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The rodent cancer bioassays are conducted for agrochemical safety assessment yet they often do not inform regulatory decision-making. As part of a collaborative effort, the Rethinking Carcinogenicity Assessment for Agrochemicals Project (ReCAAP) developed a reporting framework to guide a weight of evidence (WOE)-based carcinogenicity assessment that demonstrates how to fulfill the regulatory requirements for chronic risk estimation without the need to conduct lifetime rodent bioassays. The framework is the result of a multi-stakeholder collaboration that worked through an iterative process of writing case studies (in the form of waivers), technical peer reviews of waivers, and an incorporation of key learnings back into the framework to be tested in subsequent case study development. The example waivers used to develop the framework were written retrospectively for registered agrochemical active substances for which the necessary data and information could be obtained through risk assessment documents or data evaluation records from the US EPA. This exercise was critical to the development of a framework, but it lacked authenticity in that the stakeholders reviewing the waiver already knew the outcome of the rodent cancer bioassay(s). Syngenta expanded the evaluation of the ReCAAP reporting framework by writing waivers for three prospective case studies for new active substances where the data packages had not yet been submitted for registration. The prospective waivers followed the established framework considering ADME, potential exposure, subchronic toxicity, genotoxicity, immunosuppression, hormone perturbation, mode of action (MOA), and all relevant information available for read-across using a WOE assessment. The point of departure was estimated from the available data, excluding the cancer bioassay results, with a proposed use for the chronic dietary risk assessment. The read-across assessments compared data from reliable registered chemical analogues to strengthen the prediction of chronic toxicity and/or tumorigenic potential. The prospective case studies represent a range of scenarios, from a new molecule in a well-established chemical class with a known MOA to a molecule with a new pesticidal MOA (pMOA) and limited read-across to related molecules. This effort represents an important step in establishing criteria for a WOE-based carcinogenicity assessment without the rodent cancer bioassay(s) while ensuring a health protective chronic dietary risk assessment.
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1 INTRODUCTION
As science evolves to capture a better understanding of a biological response, so too does the need to maintain adequate protection of human health and the environment against hazardous chemicals. A critical component of regulatory toxicology is the assessment of adverse health effects, and thus risks, in humans exposed to chemicals. Safety assessment of agrochemicals currently relies largely on animal-based toxicity testing to identify hazards and select reference values for human risk assessment. One concern in the current paradigm for the safety assessment of agrochemicals is the assessment of carcinogenicity. This is typically conducted on two separate species, rats, and mice (OECD, 2018a; 2018b), the conduct of which is driven by experience, historical precedence, and legislative requirements. The results of testing are used to set restrictions on the use, or method of use, for chemicals of concern; therefore, it is important that the choice of models, and the design of the studies, are truly protective of human health under a risk assessment approach.
Advancements in technologies and methods to assess systemic toxicity have led to an increased understanding of chemical carcinogenicity (Becker et al., 2017; Corvi et al., 2017; Dekant et al., 2017; Felter et al., 2022; Holsapple et al., 2006; OECD AOP-Wiki). It is now possible to evaluate the carcinogenic potential of a chemical using new approaches with improved human relevance (Wolf et al., 2019; Madia et al., 2021; Audebert et al., 2023). Such advances in the scientific understanding of chemically induced chronic toxicity, including carcinogenicity, provide an opportunity to modernize the evaluation of health risk from potential exposures to agrochemicals (Kavlock et al., 2018; Cohen et al., 2019; Wolf et al., 2019). Guidance exists to facilitate health-protective chemical evaluation while minimizing animal use, and only requires implementation (ECHA, 2017; Hartung, 2019; Stucki et al., 2022). Specifically, established regulatory guidance allows for scientific rationales to satisfy data requirements, promoting and optimizing the full use of existing information and focusing on the critical knowledge needed for risk assessment (US EPA 2013; APVMA, 2017; PMRA, 2021).
Characterizing carcinogenicity risk does not require development of new technologies or models, but rather leveraging the available understanding of carcinogenicity and applying existing tools in new ways (WHO, 2021; Stucki et al., 2022; Schmeisser et al., 2023). The ReCAAP Working Group, a group of experienced scientists from industry, non-governmental organizations, academia, and regulatory authorities with expertise in carcinogenicity testing, evaluation, and risk assessment, has developed a reporting framework for waiver rationales to rodent cancer bioassays for consideration in agrochemical safety assessment (Hilton et al., 2022).
The ReCAAP framework provides structure to support reporting of a WOE-based carcinogenicity assessment, including a comprehensive evaluation of all relevant data from the pesticidal mode-of-action (pMOA), physiochemical properties, metabolism, toxicokinetics, toxicological data including mechanistic data, and chemical read-across from similar registered agrochemicals. This assessment also includes an evaluation of data points related to well-known cancer MOAs such as genotoxicity, immunosuppression, and hormone perturbation. In addition, the use patterns, exposure scenario(s), and human exposure levels from the intended uses of chemicals are summarized to estimate the range of likely human exposures. The available data and known properties across structurally similar compounds (read-across analogues) are reviewed and considered for use to estimate appropriate departure points (POD) for chronic risk assessment of the active substance.
Hilton et al. (2022) performed a comprehensive evaluation of the framework by constructing WOE-based carcinogenicity assessments to support rodent cancer bioassay waiver rationales for registered agrochemicals, based on publicly available data. The availability of full data packages (including carcinogenicity studies) for these chemicals allowed for the waiver rationale to be compared back to the actual data, providing an important reference point for the framework. However, the exercise did not fully reflect the reality of the goal–to develop a waiver rationale based on the comprehensive data and information available, prior to the generation of carcinogenicity data. Agrochemical companies are in a unique position to construct a waiver rationale during the development of a regulatory data package for a new active substance, prior to knowing the results of a carcinogenicity study, and to have the waiver evaluated without influence of carcinogenicity results. Three prospective case studies are presented here, representing a range of scenarios, from a compound of a well-established chemical class with a known MOA to a compound with a limited chemical base for read-across. An overview of the WOE assessments is presented with key lessons learned.
This paper describes our efforts to evaluate the ability to use the ReCAAP WOE-based carcinogenicity assessment framework (“the framework”) to make an informed decision in developing a waiver rationale of the chronic/carcinogenicity studies in rats and mice without having the knowledge of the outcome of the bioassays. Additionally, the framework was used to estimate the POD to adequately protect human exposures from chronic risk, including cancer. The case studies will help to familiarize the reader with the benefits of implementing this modern approach to testing and evaluation.
2 METHODOLOGICAL APPROACH
The overall objective with these case studies was to provide a set of prospective WOE assessments to test the robustness of this framework. The examples provided here were developed around the approach used by the United States Environmental Protection Agency (US EPA) to allow incorporation of a WOE-based approach into evaluating data for regulatory decisions (Craig et al., 2019). For each target compound, i.e., new active substance under development, the WOE assessment used the available data generated on the target compound with the exception of the chronic/carcinogenicity study. As the chronic/carcinogenicity studies were not complete at the time of the WOE assessment there was no influence on the interpretation of the WOE assessment and estimation of the POD for chronic dietary risk assessment. A read-across assessment was conducted with each case study, incorporating the relevant and reliable lines of evidence from read-across analogues, the source compounds, into the WOE assessment. Each case study applied the framework as it is laid out in the Hilton et al. (2022) paper. The outline of the workflow used to assess each individual chemical is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Reporting framework for the weight of evidence assessment. This workflow was used to identify and select the relevant and reliable lines of evidence used to make an informed decision in developing a waiver rationale of the chronic/carcinogenicity studies in rats and mice without having the knowledge of the outcome of the bioassays. Adapted from Hilton et al., 2022.
2.1 Read-across assessment workflow
Read-across is based on the foundational principle that an association exists between structure and activity and is usually based on chemical similarity, although increasingly, also on similarities in biological effect (e.g., toxicological mode of action). Read-across seeks to inform on an endpoint outcome for an active substance (the target), where there may be a data gap, by using existing data on the same endpoint from other related substances (the sources) where a wealth of information exists (Patlewicz et al., 2013a; 2013b; 2014; 2019). In place of generating new in vivo toxicity testing data, read-across can be used as a line of evidence to reliably assess and address the risk, uncertainties, and deficiencies in data. The read-across assessment can be leveraged to meet regulatory data needs. The use of read-across is gaining traction as a reliable line of evidence for WOE-based safety assessments in toxicology (Low et al., 2013; Mellor et al., 2017; Alexander-White et al., 2022; Lizarraga et al., 2023). With this approach, the hazard of a target compound can be predicted from the existing toxicity data of one or many source compounds.
To identify the relevant chemical analogues for the read-across used in the case studies, structural and biological effect similarity analyses were performed. The structural similarity of these case study compounds was analyzed using an online tool ChemMine Web Tool (https://chemminetools.ucr.edu/) to examine their structural similarity to available chemistries. ChemMine is a publicly available tool available for analyzing and clustering small molecules by structural similarities, physicochemical properties or custom data types. This online tool calculates atom pair (AP) and maximum common substructure (MCS) similarities with the Tanimoto coefficient as the similarity measure, as well as identifying the largest substructure two compounds have in common. For each case study, the largest substructures in common within each class of chemistry were classified, and the AP and MCS Tanimoto scores were used to categorize the similarities. There are many software programs available for a chemical structurally-based read-across assessment, some of which are publicly available (e.g., OECD QSAR Toolbox, Morgan fingerprints, ToxPrints, US EPA’s GenRA). As such, a comprehensive read-across assessment is available for determining appropriate inclusion based on structural similarities where needed. Further assessment of bioactivity similarities between the target chemical and read-across analogues was used for the potential to refine the list of relevant read-across analogues.
In addition to the structural similarity analysis, further assessments were performed to refine the selection of relevant read-across analogues including reviews of the pesticidal mode of action (i.e., the intended target mode of action), any known toxicological MOA (i.e., off-target or unintended mode of action). There may also be subcategories within a class of chemistry with distinct differences in the off-target MOA influencing the biological response to a chemical. As described in Hilton et al., 2022, this information combined with the toxicity profile of the potential analogues was considered in refining the selection of read-across analogues and strengthened the reliability of the read-across analysis in each case study.
The toxicological data available for the read-across compounds was used to further inform prospective assessments for each case study agrochemical.
3 CASE STUDIES
To illustrate the use of this framework, three case studies are presented as examples of how the framework could be applied for estimating the POD for chronic and carcinogenicity risk assessment, without life-time rodent cancer bioassays. The case studies were developed to capitalize on the fact that multiple regulatory agencies can consider the incorporation of weight of evidence-based assessments in place of guideline studies for regulatory decisions (Hilton et al., 2022).
The first case study using a succinate dehydrogenase inhibitor (SDHI) fungicide provides an example with a well-understood MOA and several relevant and reliable read-across analogues. The second case study using an ACCase inhibitor insecticide provides an example with a well-understood MOA; however, the read-across chemicals were moderate in number and, although chemically similar, did not share a similar toxicity profile to the target compound. The third case study using a GABA-gated chloride channel allosteric modulator (GABA-Cl) insecticide and acaricide provides an example with a novel MOA and limited read-across analogues. Table 1 summarizes the available information for each chemical and is organized to follow the ReCAAP framework.
TABLE 1 | Summary of case studies using the framework workflow.
[image: Table 1]Although the types of information, level of detail, and data interpretations will likely vary for different chemicals, these case studies are provided as examples to familiarize the reader with the format, information content, and level of detail that should be considered in a WOE assessment.
3.1 Succinate dehydrogenase inhibitor (SDHI)
A new agrochemical active substance has been developed which acts as an inhibitor of the mitochondrial enzyme succinate dehydrogenase; agrochemicals with a MOA involving this complex are called succinate dehydrogenase inhibitors (SDHIs). There are currently 13 SDHIs registered by the US EPA, and the data for all registered SDHIs in North America was collected for use in the read-across assessment. This target compound was selected as a case study because it has a well understood pesticidal MOA and there are several similar active substances registered, thus permitting an in-depth assessment and ability to estimate the chronic POD and cancer outcome from similar chemicals.
Short-term (28-day) and subchronic (90-day) toxicity studies in the mouse, rat and dog with this target compound primarily indicated that the liver is the target organ for toxicity. There were consistent, dose-related increases in liver weight and incidence of hepatocellular hypertrophy across the various species. Liver enzymes, including uridine diphosphate glucuronosyltransferase (UDPGT), were induced by exposure to the new SDHI. There were some noted effects on the thyroid gland (increased weight or follicular cell hypertrophy), determined to be secondary to liver effects. Additional systemic toxicity assessments demonstrated there was no evidence for genotoxicity, neurotoxicity, developmental toxicity, or reproductive toxicity for this SDHI.
The subchronic toxicity database for this new SDHI is in line with the majority of active substances in this class of chemistry. The primary target organ for SDHI inhibitors is consistently the liver across all chemicals used in the read-across assessment. The thyroid is the second most common target organ, affected by nine of the thirteen chemicals, and thyroid effects for SDHIs are considered secondary to UDPGT liver enzyme induction. The kidneys are considered a target for two of the SDHIs, and the gastrointestinal tract is considered a target for another SDHI chemical. In most cases, the rat or dog is the most sensitive species following subchronic exposure.
The read-across assessment for chronic toxicity of the presented SDHI compounds identified the same target organs observed in the subchronic toxicity studies. In general, most SDHI read-across compounds demonstrated progression of toxicity from subchronic to chronic exposure. No clear sex-specific sensitivities were identified. In the carcinogenicity assessments, treatment-related tumors were observed for nine of the thirteen compounds, as determined by the US EPA Cancer Assessment Review Committee. Consistent with the primary target organs across the class, liver and thyroid tumors were the most commonly observed. Eight SDHI compounds increased the incidence of liver and/or thyroid tumors. Two compounds increased the incidence of uterine tumors. Treatment by one compound increased incidence of brain astrocytomas, ovarian tubulostromal neoplasms, and histiocytic sarcomas of the lymphatic system. Another compound presented brain granular cell tumors in addition to thyroid tumors. For all SDHI compounds with tumors, the chronic reference dose (cRfD) was considered to provide a protective margin of exposure for carcinogenicity, with the exception of one chemical analogue that uses a q1* linear cancer risk assessment (for liver tumors). It is worth noting that a MOA framework has not been developed for this chemical, and a cancer reclassification would likely be possible if such data were generated, similar to the rest of the SDHI class. Overall, the data for SDHI chemicals indicates that liver and thyroid tumors are common and, if other tumor types do occur, a threshold-based risk assessment is considered protective of human health.
The subchronic toxicity profile of the new SDHI is consistent with the overall class of chemistry; supporting the WOE that the chronic toxicity and tumor profile will also be similar. Thus, liver, and thyroid tumors (secondary to liver enzyme induction) would be plausible for the new SDHI active substance. Considering this prediction, efforts were made to characterize the MOA, in advance of the actual observation of tumors in a carcinogenicity study. Studies demonstrated a direct activation of rat and mouse constitutive androstane nuclear receptor (CAR), increased levels of CAR-dependent gene expression, induction of liver enzymes (including UDPGT), hepatocellular hypertrophy and increased liver weight, all adding to the evidence that this new SDHI exhibits a CAR-mediated MOA (Peffer et al., 2018). It is well-established that this MOA has a clear threshold for effect, and thus does not require linear assessment of cancer risk (Meek et al., 2014). The total WOE assessment indicates that there is high certainty that a chronic POD can be determined that is protective of all long-term effects, including cancer, without conducting a chronic/carcinogenicity study.
In the absence of a chronic study for this new SDHI chemical, it is proposed to utilize the lowest 90-day no-observed-adverse-effect-level (NOAEL) 51.1 mg/kg/day and apply an additional uncertainty factor for extrapolation from subchronic to chronic duration (Figure 2A). Based on the 90-day to chronic NOAEL ratios for the 13 SDHIs used for this comparison, a 10X uncertainty factor would be conservative. The mean of the ratios is 4.2 and the median is 3.5, indicating an extrapolation factor for study duration of 3-5X would be more appropriate to represent this class of chemistry, and still provide a chronic risk assessment that is highly protective of human health, including the risk of cancer.
[image: Figure 2]FIGURE 2 | RISK21® graph for predicted chronic exposure to the new active substances. The RISK21® plots evaluating the available exposure and hazard data for the safety assessment of the (A). SDHI fungicide, (B). ACCase inhibitor insecticide, and (C). GABA-Cl insecticide. The yellow line in the RISK21® tool represents the margin of exposure between the 90-day toxicity study NOAEL (as an estimate of toxicity) and the registrant’s modeled exposure values (as estimates of exposure) generated in US EPA’s DEEM dietary risk software. The Health and Environmental Science Institute (HESI) provide RISK21® tools, which are available online through the following link: https://risk21.org/webtool/.
Uncertainty in the SDHI case study is considered low. The mammalian toxicity and tumor profiles across the SDHI class of chemistry are strikingly similar. As liver and/or thyroid tumors would be expected for an SDHI chemical, it is conservative to assume that those tumors would result from exposure and characterize the cancer MOA proactively. The key events in the CAR/PXR pathway were investigated and assessed in line with the IPCS framework, sufficient to support evaluation of cancer risk by a regulatory agency (Boobis et al., 2006; IPCS, 2007). Further, the common CAR/PXR MOA shows a clear progression of effects with increasing duration of exposure and is known to be non-linear.
3.2 ACCase inhibitor insecticide (ACCase)
A new insecticide has been developed which acts as an inhibitor of acetyl-CoA carboxylase (ACCase), disrupting fatty acid biosynthesis. The ACCase class includes both herbicides and insecticides. There are currently 14 ACCase inhibitor agrochemical active substances registered by the US EPA. The availability of information for read-across, as well as the known MOA, makes this target compound a good case study.
Although ACCase is found across species, ACCase-inhibiting herbicides/insecticides do not potently inhibit mammalian, fungal, or broadleaf plant ACCase. To assess the potential use of read-across candidates, all available 23 ACCase herbicides and insecticides were initially considered. Following the structural similarity assessment, the tetronic and tetramic acid derivatives and phenylpyrazolin compounds were most structurally similar to the new ACCase inhibitor. A review of the distinguishing factors of the different ACCase chemistries and the ACCase enzyme and its physiological function was also included to ascertain any significant changes in the subcategories of this class and assess the reliability of the potential read-across analogues (Rendina et al., 1990; Délye, 2005; Yu et al., 2010; Xia et al., 2016; Takano et al., 2021).
Read-across analogues used in this case study focused on the tetramic and tetronic acid derivatives with the greatest structural similarity within the ACCase chemistry class. The ACCase herbicides were not included as they shared less structural similarity to the new insecticide, and typically insecticides show different mammalian toxicity than herbicides.
A read-across assessment for subchronic, chronic, carcinogenicity and MOA data demonstrated weak alignment across the toxicity profiles. Common effects reported in the subchronic studies were common to only two compounds, such as findings in the adrenal glands (cytoplasmic vacuolation in the cortex) in rats, mice and/or dogs following administration of spirodiclofen or spiromesifen; however, these effects were not seen with the new ACCase insecticide. Effects were observed in the male reproductive tract; including hypertrophic Leydig cells and histopathological findings in the testes, epididymis, and prostate following treatment with spirodiclofen, and decreased testis weight, testicular degeneration and vacuolation, hypospermia in the epididymis and abnormal spermatozoa following treatment with spirotetramat (EFSA, 2009; 2013); however, these effects were not seen with the new ACCase insecticide. In fact, the understanding of potential reproductive effects with this subcategory of ACCase inhibitors prompted additional evaluation during early research to allow selection of candidate compounds that did not inhibit testosterone production. Thymus atrophy was observed following treatment with spirodiclofen and spirotetramat in the dog; no effects on the thymus were seen with the new ACCase insecticide. Thyroid changes included colloid contraction and follicular cell hypertrophy following treatment with spiromesifen and the new ACCase insecticide; decreased T3 and T4 and increased TSH and thyroxine-binding capacity (TBC) following treatment with spiromesifen. Increased liver enzyme induction was also observed following treatment with spiromesifen and the new ACCase insecticide.
Short-term and subchronic exposures to this new ACCase insecticide indicated the target organs of toxicity were different for different species. The critical effects were loss of body weight in the mouse and rat, changes to the rat thyroid, increased liver weight in the mouse, and adverse clinical signs in the dog, such as body tremors and subdued behavior. The thyroid effects in the rat consisted of minimal to diffuse follicular cell hypertrophy and colloid contraction in the thyroid gland. Clear thresholds were established for all critical effects, and the adverse clinical observations in dogs were considered protective of other effects observed in the subchronic studies. Additional systemic toxicity assessment demonstrated there was no evidence for genotoxicity, neurotoxicity, developmental toxicity, or reproductive toxicity for this ACCase insecticide.
The subchronic toxicity profile for this target compound is in line with results indicative of effects on lipid biosynthesis which produced systemic effects such as decreased body weight, decreased cholesterol and triglycerides, adverse clinical signs, and changes to the liver. The systemic effects and NOAEL values from the subchronic studies identified the dog as the most appropriate species for estimating the POD for risk assessments if dosed over a longer time interval.
The initial strategy to include all ACCase chemistries in the read-across assessment was a conservative approach based on the improvements made to this class of chemistry over time. Despite these improvements, the read-across assessment includes all available data on the relevant analogues to provide a thorough assessment.
Due to the liver and thyroid effects observed in the short-term and subchronic toxicity studies in the rat with the new active substance, it was investigated whether the effects were secondary to liver enzyme induction, to better understand if liver and thyroid tumors would be plausible for the new ACCase insecticide. Considering this prediction, efforts were made to proactively characterize the MOA, in advance of the actual observation of any tumors in a carcinogenicity study. Mechanistic research excluded direct effects on thyroid peroxidase (TPO) inhibition and demonstrated a dose concordance between the rat thyroid effects and induction of liver enzymes (including UDPGT activity), hepatocellular hypertrophy, and increased liver weights, providing a weight of evidence that any liver and thyroid tumor potential of this new ACCase insecticide would be secondary to liver enzyme induction. It is well-established that this MOA has a clear threshold for effect, and thus does not require linear assessment of cancer risk. A chronic POD can be determined that is protective of all long-term effects, including cancer.
In the absence of a chronic study for this new ACCase insecticide, it was proposed to utilize the lowest 90-day NOAEL 15 mg/kg/day and apply an additional uncertainty factor for extrapolation from subchronic to chronic duration (Figure 2B). Based on the 90-day to chronic NOAEL ratios for the 3 ACCase chemicals used for this comparison, a 10X uncertainty factor would be conservative. The mean of the NOAEL ratios is 5.2 and the median is 5.6, thus, an uncertainty factor of 5-6X would be more appropriate to represent this class of chemistry and still provide a chronic risk assessment that is highly protective of human health, including the risk of cancer.
Uncertainty in the ACCase case study is considered low. The mammalian toxicity profile was in line with the results indicative of effects on lipid biosynthesis which were observed in the read-across analogues. Although three structurally similar read-across compounds were identified within the pesticidal MOA ACCase inhibitors, there was no common MOA except for the UDPGT induction MOA for one analogue and the target compound. This was based on an evaluation of the publicly available toxicological datasets for all ACCase compounds, which demonstrated slightly different target organs between the chemical classes. The read-across compounds were used in this case to decrease the uncertainty of predicting chronic toxicity and carcinogenicity with the target compound. This increases confidence in a safety assessment, as effects can be observed and characterized in sub-chronic studies, without the need to progress to studies of longer duration. Defining a threshold for precursor effects in sub-chronic studies would be protective of any tumor formation or chronic toxicity, and thus form the basis for a health-protective risk assessment.
3.3 GABA-gated chloride channel allosteric modulator (GABA-Cl)
A novel agrochemical active substance has been developed which acts as a broad-spectrum insecticide and acaricide. This compound is classified as a gamma-aminobutyric acid-gated chloride channel allosteric modulator (GABA-Cl; IRAC Group 30) which acts at a site different from known conventional GABA-Cl antagonists such as fiproles and cyclodienes (IRAC Group 2; Blythe et al., 2022; Dayan, 2019). The group of chemicals from IRAC Group 2 was determined to be structurally dissimilar and not appropriate for use in the read-across evaluation. There were two other GABA-Cl allosteric modulators registered by the US EPA, fluxametamide and broflanilide. One is an isoxazoline similar to the new active substance under development and the other is a meta-diamide; both were included in the read-across evaluation. The isoxazoline chemistry has also been used in the veterinary drug industry, and therefore four analogues were selected from that chemical space. This new GABA-Cl modulator was selected as a case study because it has a novel MOA, with limited read-across analogues, and therefore estimating the chronic POD or cancer outcome based on similar chemicals was more challenging.
In the veterinary drug industry (i.e., non-food uses), carcinogenicity studies are not warranted when there is no concern for genotoxicity (EMA 2013, 2015, 2017a, 2017b). In the case of the six analogues selected for read across, all were demonstrated to be non-mutagenic and non-clastogenic. There were no structural alerts for genotoxicity, and there were no proliferative or pre-neoplastic changes in the subchronic rat toxicity studies. -Therefore, chronic toxicity and carcinogenicity data were available only for the two agrochemicals (fluxametamide and broflanilide), thus the read-across assessment analysis for long-term effects focused on the results from these two compounds. For both compounds, the rat was the most sensitive species and there was not a clear sex difference. For the dietary studies with fluxametamide, there was a common effect noted in the gastrointestinal tract which included gross pathology (increased incidence of abnormally pale color duodenum and jejunum) and an increased incidence of enterocyte epithelial vacuolation of the jejunum. Increased incidences of thyroid follicular cell adenoma in male rats and hepatocellular adenoma in male mice were observed in the carcinogenicity studies, albeit at doses approaching the limit dose; a genotoxic MOA was excluded as unlikely, and a threshold dose in the risk assessment was considered appropriate (Food Safety Commission, 2020). The US EPA determined that a non-linear approach using the chronic reference dose would account for all toxicities, including carcinogenicity (US EPA, 2020a; 2020b). Based on the overall toxicology profile for broflanilide, the target organs were the adrenal glands (rats, mice, dogs) and ovaries (rats and mice). No effects were observed in the mouse carcinogenicity study. In rats, there were testicular Leydig cell adenomas, ovarian luteomas and granulosa cell tumors, uterine adenocarcinomas, and adrenal cortex carcinomas observed in the carcinogenicity study (US EPA, 2020b).
Short-term and subchronic exposures to the new GABA-Cl modulator indicated the rat was the most sensitive species, with clear NOAELs established for all effects in all species. There was no clear consistent target organ of toxicity, as the critical effects varied across species. The target organs identified in the rat were the adrenal glands, duodenum, kidneys, liver, testes, and epididymides, while the target organs in the mouse were the adrenal glands, duodenum, liver, spleen, and thymus. There were no target organs identified in the dog. There were clear and protective thresholds for all effects, based on dose levels with no observed effects. Additional toxicity assessment demonstrated there was no evidence for genotoxicity, neurotoxicity, developmental toxicity, and no evidence of potential carcinogenicity based on data points related to well-known cancer MOAs such as genotoxicity and immunosuppression. An effect on the hypothalamus-pituitary axis could not be completely ruled out due to effects in the adrenals. The most sensitive effect across the toxicity database was testicular tubular degeneration in rats, evident in the one-generation and two-generation reproductive studies, and the 90-day subchronic study; however, there was no effect on reproductive function for males. Consistent NOAELs for the testicular effects were observed across all studies, with no evidence of progression or lower effect levels with longer duration exposure, allowing for an estimation of a POD suitable for use in chronic risk assessment. Overall, the toxicity profile indicated this new GABA-Cl modulator would be unlikely to generate treatment-related tumors in rats or mice if a long-term set of studies were conducted. Using the lowest 90-day NOAEL 3.9 mg/kg/day as the POD and applying an additional factor of 10X for extrapolation from subchronic to chronic duration, the chronic reference value was well above the anticipated human exposures, indicating a health-protective chronic risk assessment would be possible without rodent cancer bioassays (Figure 2C).
Following the technical peer reviews, it was noted that the relevance of the histopathological findings in liver, renal cortical tubular epithelia, and adrenal zona fasciculata vacuolation could have been discussed in greater depth to better support a waiver rationale. For example, an important finding for the GABA-Cl case study was the fact that the adrenal changes were limited to zona fasciculate vacuolation and adrenal gland hypertrophy. No adrenal proliferative lesions were observed despite the presence of vacuolation. This was important as the histopathological distinction between adrenal hyperplasia and adrenal neoplastic changes in the rat is not necessarily easy to differentiate. The same feedback applied to the adrenal findings in mice. To strengthen this case study, additional data that provided more detailed understanding of the effects in the adrenal gland were recommended by the ReCAAP collaborative reviewers of the case study.
Concerning toxicokinetics, this new GABA-Cl modulator and its metabolites did not appear to bioaccumulate. In summary, the target organs for subchronic exposure included the adrenal glands (rat and mouse), liver (rat and mouse), kidneys (rat), testes (rat), duodenum (rat and mouse), spleen (mouse) and thymus (mouse). Carcinogenicity studies were only available for two of the related chemicals, and multiple tumor types were observed in the carcinogenicity studies for both chemicals. In addition, there were indications in the read-across for potential disruption of the hypothalamic-pituitary adrenal (HPA) axis, based on hypertrophy of adrenal zona fasciculata seen in mice and rats in the toxicity databases. Based on the number of organs affected in the subchronic studies and the inconsistent tumor profiles of the read-across chemicals, there was limited confidence that a waiver rationale would be acceptable for risk management, and presently, would not be sufficient to fulfill the regulatory data requirements. This case study highlights the need for additional steps to develop mechanistic cell-based assays and computational models that can acceptably address such uncertainties.
3.4 Comparison to chronic/carcinogenicity study results
As already noted, the opportunity to develop these prospective case studies for three new agrochemicals was unique, because the exercise was blinded to the results of the guideline chronic/carcinogenicity studies that were eventually conducted in both mice and rats to fulfill current data requirements for registration. For all three new agrochemicals described above, the rodent bioassays did not show any evidence of carcinogenicity not predicted by the framework assessment. For the SDHI chemical, mouse liver tumors were observed (although at a low incidence considered marginally treatment-related). As the CAR-mediated MOA had been demonstrated through mechanistic studies, a threshold-based endpoint for chronic toxicity was considered protective of all long-term effects in humans, including cancer. No treatment-related tumors were observed in either rats or mice for the ACCase inhibitor or the GABA-Cl modulator. The application of the ReCAAP framework to these chemicals resulted in waiver rationales and estimated chronic PODs that were equally or more conservative than the actual results of the rodent bioassays, illustrating that human health-protective chronic and carcinogenicity risk assessments do not necessarily require long-term animal data.
4 KEY LEARNINGS
The intended value of these Syngenta case studies was to provide an opportunity for reviewers from the ReCAAP Work Group to test the application of the ReCAAP framework for three new agrochemicals, without any knowledge of the rodent bioassay outcomes. The aggregated reviewer feedback from this exercise underlined the core strengths of the framework to support a WOE-based assessment of chronic and carcinogenicity risk without the rodent bioassays. Through this exercise, several key learnings were identified, including the advantage of using read-across and mode-of-action information to support the WOE, as well as the need for transparency in the selection and justification of information used in the WOE. In the following, we summarize some of the key learnings and recommendations from this exercise, to support confidence in using the ReCAAP framework for future application.
4.1 Read-across
One of the lessons learned with these case studies included the benefits of using a consistent approach in read-across to available guideline studies and research models and strengthening the reliability of comparing findings in known toxicological profiles. A thorough discussion of the information considered in the read-across approach was important to support the selection of chemical analogues. Read-across assessments for these case studies were conducted by evaluating structural similarity, which is a common approach for analogue selection for industrial and cosmetic chemicals. Agrochemicals, unlike industrial chemicals, typically have a well-characterized toxicity profile, as well as known on-target mode of action (i.e., pesticidal mode of action). For agrochemicals, similarity of biological effects (off-target mode of action), in addition to similarity of known on-target pesticidal mode of action, is considered an important consideration in selecting analogues for read-across evaluation. Biological similarity among chemicals is a scientifically acceptable concept, but its application requires robust justification (Escher et al., 2019; Rovida et al., 2020). Given the breadth of information supporting the read-across, it is useful to provide data tables that show a normalized magnitude of change (e.g., percent change relative to control) for similar critical effects, to aid interpretation of biological significance across toxicity studies and databases for a new active substance and read-across chemicals.
One of the challenges that arose was data availability for structurally similar chemicals. Without publicly-available data, it may not be possible to include all relevant chemicals in the read-across exercise. Likewise, reliable regulatory reviews may not be available for all chemicals, or reviews may be available from different agencies with differing interpretations. In the case of differing regulatory conclusions, choices must be made as to which positions to use in the read-across, and these decision points should be transparent and documented in the read-across assessment. While there may have been a larger library of structurally similar chemicals available for each of the case studies, only a subset was available in the public domain and in regulatory reviews. One weakness of limiting the chemical analogues (source chemicals) in this way is the potential to introduce bias for compounds with lower toxicity (i.e., chemicals that have successfully achieved development and registration). It was also recommended to apply a structured evaluation approach, a globally harmonized approach for consistency in assessing the relevance and reliability of a read-across analogue (Boobis et al., 2006; Moustakas et al., 2022).
It was noted in the reviewers’ feedback that mechanistic understanding of the treatment-related effects of an active substance and structurally similar chemicals, and the ability to compare the toxicity profiles in terms of dose-response and duration, provided the strongest read-across evidence to estimate a protective POD for human health risk assessment.
4.2 Mode of action
Another key strength of the framework was the emphasis on using mechanistic understanding of carcinogenicity (such as mode of action, adverse outcome pathways, and human relevance) to evaluate human risk, including targeted investigative studies if necessary. Specifically, mode of action research supports a better understanding of the biological response; through such understanding, the human relevance, and health-protective thresholds (e.g., occurrence of key events) can be identified.
To bring increased consistency to MOA evaluation it was recommended during the technical peer reviews that possible MOAs and/or AOPs be considered systematically during the WOE assessment. and included in the framework to prompt the registrants to include this in the assessment. To develop a sustainable framework, relevant MOAs and/or AOPs to evaluate would be helpful to streamline the WOE and should be adaptable to evolve over time. It is important to consider the relevant MOA that may drive the chronic toxicity risk of a chemical; however, this framework is not designed to be prescriptive on which tools or studies must be used. As highlighted in this ReCAAP framework, each weight of evidence assessment should be evaluated on a case-by-case basis, using scientifically sound relevant MOA based on the available data. Additional feedback on the MOA research for each case study highlighted the strength of the available data. Some potential MOAs were accepted as adequately addressed (e.g., rat thyroid effects secondary to liver enzyme induction) while certain alternative MOAs were considered only partially addressed (e.g., receptor-mediated MOA) or not sufficiently addressed (e.g., altered apoptosis). Further research may be required to strengthen the MOA assessment of certain effects of concern, and iterative engagement with the Regulatory Agencies could help to identify database uncertainties and ensure an acceptable MOA assessment strategy.
4.3 Transparency
Another key learning from the case studies was the need for transparency in the rationale used to assess the safety of the target compound with the available data and read-across analogues. Depending on the individual case study, various lines of evidence may be deemed more or less informative and relevant to the overall WOE. For instance, read-across may be highly useful in some cases (e.g., in the SDHI case study), but in other cases may not be strong enough to predict chronic and carcinogenicity risk for certain endpoints (e.g., in the GABA-Cl case study). While there may be a common pesticidal MOA across the chemicals used in the read-across, the off-target effects and biological response may be different. Thus, the selection of read-across analogs must be adequately justified.
The MOA data is generally expected to be an impactful line of evidence. The use of GLP OECD guideline studies (i.e., regulatory approved study design and quality), as well as any publicly available relevant information on the chemical analogues, strengthened these assessments.
The Syngenta prospective case study reviews provided useful feedback and guidance on options to improve and increase the acceptance of the ReCAAP framework. Recommendations from the ReCAAP Work Group technical reviews included the provision of a consistent and structured approach in the methodology used for read-across, including well-articulated criteria and a transparent decision tree used for selecting read-across chemicals. Additionally, presenting more information on similarity grouping, mechanistic data, and mammalian mode of action research to support the read-across rationale would increase the confidence and strengthen the ability to compare toxicity profiles, and thus inform on an endpoint outcome for a new target active substance.
5 NEXT STEPS FOR THIS FRAMEWORK
The WOE-based ReCAAP framework is designed to integrate several different types of toxicological evidence, which can include regulatory-required guideline toxicity studies, chemical read-across, and mechanistic new approach methods (e.g., in vitro assays, toxicogenomics). In some cases, the selection of and confidence in each line of evidence will have addressed the outcomes of concern in all data streams. In others, there may only be data available. In each case, the data integration process considers the findings described in the qualitative and/or quantitative data selection and the certainty of the evidence for each outcome, to determine conclusions that directly address the human health and safety of the target compound. Looking forward, as the guidance for this approach is further developed, it may be useful to involve a matrix-based approach (e.g., a matrix describing how the confidence in the lines of evidence are combined to reach different hazard conclusions, or techniques for eliciting expert knowledge) to support the needs for regulatory risk assessment. In general, higher confidence in the lines of evidence results in stronger conclusions. The use of mechanistic data is particularly valuable to support evaluation of biological plausibility with hazard conclusions or extrapolation approaches in dose-response assessments.
The three Syngenta prospective case studies presented here demonstrate the utility of the developed ReCAAP framework to a) assess confidence in evaluating potential for carcinogenicity without the conduct of the rodent cancer bioassays, b) estimate a POD for chronic risk assessment, and c) assess the relevance and reliability of the lines of evidence identified and selected for the read-across and WOE analysis. This modern approach can be applied to a range of different endpoints that are of common concern for safety assessment. Moreover, the framework is demonstrated to be transparent and scientifically sound, such that it is ready to implement into human health risk assessment. Further, with the key learnings during the WOE assessment, feedback and learnings from the technical reviews, and recommendations presented herein, this approach can be refined further to address all uncertainties and facilitate the development of guidance for more efficient, fit-for-purpose, human-relevant and equally health-protective safety, and risk assessment of chemicals. Efforts are now underway to establish a decision-making framework in the form of an Integrated Approach to Testing and Assessment (IATA) for guiding data collection, evaluating reliable and relevant information, and the decision-making process. As registrants and regulators continue to gain experience with the application of this framework to new chemicals, similar to our experience through these case studies, we anticipate further progress and acceptance of WOE rationales to support regulatory decision-making and protection of human health, without requiring long-term animal testing to evaluate chronic and carcinogenicity risk.
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REFERENCES
 Alexander-White, C., Bury, D., Cronin, M., Dent, M., Hack, E., Hewitt, N. J., et al. (2022). A 10-step framework for use of read-across (RAX) in next generation risk assessment (NGRA) for cosmetics safety assessment. Regul. Toxicol. Pharmacol. 129 (2022), 105094. doi:10.1016/j.yrtph.2021.105094
 APVMA (2017). “Australian pesticides and veterinary medicines authority,” in Agricultural data guidelines: 3.1.1. Submission . Available at: http://apvma.gov.au/node/32551 (Accessed February 02, 2024). 
 Audebert, M., Assmann, A.-S., Azqueta, A., Babica, P., Benfenati, E., Bortoli, S., et al. (2023). New approach methodologies to facilitate and improve the hazard assessment of non-genotoxic carcinogens – a PARC project. Front. Toxicol. 5, 1220998. doi:10.3389/ftox.2023.1220998
 Becker, R. A., Dellarco, V., Seed, J., Kronenberg, J. M., Meek, B., Foreman, J., et al. (2017). Quantitative weight of evidence to assess confidence in potential modes of action. Regul. Toxicol. Pharmacol. 86, 205–220. doi:10.1016/j.yrtph.2017.02.017
 Blythe, J., Earley, F. G. P., Piekarska-Hack, K., Firth, L., Bristow, J., Hirst, E. A., et al. (2022). The mode of action of isocycloseram: a novel isoxazoline insecticide. Pestic. Biochem. Physiol. 187 (2022), 105217. doi:10.1016/j.pestbp.2022.105217
 Boobis, A. R., Cohen, S. M., Dellarco, V., McGregor, D., Meek, M. E. B., Vickers, C., et al. (2006). IPCS framework for analyzing the relevance of a cancer mode of action for humans. Crit. Rev. Toxicol. 36 (10), 781–792. doi:10.1080/10408440600977677
 Cohen, S. M., Boobis, A. R., Doe, J. E., Dellarco, V. L., Fenner-Crisp, P. A., Moretto, A., et al. (2019). Chemical carcinogenicity revisited 3: risk assessment of carcinogenic potential based on the current state of knowledge of carcinogenesis in humans. Regul. Toxicol. Pharmacol. 100 (2019), 100–105. doi:10.1016/j.yrtph.2019.01.017
 Corvi, R., Madia, F., Guyton, K. Z., Kasper, P., Rudel, R., Colacci, A., et al. (2017). Moving forward in carcinogenicity assessment: report of an EURL ECVAM/ESTIV workshop. Vitro Toxicol. 45 (3), 278–286. doi:10.1016/j.tiv.2017.09.010
 Craig, E., Lowe, K., Akerman, G., Dawson, J., May, B., Reaves, E., et al. (2019). Reducing the need for animal testing while increasing efficiency in a pesticide regulatory setting: lessons from the EPA Office of pesticide Programs’ Hazard and Science Policy Council. Regul. Toxicol. Pharmacol. 108 (2019), 104481. doi:10.1016/j.yrtph.2019.104481
 Das, S. K. (2016). Screening of bioactive compounds for development of new pesticides: a mini review. Univers J. Agric. Res. 4 (1), 15–20. doi:10.13189/ujar.2016.040103
 Dayan, F. E. (2019). Current status and future prospects in herbicide discovery. Plants 8 (2019), 341. doi:10.3390/plants8090341
 Dekant, W., Bridges, J., and Scialli, A. R. (2017). A quantitative weight of evidence assessment of confidence in modes-of-action and their human relevance. Regul. Toxicol. Pharmacol. 90 (2017), 51–71. doi:10.1016/j.yrtph.2017.08.012
 Délye, C. (2005). Weed resistance to acetyl coenzyme A carboxylase inhibitors: an update. Weed Sci. 53, 728–746. doi:10.1614/ws-04-203r.1
 Duke, S. O., and Dayan, F. E. (2021). The search for new herbicide mechanisms of action: is there a ‘holy grail’? Society of Chemical Industry. Pest Manag. Sci. 78, 1303–1313. doi:10.1002/ps.6726
 EFSA (European Food Safety Authority) (2009). Conclusion on the peer review of the pesticide risk assessment of the active substance spirodiclofen. EFSA J. 339, 1–86. doi:10.2903/j.efsa.2009.339r
 EFSA (European Food Safety Authority) (2013). Conclusion on the peer review of the pesticide risk assessment of the active substance spirotetramat. EFSA J. 11 (6), 3243. doi:10.2903/j.efsa.2013.3243
 Elcombe, C. R., Peffer, R., Wolf, D. C., Bailey, J., Bars, R., Bell, D., et al. (2014). Mode of action and human relevance analysis for nuclear receptor-mediated liver toxicity: a case study with phenobarbital as a model constitutive androstane receptor (CAR) activator. Crit. Rev. Toxicol. 44, 64–82. doi:10.3109/10408444.2013.835786
 Embry, M. R., Bachman, A. N., Bell, D. R., Boobis, A. R., Cohen, S. M., Dellarco, M., et al. (2014). Risk assessment in the 21st century: roadmap and matrix. Crit. Rev. Toxicol. 44 (S3), 6–16. doi:10.3109/10408444.2014.931924
 Escher, S. E., Kamp, H., Bennekou, S. H., Bitsch, A., Fisher, C., Graepel, R., et al. (2019). Towards grouping concepts based on new approach methodologies in chemical hazard assessment: the read-across approach of the EU-ToxRisk project. Arch. Toxicol. 93, 3643–3667. doi:10.1007/s00204-019-02591-7
 European Chemicals Agency (2017). “Non-animal approaches,” in Current status of regulatory applicability under the REACH, CLP and Biocidal Products regulations . Report. November 2017. ECHA-17/R/24/EN. Available at: https://op.europa.eu/en/publication-detail/-/publication/d1493f80-e085-11e7-9749-01aa75ed71a1/language-en. doi:10.2823/000784
 Felter, S. P., Bhat, V. S., Botham, P. A., Bussard, D. A., Casey, W., Hayes, A. W., et al. (2022). Assessing chemical carcinogenicity: hazard identification, classification, and risk assessment. Insight from a Toxicology Forum state-of-the-science workshop. Crit. Rev. Toxicol. 51 (8), 653–694. doi:10.1080/10408444.2021.2003295
 Food Safety Commission (2020). Fluxametamide (pesticides). Food Saf. Comm. Cabinet Office, Gov. Jpn. Food Saf. 8 (1), 10–11. doi:10.14252/foodsafetyfscj.D-20-00006
 Hartung, T. (2016). Making big sense from big data in toxicology by read-across. ALTEX - Altern. animal Exp. 33, 83–93. doi:10.14573/altex.1603091
 Hartung, T. (2019). Predicting toxicity of chemicals: software beats animal testing. EFSA J. 17 (S1), e170710. doi:10.2903/j.efsa.2019.e170710
 Hilton, G. M., Adcock, C., Akerman, G., Baldassari, J., Battalora, M., Casey, W., et al. (2022). Rethinking chronic toxicity and carcinogenicity assessment for agrochemicals project (ReCAAP): a reporting framework to support a weight of evidence safety assessment without long-term rodent bioassays. Regul. Toxicol. Pharmacol. 131 (12022), 105160. doi:10.1016/j.yrtph.2022.105160
 Holsapple, M. P., Pitot, H. C., Cohen, S. H., Boobis, A. R., Klaunig, J. E., Pastoor, T., et al. (2006). Mode of action in relevance of rodent liver tumors to human cancer risk. Toxicol. Sci. 89 (1), 51–56. doi:10.1093/toxsci/kfj001
 IPCS (International Programme on Chemical Safety) (2007). IPCS mode of action framework. Part 1: IPCS framework for analysing the relevance of a cancer mode of action for humans and case studies. Part 2: IPCS framework for analysing the relevance of a non-cancer mode of action for humans. Geneva, Switzerland: World Health Organization. Chemical Safety and Health Unit. 
 Kavlock, R. J., Bahadori, T., Barton-Maclaren, T. S., Gwinn, M. R., Rasenbert, M., and Thomas, R. S. (2018). Accelerating the pace of chemical risk assessment. Chem. Res. Toxicol. 31, 287–290. doi:10.1021/acs.chemrestox.7b00339
 Lizarraga, L. E., Suter, G. W., Lambert, J. C., Patlewicz, G., Zhao, J. Q., Dean, J. L., et al. (2023). Advancing the science of a read-across framework for evaluation of data-poor chemicals incorporating systematic and new approach methods. Regul. Toxicol. Pharmacol. 137 (2023), 105293. doi:10.1016/j.yrtph.2022.105293
 Low, Y., Sedykh, A., Fourches, D., Golbraikh, A., Whelan, M., Rusyn, I., et al. (2013). Integrative chemical-biological read-across approach for chemical hazard classification. Chem. Res. Toxicol. 26 (8), 1199–1208. doi:10.1021/tx400110f
 Madia, F., Pillo, G., Worth, A., Corvi, R., and Prieto, P. (2021). Integration of data across toxicity endpoints for improved safety assessment of chemicals: the example of carcinogenicity assessment. Arch. Toxicol. 95, 1971–1993. doi:10.1007/s00204-021-03035-x
 Manibusan, M. K., Odin, M., and Eastmond, D. A. (2007). Postulated carbon tetrachloride mode of action: a review. J. Environ. Sci. Health Pt C 25, 185–209. doi:10.1080/10590500701569398
 Meek, M. E., Palermo, C. M., Bachman, A. N., North, C. M., and Lewis, R. J. (2014). Mode of action human relevance (species concordance) framework: evolution of the Bradford Hill considerations and comparative analysis of weight of evidence. J. Appl. Toxicol. 34, 595–606. doi:10.1002/jat.2984
 Mellor, C. L., Schultz, T. W., Przybylak, K. R., Richarz, A. N., Bradbury, S. P., and Cronin, M. T. D. (2017). Read-across for rat oral gavage repeated-dose toxicity for short-chain mono-alkylphenols: a case study. Comput. Toxicol. 2, 1–11. doi:10.1016/j.comtox.2017.03.003
 Moustakas, H., Date, M. S., Kuman, M., Schultz, T. W., Liebler, D. C., Penning, T. M., et al. (2022). An end point-specific framework for read-across analog selection for human health effects. Chem. Res. Toxicol. 35 (12), 2324–2334. doi:10.1021/acs.chemrestox.2c00286
 OECD (2018a). Test No. 451: carcinogenicity studies, OECD guidelines for the testing of chemicals, section 4. Paris: OECD Publishing. doi:10.1787/9789264071186-en
 OECD (2018b). Test No. 453: combined chronic toxicity/carcinogenicity studies, OECD guidelines for the testing of chemicals, section 4. Paris: OECD Publishing. doi:10.1787/9789264071223-en
 Pastoor, T. P., Bachman, A. N., Bell, D. R., Cohen, S. M., Dellarco, M., Dewhurst, I. C., et al. (2014). A 21st century roadmap for human health risk assessment. Crit. Rev. Toxicol. 44 (S3), 1–5. doi:10.3109/10408444.2014.931923
 Patlewicz, G., Ball, N., Becker, R. A., Booth, E. D., Cronin, M. T., Kroese, D., et al. (2014). Read-across approaches--misconceptions, promises and challenges ahead. ALTEX - Altern. animal Exp. 31, 387–396. doi:10.14573/altex.1410071
 Patlewicz, G., Ball, N., Booth, E. D., Hulzebos, E., Zvinavashe, E., and Hennes, C. (2013b). Use of category approaches, read-across and (Q)SAR: general considerations. Regul. Toxicol. Pharmacol. 67 (2013), 1–12. doi:10.1016/j.yrtph.2013.06.002
 Patlewicz, G., Lizarraga, L. E., Rua, D., Allen, D. G., Daniel, A. B., Fitzpatrick, S. C., et al. (2019). Exploring current read-across applications and needs among selected U,S. Federal Agencies. Regul. Toxicol. Pharmacol. 106, 197–209. doi:10.1016/j.yrtph.2019.05.011
 Patlewicz, G., Roberts, D. W., Apyula, A., Blackburn, K., and Hubesch, B. (2013a). Workshop: use of “read-across” for chemical safety assessment under REACH. Regul. Toxicol. Pharmacol. 65, 226–228. doi:10.1016/j.yrtph.2012.12.004
 Peffer, R. C., LeBaron, M. J., Battalora, M., Bomann, W. H., Werner, C., Aggarwal, M., et al. (2018). Minimum datasets to establish a CAR-mediated mode of action for rodent liver tumors. Regul. Toxicol. Pharmacol. 96 (2018), 106–120. doi:10.1016/j.yrtph.2018.04.001
 PMRA (2021). “Health Canada pest management regulatory agency,” in Guidance for developing datasets for conventional pest control product applications: data codes for parts 1, 2, 3, 4, 5, 6, 7 and 10 . Available at: https://www.canada.ca/en/health-canada/services/consumer-product-safety/reports-publications/pesticides-pest-management/policies-guidelines/guidance-developing-applications-data-codes-parts-1-2-3-4-5-6-7-10.html (Accessed February 02, 2024). 
 Rendina, A. R., Craig-Kennard, A. C., Beaudoin, J. D., and Breen, M. K. (1990). Inhibition of acetyl-coenzyme A carboxylase by two classes of grass-selective herbicides. J. Agric. Food Chem. 38, 1282–1287. doi:10.1021/jf00095a029
 Rovida, C., Barton-Maclaren, T., Benfenati, E., Caloni, F., Chandrasekera, P. C., Chesné, C., et al. (2020). Internationalization of read-across as a validated new approach method (NAM) for regulatory toxicology. ALTEX - Altern. animal Exp. 37 (4), 579–606. doi:10.14573/altex.1912181
 Sauve-Ciencewicki, A., Davis, K. P., McDonald, J., Ramanarayanan, T., Raybould, A., Wolf, D. C., et al. (2019). A simple problem formulation framework to create the right solution to the right problem. Regul. Toxicol. Pharmacol. 101, 187–193. doi:10.1016/j.yrtph.2018.11.015
 Schmeisser, S., Miccoli, A., von Bergen, M., Berggren, E., Braeuning, A., Busch, W., et al. (2023). New approach methodologies in human regulatory toxicology - not if, but how and when. Environ. Int. 178 (2023), 108082. doi:10.1016/j.envint.2023.108082
 Shah, I., Liu, J., Judson, R. S., Thomas, R. S., and Patlewicz, G. (2016). Systematically evaluating read-across prediction and performance using a local validity approach characterized by chemical structure and bioactivity information. Regul. Toxicol. Pharmacol. 79, 12–24. doi:10.1016/j.yrtph.2016.05.008
 Stucki, A. O., Clippinger, A. J., Henry, T. R., Hirn, C., Stedeford, T. J., and Terry, C. (2022). Editorial: chemical testing using new approach methodologies (NAMs). Front. Toxicol. 4 (2022), 1048900. doi:10.3389/ftox.2022.1048900
 Swindale, L. Y., Stevens, A. J., Whalley, S. J., Currie, R. A., Jessop, K. M., Lai, F., et al. (2023). Predictive liver lipid biomarker signature of Acetyl-coenzyme A carboxylase inhibitor related developmental toxicity in non-pregnant female Han Wistar rats - Lipidomics biomarker discovery and validation. Toxicol. Lett. 380, 62–68. doi:10.1016/j.toxlet.2023.03.009
 Takano, H. K., Ovejero, R. F. L., Belchior, G. G., Maymone, G. P. L., and Dayan, F. E. (2021). ACCase-inhibiting herbicides: mechanism of action, resistance evolution and stewardship. Sci. Agric. 78 (1). doi:10.1590/1678-992X-2019-0102
 US EPA (2005). Guidelines for carcinogenic risk assessment. Risk assessment forum. Washing, D.C: U.S. Environmental Protection Agency. 
 US EPA (2013a). Guiding principles for data requirements. United States Environmental Protection Agency. Available at: https://www.epa.gov/sites/production/files/2014-02/documents/part158-tox-data-requirement.pdf (Accessed February 02, 2024). 
 US EPA (2013b). Part 158 toxicology data requirements: guidance for neurotoxicity battery, subchronic inhalation, subchronic dermal and immunotoxicity studies. Office of Pesticide Programs U.S. Environmental Protection Agency. Available at: https://www.epa.gov/sites/production/files/2016-01/documents/data-require-guide-principle.pdf.
 US EPA (2020a). Broflanilide: new active ingredient human health risk assessment. United States Environmental Protection Agency. Office of Chemical Safety and Pollution Prevention. Available at: https://www.regulations.gov/document/EPA-HQ-OPP-2018-0053-0012https://downloads.regulations.gov/EPA-HQ-OPP-2018-0053-0012/content.pdf.
 US EPA (2020b). Fluxametamide: human health risk assessment to support the establishment of a tolerance without U.S. Registration in/on tea. First food use. United States Environmental Protection Agency. Office of Chemical Safety and Pollution Prevention. Available at: https://www.regulations.gov/document/EPA-HQ-OPP-2019-0492-0007https://downloads.regulations.gov/EPA-HQ-OPP-2019-0492-0007/content.pdf (Accessed December 11, 2020). 
 WHO (2021). Framework for the use of systematic review in chemical risk assessment. Available at: https://www.researchgate.net/publication/355929743_World_Health_Organization_Framework_for_the_use_of_Systematic_Review_in_chemical_risk_assessment.
 Wolf, D. C., Cohen, S. M., Boobis, A. R., Dellarco, V. L., Fenner-Crisp, P. A., Moretto, A., et al. (2019). Chemical carcinogenicity revisited 1: a unified theory of carcinogenicity based on contemporary knowledge. Regul. Toxicol. Pharmacol. 103, 86–92. doi:10.1016/j.yrtph.2019.01.021
 Xia, X., Tang, W., He, S., Kang, J., Ma, H., and Li, J. (2016). Mechanism of metamifop inhibition of the carboxyltransferase domain of acetyl-coenzyme A carboxylase in Echinochloa crus-galli. Sci. Rep. 6, 34066–34366. doi:10.1038/srep34066
 Yu, L. P. C., Kim, Y. S., and Tong, L. (2010). Mechanism for the inhibition of the carboxyl-transferase domain of acetyl-coenzyme A carboxylase by pinoxaden. PNAS 107 (51), 22072–22077. doi:10.1073/pnas.1012039107
Conflict of interest: Authors AG, NR, AS-V, CL, and DW were employed by Syngenta Crop Protection LLC.
The remaining author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Goetz, Ryan, Sauve-Ciencewicki, Lord, Hilton and Wolf. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ftox-06-1394361-t001.jpg
Chemical/Active
substance

New SDHI fungicide/
Nematicide

New ACCase inhibitor
insecticide

New GABA-Cl allosteric
modulator Insecticide/
Acaricide

Pesticidal Mode of Action

Read-across chemicals

Pharmacokinetics

Relevant Assessment of
Biological Effect and Response

Evidence of hormone
perturbation

Evidence of immune
suppression

Genotoxicity

Interpretation of Toxicity
Profile

Point of Departure

Chronic Risk Assessment

Conclusions on Weight of
Evidence to Waive the Rodent
Bioassays

Disrupts cellular respiration through
inhibition of mitochondrial enzyme
succinate dehydrogenase

© Large number of chemicals available
23 SDHI fungicides (FRAC Group 7)

© 13 chemicals registered by US EPA

@ All 13 chemicals included in read-across

Target substance is well absorbed and
rapidly excreted. ADME properties were
similar in both sexes and at all tested dose
levels. There is no concern for
bioaccumulation or toxic metabolites

Subchronic studies indicate liver and thyroid
are target organs (increased weights and
microscopic hypertrophy) with clear
NOAELs established for all effects

No effects on reproductive performance or
prenatal development. No evidence of
estrogen, androgen, o steroid perturbation.
‘Thyroid effects in rats considered secondary
to liver enzyme induction. No evidence of
direct thyroid perturbation

No evidence of immune suppression in
subchronic studies or with read-across
chemicals

Not mutagenic, aneugenic, or clastogenic
based on complete genotoxicity battery

Investigative studies link the liver and
thyroid effects to activation of CAR and
induction of liver enzymes (including
'UDPGT), a well-established MOA common
to most SDHI chemicals

Lowest 90-day NOAEL (rat) with a 10X
extrapolation factor for subchronic to
chronic duration (1000X total uncertainty
factor)

All use cases passed risk assessment based on
margins of exposure

High confidence that a chronic POD can be
determined that s protective of all long-term
effects, including cancer, without conducting
the rodent bioassays

Disrupts fatty acid biosynthesis through
inhibition of acetyl-CoA carboxylase

© Medium number of chemicals available

© 23 ACCase inhibitor herbicides and
insecticides

© HRAC Group 1 and IRAC Group 23

14 chemicals registered by US EPA

2 chemicals peer-reviewed by EFSA

1 chemical included in a JMPR report

3 of the 17 chemicals were included in the
read-across based on structural similarity
(TAS/TADs) and regulatory review by the
same Agency (US EPA)

Target substance is well absorbed and
extensively metabolized, with no alerts for
bioaccumulation or toxic metabolites.
Excretion is rapid, with greater than 94% of the
dose excreted within 48 h and essentially
complete by 168 h. The predominant
biotransformation pathway observed was via
rapid and complete ester hydrolysis of the
ethoxy carbonyl moiety to form the enol
metabolite

Subchronic studies indicate decreased body
weights in all tested species, thyroid effects in
rats, liver effects in mice, and adverse linical
signs in dogs, with clear NOAELS established
for all effects

Based on the available data there is no tosicity
via an endocrine MOA and thus not relevant
for selection of endpoints for risk assessment.
‘The lack of hormone measurement does not
affect the WOE assessment or outcome because
a hormonal MOA relevant to carcinogenicity
was limited to thyroid, for which mechanistic
data are available to address human non-
relevance and/or justification for a margin of
exposure-based approach for chronic risk
assessment. Effects due to perturbations of
reproductive hormones were considered
adequately evaluated by the US EPA in the
toxicological database, including the repeated
dose, reproductive, developmental and
ToxCast data

Chemicals used for read-across did not show
signs of immunotoxicity in the T-cell
dependent antibody response assays. In all
available studies, there was no evidence of an
immunosuppressive effect up to the highest
dose level tested

Not mutagenic, aneugenic, or clastogenic based
on complete genotoxicity battery

Subchronic toxicity profile in line with ACCase
inhibition. Investigative studies link thyroid
effects in rats to induction of liver enzymes
(including UDPGT). Adverse clinical signs in
dogs identified as the most protective endpoint
for risk assessment

Lowest 90-day NOAEL (dog) with a 10X
extrapolation factor for subchronic to chronic
duration (1000X total uncertainty factor)

Al use cases passed risk assessment based on
margins of exposure

High confidence that a chronic POD can be
determined that is protective of all long-term
effects, including cancer, without conducting
the rodent bioassays

Disrupts inhibitory neurotransmitter
signaling through allosteric modulation of
GABA-gated chloride channels

© Limited number of chemicals available
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ADME properties were similar in both sexes
irespective of dose levels, single or repeat
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Subchronic studies indicate several target
organs in rats and mice, and no target
organs in dogs. Clear NOAELS established
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No effects on reproductive performance or
prenatal development. No evidence of
estrogen, androgen, or thyroid perturbation
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No evidence of immune suppression in
subchronic studies or with read-across
chemicals
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Anillustration of the framework workflow. The left column lists the order of assessments utilized in the WOE, assessment. The results from each part of the analysis are briefly described for cach
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