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Food for thought — Paving the way for a UK roadmap towards optimum
consumer_safety: Development, Endorsement and Regulatory acceptance of
New Approach Methodologies (NAMs) in Chemical Risk Assessment and Beyond
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Advances in biosciences, chemistry, technology, and computer sciences have resulted in
the unparalleled development of candidate New Approach Methodologies over the last
few years. Many of these are potentially invaluable in the safety assessment of chemicals,

but very few have been adopted for regulatory decision making. There is an immediate
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opportunity to use NAMs in safety assessment where the vision is to be able to predict
risk more rapidly, accurately, and efficiently to further assure consumer safety.

In order to achieve this, the UK Food Standards Agency (FSA) and the Committee on
Toxicity of Chemicals in Food, Consumer Products and the Environment (COT) have
developed a roadmap towards acceptance and integration of these new approach
methodologies into safety and risk assessments for regulatory decision making. The
roadmap provides a UK blueprint for the transition of NAMs from the research
laboratory to their use in regulatory decision making. This will require close
collaboration across disciplines (chemists, toxicologists, informaticians, risk assessors
and others), and across chemical sectors, to develop, verify and utilise appropriate

models. Linking up internationally, and harmonization will be fundamental.

Discussion
Building knowledge of NAMs through risk science

Yadvinder Bhuller, Morgan Gale, Fevrelyn Yadao, Daniel Krewski
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The 12th World Congress on Alternatives and Animal Use in the Life Sciences provided
a platform for mobilizing and exchanging knowledge on the advancements in science and
technology. It also provided an opportunity for experts to discuss how to accelerate the
adoption of new strategies and tools. One of these recommendations advocated the need
to bridge the gap between the next generation of scientists who have yet to learn about
‘New Approach Methodologies’ (NAMs) and the current generation of thought leaders
who have pioneered the development and validation of these non-animal approaches to
toxicological risk assessment. Consequently, a mini-course, held at Canada's University

of Ottawa, was developed for students, aged 13—16 years, interested in learning about
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risk science and how NAMs can be used to inform human health risk assessment. This
course also served as a platform for creating a virtual training roadmap, provided in this
paper, thereby bringing this knowledge to a broader audience of learners who are

establishing their careers in the field of risk science.
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Mapping new psychoactive substances: Leveraging GIS technology for

advanced global surveillance and policy support
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The escalating challenge of New Psychoactive Substances (NPS) necessitates enhanced
global monitoring and analysis capabilities. This study introduces an advanced
interactive visualization tool that employs Geographic Information System (GIS)
technologies to improve the functionality of the UNODC's Early Warning Advisory. The
tool enables dynamic observation and analysis of NPS's geographical and temporal
distribution, thereby facilitating a comprehensive understanding of their public health
impacts. By incorporating detailed choropleth maps and annual and cumulative bar
charts, the tool allows policymakers and researchers to visually track and analyze trends
in NPS usage and control efforts across different regions. The results demonstrate the
tool's effectiveness in providing actionable insights, which support the strategic
development of public health policies and interventions to curb the global rise in NPS
usage. This initiative illustrates the essential role of digital tools in enhancing public

health strategies and responses to emerging drug trends. This rising challenge
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underscores the urgent need for innovative solutions in monitoring drug trends, a theme
explored in this paper. The web tool is available at https:/nps-vis.cmdm.tw, and the code
1s available at https://github.com/CMDM-Lab/nps-vis.
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Aspects of complexity in quality and safety assessment of peptide therapeutics

and peptide-related impurities. A regulatory perspective
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In recent years, a number of therapeutic peptides have been authorized in the EU
market, and several others are in the clinical development phase or under assessment
for full dossier or generic applications. Quality and safety guidelines specific to peptides
are limited, and some aspects have to be considered. In particular, concerns relate to the
analytical investigation for impurities and the toxicological assessment of these
substances. The guidelines and the compendial pharmacopoeias provide certain
references but that may be questionable if interpreted according to whether therapeutic
peptides are considered chemical or biological entities, large or small. The
characterization of peptide-related impurities cannot follow the small molecule approach
but should consider aspects closely linked to the complex mechanisms of action that
these large molecules can exert in the human body. Although direct genotoxic
mechanisms cannot be excluded, hazardous interactions on biological systems cannot be
ruled out, as in the case of natural peptide toxins and their specific interactions with
cellular or membrane targets. From a regulatory perspective, only after specific risk

identification and characterization should an equally specific safety threshold in relation
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to potential toxicity be defined.
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Safety assessment of protein A and derivation of a parenteral health-based

exposure limit
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Protein A (PA) is a bacterial cell wall component of Staphylococcus aureus whose
function is to bind to Immunoglobulin G (IgG). Given its ability to bind IgG as well as its
stability and resistance to harsh acidic and basic cleaning conditions, it is commonly
used in the affinity chromotography purification of biotherapeutics. This use can result
in levels of PA being present in a drug product and subsequent patient exposure.
Interestingly, PA was previously evaluated in clinical trials as well as supporting
nonclinical studies, resulting in a database that enables the derivation of a health-based
exposure limit (HBEL). Given the widespread use of PA in the pharmaceutical industry,
the 1Q DruSafe Impurities Safety Working Group (WG) evaluated the available
information with the purpose of establishing a harmonized parenteral HBEL for PA.
Based on this thorough, collaborative evaluation of nonclinical and clinical data
available for PA, a parenteral HBEL of 1.2 ng/kg/dose (60 pg/dose for a 50 kg individual)
is expected to be health protective for patients when it is present as an impurity in a

biotherapeutic.
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Residue depletion profiles and withdrawal intervals of florfenicol and its
metabolite florfenicol amine in plasma and milk of lactating goats after repeated

subcutaneous administrations
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Florfenicol is a broad-spectrum and bacteriostatic antibiotic with a time-dependent
killing action. It is commonly used to treat respiratory diseases in goats in an extra-label
manner. This study aimed to determine the plasma pharmacokinetics and milk residue
depletion profiles and calculate the milk withdrawal interval (WDI) of florfenicol and its
main metabolite florfenicol amine in lactating goats. Five healthy lactating goats were
administered with 40 mg/kg florfenicol by subcutaneous injection, twice, 96 h apart.
Plasma and milk samples were collected up to 864 h post the first injection. Non-
compartmental analysis was used to estimate the plasma pharmacokinetic parameters.
Milk WDIs were calculated using the U.S. Food and Drug Administration (FDA) method
and European Medicines Agency (EMA) method. A Monte Carlo simulation was
performed to generate simulated data for five virtual animals to meet the data
requirement of the FDA method. The calculated milk WDIs based on florfenicol,
florfenicol amine, and the combined (the sum of florfenicol and florfenicol amine) were
720.28, 690.45, and 872.69 h after the last injection using the FDA method. In conclusion,
this study improves our understanding on the plasma pharmacokinetics and milk

residue depletion kinetics of florfenicol and florfenicol amine in lactating ruminants after
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subcutaneous injections.

Research article

Neurobehavioral assessment of BMEDA by modified Irwin test in Sprague-
Dawley rats

Liang-Cheng Chen, Te-Wei Lee, Chih-Hsien Chang

Article 105703

NN-ER(2-AILHRRTFIL)-N N -DIFLUIOFIV(BMEDA)IE, L=7 L 188(188Re)&FL—r&H
FiL. 188Re-BMEDA-URY—LZELRT D ENTES N, TOMRTHRMTMEET o1z, AHEDE
#IE, Sprague-Dawley TvhI< BMEDA Z84CEST LI-LE D BEMGEHBTEELE . MR/ \yT
)—DEEFIEEZANTIMET 52L& THoTz. TYMIBMEDA % 1.2, 5mglkg DAETEELz, T
BlIFEESNEM 0Tz, BMEDA RE5IZEEL T, &£5%& 10 7T 5mgkg BREFHIZRONBEALK
Db, IV 1T 7 EICIREEOD RSNz, Ffz, #ELISTFROTTE, FEDITE.
FEDOJNAKERVEZRDETHEESIN., KEOLENHTHESINz, COKERKLY. BMEDA #3vH
(B EF#ARMES LI5S . 5 mg/kg OF5 = CHRHEM, EFEEM, FICTAREL, MERORRHBRN
FEHontz, 2mg/kg FTEHBTEIFMLZEEEDONGN oz, RAHBROERIE., FREMFERT
2= DBEIGEBRRET FALTELHODBELLDITHAS,

The neurobehavioral assessment of N,N-bis(2-mercapatoethly)-N’,N'-diethylenediamine
(BMEDA), which can form a chelate with rhenium-188 (188Re) to produce the 188Re-
BMEDA-liposome, was evaluated. The purpose of this study was to evaluate the
potential neurobehavioral changes by using the functional observational battery
observation procedures when intravenous injection of BMEDA to Sprague-Dawley rats.
Rats were administered BMEDA at dose levels of 1, 2, and 5 mg/kg. No mortalities were
observed. There are some observations related to BMEDA treatment found in the
5 mg/kg dose group at 10 min post-dose. Tremor was observed in one male rat and seven
female rats. The increased respiration, vocalization, not easy to handle and/or loss of
tone in the limb were observed in both males and females, and increased body
temperature was observed in male animals. Based on the results, a single intravenous
dose of BMEDA administered to rats resulted in increased respiration, vocalization, not
easy to handle and/or loss of tone in the limb increasing at the dose level of 5 mg/kg. No
neurobehavioral effects were noted after BMEDA administration up to the dose level of
2 mg/kg. The information of this study will provides a point of reference to design

appropriately therapeutic studies for future human use.
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Reevaluating safety pharmacology respiratory studies within the ICH S7A core
battery: A multi-company evaluation of preclinical utility and clinical translation
G.S. Friedrichs, M.M. Abernathy, D. Ackley, M. Clark, ... T.A. Wisialowski
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Optimization of ICH safety guideline studies for inclusion into regulatory submissions is
critical for resource conservation, animal use reduction, and efficient drug development.
The ICH S7A guidance for Safety Pharmacology (SP) studies adopted in 2001 identified
the core battery of studies to evaluate the acute safety of putative pharmaceutical
molecules prior to First in Human (FIH) trials. To assess the utility of respiratory studies
in predicting clinical AE's, seven pharmaceutical companies pooled preclinical and
clinical respiratory findings. A large database of novel molecules included all relevant
data from standard S7A respiratory (n = 459) and FIH studies (n = 309). The data were
analyzed with respect to the progression of these molecules, clinical adverse event
reporting of these same molecules, and achieved exposures. These S7TA respiratory assay
findings had no impact on compound progression, and only 12 of 309 drug candidates
were ‘positive’ preclinically and reported a respiratory-related AE in clinical trials G.e.
cough, dyspnea, etc.), an overall incidence rate of 3.9%. Contingency tables/statistics
support a lack of concordance of these preclinical assays. Overall, our extensive analysis
clearly indicated that the preclinical respiratory assay fails to provide any prognostic

value for detecting clinically relevant respiratory adverse events.
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Research article
Rethinking the necessity of long-term toxicity studies for biotherapeutics using
weight of evidence assessment

Payal Rana, Brett Hollingshead, Raja Mangipudy
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The registration of biotherapeutics for chronic indications requires 6-month toxicity
studies. However, extensive experience has shown that the non-clinical safety profiles of
biotherapeutics are generally predictable. This suggests that conducting multiple
studies, especially a 6-month study may not be necessary. In a meta-analysis of biologics
developed for non-oncology indications over last 25 years at Pfizer, we compared organ
system findings between short-term (1-3 month) and long-term (6-month) animal
studies. Our goal was to determine if there were differences in the safety profiles between
the two study durations and their relevance to human risk assessment. Our analysis
revealed that most clinically relevant toxicities could be detected in shorter-term studies
(87%; 26/30 programs). This suggests either an undifferentiated safety profile between
short-and long-term studies, or anticipated toxicities based on the modality, such as
immunogenicity or exaggerated pharmacology. However, for 4 out of 30 programs (13%),
long-term studies did identify either potential new toxicities or more severe
manifestation of exaggerated pharmacology, leading to modifications in clinical trial

designs and human risk assessment. Our experience suggests that 3-month toxicity
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studies may be sufficient to support late-stage clinical development for a majority of
standard biotherapeutic programs. This pragmatic and science-based approach aligns

with the goal of advancing 3R's initiatives in nonclinical safety assessment.

Research article
Re-evaluation of the reduced heart weights in male rats in a 28-day oral repeated-
dose toxicity study of tetramethylammonium hydroxide

Akira Kawashima, Kaoru Inoue
Article 105712
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We recently conducted a detailed hazard assessment of tetramethylammonium
hydroxide (TMAH), a priority chemical substance under the Japan Chemical Substances
Control Law. During this assessment, there was debate regarding the reduced heart
weight observed in the treated male groups in the 28-day rat oral repeated-dose toxicity
study. This finding was not observed in females in this study and in both sexes of oral
toxicity studies for tetramethylammonium chloride (TMAC) or tetramethylammonium
hydrogen phthalate (TMAHP). Unpublished individual data from the oral TMAH
developmental and reproductive toxicity (DART) screening study were also obtained; no
effect on heart weight was observed. In addition, background data on rat heart weight
from six 28-day oral toxicity studies conducted in the same facility, year, strain, age, and
breeder as the TMAH study were obtained from the Japan Existing Chemical Substances
Database (JECDB). These investigations suggest that the statistically significant lower
heart weight in the treated males in the 28-day toxicity study is likely caused by an
incidental skewing of individuals with heavier heart weights toward control male groups

and 1s not due to TMAH treatment. Thus, it 1s worthwhile to include as much relevant
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data as possible to confirm or refute unexpected findings in toxicity studies.

Research article

Optimizing the detection of N-nitrosamine mutagenicity in the Ames test

Robert H. Heflich, Michelle E. Bishop, Roberta A. Mittelstaedt, Jian Yan, ... Aisar H.
Atrakchi
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Accurately determining the mutagenicity of small-molecule M-nitrosamine drug
impurities and nitrosamine drug substance-related impurities (NDSRIs) is critical to
identifying mutagenic and cancer hazards. In the current study we have evaluated
several approaches for enhancing assay sensitivity for evaluating the mutagenicity of N
nitrosamines in the bacterial reverse mutagenicity (Ames) test. Preincubation assays
were conducted using five activation conditions: no exogenous metabolic activation and
metabolic activation mixes employing both 10% and 30% liver S9 from hamsters and rats
pretreated with inducers of enzymatic activity. In addition, preincubations were
conducted for both 60 min and 30 min. These test variables were evaluated by testing 12
small-molecule M-nitrosamines and 17 NDSRIs for mutagenicity in Sa/monella
typhimurium tester strains TA98, TA100, TA1535, and TA1537, and Escherichia
coli strain WP2 uvrA (pKM101). Eighteen of the 29 M nitrosamine test substances tested
positive under one or more of the testing conditions and all 18 positives could be detected
by using tester strains TA1535 and WP2 uvrA (pKM101), preincubations of 30 min, and

S9 mixes containing 30% hamster liver S9. In general, the conditions under which
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NDSRIs were mutagenic were similar to those found for small-molecule N-nitrosamines.

Research article
Quantitative risk assessments of skin sensitization for 26 allergens in different

consumer products in the Saudi market

Adnan S. AL-Mussallam, Rawan S. Alshathri, Bart Desmedt, Fahad S. Aldawsari, ...
Abdullah T. Bawazir
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Fragrance chemicals are ubiquitous in cosmetics; however, they have been linked to
allergic contact dermatitis. Allergy prevention involves two main strategies. Firstly,
consumers are protected by limiting the maximum concentration of fragrance in a given
product to avoid inducing allergies. Secondly, consumers who are already sensitized are
protected by having the presence of such fragrance communicated to them. In this study,
a validated GC-MS method was employed to quantify 26 allergens in 108 products
marketed in Saudi Arabia.Additionally, a quantitative risk assessment (QRA) was
performed on the studied cosmetics to determine the risk of inducing allergies. The
results indicated that most allergens were present at acceptable concentrations, while
19 products carried a risk of inducing allergies. Furthermore, Lilial and Lyral, two
prohibited fragrances, were detected in 97 products. It should be emphasized that this is
the first study conducted in Saudi Arabia to evaluate the safety of the well-known 26
fragrance allergens. Hence, this study can potentially serve as a regional standard for

future research.
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Botanical-induced toxicity: Liver injury and botanical-drug interactions. A report

on a society of Toxicology Annual Meeting symposium
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Botanical supplements and herbal products are widely used by consumers for various
purported health benefits, and their popularity is increasing. Some of these natural
products can have adverse effects on liver function and/or interact with prescription and
over-the-counter (OTC) medications. Ensuring the safety of these readily available
products is a crucial public health concern; however, not all regulatory authorities
require premarket safety review and/or testing. To address and discuss these and other
emerging needs related to botanical safety, a symposium was held at the Society of
Toxicology Annual Meeting in Salt Lake City (UT) on March 11, 2024. The symposium
addressed the latest research on botanical-induced liver toxicity and botanical-drug
interactions, including new approach methods to screen for toxicity, challenges in
assessing the safety of botanicals, and relating human adverse events to specific
products. The presentations and robust panel discussion between the speakers and
audience highlighted the need for further research and collaboration to improve the
safety of botanical supplements and herbal products, with the ultimate goal of protecting
consumer health. Although utility of many of the modern tools presented in the

symposium requires further study, the synergistic efforts of diverse experts hold promise
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for effective prediction and evaluation of botanical-induced hepatotoxicity and botanical-

drug interaction potential.
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The new paradigm in animal testing — “3Rs alternatives”
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Regulatory studies have revolutionised over time. Today, the focus has shifted from
animal toxicity testing to non-animal for regulatory safety testing. This move is in line
with the international 3Rs (Replacement, Reduction, and Refinement) principle and has
also changed the regulator's perspective. The 3R principle has stimulated changes in
policy, regulations, and new approaches to safety assessment in drug development in
many countries. The 3Rs approach has led to the discovery and application of new
technologies and more human-relevant in vitro approaches that minimise the use of
animals including non-human primates, in research and improve animal welfare. In
2016, the European Medicines Agency published the Guidelines on the principles of
regulatory acceptance of 3Rs testing approaches, followed by a conceptual paper in 2023
to align with current 3R standards. Additionally, the United States Food and Drug
Administration passed new legislation in 2023 that no longer requires all new human
drugs to be tested on animals, which will change the current testing paradigm. This
review paper provides the adoption of the 3Rs and the current regulatory perspective

regarding their implementation.
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Safety assessment of drug impurities for patient safety: A comprehensive review
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Drug impurities are undesirable but unavoidable chemicals which can occur throughout
the drug life cycle. The safety implications of drug impurities can be significant given
that they can impact safety, quality, and efficacy of drug products and that certain drug
impurities are mutagenic, carcinogenic, or teratogenic. The characteristics of drug
impurities could be specific to drug modalities (e.g., small molecules vs. biologics). The
commonly encountered drug impurities include elemental impurity, residual solvent,
organic impurity, host cell protein and DNA, residual viral vector, extractable and
leachable, and particle. They can cause various adverse effects such as immunogenicity,
infection, genotoxicity, and carcinogenicity upon significant exposure. Therefore, the
effective control of these drug impurities is central for patient safety. Regulations and
guidelines are available for drug developers to manage them. Their qualification is
obtained based on authoritative qualification thresholds or safety assessment following
the classic toxicological risk assessment. The current review focuses on the safety
assessment science and methodology used for diverse types of drug impurities. Due to
the different nature of diverse drug impurities, their safety assessment represents a

significant challenge for drug developers.
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