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1. Provide a few sentences summarizing the method illustrated by the case study.

This Case Study evaluates two diametrically opposed methodological philosophies of toxicant
characterization. The newer philosophy — the Key Characteristics Approach — posits that a relatively
few, typically 8 — 13, “key” types of effects are “characteristic” of various categories of toxicity, such
as carcinogens, endocrine disruptors, reproductive toxicants, etc., and can be used to identify
chemicals that belong to each category. The more traditional philosophy of systematic evaluation —
Evidence-Based Weight of Evidence (WoE) / Mode of Action Approaches (Borgert et al., 2015;
Borgert et al., 2011; Borgert et al. 2014; Becker et al., 2025) — rely on a comprehensive evaluation of
all data related to the production of toxicity, from kinetics to mechanisms to overt physiological
outcomes.

This case study critically compares those two philosophies based on formal rules of logic, internal
consistency, external consistency, transparency, replicability, and falsifiability.

2. Describe the problem formulation(s) the case study is designed to address. How is the
method described in the case useful for addressing the problem formulation?

ISRTP, TERA, and EPF co-sponsored a series of webinars to evaluate the Key Characteristics
Approaches, which have been applied to nearly every category of toxicant. The first two webinars
critiqued the KC approach for carcinogens (KCCs) and endocrine disruptors (KC-EDCs) and
compared results of the KC approach to evaluation of complete toxicology datasets for various
chemicals using systematic evidence-based evaluation methods. The critique and comparisons
revealed the KC approach is bereft of scientific integrity and should be abandoned. A manuscript
summarizing the critique is in preparation and will include the results of this Case Study.

This Case Study briefly summarizes the critique of the KC approach, but focuses on improvements to
the traditional methodologies that might obviate remaining criticisms that they are too resource-
intensive to be a mainstay of regulatory assessments.



3. Comment on whether the method is general enough to be used directly, or if it can be
extrapolated, for application to other chemicals and/or problem formulations. Please
explain why or why not.

The systematic methods advocated in this case study are broadly applicable as evidenced by peer-
reviewed publications employing them to evaluate many different types of chemicals and categories
of toxicity.

4. Discuss the overall strengths and weaknesses of the method.

The strengths of the systematic methods are in their internal consistency, external consistency,
transparency, replicability, and falsifiability. Their weakness is that they are resource-intensive; they
require not only subject-matter expertise but dozens, or even hundreds, of man-hours to identify and
extract a comprehensive set of relevant data, evaluate the data, and complete the interpretation.

The strength of the KC approach is that it is rapid, fungible to meet different objectives, and requires
nothing more than a literature search. Its weaknesses have been stated above: it fails formal rules of
logic and lacks internal consistency, external consistency, transparency, replicability, and
falsifiability.

5. Outline the minimum data requirements and describe the types of data sets that are
needed.

Systematic evaluation methods for hazard identification do not have codified “minimum data
requirements,” as these are hypothesis-dependent. For example, minimum data requirements would
differ for the hypothesis that a chemical is an estrogen agonist versus the hypothesis that it affects
steroidogenesis due to relative reliability of the assays used to test those hypotheses. Data
availability, data quality, and the strength and consistency of the extant data affect the level of
uncertainty that attends any interpretation.

Does your case study:
A. Describe the dose-response relationship in the dose range relevant to human
exposure?

Both evidence-based MoA and WoE frameworks evaluate data according to their dose-response
relevance. Both incorporate a consideration of whether effects are dose-relevant due to potentially
causal mechanisms versus those unlikely to be causal due to the high-dose-dependency of the
mechanism(s).

B. Address human variability and sensitive populations?

The methods belong to the category of hazard-evaluation / hazard characterization and do not
explicitly evaluate human variability and sensitive subpopulations. These methods provide a means
of evaluating whether a chemical could produce a particular type of toxicity and if so, under what
conditions. Those conditions can then be compared with known ranges of human susceptibility.

C. Address background exposures or responses?

Not applicable.



D. Address incorporation of existing biological understanding of the likely mode of
action?

Yes; both methods are primarily focused on mechanisms.

E. Address other extrapolations, if relevant — insufficient data, including duration
extrapolations, interspecies extrapolation?

Not applicable.

F. Address uncertainty?

Both methods address uncertainties in the form of confidence scores or data gaps.

G. Allow the calculation of risk (probability of response for the endpoint of interest) in
the exposed human population?

Risk per se is not addressed, but both methods attempt up/down inferences regarding human
relevance of the effects.

H. Work practically? If the method still requires development, how close is it to
practical implementation?

The Hypothesis-Driven WoE approach (Borgert et al., 2011; 2014) has been applied in several peer-
reviewed publications (Borgert, 2025; Borgert & Burgoon, 2025; Borgert, 2023; de Peyster &
Mihaich, 2014; Mihaich & Borgert, 2018; Mihaich et al., 2017). The Evidence-Based Mode of
Action Framework (Becker et al., 2025) is based on previously published work that has been applied
in numerous publications (Becker et al. 2017; Budinsky et al. 2014; Cohen et al. 2006; 2009; Dellarco
et al. 2006; Elcombe et al. 2014; Ellis-Hutchings et al. 2014; Klaunig et al. 2012; McGregor et al.
2006; Meek et al. 2003; 2014; Seed et al. 2005; Thompson et al. 2011; Yamada et al. 2009; Yoshida
et al. 2021)

References

Becker RA, Dellarco V, Seed J, Kronenberg JM, Meek B, Foreman J, Palermo C, Kirman C, Linkov I, Schoeny R,
Dourson M, Pottenger LH, Manibusan MK. Quantitative weight of evidence to assess confidence in potential
modes of action. Regulatory Toxicology and Pharmacology. 2017;86:205-220.

Becker RA, Dourson M, Onyema C, Ryman J. Beyond key characteristics of carcinogens: an archetypal MOA -
based evidence system for hypothesis testing to advance carcinogen risk assessment. J Toxicol Regul Policy.
2025;1:1-15. DOI: 10.69982/JTRP-24-0011.

Borgert CJ, Mihaich EM, Ortego LS, Bentley KS, Holmes CM, Levine SL, Becker RA (2011) Hypothesis-driven
weight of evidence framework for evaluating data within the US EPA’s Endocrine Disruptor Screening
Program. Regul Toxicol Pharmacol, 61(2), 185-191. doi:10.1016/j.yrtph.2011.07.007.

Borgert CJ, Stuchal LD, Mihaich EM, Becker RA, Bentley KS, Brausch JM, Coady K, Geter DR, Gordon E, Guiney
PD, Hess F, Holmes CM, Lebaron MJ, Levine S, Marty S, Mukhi S, Neal BH, Ortego LS, Saltmiras DA, Snajdr



S, Staveley J, Tobia A (2014) Relevance Weighting of Tier 1 Endocrine Screening Endpoints by Rank Order.
Birth Defects Res B Dev Reprod Toxicol, 101(1), 90-113. doi:10.1002/bdrb.21096.

Borgert CJ (2023) Hypothesis-driven weight of evidence evaluation indicates styrene lacks endocrine disruption
potential. Crit Rev Toxicol, 53(2), 53-68. https://doi.org/10.1080/10408444.2022.2112652.

Borgert CJ, Burgoon LD (2025) Octamethylcyclotetrasiloxane (D4) lacks endocrine disruptive potential via estrogen
pathways. Arch Toxicol, 99, 1431-1443. doi:10.1007/s00204-024-03896-y.

Borgert CJ (2025) Hypothesis-driven weight of evidence evaluation indicates ethylbenzene lacks endocrine
disruption potential by EATS pathways. EXCLI J, 24. doi:10.17179/excli2024-7822.

Budinsky RA, Schrenk D, Simon T, Van den Berg M, Reichard JF, Silkworth JB, Aylward LL, Brix A, Gasiewicz
T, Kaminski N, Perdew G, Starr TB, Walker NJ, Rowlands JC. Mode of action and dose-response framework
analysis for receptor-mediated toxicity: the aryl hydrocarbon receptor as a case study. Critical Reviews in
Toxicology. 2014;44(1):83—-119. doi:10.3109/10408444.2013.835787.

Cohen SM, Boobis AR, Meck MEB, Preston RJ, McGregor DB. 4-Aminobiphenyl and DNA reactivity: case study
within the context of the 2006 IPCS Human Relevance Framework for analysis of a cancer mode of action for
humans. Critical Reviews in Toxicology. 2006;36(10):803—819. doi:10.1080/10408440600977651.

Cohen SM, Storer RD, Criswell KA, Doerrer NG, Dellarco VL, Pegg DG, Wojcinski ZW, Malarkey DE, Jacobs
AC, Klaunig JE, Swenberg JA, Cook JC. Hemangiosarcoma in rodents: mode-of-action evaluation and human
relevance. Toxicological Sciences. 2009;111(1):4—18. doi:10.1093/toxsci/kfp131.

Dellarco VL, McGregor D, Berry SC, Cohen SM, Boobis AR. Thiazopyr and thyroid disruption: case study within
the context of the 2006 IPCS Human Relevance Framework for analysis of a cancer mode of action. Critical
Reviews in Toxicology. 2006;36(10):793-801. doi:10.1080/10408440600975242. PubMed

de Peyster A, Mihaich E (2014) Hypothesis-driven weight of evidence analysis to determine potential endocrine
activity of MTBE. Regul Toxicol Pharmacol, 69(3), 348-370. doi:10.1016/j.yrtph.2014.04.017.

Elcombe CR, Peffer RC, Wolf DC, Bailey J, Bars R, Bell D, Cattley RC, Ferguson SS, Geter D, Goetz A, Goodman
JI, Hester S, Jacobs A, Omiecinski CJ, Schoeny R, Xie W, Lake BG. Mode of action and human relevance
analysis for nuclear receptor-mediated liver toxicity: a case study with phenobarbital as a model constitutive
androstane receptor (CAR) activator. Critical Reviews in Toxicology. 2014;44(1):64-82.
doi:10.3109/10408444.2013.835786.

Ellis-Hutchings RG, Rasoulpour RJ, Terry C, Carney EW, Billington R. Human relevance framework evaluation of
a novel rat developmental toxicity mode of action induced by sulfoxaflor. Critical Reviews in Toxicology.
2014;44(Suppl 2):45-62. doi:10.3109/10408444.2014.910752.

Klaunig JE, Hocevar BA, Kamendulis LM. Mode of action analysis of perfluorooctanoic acid (PFOA)
tumorigenicity and human relevance. Reproductive Toxicology. 2012;33(4):410—418.
doi:10.1016/j.reprotox.2011.10.014.

McGregor D, Bolt H, Cogliano V, Richter-Reichhelm HB. Formaldehyde and glutaraldehyde and nasal cytotoxicity:
case study within the context of the 2006 IPCS Human Framework for the Analysis of a cancer mode of action
for humans. Critical Reviews in Toxicology. 2006;36(10):821—-835. doi:10.1080/10408440600977669.

Meek MEB, Bucher JR, Cohen SM, Dellarco V, Hill RN, Lehman-McKeeman LD, Longfellow DG, Pastoor T,
Seed J, Patton DE. A framework for human relevance analysis of information on carcinogenic modes of action.
Critical Reviews in Toxicology. 2003;33(6):591-653. doi:10.1080/713608373.

Meek ME, Palermo CM, Bachman AN, North CM, Lewis RJ. Mode of action human relevance (species
concordance) framework: evolution of the Bradford Hill considerations and comparative analysis of weight of
evidence. J Appl Toxicol. 2014;34:595-606.

Mihaich E, Capdevielle M, Urbach-Ross D, Slezak B (2017) Hypothesis-driven weight-of-evidence analysis of
endocrine disruption potential: a case study with triclosan. Crit Rev Toxicol, 47(4), 263-285.
doi:10.1080/10408444.2016.1269722.

Mihaich EM, Borgert CJ (2018) Hypothesis-driven weight-of-evidence analysis for the endocrine disruption
potential of benzene. Regul Toxicol Pharmacol, 100, 7-15. doi:10.1016/j.yrtph.2018.09.027.



Seed J, Carney EW, Corley RA, Crofton KM, DeSesso JM, Foster PMD, Kavlock R, Kimmel G, Klaunig J, Meek
ME, Preston RJ, Slikker W Jr, Tabacova S, Williams GM, Wiltse J, Zoeller RT, Fenner-Crisp P, Patton DE.
Overview: Using mode of action and life stage information to evaluate the human relevance of animal toxicity
data. Critical Reviews in Toxicology. 2005;35(8-9):663—672. doi:10.1080/10408440591007133.

Thompson CM, Haws LC, Harris MA, Gatto NM, Proctor DM. Application of the U.S. EPA Mode of Action
Framework for purposes of guiding future research: a case study involving the oral carcinogenicity of
hexavalent chromium. Toxicological Sciences. 2011;119(1):20—40. doi:10.1093/toxsci/kfq320. PubMed

Yamada T, Uwagawa S, Okuno Y, Cohen SM, Kaneko H. Case study: an evaluation of the human relevance of the
synthetic pyrethroid metofluthrin-induced liver tumors in rats based on mode of action. Toxicological Sciences.
2009;108(1):59-68. doi:10.1093/toxsci/kfp007.

Yoshida M. Chloroacetanilide herbicide-induced rat enterochromaffin cell tumors: a case study within the context of
the IPCS framework, for analyzing the relevance of a cancer mode of action for humans. Journal of Toxicologic
Pathology. 2021;34(3):213-222. doi:10.1293/t0x.2021-0009.



