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Inhalation is a critical route through which substances can exert adverse effects in
humans; therefore, it is important to characterize the potential effects that inhaled
substances may have on the human respiratory tract by using fit for purpose, reliable,
and human relevant testing tools. In regulatory toxicology testing, rats have primarily
been used to assess the effects of inhaled substances as they—being mammals—share
similarities in structure and function of the respiratory tract with humans. However,
questions about inter-species differences impacting the predictability of human effects
have surfaced. Disparities in macroscopic anatomy, microscopic anatomy, or physiology,

such as breathing mode (e.g., nose-only versus oronasal breathing), airway structure (e.g.,
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complexity of the nasal turbinates), cell types and location within the respiratory tract,
and local metabolism may impact inhalation toxicity testing results. This review shows
that these key differences describe uncertainty in the use of rat data to predict human
effects and supports an opportunity to harness modern toxicology tools and a detailed
understanding of the human respiratory tract to develop testing approaches grounded
in human biology. Ultimately, as the regulatory purpose is protecting human health,
there is a need for testing approaches based on human biology and mechanisms of

toxicity.
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The replacement of a proportion of concurrent controls by virtual controls in nonclinical
safety studies has gained traction over the last few years. This is supported by
foundational work, encouraged by regulators, and aligned with societal expectations
regarding the use of animals in research. This paper provides an overview of the points
to consider for any institution on the verge of implementing this concept, with emphasis

given on database creation, risks, and discipline-specific perspectives.
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Advanced therapy medicinal products (ATMPs) are among the most complex
pharmaceuticals with high human specificity. Species differences severely limit the
clinical relevance of in vivo data. We conducted interviews with stakeholders involved in
ATMP development about their perspective on the use of in vivo studies, the perceived
hurdles and associated potential solutions regarding non-clinical development of ATMPs.
In total, 17 stakeholders from 9 different countries were interviewed. A workshop was
held with key stakeholders to further discuss major topics identified from the interviews.
Conducting 1n vivo studies remains the status quo for ATMPs development. The hurdles
identified included determining the amount of information required before clinical entry
and effective use of limited human samples to understand a treatment or for clinical
monitoring. A number of key points defined the need for future in vivo studies as well as
improved application and implementation of New Approach Methodology (NAM)-based
approach for products within a well-known modality or technology platform. These
included data transparency, understanding of the added value of in vivo studies, and
continuous advancement, evaluation, and qualification of NAMs. Based on the outcome
of the discussions, a roadmap with practical steps towards a human-centric safety

assessment of ATMPs was established.
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New transfer coefficient (TC) values were derived for vineyard workers handling treated
grapevines during harvesting and crop maintenance activities. Re-entry exposure and
dislodgeable foliar residue (DFR) studies were performed in Europe, covering hand
harvesting, pruning/training, pruning/tying and pruning/shoot lifting. Foliar
applications of fungicides (iprovalicarb, dimethomorph, dithianon, pyrimethanil and
fenbuconazole) were made and 73 workers at 16 sites were monitored over one working
day. Exposure was measured on inner and outer dosimeters, face/neck wipes and hand
washes. In concurrent DFR studies, leaf punches were taken at each site during the time
of worker re-entry. Potential exposure values correlated well with DFR values. TC values
were derived for various re-entry activities for potential and actual exposure, with and
without gloves. The harvesting task resulted in lower TC values than the other crop
maintenance tasks. Additional TC values reflecting the use of protective gloves can be
derived from the results. The TC values are much lower than current European Food
Safety Authority (EFSA) default values. This project addresses a data gap identified by
EFSA for specific EU TC values to permit more realistic and reliable re-entry worker

exposure estimates for grapes.
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Ethylene thiourea, or ETU, is used in the rubber industry and is a degradation product
and impurity in some fungicides. The general public may be exposed to low
concentrations of residues of ETU in a variety of ways, including food treated with
ethylene bis-dithiocarbamate (EBDC) fungicides or migration from rubber products.
Biomonitoring of ETU in urine is useful for an assessment of integrated exposures to
ETU across different sources and routes of exposure. In this evaluation, we review
available health-based risk assessments and toxicological reference values (TRVs) for
ETU and derive Biomonitoring Equivalent (BE) values for interpretation of population
biomonitoring data. BEs were derived based on existing TRVs derived by Health Canada,
yielding a BE of 27 pg of total ETU/L in urine associated with the Acceptable Daily
Intake (ADI) and 6.7 pg/L associated with a 1e-6 cancer risk. These BEs are based on an
analytical method that involves a digestion step to liberate conjugated ETU, thus
producing ‘total’ ETU in urine. The BE values derived in this manuscript can serve as a
guide to help public health officials and regulators interpret population based ETU

biomonitoring data in a public health risk context.
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The world’s hunger for novel food ingredients drives the development of safe, sustainable,
and nutritious novel food products. For foods containing novel proteins, potential
allergenicity of the proteins is a key safety consideration. One such product is a fungal
biomass obtained from the fermentation of Rhizomucor pusillus. The annotated whole
genome sequence of this strain was subjected to sequence homology searches against the
AllergenOnline database (sliding 80—amino acid windows and full sequence searches).
In a stepwise manner, proteins were designated as potentially allergenic and were
further compared to proteins from commonly consumed foods and from humans. From
the sliding 80-mer searches, 356 proteins met the conservative >35% Codex
Alimentarius threshold, 72 of which shared >50% identity over the full sequence.
Although matches were identified between R. pusillus proteins and proteins from
allergenic food sources, the matches were limited to minor allergens from these sources,
and they shared a greater degree of sequence homology with those from commonly
consumed foods and human proteins. Based on the in silico analysis and a literature

review for the source organism, the risk of allergenic cross-reactivity of K. pusillus is low.
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Immunotoxicology/immunosafety science is rapidly evolving, with novel modalities and
immuno-oncology among the primary drivers of new tools and technologies. The
Immunosafety Working Group of 1Q/DruSafe sought to better understand some of the
key challenges in immunosafety evaluation, gaps in the science, and current limitations
in methods and data interpretation. A survey was developed to provide a baseline
understanding of the needs and challenges faced in immunosafety assessments, the tools
currently being applied across the industry, and the impact of feedback received from
regulatory agencies. This survey also focused on current practices and challenges in
conducting the T-cell-dependent antibody response (TDAR) and the cytokine release
assay (CRA). Respondents indicated that ICH S8 guidance was insufficient for the
current needs of the industry portfolio of immunomodulators and novel modalities and
should be updated. Other challenges/gaps identified included translation of nonclinical
immunosafety assessments to the clinic, and lack of relevant nonclinical species and
models in some cases. Key areas of emerging science that will add future value to
immunotoxicity assessments include development of additional in vitro and
microphysiological system models, as well as application of humanized mouse models.
Efforts are ongoing in individual companies and consortia to address some of these gaps

and emerging science.
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In the EU, predicted exposure to spray drift for residents and bystanders from
applications in orchards and vineyards is based on data from one study published in
1987, where one downwind distance (8 m) was considered. CropLife Europe conducted
sixteen new GLP compliant studies in 4 EU countries, 8 in orchards, 8 in vineyards with
early and late season applications, using adult and child mannequins located 5, 10 and
15 m downwind from the last row to measure dermal and inhalation exposures. The
resulting “Bystander Resident Orchard Vineyard (BROV)” database comprises 288
observations and offers a more comprehensive option for exposure prediction.

There were differences between adult and child, crop type, leaf cover and distance from
the sprayer, supporting the derivation of mean, median, 75th and 95th percentile
exposures for each subset. Exposures did not generally correlate with wind speed, wind
direction, sprayer type, spray quality, spray concentration or amount applied. Dermal
and inhalation exposure were lower in vineyards than in orchards and further analysis

1s required to understand why.
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In dietary risk assessment of plant protection products, residues of active ingredients
and their metabolites need to be evaluated for their genotoxic potential. The European
Food Safety Authority recommend a tiered approach focussing assessment and testing
on classes of similar chemicals. To characterise similarity, in terms of metabolism, a
metabolic similarity profiling scheme has been developed from an analysis of 69 a-
chloroacetamide herbicides for which either Ames, chromosomal aberration or
micronucleus test results are publicly available. A set of structural space alerts were
defined, each linked to a key metabolic transformation present in the a-chloroacetamide
metabolic space. The structural space alerts were combined with covalent chemistry
profiling to develop categories suitable for chemical prioritisation via read-across. The
method is a robust and reproducible approach to such read-across predictions, with the
potential to reduce unnecessary testing. The key challenge in the approach was
1dentified as being the need for metabolism data individual groups of plant protection

products as the basis for the development of the structural space alerts.
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Isoeugenol is one of several phenylpropenoid compounds that is used as a fragrance, food
flavoring agent and in aquaculture as a fish anesthetic. Carcinogenicity testing in rats
and mice by NTP resulted in clear evidence of carcinogenicity (hepatic
adenomas/carcinomas) in male mice only. A nongenotoxic threshold mode of action
(MOA) is postulated for isoeugenol and is discussed considering the IPCS MOA and
Human Relevance Framework. The weight of evidence indicates that isoeugenol is not
genotoxic and that the carcinogenic outcome in male mice relates directly to the
metabolism of individual compounds. Benchmark Dose (BMD) modeling was conducted
to determine a Point of Departure (POD) and potential threshold of carcinogenicity. The
results of the BMD evaluation for isoeugenol resulted in an estimated POD for

carcinogenicity in the male mouse of 8 mg/kg with a lower limit of 4 mg/kg, representing
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a POD for the determination of an acceptable daily intake. With application of
uncertainty factors, an ADI of 40 pg/kg is calculated. This daily dose in humans would
be protective of human health, including carcinogenicity. A corresponding maximum
residual level (MRL) of 3200 pg/kg fish is also estimated based on this POD that
considers the threshold MOA.
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Yy YRg—) T LI R REEZRD NMI D BFRAER . HE5HMMN 1 »AREDHEIF 20 mg/H. 1
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NDREUREZEDTHD R BHIZEMITIEERD NMI ORLHEHZBECHHRAELXFT L0
Thbd.

ICH Q3A/B guidelines are not intended for application during the clinical research phase
of development and durationally adjusted qualification thresholds are not included. A
central tenet of ICH Q3A is that lifetime exposure to 1 mg/day of an unqualified non-
mutagenic impurity (NMI) is not a safety concern. An analysis of in vivo toxicology data
from 4878 unique chemicals with established NO(A)ELs was conducted to determine
whether durationally adjusted qualification limits can be supported. Although not
recommended in ICH Q3A/B, a conservative approach was taken by using allometric
scaling in the analysis. Following allometric scaling of the 5th percentile of the
distribution of NO(A)ELs from available chronic toxicology studies, it was reconfirmed
that there is a safety basis for the 1 mg/day qualification threshold in ICH Q3A.
Additionally, allometric scaling of the 5th percentile of the distribution of NO(A)ELs from
sub-acute and sub-chronic toxicology studies could support acceptable limits of 20 and
5 mg/day for an unqualified NMI for dosing durations of less than or greater than one
month, respectively. This analysis supports durationally adjusted NMI qualification
thresholds for pharmaceuticals that protect patient safety and contribute to 3Rs efforts

for qualifying impurities using new approach methods.
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Multiple international guidelines exist that describe both quality and safety
considerations for the control of the broad spectrum of impurities inherent to drug
substance and product manufacturing processes. However, regarding non-mutagenic
impurities (NMI) the most relevant ICH Q3A/B guidelines are not applicable during
early phases of drug development leading to confusion about acceptable limits at this
stage. Thus, there is need for more flexible approaches that ensure that patient safety
remains paramount, while taking into consideration the limited duration of exposure.
An EFPIA survey, which collected quantitative data from different types of studies
applied to qualify impurities in accordance with ICH Q3A, shows that no toxicities could
be attributed to any of the 467 impurities at any tested level in vivo. This data combined
with earlier published toxicological datasets encompassing drug substances and
intermediates, food related substances and chemicals provide convincing evidence that
for NMIs, the application of a generic 5 mg/day limit for an exposure duration <6 months,
and a 1 mg/day generic limit for life-long exposure, provides sufficient margins to ensure
patient safety. Hence, application of these absolute limits to trigger qualification studies
(instead of the relative limits described in Q3A/B), is considered warranted. This
approach will prevent conduct of unnecessary dedicated impurity qualification studies

and the resulting use of animals.
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N-Nitrosamine impurities, including nitrosamine drug substance-related impurities
(NDSRIs), have challenged pharmaceutical industry and regulators alike and affected
the global drug supply over the past 5 years. Nitrosamines are a class of known
carcinogens, but NDSRIs have posed additional challenges as many lack empirical data
to establish acceptable intake (AI) limits. Read-across analysis from surrogates has been
used to identify Al limits in some cases; however, this approach is limited by the
availability of robustly-tested surrogates matching the structural features of NDSRIs,
which usually contain a diverse array of functional groups. Furthermore, the absence of
a surrogate has resulted in conservative Al limits in some cases, posing practical
challenges for impurity control. Therefore, a new framework for determining
recommended Al limits was urgently needed. Here, the Carcinogenic Potency
Categorization Approach (CPCA) and its supporting scientific rationale are presented.
The CPCA is a rapidly-applied structure-activity relationship-based method that assigns
a nitrosamine to 1 of 5 categories, each with a corresponding Al limit, reflecting predicted
carcinogenic potency. The CPCA considers the number and distribution of a-hydrogens
at the M nitroso center and other activating and deactivating structural features of a
nitrosamine that affect the o-hydroxylation metabolic activation pathway of
carcinogenesis. The CPCA has been adopted internationally by several drug regulatory
authorities as a simplified approach and a starting point to determine recommended Al

limits for nitrosamines without the need for compound-specific empirical data.
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Analysis of non-mutagenic substances in the context of drug impurity assessment
— Few are potent toxicants
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ICH Q3A/B guidelines provide qualification thresholds for impurities or degradation
products in new drug substances and products. However, the guidelines note that certain

impurities/degradation products may warrant further safety evaluation for being
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unusually potent or toxic. The purpose of this study was to confirm that especially toxic
non-mutagenic compounds are rare and to identify classes of compounds that could
warrant lower qualification thresholds. A total of 2815 compounds were evaluated, of
which 2213 were assessed as non-mutagenic. For the purpose of this analysis,
compounds were considered potent when the point of departure was <0.2 mg/kg/day
based on the qualification threshold (1 mg/day or 0.02 mg/kg/day for a 50 kg human) in
a new drug substance, with an additional 10-fold margin. Only 54 of the entire set (2.4%)
would be considered potent based on this conservative potency analysis, confirming that
the existing ICH Q3A/B qualification thresholds are appropriate for the majority of
impurities. If the Q3A/B threshold, without the additional 10-fold margin is used, 14
compounds (0.6%) are considered “highly potent”. Very few non-mutagenic structural
classes were identified, including organothiophosphates and derivatives, polychlorinated
benzenes and polychlorinated polycyclic aliphatics, that correlate with potential high

potency, consistent with prior publications.
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