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USEPA issued drinking water interim health advisories GHA) for PFOA and PFOS. The
Agency's choice for critical effect, toxic point-of-departure (PoD), benchmark dose (BMD),
pharmacokinetic (PK) model extrapolation to ingested dose, and use of uncertainty
factors, resulted in the iHA for PFOS and PFOA being lowered from 70 ppt to 0.04—
0.2 ppt. This review addresses key steps in the iHA derivation that influence changes in
1HA values and suggests analysis and modeling changes for higher confidence in the iHA
derivation, and re-evaluation of critical endpoint data for immunotoxicity and associated
BMD modeling to derive a serum antibody PoD in the clinically adverse range.
Movement from empirical PK modeling of ingested human dose to a platform that
captures biological realism will more accurately reflect PFAS elimination, which impacts
model-optimized ingested dose. The uncertainty factor (UF) for human variability should
be reconsidered, as IN Utero and neonate exposures used to derive the iHA represent
the likely susceptible populations. Although not part of the iHA derivation, cancer was
considered in the drinking water maximum contaminant level goal (MCLG) technical
evaluation. We discuss weaknesses in the cancer epidemiological data that require re-

evaluation as the drinking water regulation process proceeds to a national standard.
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Propylene glycol (PG) has widespread use in pharmaceuticals, cosmetics, fragrances and
personal care products. PG is not classified as hazardous under the Globally Harmonised
System of Classification and Labelling of Chemicals (GHS) but poses an intriguing
scientific and regulatory conundrum with respect to allergic contact dermatitis (ACD),
the uncertainty being whether and to what extent PG has the potential to induce skin
sensitisation. In this article we review the results of predictive tests for skin sensitisation
with PG, and clinical evidence for ACD. Patch testing in humans points to PG having
the potential to be a weak allergen under certain conditions, and an uncommon cause of
ACD in subjects without underlying/pre-disposing skin conditions. In clear contrast PG
is negative in predictive toxicology tests for skin sensitisation, including guinea pig and
mouse models (e.g. local lymph node assay), validated IN VITIO test methods that
measure various key events in the pathway leading to skin sensitisation, and predictive
methods in humans (Human Repeat Insult Patch and Human Maximisation Tests). We
here explore the possible scientific basis for this intriguing inconsistency, recognising
there are arguably no known contact allergens that are universally negative in, in

VItro, animal and human predictive tests methods.
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A number of adeno-associated virus (AAV)-based gene therapy products have entered
clinical development, with a few also reaching marketing approval. However, as our
knowledge of them grows from nonclinical and clinical testing, it has become apparent
that various actual and theoretical safety issues can arise from their use. This review of
19 Good Laboratory Practice (GLP)-compliant toxicity studies in non-human primates
(NHPs) with AAV-based gene therapy products via a variety of different dose routes in
the period 2017-2021 showed results ranging from no study findings different from
controls, or findings considered to be non-adverse, to actual toxicity, with changes
highlighting careful monitoring in the clinic. Similar findings were found from a review
of a number of published toxicity studies in NHPs. It was confirmed that studies have a
role in evaluating for dorsal root ganglion (DRG) and/or peripheral nerve toxicity,
hepatotoxicity, adverse immunogenicity and, to a lesser degree, insertional mutagenesis
as well as other potential unacceptable findings such as adverse inflammation for ocular
therapy candidates. Overall, it was demonstrated that toxicity (and biodistribution)
studies in NHPs are a vital part of the safety assessment of AAV-based gene therapy

products prior to clinical entry.
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Virtual Control Groups (VCGs) based on Historical Control Data (HCD) in preclinical
toxicity testing have the potential to reduce animal usage. As a case study we
retrospectively analyzed the impact of replacing Concurrent Control Groups (CCGs) with
VCGs on the treatment-relatedness of 28 selected histopathological findings reported in
either rat or dog in the eTOX database. We developed a novel methodology whereby
statistical predictions of treatment-relatedness using either CCGs or VCGs of varying
covariate similarity to CCGs were compared to designations from original toxicologist
reports; and changes in agreement were used to quantify changes in study outcomes.
Generally, the best agreement was achieved when CCGs were replaced with VCGs with
the highest level of similarity; the same species, strain, sex, administration route, and
vehicle. For example, balanced accuracies for rat findings were 0.704 (predictions based
on CCGs) VS. 0.702 (predictions based on VCGs). Moreover, we identified covariates
which resulted in poorer identification of treatment-relatedness. This was related to an
increasing incidence rate divergence in HCD relative to CCGs. Future databases which
collect data at the individual animal level including study details such as animal age and
testing facility are required to build adequate VCGs to accurately identify treatment-

related effects.
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Extractable and leachables (E&Ls) associated with parenteral pharmaceutical products
should be assessed for patient safety. One essential safety endpoint is local or systemic
sensitization. However, there are no regulatory guidelines for quantitative sensitization
safety assessment of E&Ls. A semiquantitative sensitization safety assessment
workflow is developed to refine the sensitization safety assessment of E&Ls associated
with parenteral pharmaceutical products. The workflow is composed of two sequential
steps: local skin sensitization and systemic sensitization safety assessment. The local
skin sensitization step has four tiers. The output from this step is the acceptable
exposure level for local sensitization (AELi) and this safety threshold can be used for
local sensitization safety assessment. From the derived AELx, the systemic sensitization
safety assessment at step 2 proceeds in 2 tiers. The output from this workflow is the
derivation of acceptable exposure level for systemic sensitization (AELs). When the
estimated human daily exposure (HDE) is compared with the AELs, the margin of
exposure is calculated to determine the sensitization safety of E&Ls following parenteral
administration. The current work represents an initial effort to develop a scientifically
robust process for sensitization safety assessment of E&Ls associated with parenteral

pharmaceutical products.
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Preclinical inter-species concordance can increase the predictivity of observations to the
clinic, potentially reducing drug attrition caused by unforeseen adverse events. We
quantified inter-species concordance of histopathological findings and target organ
toxicities across four preclinical species in the eTOX database using likelihood ratios
(LRs). This was done whilst only comparing findings between studies with similar
compound exposure (A|Cmax| <1 log-unit), repeat-dosing duration, and animals of the
same sex. We discovered 24 previously unreported significant inter-species associations
between histopathological findings encoded by the HPATH ontology. More associations
with strong positive concordance (33% LR+ > 10) relative to strong negative concordance
(12.5% LR- < 0.1) were identified. Of the top 10 most positively concordant associations,
60% were computed between different histopathological findings indicating potential
differences in inter-species pathogenesis. We also observed low inter-species target organ
toxicity concordance. For example, liver toxicity concordance in short-term studies
between female rats and dogs observed an average LR+ of 1.84, and an average LR- of
0.73. This was corroborated by similarly low concordance between rodents and non-
rodents for 75 candidate drugs in AstraZeneca. This work provides new statistically
significant associations between preclinical species, but finds that concordance is rare,

particularly between the absence of findings.
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Over the last decade, research into methodologies to identify skin sensitization hazards
has led to the adoption of several non-animal methods as OECD test guidelines. However,
predictive accuracy beyond the chemical domains of the individual validation studies
remains largely untested. In the present study, skin sensitization test results from in
vitro and in chemico methods for 12 plant extracts and 15 polymeric materials are
reported and compared to available in vivo skin sensitization data. Eight plant extracts
were tested in the DPRA and h-CLAT, with the 2 out of 3 approach resulting in a
balanced accuracy of 50%. The balanced accuracy for the 11 plant extracts assessed in
the SENS-IS was 88%. Excluding 5 polymers inconclusive in vitro, the remainder,
assessed using the 2 out of 3 approach, resulted in 63% balanced accuracy. The SENS-IS
method, excluding one polymeric material due to technical inapplicability, showed 68%
balanced accuracy. Although based on limited numbers, the results presented here
indicate that some substance subgroups may not be in the applicability domains of the
method used and careful analysis is required before positive or negative results can be

accepted.
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Meaningful and accurate reference data are crucial for the validation of New Approach
Methodologies (NAMs) in toxicology. For skin sensitization, multiple reference datasets
are available including human patch test data, guinea pig data and data from the mouse
local lymph node assay (LLNA). When assessed against the LLNA, a reduced sensitivity
has been reported for IN VItro and in chemico assays for lipophilic chemicals with
a LogP >3.5, resulting in reliability restrictions within the h-CLAT OECD test guideline.
Here we address the question of whether LLNA data are an appropriate reference for
chemicals in this physicochemical range. Analysis of LLNA vs human reference data
indicates that the false-discovery rate of the LLNA is significantly higher for chemicals
with LogP >3.5. We present a mechanistic hypothesis whereby irritation caused by
testing lipophilic chemicals at high test doses leads to unspecific cell proliferation. The

accompanying analysis indicates that for lipophilic chemicals with negative calls in In
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VItro and In chemico assays, resorting to the LLNA is not necessarily a better
option. These results indicate that the validation of NAMs in this particular LogP range
should be based on a more holistic evaluation of the reference data and not solely upon
LLNA data.
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To support registration of monoclonal antibodies (mAbs) for chronic indications, 6-month
toxicity studies have historically been conducted. Experience with mAb development has
shown a relatively benign and well-understood safety profile for this class, with most
toxicity findings anticipated based on pharmacology. We evaluated whether a 6-month
toxicity study is necessary to assess the long-term safety of mAbs. Data on First-in-
Human (FIH)-enabling and chronic toxicity studies were shared for 142 mAbs submitted
by 11 companies. Opportunities to further optimize study designs to reduce animal usage
were 1dentified. For 71% of mAbs, no toxicities or no new toxicities were noted in chronic
studies compared to FIH-enabling study findings. New toxicities of potential concern for
human safety or that changed trial design were identified in 13.5% of cases, with 7%

being considered critical and 2% leading to program termination. An iterative, weight-
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of-evidence model which considers factors that influence the overall risk for a mAb to
cause toxicity was developed. This model enables an evidence-based justification,
suggesting when 3-month toxicity studies are likely sufficient to support late-stage

clinical development and registration for some mAbs.
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Hair dye products include a range of chemicals, depending on the type and color. A
common primary intermediate compound used to achieve the permanent effect of hair
dye is para-phenylenediamine (PPD). 4-aminobiphenyl (4-ABP) has reportedly been
found as a trace contaminant (presumably from the para-phenylenediamine [PPD]
ingredient) in consumer permanent hair dye. While several regulatory agencies have
designated 4-ABP as a human bladder carcinogen based on evidence in humans and
experimental animals, only the Office of Environmental Health Hazard Assessment
(OEHHA) have established a cancer risk value for 4-ABP of 0.03 pg/day based on liver

tumors developed in mice. A hypothetical dermal risk assessment was performed to
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estimate the bladder cancer risk associated with exposure to 4-ABP from personal use of
permanent hair dye potentially containing incidental 4-ABP. Previously published
laboratory analyses characterizing 4-ABP concentrations in consumer hair dyes indicate
the concentrations can range from below the limit of detection to 8120 ppb.
Precautionary estimates of human scalp surface area, maximum skin adherence, hair
dye retention factor, and percent dermal absorption were used to estimate the daily
systemic exposure doses (SEDs) from dermal application of hair dye. The estimated
SEDs ranged from 0.05 to 3000 pg/day. A margin of safety (MOS) was calculated as the
ratio of the NSRL to the SED and ranged from 10 to 570,000. The results of this study
suggest that there is no indication of increased risk of bladder cancer in humans from
exposure to 4-ABP in consumer hair dye, especially as it is extremely unlikely that a

consumer would use permanent hair dye on a daily basis (as this assessment models).
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The primary metric used by regulators to track whether pesticide residues in food pose
worrisome risks is the percent of samples tested in a given year that contain residues

above applicable tolerances in the US and Maximum Residue Limits (MRLs) in most
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other countries. The Dietary Risk Index (DRI) system is used to determine the degree to
which current policies governing allowed pesticide residue levels in food are keeping
high-risk residues out of the global food supply. Residue data generated by the US
Pesticide Data Program (PDP) and UK-Food Standards Agency (FSA) are utilized. Over
the last 10 years 2449 samples of food have contained violative residues over applicable
tolerances or MRLs. Of these, about 60% posed low or very-low dietary risks relative to
acceptable dietary intake levels set by regulators. Conversely, only about 4% of high- and
very-high risk samples tested by the US-PDP contained residues above the applicable
tolerance. Accordingly, current US and UK policies are failing to flag most high-risk
samples and are triggering more intense scrutiny and/or adverse regulatory actions in
the case of many samples posing low or very-low risks. Recommendations are offered to

enhance the ability to track and incrementally reduce pesticide dietary risks.
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Assessment of reversibility from nonclinical toxicity findings in animals with potential
adverse clinical impact is required during pharmaceutical development, but there is
flexibility around how and when this is performed and if recovery animals are necessary.

For monoclonal antibodies (mAbs) and in accordance with ICH S6(R1) if inclusion of
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recovery animals is warranted, this need only occur in one study. Data on study designs
for first-in-human (FIH)-enabling and later-development toxicity studies were shared
from a recent collaboration between the NC3Rs, EPAA, Netherlands Medicines
Evaluation Board (MEB) and 14 pharmaceutical companies. This enabled a review of
practices on recovery animal use during mAb development and identification of
opportunities to reduce research animal use. Recovery animals were included in 68% of
FIH-enabling and 69% of later-development studies, often in multiple studies in the
same program. Recovery groups were commonly in control plus one test article-dosed
group or in all dose groups (45% of studies, each design). Based on the shared data review
and conclusions, limiting inclusion of recovery to a single nonclinical toxicology study
and species, study design optimisation and use of existing knowledge instead of
additional recovery groups provide opportunities to further reduce animal use within

mAb development programs.
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New psychoactive substances (NPS) are substances of abuse that easily evade existing
controlled drug regulations. This study conducted a systematic review on controlled drug
regulations and analyzed the numbers of new psychoactive substances (NPS) reported

in six East and Southeast Asian countries in comparison to US and UK from 2009 to
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2020. Generally, more NPS were reported in the US (551) and UK (400), compared to
Japan (379), China (221), Singapore (142), South Korea (99), Malaysia (41), and Taiwan
(35). Legislative mechanisms including the specific listing of individual substances,
generic control of a family of substances, analogue control of similar substances,
temporary bans of new substances were evaluated. In this review, countries that have
adopted a combination of legislative mechanisms were able to identify higher numbers
of NPS for regulatory control, such as the US, UK, Japan, Singapore, and South Korea.
These findings can provide references to countries like Malaysia and Taiwan, to
strengthen NPS-related regulations nationally. Countries in the East and Southeast
Asian region should be encouraged to collaborate more closely and to implement
additional legislative approaches most relevant to the regional NPS trends to bridge the

regulatory gap and to prevent the spread of emerging NPS.
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An expert panel was assembled to evaluate reproductive toxicology study data and their

application to health risk assessment to provide input on the data quality, interpretation,
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and application of data from three multi-generation reproductive toxicity studies of N-
methylpyrrolidone (NMP). Panelists were engaged using a double-blinded, modified
Delphi format that consisted of three rounds. Key studies were scored using the U.S.
Environmental Protection Agency's (EPA) questions and general considerations to guide
the evaluation of experimental animal studies for systematic review. The primary
conclusions of the panel are that one of the studies (Exxon, 1991) is not a high-quality
study due to several design flaws that includes: (1) exceedance of the maximum tolerable
dose in the high dose group; (2) failure to adjust feed concentrations of NMP during the
lactation period, resulting in NMP doses that were 2- to 3-fold higher than nominal
levels; and/or (3) underlying reproductive performance problems in the strain of rats
used. For these reasons, the panel recommended that this study should not be considered
for quantitative risk assessment of NMP. Exclusion of this study, and its corresponding
data for male fertility and female fecundity, from the quantitative risk assessment
results in a change in the identification of the most sensitive endpoint. Instead, changes
in rat fetal/pup body weight, an endpoint previously selected by EPA, was identified as
an appropriate basis for human health risk assessment based on a consideration of the
best available science and weight of scientific evidence supported by the NMP toxicity

database.
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In Canada, the Canadian Environmental Protection Act (1999) requires human health
and environmental risk assessments be conducted for new substances prior to their
manufacture or import. While this toxicity data is historically obtained using rodents, in
response to the international effort to eliminate animal testing, Health Canada is
collaborating with the National Research Council (NRC) of Canada to develop a New
Approach Method by refining existing NRC zebrafish models. The embryo/larval
zebrafish model evaluates systemic (whole body) general toxicity which is currently
unachievable with cell-based testing. The model is strengthened using behavioral,
toxicokinetic and transcriptomic responses to assess non-visible indicators of toxicity
following chemical exposure at sub-phenotypic concentrations. In this paper, the
predictive power of zebrafish transcriptomics is demonstrated using two chemicals;
Raloxifene and Resorcinol. Raloxifene exposure produced darkening of the liver and
malformation of the nose/mandible, while Resorcinol exposure produced increased
locomotor activity. Transcriptomic analysis correlated differentially expressed genes
with the phenotypic effects and benchmark dose calculations determined that the
transcriptomic Point of Departure (POD) occurred at subphenotypic concentrations.
Correlating gene expression with apical (phenotypic) effects strengthens confidence in
evaluation of chemical toxicity, thereby demonstrating the significant advancement that

the larval zebrafish transcriptomics model represents in chemical risk assessment.
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The extent and rigor of peer review that a model undergoes during and after development
influences the confidence of users and managers in model predictions. A process for
determining the breadth and depth of peer review of exposure models was developed
with input from a panel of exposure-modeling experts. This included consideration of the
tiers and types of models (e.g., screening, deterministic, probabilistic, etc.). The experts
recommended specific criteria be considered when evaluating the degree to which a
model has been peer reviewed, including quality of documentation and the model peer
review process (e.g., internal review with a regulatory agency by subject matter experts,
expert review reports, formal Scientific Advisory Panels, and journal peer review). In
addition, because the determination of the confidence level for an exposure model's
predictions is related to the degree of evaluation the model has undergone, irrespective
of peer review, the experts recommended the approach include judging the degree of
model rigor using a set of specific criteria: (1) nature and quality of input data, (2) model
verification, (3) model corroboration, and (4) model evaluation. Other key areas
considered by the experts included recommendations for addressing model uncertainty
and sensitivity, defining the model domain of applicability, and flags for when a model is
used outside its domain of applicability. The findings of this expert engagement will help
developers as well as users of exposure models have greater confidence in their
application and yield greater transparency in the evaluation and peer review of exposure

models.
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The nonhuman primate (NHP) has always been a limited resource for pharmaceutical
research with ongoing efforts to conserve. This is due to their inherent biological
properties, the growth in biotherapeutics and other modalities, and their use in small
molecule drug development. The SARS-CoV-2 pandemic has significantly impacted the
availability of NHPs due to the immediate need for NHPs to develop COVID-19 vaccines
and treatments and the China NHP export ban; thus, accelerating the need to further
replace, reduce and refine (3Rs) NHP use. The impact of the NHP shortage on drug
development led DruSafe, BioSafe, and the United States (U.S.) Food and Drug
Administration (FDA) Center for Drug Evaluation and Research (CDER) to discuss this
issue at their 2021 annual meeting. This meeting identified areas to further the 3Rs in
NHP use within the current nonclinical safety evaluation regulatory framework and
highlighted the need to continue advancing alternative methods towards the
aspirational goal to replace use of NHPs in the long term. Alignment across global health
authorities is necessary for implementation of approaches that fall outside existing
guidelines. This article captures the proceedings from this meeting highlighting current

best practices and areas for 3Rs in NHP use.
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