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The present successor article comprises more than 180 substances representing a
continuative compilation of toxicologically evaluated starting materials prompted by the
wide use and high number of homeopathic and anthroposophic medicinal products
(HMP) on the market together with the broad spectrum of active substances of botanical,
mineral, chemical or animal origin contained therein, and by the equally important
requirement of applying adequate safety principles as with conventional human
medicinal products in line with the European regulatory framework. The February 2019
issue of the Regulatory Toxicology and Pharmacology journal includes the antecedent
article bearing the same title and entailing safety evaluations of more than 170 raw

materials processed in HMP. This part 2 article highlights scientific evaluation following
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recognized methods used in toxicology with a view to drug-regulatory authority's
assessment principles and practice in the context of HMP, and offers useful systematic,
scientifically substantiated and simultaneously pragmatic approaches in differentiated
HMP risk assessment. As a unique feature, both articles provide the most extensive
publicly available systematic compilation of a considerable number of substances
processed in HMP as a transparent resource for applicants, pharmaceutical
manufacturers, the scientific community and healthcare authorities to actively support

regulatory decision making in practice.
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H53,

Inhibition of the human ether-a-go-go (hERG) channel may lead to QT prolongation and
fatal arrhythmia. While pharmaceutical drug candidates that exhibit potent hERG
channel inhibition often fail early in development, many drugs with both cardiac and
non-cardiac indications proceed to market. In this study, the relationship between in
VItro hERG channel inhibition and published occupational exposure limit (OEL) was
evaluated. A total of 23 cardiac drugs and 44 drugs with non-cardiac indications with
published hERG channel ICs and published OELs were identified. There was an
apparent relationship between hERG ICso potency and the OEL for cardiac and non-


https://www.sciencedirect.com/science/article/pii/S0273230022001118
https://www.sciencedirect.com/science/article/pii/S0273230022001118

cardiac drugs. Twenty cardiac and non-cardiac drugs were identified that had a potent
hERG ICs (<25 pM) and a contrastingly large OEL value (>100 png/m?). OELs or hazard
banding corresponding to <100 pg/m? should be sufficiently protective of effects following
occupational exposure to the majority of APIs with hERG ICso values < 100 pM. It is
important to consider hERG ICso values and possible cardiac effects when deriving OEL
values for drugs, regardless of indication. These considerations may be particularly
important early in the drug development process for establishing exposure control bands

for drugs that do not yet have full clinical safety data.
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An expert panel was convened to provide insight and guidance on per- and
polyfluoroalkyl substances (PFAS) grouping for the purposes of protecting human health
from drinking water exposures, and how risks to PFAS mixtures should be assessed.
These questions were addressed through multiple rounds of blind, independent
responses to charge questions, and review and comments on co-panelists responses. The

experts agreed that the lack of consistent interpretations of human health risk for well-


https://www.sciencedirect.com/science/article/pii/S0273230022001131
https://www.sciencedirect.com/science/article/pii/S0273230022001131
https://www.sciencedirect.com/science/article/pii/S0273230022001131/pdfft?md5=d9dd2b2d929289dab6c5077910ac2f77&pid=1-s2.0-S0273230022001131-main.pdf

studied PFAS and the lack of information for the vast majority of PFAS present
significant challenges for any mixtures risk assessment approach. Most experts agreed
that “all PFAS” should not be grouped together, persistence alone is not sufficient for
grouping PFAS for the purposes of assessing human health risk, and that the definition
of appropriate subgroups can only be defined on a case-by-case manner. Most panelists
agreed that it is inappropriate to assume equal toxicity/potency across the diverse class
of PFAS. A tiered approach combining multiple lines of evidence was presented as a
possible viable means for addressing PFAS that lack analytical and/or toxicological
studies. Most PFAS risk assessments will need to employ assumptions that are more
likely to overestimate risk than to underestimate risk, given the choice of assumptions

regarding dose-response model, uncertainty factors, and exposure information.
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Subchronic and chronic reference values (RfVs) were derived for 1,3-butadiene (BD)
based upon its ability to cause reproductive and developmental effects observed in

laboratory mice and rats. Metabolism has been well-established as an important
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determinant of the toxicity of BD. A major challenge to human health risk assessment is
presented by large quantitative species differences in the metabolism of BD, differences
that should be accounted for when the rodent toxicity responses are extrapolated to
humans. The methods of Fred et al. (2008)/Motwani and Térnqvist (2014) were extended
and applied here to the noncancer risk assessment of using data-derived extrapolation
factors to account for species differences in metabolism, as well as differences in cytotoxic
potency of three BD metabolites. This approach made use of biomarker data (hemoglobin
adducts) to quantify species differences in the internal doses of BD metabolites
experienced in mice, rats and humans. Using these methods, the dose-response
relationships in mice and rats exhibit improved concordance, and result in subchronic
and chronic inhalation reference values of 29 and 10 ppm, respectively, for BD.
Confidence in these reference values is considered high, based on high confidence in the
key studies, medium-to-high confidence in the toxicity database, high confidence in the

estimates of internal dose, and high confidence in the dose-response modeling.
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Considerable progress has been made in the design of New Approach Methodologies
(NAMs) for the hazard identification of skin sensitising chemicals. However, effective
risk assessment requires accurate measurement of sensitising potency, and this has
proven more difficult to achieve without recourse to animal tests.

One important requirement for the development and adoption of novel approaches for
this purpose is the availability of reliable databases for determining the accuracy with
which sensitising potency can be predicted. Some previous approaches have relied on
comparisons with potency estimates based on either human or animal (local lymph node
assay) data. In contrast, we here describe the development of a carefully curated
Reference Chemical Potency List (RCPL) which is based on consideration of the best
available human and animal data.

The RCPL is comprised of 33 readily available chemicals that span a wide range of
chemistry and sensitising potency, and contain examples of both direct and indirect (pre-
and pro-) haptens. For each chemical a potency value (PV) was derived, and chemicals
ranked according to PV without the use of potency categories. It is proposed that the
RCPL provides an effective resource for assessment of the accuracy with which NAMs

can measure skin sensitising potency.
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Physiologically based pharmacokinetic (PBPK) models are a means of making important
linkages between exposure assessment and in vitro toxicity. A key constraint on rapid
application of PBPK models in risk assessment is traditional reliance on substance-
specific in vivo toxicokinetic data to evaluate model quality. Bounding conditions, in silico,
in vitro, and chemical read-across approaches have been proposed as alternative sources
for metabolic clearance estimates. A case study to test consistency of predictive ability
across these approaches was conducted using trimethylbenzenes (TMB) as prototype
chemicals. Substantial concordance was found among TMB isomers with respect to
accuracy (or inaccuracy) of approaches to estimating metabolism; for example, the
bounding conditions never reproduced the human in vivo toxicokinetic data within two-
fold. Using only approaches that gave acceptable prediction of in vivo toxicokinetics for
the source compound (1,2,4-TMB) substantially narrowed the range of plausible internal
doses for a given external dose for occupational, emergency response, and
environmental/community health risk assessment scenarios for TMB isomers. Thus, risk
assessments developed using the target compound models with a constrained subset of
metabolism estimates (determined for source chemical models) can be used with greater
confidence that internal dosimetry will be estimated with accuracy sufficient for the

purpose at hand.
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In dietary risk assessment, residues of pesticidal ingredients or 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 and to identify structural alerts associated with
genotoxic concern, a set of chemical sub-structures was derived for an example dataset
of 66 triazole agrochemicals for which either Ames, chromosomal aberration or
micronucleus test results are publicly available. This analysis resulted in a set of ten
structural alerts that define the chemical space, in terms of the common parent and
metabolic scaffolds, associated with the triazole chemical class. An analysis of the
available profiling schemes for DNA and protein reactivity shows the importance of
investigating the predictivity of such schemes within a well-defined area of structural
space. Structural space alerts, covalent chemistry profiling and physico-chemistry
properties were combined to develop chemical categories suitable for chemical
prioritisation. 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 identified as being the need for pesticide-class specific metabolism data as

the basis for structural space alert development.
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BBP, DBP, 4-OP [, EQHFHLTIEHAH, MAEDEREERRIEFRICHEES A ST RN TSN
1=

2-Ethylhexyl 4-hydroxybenzoate (2-EHHB), 4-tert-octylphenol (4-OP), 4-nonylphenol-
branched (4-NP), benzyl butyl phthalate (BBP) and dibutyl phthalate (DBP) were
evaluated using a 21-day Amphibian Metamorphosis Assay (AMA). Xenopus
laeVvis larvae were exposed nominally to each chemical at 3.6, 10.9, 33.0, and 100 pg/L,,
except 4-NP concentrations were 1.8, 5.5, 16.5 and 50 pg/L. Endpoints included mortality,
developmental stage, hind limb length (HLL), snout-vent length (SVL), body weight
(BW), and thyroid histopathology. BBP and 4-OP accelerated development compared to
controls at the mean measured concentration of 3.5 and 39.8 ng/L, respectively. An
increase in developmental stage frequency distribution was observed for 4-OP at 39.8
and 103 ug/L, BBP at all concentrations and DBP at 143 pg/L. Normalized HLL was
increased on study day (SD) 21 for all tested substances except 4-NP. Histopathology
revealed accelerated development and mild thyroid follicular cell hypertrophy at all BBP
concentrations, but moderate severity at 105 pg/L. Increased BW occurred for all
chemicals except 4-OP. Increased SVL was observed for 4-NP, BBP and DBP on SD 21.
There was insufficient evidence that 4-NP and 2-EHHB affected the hypothalamic-
pituitary thyroid axis, however, BBP, DBP and 4-OP showed potential effects on

amphibian metamorphosis and thyroid activity, albeit through different lines of evidence.
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RARESNT=, CORMEDRFEIL. COLZITRADEZHESIUITR 3 BED ICH Q3C EE—HT
%

Endogenous substances, such as fatty, amino, and nucleic acids, are often purposefully
used in parenterally pharmaceuticals, but may be present as impurities. Currently, no
consensus guidance exists on setting impurity limits for these substances. Specific
procedures are needed, as the amount and types of toxicity data available for endogenous
substances are typically far less than those for other chemical impurities. Additionally,
the parenteral route of administration of these substances is inherently non-
physiological, resulting in potentially different or increased severity of toxicity. Risk
Assessment Process Maps (RAPMAPs) are proposed as a model to facilitate the
development of health-based exposure limits (HBELSs) for endogenous substances. This
yielded a framework that was applied to derive HBELs for several fatty acids commonly
used in parenteral pharmaceuticals. This approach was used to derive HBELs with
further vetting based on anticipated perturbations in physiological serum levels, impacts
of dose-rate, and consideration of intermittent dosing. Parenteral HBELs of 100-
500 mg/day were generated for several fatty acids, and a proposed class-based limit of
50 mg/day to be used in the absence of chemical-specific data. This default limit is
consistent with the low toxicity of this chemical class and ICH Q3C value for Class 3

solvents.
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JNJ-10450232 (NTM-006) is a new molecular entity that comprises structural
similarities to acetaminophen and provides comparable analgesia in animals and
humans without causing the hepatotoxicity associated with acetaminophen overdose in
preclinical models. This double-blind, placebo-controlled, first-in-human study evaluated
the safety, tolerability, and pharmacokinetics of JNJ-10450232 (NTM-006) following
single (50—6000 mg) and multiple (250-2500 mg twice daily for 8 days) doses in healthy
male volunteers. JNJ-10450232 (NTM-006) was absorbed within 1-3 h, except at high
doses at which Cnax was delayed and bimodal, while increases in AUC were more than
dose proportional. CL/F and Vd/F decreased approximately 3-fold with increasing single
doses up to 6000 mg and multiple doses up to 1000 mg, resulting in similar t» values
that ranged from 8 to 10 h across doses. JNJ-10450232 (NTM-006) was generally safe
and well tolerated, and no dose-limiting toxicities were observed. Transient increases in
indirect bilirubin were noted at post-baseline timepoints due to UGT1A1 inhibition,
without any evidence of adverse hepatic effects. Macular rash and generalized erythema

were the most common drug-related adverse events after multiple doses.
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Recently, the formation of genotoxic and carcinogenic N-nitrosamines impurities during
drug manufacturing of tetrazole-containing angiotensin-II blockers has been described.
However, drug-related (complex) nitrosamines may also be generated under certain
conditions, i.e., through nitrosation of vulnerable amines in drug substances in the
presence of nitrite. An investigation of valsartan drug substance showed that a complex
API-related N-nitrosamine chemically designated as (S)-2-(((2'-(1H-tetrazol-5-y1)-[1,1'-
biphenyll-4-yl)methyl)(nitroso)amino)-3-methylbutanoic acid (named 181-14) may be
generated. 181-14 was shown to be devoid of a mutagenic potential in the Non-GLP
Ames test. According to ICH M7 (R1) (2018), impurities that are not mutagenic in the
Ames test would be considered Class 5 impurities and limited according to ICH Q3A (R2)
and B (R2) (2006) guidelines. However, certain regulatory authorities raised the concern
that the Ames test may not be sufficiently sensitive to detect a mutagenic potential of
nitrosamines and requested a confirmatory INn VIVO study using a transgenic animal
genotoxicity model. Our data show that 181-14 was not mutagenic in the transgenic
gene mutation assay in Muta™Mice. The data support the conclusion that the Ames test

1s an adequate and sensitive test system to assess a mutagenic potential of nitrosamines.
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The concept of the Maximum Tolerated Dose (MTD) was introduced in the seventies for
carcinogenicity testing and was defined as the highest dose inducing clear toxicity, but
not mortality by causes other than cancer. As estimation of the MTD in a carcinogenicity
study, the highest dose that causes a 10% decrease in body weight compared to control
animals over the course of a 90-day study, was formulated as a suitable criterion. This
criterion was not seen as indicator of excessive toxicity but as a means to avoid false
negative outcomes in a carcinogenicity study, as tumor formation may be reduced when
body weight is significantly decreased. The body weight-based MTD criterion, however,
turned up in carcinogenicity test guidelines and guidance (e.g., from OECD) as the
highest dose that causes a 10% decrease in body weight gal N relative to controls.
Moreover, the 10% decrease in body weight gain criterion for MTD also ended up in
test guidelines and guidances for toxicity endpoints other than carcinogenicity, so outside
the context it was intended for. A 10% decrease in body weight gal N relative to controls
is however not a biologically relevant effect as it corresponds to less than 3% body weight
reduction relative to controls in a 90-day study, which is within the normal variation in

body weight. It therefore should certainly not be considered as a condition of excessive
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toxicity. Using the 10% lower weight gal N criterion and incorrectly associating it with
excessive toxicity has major implications for top dose selection in regulatory safety
studies, resulting in tests performed at doses too low to elicit toxicity. This negatively
impacts the reliability of studies and their regulatory usability; moreover, it results in a
waste of experimental animals, which is ethically highly undesirable. Hence, our plea is
to remove this MTD criterion for top dose selection in test guidelines and guidances for
toxicity endpoints other than carcinogenicity and to reinstall the original 10% decrease

in body weight criterion in test guidelines and guidances for carcinogenicity.
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Scientific data characterizing the adverse health effects associated with dietary
cadmium (Cd) exposure were identified in order to make informed decisions about the
most appropriate toxicological reference value (TRV) for use in assessing dietary Cd
exposure. Several TRVs are available for Cd and regulatory organizations have used
epidemiologic studies to derive these reference values; however, risk of bias (RoB)

evaluations were not included in the assessments. We performed a systematic review by
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conducting a thorough literature search (through January 4, 2020). There were 1714
references identified by the search strings and 328 studies identified in regulatory
assessments. After applying the specific inclusion and exclusion criteria, 208 studies
(Human: 105, Animal: 103) were considered eligible for further review and data
extraction. For the epidemiologic and animal studies, the critical effects identified for
oral Cd exposure from the eligible studies were a decrease in bone mineral density (BMD)
and renal tubular degeneration. A RoB analysis was completed for 49 studies (30
epidemiological and 19 animal) investigating these endpoints. The studies identified
through the SR that were considered high quality and low RoB (2 human and 5 animal)
can be used to characterize dose-response relationships and inform the derivation of a
Cd TRW.
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Our aim is to develop and apply next generation approaches to skin allergy risk
assessment that do not require new animal test data and better quantify uncertainties.
Quantitative risk assessment for skin sensitisation uses safety assessment factors to
extrapolate from the point of departure to an acceptable human exposure level. It is
currently unclear whether these safety assessment factors are appropriate when using
non-animal test data to derive a point-of departure.

Our skin allergy risk assessment model Defined Approach uses Bayesian statistics to
infer a human-relevant metric of sensitiser potency with explicit quantification of
uncertainty, using any combination of human repeat insult patch test, local lymph node
assay, direct peptide reactivity assay, KeratinoSens™, h-CLAT or U-SENS™ data. Here
we describe the incorporation of benchmark exposures pertaining to use of consumer
products with clinical data supporting a high/low risk categorisation for skin
sensitisation. Margins-of-exposure (potency estimate to consumer exposure level ratio)
are regressed against the benchmark risk classifications, enabling derivation of a risk
metric defined as the probability that an exposure is low risk. This approach circumvents
the use of safety assessment factors and provides a simple and transparent mechanism

whereby clinical experience can directly feed-back into risk assessment decisions.
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