in TD (i.e. assumed the UF for TD is 1).

The Guidance focused on the identification of relevant
data and the assessment of their adequacy required to depart
from the default UFs. Guidance was also provided to evaluate
the relevance of the exposed population, route and dose of
administration, and sample size. Case studies were included
to illustrate practical application of the Guidance for the TK
and TD components of interspecies differences (AKar and
ADpf, respectively) and for the TK and TD components of
human variability (HKar and HD4f, respectively).

Since the 2005 publication, it is not clear to what extent
the Guidance has been implemented internationally. While
the Guidance and framework have been adopted inter-
nationally by many regulatory and advisory agencies or
groups worldwide (JMPR 2001; Meek et al. 2002; WHO/IPCS
2005; UK COT 2007; ECHA 2012; US EPA 2014; EFSA 2015a),
difficulties associated with practical application in the devel-
opment of CSAF have been reported. These include, but
are not limited to, the scarcity of sufficient and reliable
(particularly TD) data (Keml 2003; HPA 2007; UK EA 2009;
ECHA 2012; OECD 2012), ethical issues related to obtaining
or using human data (Keml 2003), and remaining uncertain-
ties that preclude development and adoption of robust
CSAF (e.g. EFSA 2006). Potential limitations of the Guidance,
possibly precluding its broader application, have also not
been formally considered. The objective of the present
research was to review experience gained during the >10-
year period since publication of the Guidance to identify
strengths, limitations, and future research needs for increas-
ing utility and facilitating regulatory acceptance of CSAF.
The focus of presentation and discussion here is restricted
to aspects relevant to evolution of the Guidance content. It
does not represent an update of the original Guidance, nor
does it replace its contents, since there are many aspects
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related to, for example, consideration of the adequacy of
the supporting data in the original Guidance that should
continue to be consulted in CSAF derivation.

Chemical-specific or  chemical-related approaches
addressed in this manuscript relate to knowledge of the TK
or TD aspects of the specific or related chemicals, such as for
individual chemicals or groups of chemicals considered to
have similar TK and/or metabolic and TD (MOA) profiles —
e.g. grouping of compounds based on specific knowledge
that they have similar toxicological action (e.g. Silverman
et al. 1999) or common elimination pathways (e.g. Dorne
et al. 2005; Dorne 2007).

Terminology/definitions

The Guidance adopted the term “chemical-specific adjust-
ment factors” to avoid confusion with more generic,
“categorical” factors that do not relate to MOA or involve
chemical-specific data, such as species-specific allometric scal-
ing factors for TK or categorical assumptions for gases and
particles based on US EPA (1994) reference concentration
methodology. These “categorical factors” (see, for example,
Silverman et al. 1999; Naumann et al. 2001) are intermediates
in the continuum of data-derived approaches (Figure 5).
Categorical approaches illustrate the welcomed evolution
away from “10-fold default” uncertainty factors toward more
refined “default” approaches, but they do not necessarily
apply empirical, chemical-specific TK or TD data for the com-
pound of interest, possibly due to the lack thereof.

While not explicitly addressed in the Guidance, associated
training materials clarified that CSAF include factors devel-
oped based on an understanding of TK or TD aspects rele-
vant to the MOA. Based on the analysis here, the Guidance
may have lacked adequate clarity on terminology and defini-
tions. This likely contributed to the diverse and inconsistent
terminology applied thereafter by researchers and which
affected the ability to comprehensively identify relevant case
studies for inclusion in the present evaluation. Formal defini-
tions of CSAF or related terms were not identified, based on
the current analysis, although this may improve future CSAF
development and regulatory acceptance. Thus, key terms and
Guidance concepts are additionally defined here to clarify
focus of the present analyses and for consideration in any
update of the Guidance. Based on experience to date, the fol-
lowing distinction is suggested:

Chemical-specific adjustment factors

Adjustments for interspecies differences or human variability
in TK and/or TD based on adequate quantitative chemical-
specific or chemical-related data on MOA and its quantitative
impact as a basis to depart from the default factors in the
development of presumed “safe” (subthreshold) values, such
as tolerable, acceptable, or reference intakes or concentra-
tions. These factors can be derived for a single agent or
chemical, or for a group of compounds with similar MOA.
These values are designated herein and in Supplemental
materials as the AKar (interspecies TK CSAF) ADar
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(interspecies TD CSAF), HKar (human variability TK CSAF), or
HDar (human variability TD CSAF),

Both CSAF and categorical adjustment factors are consist-
ent with the broader focus of the more recently released US
EPA Guidance on “Data-Derived Extrapolation Factors” (DDEF
- US EPA 2014). While the objectives and principles of DEEF
development are similar to those for CSAF, US EPA (2014)
indicated that DDEFs can be derived “for a single agent or
chemical, for a class of chemicals with shared chemical or toxi-
cological properties, or for a group of chemicals that share a
mode or mechanism of action or TK characteristics". Simply
stated, all CSAF are DDEF, but not all DDEF are CSAF.

The approach adopted by expert committees, such as the
Joint FAO/WHO Meeting on Pesticide Residues and Joint
FAO/WHO Expert Committee on Food Additives (JMPR 2006,
2007, 2008; JECFA 2011b) for some pesticide residues in food,
such as the picolinic acid derivative, aminopyralid, the N-
methyl carbamate, carbofuran, some pyrethroids (cyfluthrin,
cyhalothrin, and deltamethrin), and the mycotoxin, deoxyni-
valenol, illustrate principles relevant to both CSAF and cat-
egorical approaches. Adjustment factors of two-fold instead
of the default TK subfactors were applied for both interspe-
cies differences and human variability in TK, based principally
on data from 75 pharmaceutical compounds (Fujita et al.
2006) in which there was less variation in Cp.x (Which reflects
less variable oral absorption) than in AUC (which reflects
more variable clearance). Thus, the two-fold adjustment for
these specific pesticides and food contaminants was related
to class-specific (i.e. chemical-related) information on MOA
(i.e. that the critical effects are a function principally of the
Cmax for these substances), but not on C,.x data for these
specific compounds.

Variability

Variability as defined in the WHO/IPCS Guidance in
Uncertainty in Hazard Characterization (WHO/IPCS 2014) is
the “intrinsic heterogeneity about a central tendency, usually
between individuals in the “target” population.” For example,
individuals may exhibit differential sensitivity to the same
exposure due to sources of variability, such as genetics, life-
style, or health status. Additional data or analysis can make
an estimate of human variability more precise, but the vari-
ability itself cannot be eliminated. This definition corresponds
to the human variability uncertainty factor described in the
present analysis, but does not explicitly address variability in
interspecies differences, which has led to occasional misun-
derstanding between the statistical and toxicological com-
munities, since the interspecies extrapolation uncertainty
factor addresses both uncertainty and variability.

Composite factor

The Composite Factor is the composite of CSAF applied for
any components for which quantitative chemical-specific or
compound-related data on MOA were sufficient with remain-
ing default subfactors for which inadequate relevant data
were available (e.g. methylmercury as evaluated by JECFA
2004, 2007; EFSA 2012).

Methods

The WHO Chemical Risk Assessment Network (http://www.
who.int/ipcs/network/en/), which held the first Network meet-
ing in June 2014, is a voluntary collaborative initiative whose
overall goal is to improve chemical risk assessment globally
through facilitating sustainable interaction between institu-
tions on chemical risk assessment issues and activities.
A network working group (WG) was established to identify,
review and summarize CSAF or Data-Derived Extrapolation
Factors (DDEFs) with emphasis on those adopted by regula-
tory agencies since the CSAF concept was introduced and
elaborated in the Guidance in 2005. Also included in the
review were CSAF that have been proposed or evaluated by
regulatory agencies, but not adopted (and the underlying
reasons) as well as those proposed CSAF not originating from
a regulatory agency. More conceptual investigations based
on the principles of CSAF development, but not necessarily
explicitly within a quantitative risk assessment context that
included specification of the critical effect, MOA or POD were
also considered.

Medline PubMed Toxline ToxCenter

Identifying pertinent CSAF

Potentially relevant CSAF were identified by searching the
published literature for primary, peer-reviewed articles per-
taining to CSAF or DDEFs, using the following databases:
The following search terms were used:
Search terms noted in the Guidance: “chemical-specific
adjustment factor”, “CSAF”, “data-derived” and “assessment
factor”, “human kinetic adjustment factor”, “toxicokinetic (or
toxicokinetics) factor” “toxicodynamic (or toxicodynamics) factor”
and “physiologically-based pharmacokinetic” and “risk assessment”
and “uncertainty factor”.

Additional search terms: “compound-specific adjustment factor”,
“compound-specific” and “assessment factor”, “data-derived
evaluation  factor”,  “data-derived  extrapolation  factor”,
“toxicokinetic (or toxicokinetics) adjustment factor”,
“toxicodynamic (or toxicodynamics) adjustment factor”.

Although not formally “systematic”, the literature search
was extensively examined to identify representative CSAF
examples, such as those not originating from a regulatory
agency.

A Call-for-Data was also circulated in Spring 2015 to
approximately 60 participant institutions in the WHO
Chemical Risk Assessment Network, principally to identify
CSAF developed or adopted in regulatory contexts and in
public agencies which may not be available in the published
scientific literature. A similar Call-for-Data was also circulated
to approximately 70 government institutions, industry associ-
ations, and other stakeholders with an interest in chemical
risk assessment via the OECD Task Force on Hazard
Assessment. WG members also supplied CSAF examples
known to them individually. Thus, a significant proportion of
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relevant regulatory agencies were represented. The following
questions were also posed within the Call-for-Data:

1. Are you aware of unsuccessful attempts to develop or
adopt CSAF’s (or Data Derived Extrapolation Factors,
DDEF’s) within your organization? If so, what factors were
important (e.g. lack of sufficient data; perceived complexity
of communication; issues of science policy related to
degree of conservatism for health protection)? Attach sup-
porting information, if available.

2. Do you know of any CSAF (or attempted CSAF) or DDEFs
(or attempted DDEFs) outside of your organization? If so,
please provide citation or focal point for contact
information.

The entire text of the Call-for-Data is provided in the
Appendix.

CSAF/DDEFs derived in risk assessment documents that
were supplied to the WG or identified in the public domain
or published literature were reviewed by the WG. The princi-
pal focus for inclusion in the current analysis was chemical-
specific adjustment factors. However, some examples of cat-
egorical adjustment factors were also included in the tabu-
lated summaries, when encountered, as a basis to consider
their extent and nature and as examples, to clarify their dis-
tinction with CSAF (see section on Definitions). While as indi-
cated above, the principles of development of CSAF may
apply to any approaches to dose-response characterization,
margins of exposure or development of quantitative esti-
mates of carcinogenic potency were not considered in this
analysis. Criteria for inclusion and exclusion were, then,
as follows:

Included:

e Assessments proposing a specific alternative to the default
interspecies and/or human variability UF based on chem-
ical-specific or compound-related information on MOA

e whether or not it addressed separately TK or TD factors or
both

e whether or not a key study/critical effect/MOA/dose metric
for quantitative risk assessment was proposed

Excluded:

e CSAF published prior to calendar year 2000

e Adjustments addressing other UFs, such as exposure dur-
ation extrapolation

e Chemical-specific PBPK models not designed to address
interspecies differences or human variability (e.g. for route-
to-route extrapolation)

e Approaches to dose-response estimation which do not dir-
ectly incorporate UFs (e.g. cancer slope factor derivations,
margins of exposure)

Data analysis

Studies meeting the inclusion criteria were tabulated (as
Supplemental material) and summarized with respect to
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the chemical compound, the regulatory agency and con-
text (e.g. tolerable weekly intake, reference concentration),
if applicable, the type(s) of factor applied (interspecies dif-
ferences and/or human variability), the CSAF value(s), and
the dose metric, approach, and/or rationale of the authors.

The PBPK-derived regulatory and non-regulatory values
were additionally considered to determine whether or how
transparently they addressed the following considerations
recommended by recent WHO/IPCS Guidance (2010), Meek
et al. (2013):

e the biological basis of the model structure and
parameters;

e comparison of model simulations with experimental data;
and

e reliability of model predictions of dose metrics relevant
to risk assessment

Peer consultation meeting

Following compilation of the identified CSAF by the WG, a
peer consultation meeting with invited international experts
in toxicology, chemical risk assessment, and PBPK modeling
was convened by WHO to review the data compilation and
to reflect on the derivation and application of CSAF. The
meeting occurred on 8-9 June 2016 at the WHO
Collaborating Centre on Water and Indoor Air Quality and
Food Safety at NSF International, Ann Arbor, MI, USA.
Attendees are listed in the Acknowledgements. Potential bar-
riers to use of the Guidance and/or adoption of the methods
and potential research priorities were also discussed along
with sections in the Guidance that may need clarification. The
comments from the meeting were subsequently addressed
by the manuscript authors.

Results
Literature searches

Early in compilation, it was recognized that a conventional lit-
erature search strategy involving the specific search terms or
combinations thereof described in the Guidance would not
capture some relevant CSAF. Broader search terms than
included in the Guidance (specified in the Methods under
“Additional Search Terms”) identified additional relevant
CSAF. Table 1 provides some examples of varying termin-
ology and relevant publications that were not retrieved with
the literature search terms and strategy based on inclusion of
the term CSAF only.

Response to the call-for-data

Eight organizations from six countries submitted formal
responses to the targeted Call-for-Data and WG members
also submitted CSAF based on institutional knowledge. The
formal responses informed the analysis described below. Six
organizations mentioned unsuccessful attempts in general to
develop or adopt CSAF within their organizations and did not
note any successful attempts.
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Table 1. Some CSAF examples not retrieved by the original literature search terms.

Chemical (reference) Factor(s) evaluated

Methodology

Original literature search term(s)

Term(s) used in publication not cited

Acrylamide (Sweeney et al.
2010)

Interspecies TK

Boron (Hasegawa et al. 2013) Interspecies TK and TD

Human Variability TK and TD

Chloroform (Liao et al. 2007) Interspecies TK and TD

PBPK model “PBPK”

Dose metric ratios

PBPK/PD model

"Uncertainty factor”
“risk assessment”
“uncertainty”
“chemical specific UF”
“human variability UF”

"Chemical-specific adjustment
factor”, “CSAF”, “human toxico-
kinetic(s) adjustment factor”
"Toxicokinetic(s)"
"Toxicodynamic(s)”
“Interspecies”

“pharmacokinetics”
“pharmacodynamics”
“cross-species”

Chromium (Thompson et al. Interspecies TK PBPK model “interspecies variation” “Uncertainty factor”
2014) “PBPK”"
“risk assessment”
“uncertainty”
Isopropanol and major metabol- Interspecies TK PBPK model “PBPK”" "Toxicokinetic(s)"

ite, acetone (Gentry et al.
2003, 2002)

“risk assessment”
“pharmacokinetics”
“pharmacodynamics”

"Toxicodynamic(s)”

The Call-for-Data identified four CSAF for perfluorinated
compounds in development by Health Canada for which
documentation is not yet publicly available and as such,
these assessments were not available for consideration in the
present review. The Call-for-Data also identified a case where
proposed CSAF published in the general literature (e.g.
Hasegawa et al. 2013) were considered but not adopted by
relevant regulatory agencies (National Institute of Health
Sciences, Japan).

Given the limited nature of the information retrieved from
the Call-for-Data and the low proportion of responses, how-
ever, analysis of the results contributed less to the identifica-
tion of potential barriers to the development and uptake of
CSAF which might be meaningfully addressed in future work.
Impressions in this context from the responses are briefly
summarized here.

Multiple respondents noted a need for conservatism by
public health agencies. However, since default approaches
have greater uncertainty associated with them, there is less
confidence in reference values developed using default
approaches versus those which are increasingly data-derived,
such as CSAF. The fact that respondents associated default
approaches with conservatism and reassurance suggests
there is a need in evolved Guidance and/or training materials
to emphasize the greater uncertainties and lower confidence
inherent in default approaches.

Overview of reviewed CSAF

Our analysis suggests significant progress in both the devel-
opment and regulatory uptake of CSAF. Indeed, more than
100 CSAF and potential CSAF were identified with multiple
potential overlaps (e.g. between published literature and
some of the submissions in response to the Call-for-Data).

Supplemental Table ID Title
Table A1

Regulatory Agency-derived Interspecies and/or
Human Variability CSAF based on TK or TD Ratios
(n=18)

Regulatory Agency-derived Interspecies and/or
Human Variability CSAF based on PBPK Models
(n=16)

Table A2

(continued)

Continued
Supplemental Table ID Title
Table B Non-regulatory Assessments with CSAF or Departure

from Default Interspecies and/or Human
Variability Uncertainty Factor (n = 30)

Table C CSAF Investigating the Human Variability TK
Subfactor (n =47)

Table D Considered but not Adopted Regulatory Agency-
derived CSAF (or Departure from Default)
(n=11)

Table E Some Categorical Adjustment Factor Examples
(n=7)

Table F Joint FAO/WHO Expert Committees (JECFA or JMPR)

Categorical CSAF Examples (n =6)

Similarly, there were many instances where the same or dif-
ferent organizations had evaluated the same chemical,
although not necessarily for the same subfactor(s), or had
considered more recent data or updated or refined PBPK
model parameters. Thus, recognizing some areas of overlap,
the identified CSAF were grouped as follows:

To further clarify, the regulatory (Supplemental Tables A1l
and A2) and non-regulatory-derived risk assessments
(Supplemental Table B) differ from the HKar investigations
(Supplemental Table C) largely by providing a clear indication
of the risk assessment context, such as the dose metric, the
POD/critical effect, and in most instances, the hypothesized
MOA. Although not originating from a regulatory agency or
serving as the basis of a public health regulation, CSAF iden-
tified in the published literature in Supplemental Table B
were developed based on principles and/or objectives similar
to those of regulatory agencies. Peer-reviewed publications
investigating individual subfactors, most commonly HKaf,
without explicitly noting the critical effect or POD (i.e. risk
assessment context), were also frequently identified and thus
reviewed (Supplemental Table C). Some examples of
Categorical Adjustment Factors, as defined previously based
on, for example, common physical/chemical characteristics
are provided in Supplemental Table E. Supplemental Table F
illustrates examples of the approach adopted by joint FAO/
WHO expert committees for some pesticide or mycotoxin res-
idues in food with elements related to both chemical-specific
and categorical approaches.
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Table 2. Geographic distribution of CSAF used in regulatory decision-making compared with non-regulatory or investigative CSAF®.

Region USA Canada Europe Asia
Used in regulatory decision-making (Supplemental Tables A1/A2)° 8 (TK)* 1 (TK) 3 (TK) -
5 (TD)° 1 (TD) - -
9 (PBPK) 7 (PBPK)® - -
Non-regulatory-derived risk assessments (Supplemental Table B)® 5 (TK) - - 1 (TK)
1(TD) - - 1(TD)
22 (PBPK) - - -
Human variability TK subfactor (Supplemental Table C)>f 4 (PBPK-Pr) 9 (PBPK-Pr) 6 (PBPK-Pr) -
19 (PBPK-D) 1 (PBPK-D) 2(PBPK-D) -
- 5 (SS-Pr) - -
- - 1 (SS-D) -
CSAF considered by regulatory entity but not adopted (Supplemental Table D) 1 (TK) - 4 (TK) 1 (TK)
- - - 1(TD)
2 (PBPK) 1 (PBPK) - -

TK or TD: ratio-based CSAF (either interspecies or human variability); excludes semi-quantitative factors and factors not subdivided; PBPK: physiologically-based

pharmacokinetic model.

Only regions with identified CSAF are represented (all entries in Asia column are for boron).

PIncludes same chemicals assessed by different groups.

Four are perfluorinated chemicals and duplicates (US EPA or US state authority).

Three are N-methylcarbamates (EPA).

®Excludes four draft Health Canada assessments for perfluorinated chemicals since documents or details were not available.
fAll are PBPK or steady-state (SS) models: Pr: probabilistic; D: deterministic; risk assessment context (e.g. key study, critical effect) not always provided.
"Some overlap with Tables A and B, such as NMP (USA) and boron (Asia), respectively.

Table 2 provides a summary of identified CSAF according
to geographic region, methodology (TK or TD ratio versus
PBPK model) and problem formulation/context (i.e. used in
regulatory decisions, non-regulatory-derived assessments,
investigations of human variability in TK, or regulatory
agency-investigated but not adopted CSAF).

Regulatory-derived CSAF/DDEFs

Of the compiled CSAF, 34 originated from regulatory
agencies developed for use in risk assessments to establish
priorities for risk management/decision-making purposes
(Supplemental Tables A1 and A2). In approximately half of
these assessments, CSAF were developed based on measured
or modeled TK or TD ratios for interspecies differences or
human variability (Supplemental Table A1) and approximately
half used a PBPK model to account for interspecies TK differ-
ences based on a TK-based adjustment of the animal POD to
account for interspecies differences in internal dose, requiring
no further adjustment for interspecies TK (Supplemental
Table A2).

Dose metric ratios for TK or TD

Dose metric ratios for CSAF in regulatory examples commonly
involved the AK,r as determined on the basis of AUC.
Examples include bisphenol A (EFSA 2015b; MDH 2015) and
2-butoxyethanol (Health Canada 2001a). For bisphenol A, a
dosimetric adjustment factor based on AUC was applied to
the POD and thus the inverse of the factor can be considered
the CSAF (i.e. AKap). An example for the AKr developed on
the basis of clearance includes boron (US EPA 2004;
Supplemental Table A1). In this single identified regulatory-
derived CSAF explicitly for HKar (@as a dose-metric ratio),
glomerular filtration rates were used as a surrogate for the
clearance of boron (US EPA 2004). In three regulatory exam-
ples, ADar were based on erythrocyte hemolysis in vitro (2-
butoxyethanol by US EPA (2010) and by Health Canada

2001a) or erythrocyte cholinesterase inhibition in vivo (N-
methylcarbamates by US EPA 2007). In three regulatory
assessments, DDEFs were derived based on semi-quantitative
chemical-specific data for interspecies TD for urothelial cyto-
toxicity in vitro (dimethylarsinic acid by US EPA 2006) or nico-
tinic acetylcholinesterase receptor activity in vitro (sulfoxaflor
by Health Canada 2016). In both regulatory assessments for
cadmium, the default 10-fold factor for human variability was
adjusted, though the TK and TD components were not distin-
guished and thus the relative contribution of the TK/TD
adjustment is unclear (EFSA 2009, 2011; JECFA 2011a, 2013).

With respect to the magnitude of the CSAF/semi-quantita-
tive adjustments based on TK or TD-based ratios for regula-
tory-agency derived CSAF, the interspecies TK factors ranged
from 0.3 (1,3-butadiene; TCEQ 2015) to 6.4 (methyl mercury;
JECFA 2004; EFSA 2012) among the five identified CSAF
included in Supplemental Table A1. Interspecies TD factors
ranged from 0.1 (2-butoxyethanol; Health Canada 2001a) to 5
(the N-methyl carbamate, methomyl) among these five regu-
latory CSAF values, with three being for N-methylcarbamates
(US EPA 2007). The one identified regulatory example in
which a HKxr was applied was for boron and this factor was
2.0 (US EPA 2004). The composite human TK subfactor of 6.4
for methylmercury was comprised of a two-fold factor for
hair:blood mercury concentrations in addition to the default
3.2 value for this subfactor (JECFA 2004, 2007; EFSA 2012). No
examples from regulatory agencies explicitly deriving a HDf
were identified. This is in line with the conclusions of the
WHO/IPCS Guidance in 2005, that available TD data will rarely
be sufficient as a basis for developing HDar. Regardless of
whether based on TK or TD parameter ratios or PBPK models
for interspecies factors, the species on which the extrapola-
tions were most commonly based was the rat (in approxi-
mately 75% of the cases) followed by the mouse.

PBPK models

Rather than a TK parameter ratio, in approximately one-half
of the regulatory assessments, interspecies TK differences
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were taken into account with PBPK modeling to estimate tox-
icokinetically-equivalent internal doses in animals and
humans at the animal POD and the corresponding human
equivalent external dose (HED). Thus, the default four-fold
subfactor for interspecies differences in TK is replaced with a
“CSAF” of 1 (Supplemental Table A2). Most of the values for
these cases were based on a classical, state-of-the-art PBPK-
based extrapolation, i.e. chloroform (Health Canada 2001b),
chromium (Health Canada 2015), ethylbenzene (Health
Canada 2014a), N-methyl-2-pyrrolidone (US EPA 2015), tri-
chloroethylene (US EPA 2014), tetrachlorethylene (Health
Canada 2014b), vinyl chloride (Health Canada 2013), and
xylenes (Health Canada 2014a). That is, the POD determined
in animals was converted to a corresponding internal dose
metric in humans by an animal PBPK model, followed by
back-calculation to the HED using a human PBPK model.
Since interspecies differences in TK are taken into account by
species-specific physiological parameters in the PBPK model,
no additional TK adjustment factor is needed. In two other
cases, a variant of this classical approach was applied. In the
case of 2-butoxyethanol, the selected dose metric (hemosi-
derin staining in the liver) was measured directly in experi-
mental animals, thus necessitating only a human PBPK model
to estimate the external inhaled concentration (HEC) consist-
ent with the dose metric (US EPA 2010). For vinyl chloride
(US EPA 2000), a “total liver metabolites-to-air concentration”
ratio of 1.18 mg/L of liver per mg/m® was calculated with a
human PBPK model by simulating a range of exposure con-
centrations (1pg/m® to 100mg/m3) followed by a HEC of
2.5mg/m* determined using an animal PBPK model based
on reactive metabolite concentration in the liver as the dose
metric (e.g. total amount of vinyl chloride metabolism/volume
of the liver) at the animal POD of 0.13mg/kg/day (US EPA
2000).

When interspecies TK differences were taken into account
with comparative TK values predicted by animal and human
PBPK models, where possible, to facilitate comparison for the
purposes of this manuscript, the conversion was expressed in
Supplemental Table A2 as a CSAF (i.e. as the ratio of the
external doses in humans and animals associated with com-
parable internal doses of the active metabolite at the target
site). This conversion was precluded in approximately half (7/
15) of the relevant regulatory examples, due to the use of an
inhalation-to-oral route-extrapolation-based PBPK model. With
the exception of perfluorooctanoic acid (PFOA CSAF for inter-
species TK =189; US EPA 2016a) and perfluorooctanesulfonic
acid (PFOS CSAF =196; US EPA 2016b), regulatory assess-
ments for which corresponding CSAF could be calculated
ranged from 0.44 (chloroform) to 4.2 (EGBE).

In the case of chloroform, a PBPK-based animal-to-human
extrapolation was applied by Health Canada (2001b) in the
assessment of Priority Substances under the Canadian
Environmental Protection Act, while for the development of a
maximum acceptable concentration (MAC) for trihalome-
thanes (THMs, for which chloroform is the principal surrogate)
in drinking water (Health Canada 2006), the default four-fold
subfactor was applied. The latter was justified on the basis of
the need for conservatism, given that reliance on the PBPK
model “would lead to a considerable raising of the MAC” (i.e.

aspects of science policy) and in view of “uncertainties sur-
rounding the health effects of THMs in drinking water in
humans” (for which chloroform is a surrogate) for THMs. The
case is an interesting example to illustrate the importance of
decision context or problem formulation in regulatory appli-
cation and the need for transparency in reporting of policy
versus technical considerations.

For the PBPK model-based regulatory CSAF, the three con-
siderations outlined in the WHO/IPCS PBPK Guidance (2010)
of biological basis, performance and reliability were
addressed to a greater or lesser extent in all of the relevant
regulatory CSAF (Table A2). In this context, the recent update
to the US EPA (2015) N-methylpyrrolidone assessment and
associated PBPK model (Poet et al. 2016) provides a particu-
larly transparent example. For example, model structure (Poet
et al. 2010), refinements and assumptions were all well
described based on consideration of the state of biological
knowledge; model sets used for optimization (calibration) and
model verification (validation) were identified; correspond-
ence between model simulations and experimental data were
reasonable (within a factor of two according to WHO/IPCS
2010); confidence in the model(s) for each specific dose met-
ric prediction was characterized qualitatively (e.g. medium to
high confidence) and the nature of the remaining uncertain-
ties was articulated. Finally, the derived risk values were com-
pared with one or more alternatives (e.g. value based on
default UFs).

Analysis here indicates that those elements relevant to
consideration of the adequacy and relevance of PBPK models
to specific risk assessment application were generally well
addressed in the regulatory documents reviewed. However,
documentation was sometimes limited, ranging from sum-
mary narratives for which details were not provided, to more
comprehensive model descriptions and characterization of
the quality of predictions. Only approximately half of the
identified regulatory examples employing PBPK models refer-
enced the terms “verification” or “validation,” and fewer still
quantitatively characterized the level of agreement between
the model simulations/predictions and measured concentra-
tion data, as a basis to consider their purpose-specific per-
formance in the context of risk assessment. The reliability of
predicted dose metrics was in some cases evaluated by
uncertainty and/or sensitivity analysis, but often characteriza-
tion of the confidence in the model (e.g. moderate) for spe-
cific end-uses was lacking. In a substantial number of studies
reviewed, models were well described or referenced; how-
ever, it was difficult or impossible to ascertain the extent of
model verification from the publication and Supplementary
materials.

Multiple regulatory evaluations for the same chemical

Interpretation of qualitative or quantitative variations in CSAF
developed for the same compound by more than one
Agency (Supplemental Table B), is complicated by many dif-
ferent factors, such as different critical effect and/or POD,
potentially (sometimes undocumented) varying objectives or
problem formulations, variations in timeframes of their


http://dx.doi.org/10.1080/10408444.2017.1303818
http://dx.doi.org/10.1080/10408444.2017.1303818
http://dx.doi.org/10.1080/10408444.2017.1303818
http://dx.doi.org/10.1080/10408444.2017.1303818
http://dx.doi.org/10.1080/10408444.2017.1303818

Downloaded by [217.46.138.99] at 05:28 29 September 2017

development and associated supporting databases. For
example, CSAF for 2-butoxyethanol were developed for inter-
species TK by both Health Canada (2001a) and US EPA (2010)
based on the AUC for hematotoxicity, but the critical effect
(decreased mean cell hemoglobin concentration versus liver
hemosiderin deposition) and thus PODs differed. Further,
Health Canada (2001a, 2001b) derived a Tolerable
Concentration for inhalation exposure and US EPA (2010)
used inhalation-to-oral route-extrapolation to derive a RfD.
Health Canada (2001a) developed a CSAF of 0.5 based on the
ratio of the measured rat to human AUC adjusted for varying
durations of exposure based on a PBPK model, while the US
EPA (2010) used a PBPK model to account for differences
between rats and humans, subsequently applying a “CSAF” of
1 for interspecies TK. When expressed as a ratio of the exter-
nal dose in rats (5.83 mg/kg day) over the human equivalent
dose (HED of 1.4mg/kg day) estimated to result in the same
AUC (133 umol/L h), the AKxf is 4.2 (Supplemental Table A2).

Vinyl chloride is an example in which the same POD (i.e.
rat NOAEL of 0.13mg/kg-day) and dose metric of reactive
metabolite concentration in the liver (i.e. total amount of
vinyl chloride metabolism/volume of the liver) was used
(Health Canada 2013; US EPA 2000). US EPA (2000) pooled
dose metric data in males and females and assumed 2L of
water consumed/day (i.e. 3mg/L resulted in a HED of
0.09mg/kg day). Whereas Health Canada (2013) used dose
metric data in females, as the more sensitive sex based on
higher internal doses, and assumed 1.5L of water consumed/
day (i.e. 2.85mg/L resulted in a HED of 0.224mg/kg day).
While the internal doses are similar, expressed as a ratio of
rat/human external doses, the AKr are 1.4 (0.13/0.09) and 0.6
(0.13/0.224), respectively.

In another example, EFSA (2009, 2011) and JECFA (2011a,
2013) both applied a CSAF for human variability, with neither
value being explicitly subdivided into TK or TD components,
when evaluating the safety of cadmium exposure through
food. In both cases, the POD was based on urinary beta-2-
microglobulin (B2M) as a biomarker of renal toxicity. The
EFSA factor of 3.9 was the ratio of the 95th percentile to the
median BMDLgys based on modeling of the urinary concentra-
tion-effect relationship (beta-2-microglobulin) (B2M) for a
meta-analysis of epidemiological studies. The group-based
BMDLgys was further adjusted to account for limitations of the
summary based measures - i.e. geometric means and stand-
ard deviations rather than the raw data.

JECFA largely adopted the same approach as that of EFSA.
However, there were some differences as noted in EFSA
(2011) with the variation in statistical approaches having the
greatest impact:

e The parameter used as the reference point to derive the
Provisional Tolerable Monthly Intake.

e The statistical approach to account for the variability and
uncertainty of the marker of exposure (urinary cadmium
concentration) and the marker of response (B2M) in the
concentration-effect model.

e The methodology for transforming urinary cadmium con-
centrations into dietary intake values.
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Recent assessments for PFOA provide an interesting
example of seeming variations in considering the available
data to be adequately supportive of CSAF derivation, particu-
larly when subfactors are increased rather than decreased
based on chemical-specific data. EFSA (2008) applied a
default UF of 100 for interspecies differences and human vari-
ability to the POD based on an external dose in rats; an add-
itional factor of 2 was applied to compensate for
uncertainties relating to the internal dose kinetics. For inter-
species differences, this can be interpreted as corresponding
to application of an eight-fold factor for TK, akin to a com-
posite factor (i.e. 2 x 4, the latter being the default subfactor
for interspecies TK and the former addressing uncertainties in
available TK data).

Considering the EFSA (2008) evaluation and a provisional
US EPA (2009) assessment that applied a large TK subfactor
for PFOA based on species differences in clearance, using TV2
as an indirect surrogate (due to inadequate AUC or clearance
data), the UK COT (2009), adopted the value recommended
by EFSA on the basis that the two-fold factor, in addition to
the default value of 4 was appropriate for application, in view
of the large but uncertain difference in half-life and clearance
of PFOA between humans and mice. They considered that
the value should remain provisional and be reviewed as new
information became available. The provisional US EPA value
was not adopted by the UK COT, based on the rationale that
“it makes too many assumptions that cannot be supported
robustly by the available data” and that “In addition, ongoing
work in the US has estimated a shorter half-life for
PFOA... ... , which introduces additional uncertainty.” In a
recent, final assessment for PFOA, US EPA (2016a) used a
PBPK model to estimate serum concentrations and determine
the HED and thus applied an interspecies TK “CSAF” of 1.

The human variability TK subfactor for methylmercury has
also been examined by multiple regulatory agencies. EFSA
(2012) and JECFA (2004, 2007) applied a composite TK sub-
factor of 6.4 comprised of the default 3.2 subfactor for uncer-
tainty related to the rate of elimination and a two-fold factor
to account for human variability in the hair:blood ratio. US
EPA (2001) used a PBPK model relating maternal blood con-
centrations to ingested dose to demonstrate that external
doses producing the same maternal blood concentrations of
1 ppm varied up to three-fold, and thus applied a HKxf of 3.

In summary, some observations from multiple regulatory
evaluations for the same chemical included:

e Depending on decision context, different organizations
may have different critical effects/PODs for the same
MOA and dose metric thus impacting the magnitude of
the derived CSAF (e.g. 2-butoxyethanol).

e Differences in PBPK model inputs or statistical considera-
tions for the same dose metric could impact the magni-
tude of derived CSAF (e.g. vinyl chloride or cadmium).

e Different dose metrics can impact the derived CSAF (e.g.
methylmercury).

e Depending on decision context, different organizations
could have differing opinions on the adequacy of the
available data (e.g. PFOA).
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Regulatory assessments considering but not adopting
CSAF

Some regulatory authorities have considered but rejected
CSAF derivations (Supplemental Table D), for reasons such as
the lack of adequate supporting TK data or verification or
“validation” of the PBPK model for the intended purpose of
underlying the CSAF. For example, at the 2010 expert meet-
ing of the Japanese Food Safety Commission (NIHS, personal
communication), a CSAF approach was proposed for deriving
the Tolerable Daily Intake for boron (Hasegawa et al. 2013),
but the default UFs were adopted due largely to expert judg-
ment that the TK data considered were insufficient based in
part on their representing non-Asian demographics. The UK
COT (2006, 2009) assessment for PFOA is another example in
which the default interspecies factor was applied due to inad-
equate confidence in the use of an internal dose metric given
that available data indicated a sex-related difference in half-
life in rats and since the active renal clearance in female rats
is specific to this species. The draft US EPA (2012b) N-methyl-
2-pyrrolidone assessment and draft Health Canada (2015) bro-
mate assessment provide examples of where insufficient
documentation, verification, “validation,” and/or confidence in
underlying PBPK models for interspecies extrapolation pre-
cluded their adoption in the development of CSAF. While not
accepted when first submitted, a model with further docu-
mentation and improvements (though collaborative effort by
both the model developer and US EPA) was subsequently
adopted for use by US EPA (2015) in the final N-methyl-2-pyr-
rolidone assessment. This assessment illustrates the import-
ance of iterative development and refinement of PBPK
models through continuing consultation of risk assessors/the
regulatory community and modelers to ensure their suitability
for intended application as recommended in the WHO/IPCS
(2010) PBPK Guidance. In the draft Health Canada (2015) risk
assessment for bromate in drinking water, a classical PBPK
approach was considered, but the default 10-fold factor was
adopted for interspecies extrapolation due primarily to the
lack of human data to “validate” the model.

Specified uncertainties

The Guidance recommends that attendant uncertainties in
the CSAF derivation be specified. This is a favorable best
practice in risk assessment; such information is critical to
interpretation for purpose-specific application (i.e. based on
acceptable degree of uncertainty specified in problem formu-
lation). However, such uncertainties are often inconsistently
documented and may vary depending on their capacity to
impact the magnitude of the derived CSAF(s). Explicit delinea-
tion of uncertainties and their impact on derived CSAF does
not imply greater confidence (or vice versa). Likewise, specify-
ing numerous uncertainties (as opposed to one or two) also
does not necessarily imply that the overall magnitude of
uncertainty is greater. Rather, what is important is consider-
ation of the relative impact of different sources of uncertainty
(e.g. a sensitivity analysis of factors likely to have greatest
impact on the outcome). The majority of regulatory assess-
ments that derived the AKr (Supplemental Table A1) include

qualitative statements related to sources of uncertainty,
although some do not address uncertainty in the CSAF deriv-
ation specifically and rarely include an indication of their
impact. For example, at least two assessments mention
potential analytical limitations in measurement of the CSAF
dose metric (i.e. serum levels of bisphenol A or glomerular fil-
tration rate for boron) and one assessment mentioned that
data on the dose metric were available for only a limited
number of time points and sample sizes (AUC for 2-butoxye-
thanol). The draft Health Canada (2015) bromate assessment
and Japanese Food Safety Commission (NIHS Japan 2015)
boron assessments are examples where the specified uncer-
tainty (i.e. lack of PBPK model validation for bromate and lack
of TK data in Asian demographics for boron) precluded use
of derived CSAF altogether (Supplemental Table D).

Non-regulatory agency-derived CSAF
Interspecies TK subfactor

For the assessments identified in Supplemental Table B, the
majority of CSAF developed by (principally) research groups
external to regulatory agencies were based on PBPK models
and addressed interspecies differences by the commonly
adopted convention to adjust the POD for external exposure
by the ratio of PBPK estimated internal doses in animals and
humans, with no further TK adjustment necessary. Thus, the
TK subfactor is commonly reported as 1. Similar to the regu-
latory PBPK-based interspecies TK CSAF, the desired PBPK
model assessment elements recommended in the WHO/IPCS
guidance (2010) (i.e. biological basis, performance, and reli-
ability) were addressed to a greater or lesser extent by these
non-regulatory assessments (Supplemental Table B). Among
these examples, those noted to address most, if not all, of
the recommended elements included acrylamide (Sweeney
et al. 2010), methylphenidate (Yang et al. 2014), 2-phenoxye-
thanol (Troutman et al. 2015), and 1,1,1-trichoroethane (Lu
et al. 2008), although terminology varied (e.g. “validation”
versus “verification").

Similar to the regulatory assessments, the proportion of
PBPK derived health-based values for which corresponding
CSAF could be calculated was approximately 50% (11/22) for
the non-regulatory assessments. With the exception of
1,3-butadiene in mice (Kirman & Grant 2012) and methyl-
phenidate in monkeys (Yang et al. 2014), CSAF estimated
from PBPK-based extrapolations were all based on data in
rats and ranged from 0.6 for acrylonitrile ingestion to 2.5 for
acrylonitrile inhalation (Kirman et al. 2008) (Supplemental
Table B). For 1,3-butadiene (Kirman & Grant 2012), the calcu-
lated CSAF of 0.03, thereby increasing the HED by ~30-fold
relative to the POD in mice, was based on a model incorpo-
rating TK data from both rats and mice; that for methylphen-
idate was based on juvenile or adult rhesus monkeys (where
the calculated CSAF ranged from 0.03 to 0.1 depending on
AUC or Cmax and age (juvenile or adult).

For the remaining half of the non-regulatory assessments,
corresponding CSAF could not be calculated for various rea-
sons, most commonly related to application of the subfactor
for remaining TD uncertainty to the internal dose prior to
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(rather than after) estimation of the HED. A CSAF was not esti-
mated for two examples in which the human PBPK model
input was based on the arithmetic (Kirman et al. 2005) or geo-
metric mean (Poet et al. 2016) AUC of AUC estimates obtained
from more than one key animal study. In other less frequent
cases, it was not possible to express a CSAF as a human/ani-
mal dose metric ratio due to lack of clear distinction of TK
from TD elements within the model, inhalation-to-oral-route
extrapolation, or inadequate reporting of critical data
(Supplemental Table B).

Human variability TK subfactor (HKf,

In contrast to the non-regulatory agency-derived quantitative
risk assessments that used PBPK modeling for the AKar
(Supplemental Table B), there was a greater tendency for
investigations of individual subfactors by non-regulatory
agencies to use PBPK models to derive a HKar (Supplemental
Table C). These investigations also tended to include multiple
dose metrics without specifying which may be most relevant.
Some authors, such as Clewell et al. (2004), Valcke and
Krishnan (2014) and Valcke and Krishnan (2011) computed
HKafr as a function of the exposure route and duration by sim-
ulating exposure to concentrations that were determined
based on route-specific chronic and acute guidelines of inter-
est. Similarly, Mork et al. (2014) simulated exposure concentra-
tions corresponding to the RfC for styrene, toluene, and
methyl chloride, and Mork and Johanson (2010) simulated
exposures to an acetone concentration (29 ppm) proposed
previously in the literature for the purposes of RfC and RfD
determination (Gentry et al. 2003). However, not all the exam-
ples in Supplement Table C explicitly related the simulated
exposures to a potential or existing guideline value. For
instance, Pelekis et al. (2001), Sarangapani et al. (2003) and
Clewell et al. (2004) simulated exposure concentrations con-
sistent with expected lifetime human exposure levels, but their
approach relied strictly on non-stochastic, median, child-to-
adult comparisons. Only some of the derived HKsr included
reference an existing regulatory risk assessment and/or prob-
able critical effect or POD. This rather critical context for inter-
pretation might have been apparent from a literature review,
but was outside of the scope of the present review.

Despite the numerous examples in the published litera-
ture, few CSAF/semi-quantitative factors for human variability
in TK have been adopted in regulatory assessments in the
period since the Guidance was released (e.g. boron, methyl-
mercury, and trichloroethylene, by US EPA and methylmer-
cury by JECFA and EFSA). Of these, methylmercury and
trichloroethylene by US EPA were based on a PBPK model
[with the others being based on TK ratios (or semi-quantita-
tive ratios)]. Also, as was reported above, a CSAF for human
variability without explicit subdivision into TK and TD compo-
nents was derived for cadmium (EFSA 2009, 2011; JECFA
20114, 2013).

Discussion and recommendations

The objective of the present research was to review experi-
ence gained during the >10-year period since publication of

CRITICAL REVIEWS IN TOXICOLOGY 13

the Guidance. This analysis identified critical aspects, that if
clarified, could facilitate future CSAF development and regula-
tory uptake. The subsections hereafter relate to improving
common understanding of the focus and communication of
the Guidance and its updating to reflect increasing experi-
ence, such as the need for standardized reporting formats
(that include specified uncertainties and associated sensitivity
considerations), evolution towards increasing reliance on in
vitro data, and the need for more effective communication of
the value of increased precision and predictive power and
decreased uncertainty inherent in the application of more
data- derived, chemical-specific approaches, such as CSAF,
compared with default approaches.

Focus and communication of the guidance

The content of the 2005 Guidance was, perhaps not surpris-
ingly, limited by the extent of experience acquired in their
development at that time. Acquired experience and analysis
herein identified inconsistencies with some early principles
for CSAF development. Further, limited documentation of crit-
ical aspects underlying CSAF development in many case
examples made it difficult to discern whether inconsistencies
relate to a lack of familiarity with, or a misunderstanding of,
the Guidance. Regardless of the basis, our analysis suggests
that additional guidance might promote consistency in CSAF
development and application. This could be in the form of
evolved training materials which were originally prepared
after release of the Guidance and presented and modified
based on continuing feedback at various specialty courses at
scientific conferences.

Important aspects addressed in the original Guidance and
documented more explicitly as “rules of thumb” in associated
training materials, which could be reiterated to increase con-
sistency in CSAF development include the following.

Explicit relationship of CSAF with the point of departure
(POD)

CSAF are context dependent and specific to the relevant spe-
cies/strain and dose range for the critical study from which
the POD for the risk assessment is derived. CSAF derivations
for interspecies TK should define the internal dose at the
POD and the corresponding HED associated with that internal
dose. This concept of equivalency is equally relevant to CSAF
derivations for interspecies TD (i.e. toxicodynamic equiva-
lency), which should define equipotent exposures in animals
and humans that are associated with the same critical effect
and MOA, such as derived by US EPA (2007) for erythrocyte
cholinesterase inhibition by N-methyl carbamates in rats and
humans.

Relationship of CSAF with allometric scaling

While allometric scaling for interspecies differences reflects a
generic, categorical approach, it is noteworthy that the
default TK subfactor (i.e. 4x) for interspecies differences is
historically based on allometric scaling for rats. As a result, if
the risk assessment key study and POD is based on another
species, this should be accounted for in a comparison of the
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derived CSAF to the species-specific default value for inter-
species TK (e.g. it is greater for mice than rats).

Minimum information preferable for CSAF development

e Sufficient information on MOA to establish the active
moiety (i.e. parent compound or metabolite),

e For interspecies variation, sufficient quantitative informa-
tion to characterize the ratio between mean or median
values for the relevant TK parameter or effective dose
(TD) in the experimental animal species in which the critical
effect was observed and that in humans; sample sizes of 5
are normally sufficient for this purpose, and

e For human variability, sufficient supporting data to
adequately characterize population distributions of the
relevant kinetic parameter or effective dose in the gen-
eral and sensitive subpopulations.

Implications of the default “splits” between TK and TD
The Guidance splits the continuum of TK and TD processes
leading to toxicity at the level of delivery of the parent com-
pound or a circulating active metabolite to the target tissue/
organ. Events up to this point were considered as TK, and
events within the target tissue/organ were considered as TD
(i.e. the dose in the target tissue reflects TK and a portion of
TD). Thus, a comparison of blood-borne concentrations of the
active entity as a basis for deriving an adjustment factor
addresses solely TK, whereas CSAF based on target tissue
concentrations take into account a portion of TD in the
framework construct and this should be borne in mind when
considering a remaining adjustment for the TD subfactor.
Similarly, for CSAF based on PBPK models which incorporate
bioactivation and/or detoxication processes within the target
tissue/organ or effects at the site of contact, the resulting
PBPK-based adjustment replaces the default for TK and a por-
tion of the default for TD.

Updating and revision of the guidance

Along with the acquired experience in CSAF development
documented herein, other notable developments since
release of the Guidance could contribute significantly to its
evolution, such as recent advances in both risk assessment
and toxicity testing. The WHO/IPCS MOA/species concord-
ance framework has been updated recently to reflect
increasing experience in MOA development and assessment
and continuing developments in toxicity testing and non-
testing methods (Meek et al. 2014a). The modified frame-
work, incorporated within an iterative roadmap, encourages
continuous refinement of problem formulation, MOA-based
testing strategies and risk assessment. It includes templates
to promote consistent consideration of the weight of evi-
dence for hypothesized MOA and extension to dose-res-
ponse analysis (e.g. as a basis for CSAF development). The
framework can be used as originally intended, where the
outcome of chemical exposure is known, or in hypothesizing
potential effects resulting from exposure, based on informa-
tion on putative key events in established MOA from appro-
priate in vitro or in silico systems and other evidence.

Considerations related to weight of evidence for MOA have
been additionally articulated in a subsequent publication
(Meek et al. 2014b) and evolved in international collabora-
tive efforts on adverse outcome pathways (AOPs) (OECD
Handbook 2016; Becker et al. 2015; Edwards et al. 2016).
The US EPA (2014) guidance on Data-Derived Extrapolation
Factors also contributes significantly to CSAF evolution by
encouraging the identification and use of TK or TD data to
inform the magnitude of interspecies differences and human
variability (e.g. rather than immediately applying default or
categorical subfactors). Thus, developments reflected in the
DDEF Guidance should be carefully considered if updating
or revising the Guidance.

Analysis here indicates that the majority of CSAF devel-
oped since the Guidance was released address interspecies
differences in TK based on incorporation of predicted values
from PBPK models, consistent with their anticipated increas-
ing and often preferable contribution to measured data,
based on incorporation of additional biological information.
Although the potential of PBPK models to contribute signifi-
cantly was acknowledged in the Guidance, considerations of
their adequacy as a basis for CSAF development were not
articulated. This has been addressed more recently in WHO/
IPCS guidance to inform the purpose-specific characterization,
documentation, evaluation, and communication of PBPK
models for application in health risk assessment (WHO/IPCS
2010; Meek et al. 2013) which incorporates the output of ear-
lier initiatives within the USA, Canada and Europe (Gentry
et al. 2004; US EPA 2006; Barton et al. 2007; Loizou et al.
2008). The Guidance includes a checklist to assist risk asses-
sors in considering the adequacy of PBPK models for speci-
fied purposes (e.g. exposure, hazard, and/or dose-response
analysis). As described previously, CSAF derived on the basis
of PBPK models were reviewed here, taking into consider-
ation aspects of confidence identified in the PBPK Guidance:

e the biological basis of the model structure and
parameters

e performance of the model (comparison of model simula-
tions with experimental data) and

e reliability of model predictions of dose metrics relevant
to risk assessment (i.e. model testing, uncertainty and
sensitivity analyses).

Analysis here indicates that these elements were often
well addressed in the development of PBPK-based-CSAF for
regulatory application, reflecting likely increasing consensus
on good practice in assessment and reporting. Thus, consid-
eration and incorporation of recent PBPK guidance is likely to
inform a decision tree or application guide for CSAF deriv-
ation while also facilitating more standardized and transpar-
ent reporting of PBPK adjustments to PODs and/or UFs,
based on delineated rationales.

Standardized CSAF reporting format, including problem
formulation

The variable and often non-transparent basis for the CSAF
reviewed here suggest the need for a standardized reporting
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format to facilitate CSAF development and meaningful analy-
ses. As mentioned, the critical context for CSAF development
and regulatory acceptance includes the direct relevancy of
the CSAF species/strain and dose range in relation to the
MOA, critical effect, and POD. These aspects should be sys-
tematically assessed and reported as background information
during CSAF development.

Consideration of the extent and adequacy of supporting
data for CSAF development is a function of the hazard assess-
ment objectives as delineated in problem formulation. This
can vary from, for example, preliminary consideration of
quantitative data in a priority setting or screening contexts,
to detailed characterization of hazard with considerable impli-
cations for risk management. To facilitate use, the scope of
developed CSAF should be delineated with associated limita-
tions for a range of potentially relevant risk assessment con-
texts. This was not articulated in the 2005 Guidance, with the
domain of applicability being specified only as dose/concen-
tration-response analyses for approaches that led to the esti-
mation of presumed “safe” (subthreshold) values, such as
tolerable, acceptable, or reference intakes or concentrations.
The concepts in CSAF development have, however, broader
applicability to other approaches to dose-response character-
ization, such as in interpreting margins of exposure.

As mentioned, experience from the recent international
initiative to inform the characterization, documentation,
evaluation, and communication of PBPK models for health
risk assessment (WHO/IPCS 2010; Meek et al. 2013) can also
facilitate CSAF development and regulatory uptake. A PBPK
template was developed based on dialog between technical
scientists and risk assessors to ensure standardization and suf-
ficiency of documentation of model descriptions and support-
ing data to permit independent evaluation. This template
was viewed as an important tool to facilitate communication
between the modeling and risk assessment communities to
increase understanding and regulatory acceptance of purpose
oriented models. The template addresses four primary areas:

e background on the chemical, its TK and MOA

e characterization and evaluation of the PBPK model

e modeling and evaluation of the model-derived dose
metrics

e PBPK modeling and comparison with default approaches

The envisaged content of such a reporting format for
CSAF development and review should include reference to
the following aspects:

e Decision context/problem formulation: Description of the
objectives of the hazard characterization/dose-response
analysis (e.g. development of a RfD for daily intake or
guidance values for various media, as part of a screening
assessment to establish priorities, or in-depth assessment
of risk as a basis to determine the need for risk manage-
ment, etc.)

e Interspecies  differences and/or  human  variability:
Specification of the proposed critical effect and its MOA;
identification of the active (i.e. toxic) moiety and its most
relevant animal or human TK and/or TD parameter(s)
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with supporting rationales and key studies, including spe-
cies, life-stage, dose, route (vehicle), group size (n), dose
metric, central tendency metric (e.g. simple arithmetic
mean, geometric mean, median); transformation (e.g. log-
normal distribution), applicable TK normalizations [nor-
malized to dose (AUC, Cnax Clearance), or body weight
(for clearance) if applicable], SD, SE, and adequacy of
data assessed for each of the elements (including sample
size) identified in the CSAF Guidance (WHO/IPCS 2005).

e Dose metric considerations: Rationale for the choice of
dose metric (i.e. AUC, Cax clearance) should be included
as the choice can impact the magnitude of the CSAF.
Even for the same dose metric, slight differences in PBPK
model inputs can impact the magnitude of the CSAF as
seen with vinyl chloride (US EPA 2000; Health Canada
2013). Knowledge of the interrelationships among dose
metric options may help inform whether additional nor-
malizations are necessary, such as elimination half-lives
should be normalized for clearance or volume of distribu-
tion, if used to derive CSAF. Adjustments for varying
durations of exposure may be necessary as with 2-butox-
yethanol evaluated by Health Canada (2001a, 2001b).

e Derivation of the CSAF:. Type (e.g. AUC.nima/AUChuman:
CMaXanimal/CMaxXhumans  Clanimal/Clhuman:  PBPK  based,
other), basis for any required normalizations or adjust-
ments (e.g. varying durations of exposure in animals and
humans), additional questions, or remaining uncertainties.
If a dosimetric adjustment factor is applied to the POD to
derive a HED and the AKxf is reduced to 1 (e.g. bisphenol
A by EFSA 2015b; MDH 2015), it is useful to also repre-
sent the factor as a CSAF according to the inverse of the
factor for comparison with the default TK subfactor.

e Comparison of derived CSAF with categorical or default
approaches: Compare and contrast of the CSAF to various
options to characterizing uncertainty, including those
based on species-specific and non-specific defaults. This
should include representing the PBPK adjustments for
interspecies TK differences as a corresponding CSAF (e.g.
ratio of rat and human external does such as in
Supplemental Tables A2 and B).

e Assessment of the adequacy of available data: CSAF deriva-
tions (including unsuccessful attempts) should include a
statement of confidence in relation to the availability or
adequacy of relevant data for CSAF derivation and
remaining specific data or research needs (e.g. 2,4-
dichlorophenoxyacetic acid in Supplemental Table D).

Evolution of the guidance to address additional types of
in vitro data

The Guidance recognized the utility of in vitro data to inform
TK (e.g. enzyme kinetics) or TD (e.g. MOA) subfactor deriva-
tions. However, considerable efforts now being devoted to
developing in silico and in vitro methods for identifying and
quantifying molecular initiating and intermediate key events
may have implications when establishing health-based guid-
ance values. The application of uncertainty and adjustment
factors to precursor biologic responses will not necessarily
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involve the same factors as currently used (NRC 2007). To
date, CSAF have been associated most commonly with clin-
ical, phenotypical, or in vitro measures of apical adverse out-
comes. For example, in vitro data for erythrocyte hemolysis
and for inhibition of acetyl cholinesterase activity have been
used to derive CSAF for interspecies TD for 2-butoxyethanol
and N-methylcarbamates, respectively. Methods to describe
the quantitative relationship between the in silico/in vitro
determination of earlier key events and the adverse outcomes
are needed, since the quantitative relationship to interspecies
differences in TD may be less readily apparent.

Many of the wide range of in silico and in vitro methods
emerging are based on human-derived systems, which neg-
ate the need for interspecies extrapolation, but will require
quantitative in vitro-to-in vivo extrapolation (see, for example,
Bhattacharya et al. 2011; Yoon et al. 2012). There is currently
limited experience and no consensus framework for the appli-
cation of such methods to developing health-based guidance
values and implications of these evolving methods should be
considered if the Guidance is updated.

Communication of predictivity/uncertainty of CSAF
relative to default

A common finding in this analysis was the tendency to rely
on default UFs when chemical-specific information led to a
decrease in TK or TD subfactor(s) and resulting increase in
health-based guidance values, possibly due to a mispercep-
tion that CSAF are not adequately protective. In part, this
reflects a failure to recognize that a composite factor less
than default is an inevitable consequence of current risk ana-
lysis policies meeting desired objectives that default assump-
tions be conservative by design, such as intake estimates
based on high percentiles of population distributions for con-
sumption (see for example Codex Alimentarius Commission
2013). Hence, while there is uncertainty about health based
guidance values, this is not symmetrical, i.e. it is not evenly
distributed on either side of the value.

This conservatism extends to the choice of default uncer-
tainty factors. The typical value of 100 is based on a limited
historical analysis of the variation between and within species
in the biological processes relevant to the adverse effects for
a range of chemicals which had information available in both
experimental animals and humans at the time (Lehman &
Fitzhugh 1954). This analysis led to wide-spread and long-
standing adoption of the default 100-fold safety factor as
being conservative, particularly when extrapolating from
effects observed in rodents.

Our analysis here indicates that TK or TD subfactors based
on chemical-specific information tended to be less than the
default subfactors resulting in guidance values greater than
those based on defaults. This reflects the adequately protect-
ive, but less precise or informative nature and thus lower
confidence associated with default approaches. A notable
exception is when there are marked species differences in
clearance of the (active) chemical, such as for some perfluori-
nated compounds when elimination is much slower in
humans than in laboratory species. For CSAF greater than the
default subfactor, the 2005 Guidance emphasized that the

derived CSAF value should be applied since the default may
not be adequately protective, but in fact, equal emphasis
should have been noted for the preference to use derived
CSAF, whether greater or less than the default, due to their
more precise, chemical-specific and quantitative nature rela-
tive to the critical effect and MOA (compared to more gen-
eric, less data-derived, default approaches) and thus higher
degree of confidence attained in the derivation of the health-
based guidance value.

Knowledge of the chemical structures or classes for which
there are likely to be marked species differences has
increased over the last few decades such that in many cases,
species differences can be anticipated and investigated fur-
ther, if necessary. Similarly, there have been appreciable
advances in knowledge of MOAs and AOPs over the last few
years to provide insight into how likely humans will be
appreciably more sensitive than experimental animals to
adverse effects of a chemical, resulting in the infrequent
instances, such as PFOA/PFOS, in which derived CSAF are
greater than default (and hence the guidance value is less).

Using chemical-specific information to depart from the
default factor inevitably reduces uncertainty, yet this funda-
mental concept is not generally commonly understood and/
or accepted. Alternatively, there is a view amongst many that
it will be difficult to defend a higher reference value (i.e. due
to a lower uncertainty factor) to risk managers and the pub-
lic. Communication of the general principles reiterated here,
such as the nonspecific and conservative basis of default val-
ues, the consequence that CSAF are generally less than
default but more scientifically precise, and the underlying
basis of anticipated exceptions are likely to increase general
and regulatory utility of CSAF. Society benefits, regardless of
whether resultant factors are greater or less than default,
since CSAF more accurately reflect the TK, TD, and MOA
knowledge and increase reliance on science-based evidence
in decision making and subsequent confidence in those
decisions.

Standardized toxicology study designs are not particularly
well suited for MOA elucidation and thus CSAF derivation.
Consideration could be given, for example by OECD, on how
study designs could be improved to better address MOA and
thus facilitate use in risk assessment, including CSAF deriv-
ation. As novel, non-animal testing methods are introduced,
such considerations could facilitate their role and applicability
in regulatory risk assessment. Based on the analyses here,
critical aspects related to the availability or adequacy of rele-
vant data for CSAF derivation were also often not reported
and/or explicitly evaluated, though this was emphasized in
the Guidance and associated case examples. As a basis to
facilitate practical application and regulatory acceptance, our
analysis underscored the need for more explicit CSAF report-
ing formats to effectively convey relevant supporting data,
limitations, and explicit comparison with species-specific and
nonspecific default approaches.

Conclusions

Analysis of over 100 CSAF indicates significant progress in
both the development and the regulatory uptake of CSAF
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since publication of the 2005 Guidance. Opportunities for
improvement when developing CSAF include more transpar-
ent and standardized reporting that includes critical back-
ground context (e.g. critical effect, POD, MOA, PBPK model
parameters), comparative calculations based on alternative
approaches (e.g. dose metrics), including categorical or
default approaches, and more explicit specification of uncer-
tainties related to the derived CSAF(s) and their impact (i.e.
sensitivity analysis) on the health-based guidance value. The
analysis also underscores the need for more effective commu-
nication of the value of increased precision, confidence, and
predictive power and decreased uncertainty inherent in
the application of more data-derived, chemical-specific
approaches compared with default approaches.
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Appendix

Call-for Data

Call to OECD member countries for data to inform the WHO Chemical
Risk Assessment Network project entitled “Review of the application of
chemical-specific adjustment factors (CSAF) in quantitative risk assessment;
strengths, limitations and research needs"

The World Health Organization (WHO) Chemical Risk Assessment
Network is requesting the assistance of OECD member countries (via the
Task Force on Hazard Assessment) with a project called “Review of the
application of Chemical-Specific Adjustment Factors (CSAF) in
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quantitative risk assessment; strengths, limitations and research needs."
The objective of this project is to consider the use of CSAF in chemical
risk assessment as a basis to further facilitate uptake.

The WHO/IPCS Guidance on CSAF (published in 2005) is
available at http://whglibdoc.who.int/publications/2005/9241546786_eng.
pdf.

The project is being led by WHO Collaborating Centre on Water and
Indoor Air Quality and Food Safety, at NSF International, USA.

A working group formed by members of the WHO Chemical Risk
Assessment Network is requesting the cooperation of OECD member
countries to supply data to this project. OECD member countries and
stakeholders are requested to provide chemical risk assessments that
may have used (or tried unsuccessfully to use) CSAF to the working
group. The formal status of the assessment (e.g. published, submitted to
a regulatory scheme, incomplete, internal prioritization only) is not
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important since relevant information on CSAF could be obtained from
many types of document. However, completed (and if possible exter-
nally-reviewed) assessments are preferred.

It would also be helpful to the project if the questions listed below
could be completed.

1. Are you aware of unsuccessful attempts to develop or adopt CSAF's
(or Data Derived Extrapolation Factors, DDEF’s) within your organ-
ization? If so, what factors were important (e.g., lack of sufficient
data; perceived complexity of communication; issues of science pol-
icy related to degree of conservatism for health protection)? Attach
supporting information, if available.

2. Do you know of any CSAF (or attempted CSAF) or DDEFs (or
attempted DDEFs) outside of your organization? If so, please pro-
vide citation or focal point for contact information.
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