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for dioxin-like compounds

Caroline Ring, Alexander Blanchette, William D. Klaren, Seneca Fitch, ... Daniele Wikoff
Article 105464

2005 £, tHRFEEEE (WHO) (£, Ah LET2—ENLTHERTHEEZLNDZ (AT UBRIEEWIZD
WTHFESN-BHEMER(TER) . RHEEN N (REP) DEH T —EN—X (REP2004 T—E~N—X)
[CEDSWCHIMALz, COFEIICLY. BERGET VT DEHD—ELET7TO—F4HFETIHE
HEABASA DTz, SSHIT WHO /AR JLIE, T—HER—R®D REP OEBELLGLRERT—2zyheT—41y
FOEBENE LTI —THAILEEMLIZ, DD TEF 2458757012 EEMTREICEA [ TE
LE770—F4RRETIIENBHOTEETHS. CNITHLT D=0 AMMXAHERIGITITAUT EAR
El)f% REPs D RE N EEFATIHMETETLEEA SO EREBNT7IO—FHRZESL. RES
AREZDSREDOBDRLAREEDEVEZREFAIL. ETIL PRSI TEF OFREERESMEZEL LI,
BEIMELT. COMZBHEFE TEF 7—Y 70— 1% REP2004 T—4~R—X([T#EAL. 2EBEEFITDONT
TEF O S EEERHEN SO EEEH LTz, ET /L TEF [X 2005 £0) WHO TEF LERILTEY. T—4
[CZLLVEBEFIEFEEREDOLARILDAREN Tz, COBHATHRAGEATFET—-70—(&. WHO OEFM
REELDEEEMYANTLD T, TEF DA ERDKIBLRELZEKRT 5,

In 2005, the World Health Organization (WHO) re-evaluated Toxic Equivalency factors


https://www.sciencedirect.com/science/article/pii/S0273230023001459
https://www.sciencedirect.com/science/article/pii/S0273230023001459/pdfft?md5=7098ce1c13db59ca4b32f39b28a0df9d&pid=1-s2.0-S0273230023001459-main.pdf
https://www.sciencedirect.com/science/article/pii/S0273230023001332
https://www.sciencedirect.com/science/article/pii/S0273230023001320
https://www.sciencedirect.com/science/article/pii/S0273230023001320

(TEFs) developed for dioxin-like compounds believed to act through the Ah receptor
based on an updated database of relative estimated potency (REP)(REP:00: database).
This re-evalution identified the need to develop a consistent approach for dose-response
modeling. Further, the WHO Panel discussed the significant heterogeneity of
experimental datasets and dataset quality underlying the REPs in the database. There
1s a critical need to develop a quantitative, and quality weighted approach to characterize
the TEF for each congener. To address this, a multi-tiered approach that combines
Bayesian dose-response fitting and meta-regression with a machine learning model to
predict REPS' quality categorizations was developed to predict the most likely
relationship between each congener and its reference and derive model-predicted TEF
uncertainty distributions. As a proof of concept, this ‘Best-Estimate TEF workflow’ was
applied to the REP2004 database to derive TEF point-estimates and characterizations of
uncertainty for all congeners. Model-TEFs were similar to the 20056 WHO TEFs, with
the data-poor congeners having larger levels of uncertainty. This transparent and
reproducible computational workflow incorporates WHO expert panel recommendations

and represents a substantial improvement in the TEF methodology.
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Hazard classification and risk assessment of substances, is essential to protect workers
and consumers from hazardous substances including reproductive toxicants. The ability
to classify substances for reproductive toxicity under the current REACH information
requirements has been assessed. For low tonnage substances (<10 ton per annum (tpa))
information for classification is insufficient. When only a reproductive screening study
is available (10-100 tpa), substances are mostly not classified in Category 1B as
developmental and non-potent fertility effects may be missed. The information
requirements could be improved by automatic triggering of follow-up studies in case of a
Category 2 classification based on a screening study. Additionally, a study could be added
to the information requirements for substances produced at 1-10 tpa. Performing a risk
assessment is often problematic due to the limited study requirements at low tonnage
levels. Only for substances produced at more than 100 tpa, there is a high likelihood to
detect reproductive effects and perform accurate risk assessment provided that the
extended-one-generation-reproductive-toxicity-study and/or extra cohorts are triggered
where required. Regardless of the tonnage level, no specific studies on lactation are
required. With this paper we intend to contribute to the discussion on the information

requirements for reproductive toxicity in view of the REACH revision.

Review article

Scientific considerations in the regulatory approval of generic (or biosimilar)
version of enoxaparin sodium — A lifesaving carbohydrate polymer

Zarina Igbal, Saima Sadaf

Article 105446

T/&H31)>F R L (Clexane®/Klexane®/Lovenox®) &, COVID-19 [ZHELNTMiEER S HHEDA
BRERSIV A FEFHELLTHOMNERBEIZESTELHDLVERD—DTHS, ZLDTIRYVIE
B (FLENAMFOIS—BEER) ATBICERASNIER. FENEML. REOCREME (RERMEES
) IZETHEBDYRINEES TS, COLIGKR T T, ARERZR LEEEODHLLNSVI T
YN =D RT LORETEEDIC, BRERGRFI T TO—F ORI EBESA TS, T/F S/ F R L
@ USP (United States Pharmacopoeia) €/49 32IZ(Z. T/FH /)0 O HF 2 (MW) DRIEMBINSHE
Ltzo EBIS, SR VI ERE R (FFN\(F L I5—ERH) DR (F)T) HBEDF 15~25%NDETE
WIS, A=—9% 1,6-7VEFOBRBENFETHIENRBERLLTRESNT, AR TIE. RHLBOE
B-RBICAF ORIV IERR (FRENAFIIZ5—EER) OT/FH Yo DRERE-HRICHET
HRZHERDOMEERNT 5. BEM - HEENTEUMEASVES . BIYOENERALVZ in vivo EHERZET



https://www.sciencedirect.com/science/article/pii/S0273230023001149
https://www.sciencedirect.com/science/article/pii/S0273230023001149

DWW &K, T/X Y/ F R L (lovenox®., EFE) DRI BEBER (FENAALI5—EE
) DEBIZBWTKELRTEELS,

Enoxaparin sodium (Clexane®/Klexane®/Lovenox®) is one amongst the few drugs that
have assumed a central role as drug of treatment and/or prevention against
thromboembolic complications during COVID-19. The increase in demand resulting in
many generic (or biosimilar) versions entering the market has increased the risks of
quality and safety (including immunogenicity) related issues. Under the circumstances,
development of stringent regulatory approaches has received much attention as
investigation of new drug delivery systems for improved therapeutic activity. As one of
the measures to increase quality testing and ensure uninterrupted supply of this life-
saving drug globally, determination of enoxaparin molecular weight (MW) has been
added in the United States Pharmacopoeia (USP) monograph for enoxaparin sodium. In
addition, the presence of a unique 1,6-anhydro-ring structure at the reducing end of
about 15-25% of the poly (oligo) saccharide chains of the generic (or biosimilar) product
has been set as a mandatory requirement. This article presents an overview of the
scientific considerations in the quality manufacturing and testing of the generic (or
biosimilar) enoxaparin for regulatory review and approval. In certain cases of strong
analytical similarity (structural and functional), abandonment of in vivo testing in
animals and humans represents a major advancement in the approval of generic (or

biosimilar) version of innovator enoxaparin sodium (lovenox®, injections).
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Traditional animal models are increasingly being replaced by new approach
methodologies (NAMs) which focus on predicting toxicity of chemicals based on
mechanistic data rather than apical endpoint data usually obtained from animal models.
Beyond in vitro genetic tests, however, only a handful of NAMs have been successfully
implemented in regulatory decision-making processes, mostly in the cosmetics and
chemicals sector. Regulatory guidance on food safety testing in many jurisdictions still
relies on data obtained from animal studies. This is due to the lack of validated models
to predict systemic toxicity, which is essential to develop health-based guidance values
for food additives. Other factors limiting the adoption of NAMs into food safety
assessment include sector legislation lagging behind scientific progress, and lack of
training and expertise to use the new models. While regulatory and industry bodies are
working to combat these challenges, more needs to be done before these models can be
used as standalone tools for regulatory decision-making. This review summarizes the
current state and challenges of regulatory acceptance of NAMs for decision-making, and
the efforts by governing bodies and industry to transition from animal testing for food

safety assessments.
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Nonhuman primates (NHP) have become a commonly used nonrodent species for general
toxicity testing for pharmaceuticals reviewed by CDER. Their increased use in
pharmaceutical testing appears to have been driven by both increased use in small
molecule drug development programs as well as a trend for biologics making up a greater
percentage of pharmaceutical development programs. While always in limited supply,
the COVID-19 pandemic acutely impaired the availability of NHPs for pharmaceutical
testing due to disruptions in the supply and an increased demand to support COVID-19-
directed research programs. Because this disruption in the NHP supply had the potential
to significantly delay the development of new medications for the treatment of diseases
currently without effective treatment options, FDA issued guidance in February of 2022,
under its COVID-19 Public Health Emergency authority, that was intended to help
mitigate the NHP supply issue by reducing the demand for NHPs. This guidance has
been withdrawn with the expiration of the public health emergency. Here we discuss
what impact we expect that the withdrawal of this guidance will have on efforts to

minimize NHP use.
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In order to assess the regulatory value of New Approach Methodologies (NAMs), authors
should provide their opinion on the physiological and exposure relevance of observed in
vitro effects for correlation with predicted in vivo effects. Further, peer-reviewers should

be encouraged to request such information during review. This is critical to scientifically
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transition to animal-free, reliable, robust and -- most importantly -- relevant regulatory
toxicology and risk assessment approaches. Recently published studies using NAMs for
the fungicides Captan and Folpet illustrate the difficulties and limitations of applying

NAMs to adequately assess the toxicological relevance of these substances.
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Pathogenetic role of alveolar surfactant depleted by phosgene: Biophysical
mechanisms and peak inhalation exposure metrics
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In contrast to water-soluble respiratory tract irritants in their gas phase, the
physicochemical properties of ‘hydrophilicity’ vs. ‘lipophilicity’ are the preponderant
factors that dictate the site of major retention of the gas at the portal of entry. The
lipophilic physical properties of phosgene gas facilitate retention in the alveolar region
lined with amphipathic pulmonary surfactant (PS). The relationship between exposure
and adverse health outcomes is complex, may vary over time, and is dependent on the
biokinetics, biophysics, and pool size of PS relative to the inhaled dose of phosgene.
Kinetic PS depletion is hypothesized to occur as inhalation followed by inhaled dose-
dependent PS depletion. A kinetic model was developed to better understand the
variables characterizing the inhaled dose rates of phosgene vs. PS pool size
reconstitution. Modeling and empirical data from published evidence revealed that
phosgene gas unequivocally follows a concentration x exposure (C Xt) metric,
independent of the frequency of exposure. The modeled and empirical data support the

hypothesis that the exposure standards of phosgene are described best by a C X t time-
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averaged metric. Modeled data favorably duplicate expert panel-derived standards. Peak

exposures within a reasonable range are of no concern.
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Endocrine-disrupting chemicals (EDCs) are a reason for growing concern because of their
substantial and long-lasting deleterious effects on human health and wildlife
populations. These include direct effects on aquatic organisms and may be a concern to
species feeding on the aquatic food chains and water, including humans. In the European
Community, the dedicated legislative tools to protect the aquatic environment and
human health from contaminants released to surface waters is the Water Framework
Directive (WFD). The achievement of protection goals is assessed through the
comparison of concentrations measured in the media and thresholds of no effect called
Environmental Quality Standards (EQSs). As EDCs are explicitly mentioned in the WFD,
an analysis of the state of the art was undertaken on how far and how consistently ED
properties were considered in the derivation of EQS values. Our results reveal
substantial heterogeneity according to substance and that among substances with ED
evidences, EQSs have been derived without considering ED properties for 70% of them.
A methodology to better consider endocrine disrupting properties is proposed and

includes a logical and systematic approach to derive EQSs with a proposal to specify
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additional assessment factors based on the specific hazard and potential uncertainty.
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Skin sensitisation prediction using read-across, an illustrative next generation risk
assessment (NGRA) case study for vanillin
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Skin sensitisation is a key adverse human health effect to be addressed in the safety
assessment of cosmetic ingredients. Regulatory demands and scientific progress have led
to the development of a Next Generation Risk Assessment (NGRA) framework, relying
on the use of New Approach Methodologies (NAM) Defined Approaches (DA) and read-
across instead of generating animal data. This case study illustrates the application of
read-across for the prediction of the skin sensitisation potential of vanillin at the
hypothetical use concentration of 0.5% in a shower gel and face cream. A three-step
process was applied to select the most suitable analogues based on their protein
reactivity, structural characteristics, physicochemical properties, skin metabolism
profile and availability of skin sensitisation data. The applied read-across approach
predicted a weak skin sensitiser potential for vanillin corresponding with a Local Lymph
Node Assay EC3 value of 10%. Based on this EC3 value a point of departure of
2500 pg/cm? was derived, resulting in an acceptable exposure level (AEL) of 25 pg/cma?.
Because the consumer exposure levels (CEL) for the face cream (13.5 pg/cm?) and shower
gel (0.05 png/cm?) scenarios were lower than the AEL, the NGRA concluded both uses as

safe.
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Consumer exposure to cosmetic ingredients is estimated in a tiered manner. Simple
Tierl deterministic aggregate exposure modelling generates a worst case estimate of
exposure. Tierl assumes that a consumer uses all cosmetic products concomitantly daily,
at maximum frequency, and products always contain the ingredient at the maximum
allowed % w/w concentration. Refining exposure assessment from worst case to more
realistic estimates uses evidence from surveys of actual use levels of ingredients and
Tier2 probabilistic models, where distributions of consumer use data can be applied. In
Tier2+ modelling, occurrence data provides evidence of products on the market actually
containing the ingredient. Three case studies are presented using this tiered approach
to illustrate progressive refinement. The scale of refinements from Tierl to Tier2+
modelling for the ingredients, propyl paraben, benzoic acid and DMDM hydantoin were:
0.492 to 0.026; 1.93 to 0.042 and 1.61 to 0.027 mg/kg/day exposure dose. For propyl
paraben, moving from Tierl to Tier2+ represents a refinement from 49-fold to 3-fold
overestimate of exposure when compared to a maximum estimate of 0.01 mg/kg/day

exposure seen in human studies. Such refinements from worst case to realistic levels of
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exposure estimation can be critical in the demonstration of consumer safety.
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Maximizing use of existing carcinogenicity data to support acceptable intake
levels for mutagenic impurities in pharmaceuticals: Learnings from N-nitrosamine
case studies
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The unexpected finding of N-nitrosamine (NA) impurities in many pharmaceutical
products raised significant challenges for industry and regulators. In addition to well-
studied small molecular weight NAs, many of which are potent rodent carcinogens, novel
NAs associated with active pharmaceutical ingredients have been found, many of which
have limited or no safety data. A tiered approach to establishing Acceptable Intake (AI)
limits for NA impurities has been established using chemical-specific data, read-across,
or a class-specific TTC limit. There are ~140 NAs with some rodent carcinogenicity data,
but much of it is older and does not meet current guidelines for what constitutes a ‘robust’
bioassay. Nevertheless, these data are an important source of information to ensure the
best science is used for assessing NA impurities and assuring consumer safety while
minimizing impact that can lead to drug shortages. We present several strategies to
maximize the use of imperfect data including using a lower confidence limit on a rodent

TD50, and leveraging data from multiple NAs. Information on the chemical structure
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known to impact potency can also support development of an Al or potentially conclude

that a particular NA does not fall in the cohort of concern for potent carcinogenicity.
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The in vitro H295R steroidogenesis assay (OECD TG 456) is used to determine a
chemical's potential to interfere with steroid hormone synthesis/metabolism. As positive
outcomes in this assay can trigger significant higher tiered testing, we compiled a
stakeholder database of reference and test item H295R data to characterize assay
outcomes. Information concerning whether a Level 5 reproductive toxicity study was
triggered due to a positive outcome in the H295R assay was also included.

Quality control acceptance criteria were not always achieved, suggesting this assay is
challenging to conduct within the guideline specifications. Analysis of test item data
demonstrated that pairwise significance testing to controls allowed for overly sensitive
statistically significant positive outcomes, which likely contribute to the assay's high
positive hit rate. Complementary interpretation criteria (e.g., 1.5-fold change threshold)

markedly reduced the rate of equivocal and positive outcomes thus improving
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identification of robust positive effects in the assay.

Finally, a case study (positive H295R outcome and no endocrine adversity in vivo) is
presented, which suggests that stricter data interpretation criteria could refine
necessary in vivo follow-up testing. Overall, the described additional criteria could
improve H295R data interpretation and help inform on how to best leverage this assay

for regulatory purposes.
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Mitragyna speciosa Korth also known as kratom, is an herbal drug preparation for its
therapeutic properties and opioid-replacement therapy. Kratom is consumed in a brewed
decoction form in Malaysia and to date, no studies have characterized its chemical and
toxicity profile. Thus, this study aims to evaluate kratom decoction's safety and toxicity
profile after 28 days of treatment. Mitragynine content was quantified in kratom
decoction and used as a marker to determine the concentration. Male and female
Sprague Dawley rats were orally treated with vehicle or kratom decoction (10, 50 or
150 mg/kg) and two satellite groups were treated with vehicle and kratom decoction
(150 mg/kg). Blood and organs were collected for hematology, biochemical and
histopathology analysis at the end of treatment. No mortality was found after 28 days of
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treatment and no significant changes in body weight and hematology profile, except for
low platelet count. High amounts of uric acid, AST, ALT and alkaline phosphatase were
found in the biochemical analysis. Histological investigation of the heart and lungs
detected no alterations except for the kidney, liver and brain tissues. In conclusion,
repeated administration of kratom decoction provided some evidence of toxicity in the

kidney and liver with no occurrence of mortality.
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Mutagenicity data is a core component of the safety assessment data required by
regulatory agencies for acceptance of new drug compounds, with the OECD-471 bacterial
reverse mutation (Ames) assay most widely used as a primary screen to assess drug
impurities for potential mutagenic risk. N-Nitrosamines are highly potent mutagenic
carcinogens in rodent bioassays and their recent detection as impurities in
pharmaceutical products has sparked increased interest in their safety assessment.
Previous literature reports indicated that the Ames test might not be sensitive enough
to detect the mutagenic potential of N-nitrosamines in order to accurately predict a risk
of carcinogenicity. To explore this hypothesis, public Ames and rodent carcinogenicity
data pertaining to the N-nitrosamine class of compounds was collated for analysis. Here

we present how variations to the OECD 471-compliant Ames test, including strain,
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metabolic activation, solvent type and pre-incubation/plate incorporation methods, may
impact the predictive performance for carcinogenicity. An understanding of optimal
conditions for testing of N-nitrosamines may improve both the accuracy and confidence

in the ability of the Ames test to identify potential carcinogens.
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Semi-volatile organic compounds (SVOCs) are being increasingly studied in indoor air.
The absence of health-based inhalation exposure guidelines for most SVOCs impedes the
interpretation of indoor air concentrations from a health risk context. To accelerate the
derivation of screening values for a large number of SVOCs, a tiered framework was
developed to evaluate and adjust published hazard assessments for SVOCs to calculate
benchmarks relevant for evaluation of inhalation risk. Inhalation screening values were
derived for 43 SVOCs considered in this study, most of which required extrapolation from
oral exposure guidelines. The screening values were compared to published SVOC
concentrations in homes in Canada to evaluate the potential health risks of chronic
exposure to SVOCs in indoor residential environments. SVOCs that could be prioritized
for further evaluation were dibutyl phthalates (DBP), di(2-ethylhexyl) phthalate (DEHP)
and polybrominated diphenyl ethers (PBDEs). The framework could be applied more

broadly in the future to derive screening values for other non-traditional indoor air
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contaminants with limited inhalation hazard data or assessments.
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An international panel of experts was engaged to assess the cancer weight of evidence
(WOE) for three lower acrylates: methyl acrylate, ethyl acrylate, and 2-ethylhexyl
acrylate. The review was structured as a three-round, modified Delphi format, a
systematic process for collecting independent and deliberative input from panel
members, and it included procedural elements to reduce bias and groupthink. Based
upon the available science, the panel concluded: (1) The MOA for point of contact tumors
observed in rodent cancer bioassays that is best supported by available data involves
increased cell replication by cytotoxicity and regenerative proliferation; (2) The WOE
supports a cancer classification of “Not likely to be carcinogenic to humans” a conclusion
that is more in line with an IARC classification of Group 3 rather than Group 2 B; (3)
Quantitative cancer potency values based on rodent tumor data are not required for
these chemicals; and (4) Human health risk assessment for these chemicals should
instead rely on non-cancer, precursor endpoints observed at the point of contact (e.g.,

hyperplasia). The degree of consensus (consensus scores of 0.84-0.91 out of a maximum
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score of 1) and degree of confidence (7.7—8.7 out of a maximum score of 10) in the WOE

conclusions is considered high.
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Environmental risks of human pharmaceutical products should be made transparent
and mitigated as far as possible. We propose to apply a risk mitigation scheme to the
marketing authorisation of human medicinal products which is pragmatic and tailored,
and thus will not increase the burden to regulators and industry too much. This scheme
takes into account increasing knowledge and accuracy of the environmental risk
estimates, applying preliminary risk mitigation when risks are determined based on
model estimates, and definitive, more strict and far-reaching risk mitigation when risks
are based on actual measured environmental concentrations. Risk mitigation measures
should be designed to be effective, proportional, easy to implement, and in line with
current (other) legislation, as well as not being a burden to the patient/health care
professionals. Furthermore, individual risk mitigation measures are proposed for
products showing environmental risks, while general risk mitigation measures can be
applied to all products to reduce the overall burden of pharmaceuticals in the
environment. In order to effectively mitigate risk, linking marketing authorisation

legislation to environmental legislation is essential.


https://www.sciencedirect.com/science/article/pii/S0273230023001113
https://www.sciencedirect.com/science/article/pii/S0273230023001113
https://www.sciencedirect.com/science/article/pii/S0273230023001113/pdfft?md5=46c378467d2061d170ed28569e70525e&pid=1-s2.0-S0273230023001113-main.pdf

Short communication

A perspective on In vitro developmental neurotoxicity test assay results: An
expert panel review

D.R. Juberg, D.A. Fox, P.A. Forcelli, S. Kacew, ... C.R. Kirman

Article 105444

View PDF

A+ ELOM. LZWEICEET 2BEMEREMESRME (DN I T HBENEEO TS, AR FIHES
[FENFET. DNT 25l T 57z 122 #E LStz in vivo HERZEFIFAL TEFz, DNT DRYY—=5 DRIV
—JybEL. BEROEIR. BEMNGIRMNIRGELEZERBLBER. RBWGHLLW T IO—Fi&
(NAM) BN fTH AL, EAEMIZIL DNT in vitro 7R +/3y71)— (DNT IVB) A& 151z, SciPinion (&, &
EREMN DNT BHEBRT—2DBRIEET 2 EDEMICKIET 510, EFR/NIARIVEBEL-. EMRZ
BR2MOIVEYRIE,DNT IVB (FHEARVY—=UJ (ERATHIEETEEN . BEDECA, LEYE
DERMIBLVT DNT THEIMNESHEHET 2=ODEEL. HAWTREBEMETTO—FTIFEL, LLVSE
DTH>T=, DNT IVB 2 TlE, HRERDFEZED =27 ROEHS S LUTEIR A, EEEE). BEH
B FE/REELGEDEET SEREIBIETIRENITHVD BEDECH, COLIGHEDTVRFT—I(E.
DNT IVB %thid NAM TIEBELNEFFHE T B2 EMNTEEN . EFRZBR (RLE2—DHEE) (L, DNT
IVB Z i RHGRF DO RHEAD P TERRENDEAERIT T DRI, E5EE5T —HMERERIENRLET
boLBELL,

For decades, there has been increasing concern about the potential developmental
neurotoxicity (DNT) associated with chemicals. Regulatory agencies have historically
utilized standardized in vivo testing to evaluate DNT. Owing to considerations including
higher-throughput screening for DNT, reduction in animal use, and potential cost
efficiencies, the development of alternative new approach methods (NAMs) occurred;
specifically, the advent of the DNT in vitro test battery (DNT IVB). SciPinion convened
an expert panel to address specific questions related to the interpretation of in vitro DNT
test data. The consensus of the expert panel was that the DNT IVB might be used during
initial screening, but it is not presently a complete or surrogate approach to determine
whether a chemical is a DNT in humans. By itself, the DNT IVB does not have the ability
to capture nuances and complexity of the developing nervous system and associated
outcomes including behavioral ontogeny, motor activity, sensory function, and
learning/memory. Presently, such developmental landmarks cannot be adequately
assessed in the DNT IVB or by other NAMs. The expert panel (all who serve as co-

authors of this review) recommended that additional data generation and validation is
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required before the DNT IVB can be considered for application within global regulatory

frameworks for decision-making.
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