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Introduction: The International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) initiated a process in 2012 to revise the S1B Guideline “Testing for Carcinogenicity of Pharmaceuticals”. Previous retrospective analysis indicated the importance of histopathological risk factors in chronic toxicity studies, evidence of endocrine perturbation, and positive genetic toxicology results as potentially predictive indicators of carcinogenic risk. In addition, a relationship between pharmacodynamic activity and carcinogenicity outcome in long-term rodent studies has been reported. It was postulated that these factors could be evaluated in a Weight-of-Evidence (WoE) approach to predict the outcome of a 2-year rat study.
Methods: The ICH S1B(R1) Expert Working Group (EWG) conducted a Prospective Evaluation Study (PES) to determine the regulatory feasibility of this WoE approach. Drug Regulatory Authorities (DRAs) evaluated 49 Carcinogenicity Assessment Documents (CADs), which describe the WoE for submitted pharmaceutical compounds. Each compound was categorized into a carcinogenic risk category including a statement of the value of the 2-year rat study. The outcome of the completed 2-year rat studies was evaluated in relation to the prospective CAD to determine the accuracy of predictions.
Results: Based on the results of the PES, the EWG concluded that the evaluation process for assessing human carcinogenic risk of pharmaceuticals described in ICH S1B could be expanded to include a WoE approach. Approximately 27% of 2-year rat studies could be avoided in cases where DRAs and sponsors unanimously agreed that such a study would not add value.
Discussion: Key factors supporting a WoE assessment were identified: data that inform carcinogenic potential based on drug target biology and the primary pharmacologic mechanism of the parent compound and major human metabolites; results from secondary pharmacology screens for this compound and major human metabolites that inform carcinogenic risk; histopathology data from repeated-dose toxicity studies; evidence for hormonal perturbation; genotoxicity data; and evidence of immune modulation. The outcome of the PES indicates that a WoE approach can be used in place of conducting a 2-year rat study for some pharmaceuticals. These data were used by the ICH S1B(R1) EWG to write the R1 Addendum to the S1B Guideline published in August 2022.
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INTRODUCTION
The International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) is a key international organization involving regulators and industry that develops internationally harmonized scientific and technical guidelines to support global licensing of human medicines. The ICH S1B guideline “Testing for Carcinogenicity of Pharmaceuticals” provides recommendations on approaches for evaluating the carcinogenic potential of pharmaceuticals which can include the conduct of a 2-year rat carcinogenicity study. An Addendum to the ICH S1B guideline was recently introduced to include a Weight of Evidence (WoE) approach (ICH S1B(R1), 2022) which involves an assessment of WoE factors to inform whether a 2-year rat carcinogenicity study adds value to the assessment of human carcinogenic risk. The recommendations outlined in the Addendum are in part based on the outcome of a Prospective Evaluation Study (PES) conducted under ICH S1(R1) Proposed Change to Rodent Carcinogenicity Testing of Pharmaceuticals–Regulatory Notice Document (ICH, 2013) between 2013–2020.
The primary impetus for updating the guidance was the retrospective analysis of a dataset of 182 blinded compounds from 13 PhRMA companies and a further dataset of 76 IARC Class 1 and 2A compounds (Sistare et al., 2011) which indicated that the absence of (1) histopathologic risk factors for rat neoplasia in chronic toxicology studies, (2) evidence of hormonal perturbation or intended endocrine pharmacology, and (3) positive genetic toxicology results predicted a negative tumor outcome in 82% of 2-year rat carcinogenicity studies evaluated. The rat tumor findings in the remaining 18% of compounds were judged to be of questionable human relevance. It was proposed that compounds meeting these criteria would have a low likelihood of being rat carcinogens and therefore an adequate assessment of human carcinogenic risk could be based on these criteria and completed without results from a 2-year rat study.
Furthermore, a retrospective analysis of a dataset of 255 unblinded compounds from industry and regulatory agencies showed a relationship between pharmacodynamic activity and histopathology findings in rats after 6 months of treatment and subsequently with carcinogenicity outcome in the 2-year rat study (Van der Laan et al., 2016a). Both a positive and a negative relationship was observed and indicated that a more complete knowledge of drug target pharmacology may contribute to the improved prediction of carcinogenicity outcome in the 2-year rat study (Van der Laan et al., 2016a). In another dataset of 289 human pharmaceuticals, the ability to predict rat non-carcinogens based on pharmacology and histopathology had a success rate of 92% whereas the ability to predict rat carcinogens was 98% (Van der Laan et al., 2016b).
These retrospective analyses supported the hypothesis put forward by the ICH S1B(R1) expert working group (EWG) in a Regulatory Notice Document (ICH, 2013). That is, knowledge of pharmacologic target(s) and signaling pathway(s), together with toxicological data, is sufficient to characterize the carcinogenic potential of a pharmaceutical and therefore sufficient to determine whether the conduct of a 2-year rat study would add value to the assessment of human carcinogenic risk. Prospective studies had not been conducted to discern the predictivity of a WoE approach that includes information on drug target pharmacology together with compound-specific toxicology to assess the outcome of a 2-year rat study and its relation to assessing human carcinogenic risk. Moreover, there was no information that addressed if Drug Regulatory Authorities (DRAs) and industry could align on reasonably consistent safety and regulatory decisions based on the conclusion of a WoE assessment, and in regard to the need for a 2-year rat bioassay in assessing human carcinogenic risk.
A PES was therefore conducted to determine the regulatory feasibility of this WoE approach and conclusions from these retrospective analyses in a real-world setting, where prior knowledge of the 2-year rat carcinogenicity study outcome is not available. The specific objectives of the PES were as follows:
• To determine if the WoE approach is sufficiently robust to predict the outcome and value of a 2-year rat carcinogenicity study,
• To define the specific factors that contribute to a WoE assessment leading to a conclusion that a 2-year rat study does, or does not, contribute to the assessment of human carcinogenic risk,
• To assess concordance of predictions and statements of value among DRAs and between DRAs and pharmaceutical sponsors.
METHODS
The PES called for sponsors to conduct a prospective assessment addressing human carcinogenic risk of a pharmaceutical under active development and the anticipated outcome and value of a 2-year rat study to that assessment using specific WoE criteria (ICH, 2013). The assessment, referred to as a Carcinogenicity Assessment Document or CAD, was submitted to one of the five participating DRAs (Figure 1: Part 1). The outcome of the prospective assessment was then compared with the outcome of the 2-year rat study (Figure 1: Part 2). Therefore, following completion of the 2-year rat study, a summary of the final study report (FSR) was submitted to the same DRA receiving the CAD submission. After completion of Part 1 and Part 2 of the PES, WoE criteria addressed in the CADs were re-evaluated for the dataset regarding the value for predicting tumor outcome and assessing overall human carcinogenic risk.
[image: Figure 1]FIGURE 1 | Flow chart outlining the design of the Prospective Evaluation Study.
Carcinogenicity Assessment Documents
Participating sponsors submitting a CAD were requested to address specific WoE factors considered pertinent to the assessment of carcinogenic potential (ICH, 2013). Based on the level of certainty regarding carcinogenicity risk and its potential human relevance, sponsors were requested to include a prediction of tumor outcome from the planned or ongoing 2-year rat study and assign the pharmaceutical to one of 4 carcinogenicity risk categories described in Table 1. The sponsor was also requested to state the projected value of the rat carcinogenicity study outcome.
TABLE 1 | Carcinogenicity risk categories.
[image: Table 1]Each CAD had to be completed prior to or within 14–18 months of an ongoing 2-year rat study and could not be informed by any interim 2-year study data. Sponsors submitted their CADs to one of the participating DRAs (Table 2) using a dedicated email address. The submitted CADs were shared with the other DRAs. Each participating DRA independently reviewed the submitted CADs, and the rationale for concurrence or non-concurrence with the sponsor’s assessment and carcinogenicity risk category was documented. DRA review staff were blinded to the sponsor, compound identification, and the regulatory status of the pharmaceutical. In some cases, DRAs sought limited clarification regarding completeness of information from the sponsor via an unblinded assistant.
TABLE 2 | Drug Regulatory Authority (DRA) participation in Prospective Evaluation Study.
[image: Table 2]Category 3a and 3b cases were considered to have the greatest potential impact on the overall outcome of the PES in terms of defining the criteria to support a WoE assessment in lieu of conducting a 2-year rat study as these cases would result in a conclusion that a 2-year rat study would not add value to the assessment of human carcinogenic risk. Therefore, receipt of at least 20 CADs that were categorized as either 3a or 3b from a DRA perspective (i.e., at least one DRA agreed with the sponsor’s category 3a/3b designation) was considered necessary to gain sufficient experience to support a potential revision to the ICH S1B guideline.
Initially, the DRA group included the three founding regulatory members of ICH (EMA, FDA, PMDA, September 2014) as confidentiality agreements were available between these Agencies. Periodically, DRAs met by teleconference to discuss each CAD and to assess concordance in categorizations reached by each region’s independent review of the CADs. Industry members of the EWG were not included in these discussions because of the proprietary nature of the data. However, at various timepoints the full EWG, which included Industry members, as well as DRAs that did not have mutual confidentiality agreements, convened to discuss the results (following anonymization of the data by DRAs), determine study success criteria, and to develop the framework for the ICH S1B(R1) Addendum. At the start of the PES, it was agreed to have a single agreed-upon category for each CAD (i.e., case #s 101 to 107, and 140), even in cases where unanimity for a category was not reached across the DRAs. Health Canada (HC) joined in 2015 after a confidentiality agreement was established, increasing the number of DRAs to 4. From then on, a single final category could not be based on a majority decision, since there could not always be a majority decision with 4 parties involved. Rather, the DRAs communicated any differing viewpoints with a supporting rationale to the ICH S1B(R1) EWG. This approach remained in place when Swissmedic (SMC) joined as the 5th DRA in 2016. The DRAs have reported periodically the progress of the PES in a series of Status Reports (ICH, 2016; ICH, 2017; ICH, 2019; ICH, 2021).
Determination of rat carcinogenicity study outcome
A summary of the FSR of the completed 2-year rat carcinogenicity studies was submitted to DRAs that contained an executive summary with sufficient information to enable independent assessment of tumor outcome (e.g., tumor incidence tables and statistical analysis). When available, complete FSRs were also submitted. Outcomes of the 2-year rat studies were reviewed by DRAs without prior knowledge of the associated CAD. Each DRA evaluated the carcinogenicity study in a manner consistent with the practice in each regulatory region and concluded whether the carcinogenicity study outcome was either:
• Positive: substantive evidence of treatment-related tumors,
• Negative: no evidence of treatment-related tumors, or
• Equivocal: numerical imbalance in tumor incidence relative to concurrent control without clear relationship to treatment. For example, relation to dose-response or historical controls was unclear, statistical significance was not achieved, or a different statistical approach to tumor incidence data was applied (e.g., trend analysis vs. pair-wise testing thresholds).
Following each DRA’s independent assessment, a teleconference was held to discuss the submitted FSR summary and to seek alignment on study outcome(s). It was agreed to designate a single outcome for each FSR summary, even in cases where unanimity on study outcome was not reached across the DRAs.
Evaluation of CAD and carcinogenicity outcome
Following assessment of tumor outcome for each 2-year rat carcinogenicity study, the associated CAD was unblinded, and the carcinogenicity study outcome was compared with the CAD’s predicted human risk category and predicted rat tumor outcome. The data for each CAD/FSR summary pair were discussed to determine if the CAD was consistent with the 2-year rat study outcome and if the 2-year rat study added value to the assessment of human carcinogenic risk. DRAs also discussed specific WoE attributes, particularly those that suggested the conduct of a 2-year rat study would add value, to determine if identified areas of uncertainty could be addressed with additional investigative studies. In March and April 2020, DRAs held a series of teleconferences to discuss each CAD/FSR summary pair in further detail and to begin to map out the WoE framework by identifying WoE attributes that would likely necessitate a 2-year rat study and those that would support a WoE assessment in lieu of a 2-year rat study.
RESULTS
Prospective evaluation study (PES) data set
Acceptance of CADs was initiated following publication of the RND in August 2013 (ICH, 2013). A total of 49 CADs were submitted by 25 sponsors by the closing date of December 2017. In one case, interim data of an ongoing rat study was found in the CAD, and the case was subsequently excluded from the dataset. The sponsors of three CADs (two Category 2, one non-unanimous Category 3a) indicated that the associated rat carcinogenicity study report could not be submitted, leaving a total of 45 CADs with FSRs from 22 sponsors for evaluation. The 45 cases that provided complete information (CAD and associated 2-year rat FSR) comprised the final data set for evaluation in this manuscript. The data set includes 24 Category 3a or 3b CADs with associated 2-year rat FSRs, meeting one study objective of receiving at least 20 Category 3a/b cases as designated by at least one of the participating DRAs, which lead to the closing date of 31 December 2020. The investigational compounds represented approximately 18 different pharmacological targets in active development in approximately 11 different therapeutic areas or clinical indications.
CAD categories and concordance
Table 3 summarizes the categories designated by the sponsors and the corresponding category designated by the DRAs of the 45 completed CAD/FSR summary cases. Among the 31 cases designated by the sponsor as Category 3a or 3b, at least one DRA concurred with this designation in 24 (77%) of these cases. No DRA concurred with the sponsor’s designation of Category 3a/b in 7 cases, concluding instead that the prospective WoE assessment supported the need for a 2-year rat study to adequately assess human carcinogenic risk (i.e., Category 2).
TABLE 3 | Concordance between DRA and sponsor category designations for 45 completed CAD/FSR cases.
[image: Table 3]As not all category designations by DRAs were unanimous, Table 4 indicates the extent of concordance among the participating DRAs in categorizing the CADs. DRAs reached a unanimous conclusion in 1 of 3 Category 1 cases and in 15 of 18 Category 2 cases. Among the 24 cases designated as Category 3a or 3b, the DRAs reached a unanimous decision in 12 cases and a non-unanimous decision, typically between Categories 2 and 3, in an additional 12 cases.
TABLE 4 | Concordance among DRAs on category designations for 45 completed CAD/FSR cases.
[image: Table 4]Outcome of 2-year rat carcinogenicity studies
Tumor outcomes of the 45 two-year rat carcinogenicity studies were reported as positive, negative, or equivocal. As interpreted by the DRAs, 24 studies yielded a negative outcome while 13 yielded a positive outcome in tumor incidence. An equivocal outcome was observed in 8 cases. With one exception (case #140), the sponsors of the equivocal cases reported the study outcomes as negative; thus, the sponsors designated 31 studies as negative and 14 studies as positive for tumor outcome1.
Table 5 represents the number of negative, equivocal, and positive tumor outcomes of the 2-year rat studies grouped by CAD category, as designated by the DRAs. The highest percentage of negative tumor outcomes was associated with Category 3b designations, consistent with this category being defined as compounds unlikely to be carcinogenic in rats or humans based on the CAD WoE evaluation. Category 3a designations were associated with a higher percentage of positive tumor outcomes, relative to Category 3b, consistent with the WoE evaluation supporting the higher likelihood of a positive tumor outcome in rats for these compounds. For Category 2 designations, where the carcinogenic potential was indeterminate based on the CAD WoE, a similar number of 2-year studies yielded a negative or positive tumor outcome.
TABLE 5 | Tumor outcome of 2-year rat studies for cases designated as Categories 1, 2, 3a, and 3b by DRAs.
[image: Table 5]Outcomes in relation to CAD category designation
The basis for CAD categorizations and the outcome of the associated 2-year rat carcinogenicity studies are summarized in Tables 6-12 for Categories 3b (Table 6), 3a (Tables 7, 8), 2 (Tables 9–11), and 1 (Table 12). These tables also describe the rationale underlying concordance or lack of concordance between the DRAs and sponsors, and among DRAs regarding CAD categorization and 2-year rat tumor outcomes.
TABLE 6 | Unanimous and non-unanimous Category 3b: Comparison of WoE assessment to tumor outcome in the 2-year rat study.
[image: Table 6]TABLE 7 | Unanimous Category 3a: Comparison of WoE assessment to tumor outcome in the 2-year rat study.
[image: Table 7]TABLE 8 | Non-unanimous Category 3a: Comparison of WoE assessment to tumor outcome in the 2-year rat study.
[image: Table 8]TABLE 9 | Unanimous Category 2: Comparison of WoE assessment to tumor outcome in the 2-year rat study.
[image: Table 9]TABLE 10 | DRA-designated unanimous non-concordance with sponsor’s proposed Category 3a or 3b designation: Comparison of WoE assessment to tumor outcome in the 2-year rat study.
[image: Table 10]TABLE 11 | DRA-designated non-unanimous Category 2: Comparison of WoE assessment to tumor outcome of the 2-year rat study.
[image: Table 11]TABLE 12 | Unanimous and non-unanimous Category 1: Comparison of WoE assessment to tumor outcome in the 2-year rat study.
[image: Table 12]TABLE 13 | WoE attributes associated with DRA-designated unanimous Category 3a and 3b cases.
[image: Table 13]Category 3b
Category 3b was designated when the prospective WoE assessment supported a conclusion that the predicted carcinogenic risk is low or absent for both rats and humans, such that the outcome of a 2-year rat study would not add value to the assessment. The sponsors designated 17 cases as Category 3b of which the DRAs agreed fully or partially with 12 of those cases (Tables 3, 4). Among these 12 Category 3b cases, 11 were reported by the sponsors as having a negative tumor outcome, and 1 case was reported as positive (Table 6). The DRAs assessed two sponsor-designated negative cases as equivocal. In one equivocal case (#137), there was a dose-dependent numerical imbalance in the incidence of pancreatic islet neoplasms which exceeded the historical range in the high-dose group but was not statistically significant by trend or pairwise testing. In addition, a dose-independent numerical imbalance for uterine endometrial neoplasms showed an incidence higher than in the concurrent control group but remained within the historical rate for the test site. In the second equivocal case (#149), there were numerical imbalances in 3 dermal neoplasms (squamous cell papilloma, carcinoma, and keratoacanthoma) in males that reached statistical significance only when combined, driven primarily by a higher incidence of keratoacanthoma at the high dose. The latter exceeded the historical control for rats from the study site.
The tumor outcome of one Category 3b case was determined to be positive and treatment-related by both the sponsor and the DRAs (case #122) for uterine carcinoma. Retrospective examination of the 6-month toxicology study revealed a marked increase in uterine weight with abnormal contents, with microscopic evidence of dilatation at doses that were associated with uterine neoplasms in the 2-year study. The occurrence of uterine carcinoma at low multiples of clinical exposure in the 2-year rat study was not consistent with the original WoE assessment of low carcinogenic risk (Category 3b). At the time of CAD assessment, these uterine findings in the 6-month study were not recognized as a risk factor for development of uterine neoplasia by the sponsor or DRAs. It is now noted that an increase in reproductive organ weights with or without histological correlates observed in a 6-month study may be interpreted as a predisposing risk factor for neoplasia upon long-term administration. Further investigative studies to understand the underlying mechanism and human relevance would be appropriate in such cases as part of a WoE evaluation in determining whether a 2-year rat study is warranted.
Category 3a
Category 3a was designated when the prospective WoE supported a conclusion that the predicted cancer risk is low in humans, but that a positive tumor outcome is likely in the 2-year rat study by a species-specific and human irrelevant pathway. The sponsors designated 14 cases as Category 3a of which the DRAs agreed either fully or partially with 12 of those cases (Tables 3, 4). Among the 12 cases designated as Category 3a by the DRAs, 4 yielded a positive tumor outcome in the 2-year rat study as assessed by the DRAs and sponsors. Another 5 cases yielded a negative tumor outcome as assessed by the sponsors and DRAs, and 3 cases yielded an equivocal tumor outcome as assessed by the DRAs. The sponsors of the 3 DRA-designated equivocal cases interpreted the 2-year rat studies as being negative (case #s 109, 135 of Table 7; case 125 of Table 8). In some cases, tumor types that were observed in the 2-year rat study were not anticipated based on the WoE assessment (case #s 109, 125, 135, 139, 145), and not all tumor types anticipated from the WoE assessment were observed in the 2-year rat study (case #s 106, 109, 116, 117, 125, 131, 133, 135, 139, 142, 145 of Tables 7 and 8). However, none of the tumor types observed in the positive studies were interpreted as presenting a human carcinogenicity risk due to either human irrelevance based on anticipated tumorigenic mechanism and/or the high exposure multiple at which tumors emerged.
Category 2
Category 2 was designated when the prospective WoE assessment indicated that human carcinogenic risk is uncertain, and results from a 2-year rat study would add value to the assessment. Sponsors submitted 11 CADs with a Category 2 designation and the DRAs unanimously agreed with the sponsor’s designation in 8 of those cases. Table 9 lists key observations recognized by both sponsors and the DRAs as presenting substantial uncertainty regarding human carcinogenic risk, and describes the anticipated value of the 2-year rat study to the overall risk assessment. In each case, uncertainty was identified from more than one WoE factor and often derived from several observations. In general, substantial uncertainty was identified from the compound’s pharmacological mechanism or compound-specific toxicology findings and the absence of information from rat carcinogenicity studies with other compounds of the drug class. In one case (#108), a diverse rodent tumor profile associated with the drug class contributed to the concerns identified from compound-specific findings of potential genotoxicity and a low incidence of vascular tumors in the chronic rat toxicology study. In another case (#114), a 3-month rat study was submitted as the longest repeat-dose toxicity study in the WoE assessment, and no data were submitted following 6 months of repeat-dosing in rats. Given these uncertainties, a positive or negative tumor outcome in the 2-year rat study would be interpreted as adding value to the overall assessment of human carcinogenic risk.
For the 8 cases unanimously designated as Category 2 by the DRAs and sponsors, a positive tumor outcome, as interpreted by both the DRAs and the sponsor, was observed in 3 of the 8 cases. These tumor outcomes consisted of duodenal adenocarcinoma (case #101), hepatocellular and hepatocholangiocellular adenoma (case #138), and pituitary adenoma (case #132) (Table 9). The sponsor reported a negative tumor outcome for the remaining 5 cases and the DRAs agreed with this interpretation in 4 cases, citing an equivocal outcome for 1 case (#120) based on a numerical imbalance of pancreatic islet adenoma and carcinoma.
For 7 cases submitted by sponsors proposing a Category 3a or 3b designation, the DRAs placed these cases unanimously in Category 2 because of identified concerns not sufficiently addressed in the CAD. A 2-year rat study would be warranted to establish an adequate assessment of carcinogenic risk in these cases (Table 10). In many of these cases, DRAs cited insufficient information regarding the relevance of histological findings identified in the 6-month rat study to potential human carcinogenic risk (e.g., hypertrophy, hyperplasia, injury/regeneration of various tissues). Findings indicative of hormonal perturbation in rats without sufficient explanation was additionally cited in three cases (#s 102, 105, 148). Additional reasons included insufficient knowledge of drug target pathways given the novelty of the target or the multiplicity of drug targets, and insufficient information provided on metabolite profiles, genetic toxicology testing, and uncertain relevance of experience with the associated drug class. For one case (#102), the CAD did not include sufficient information about the compound’s immunomodulatory activity or an adequate characterization of a signal in female reproductive tissues for the DRAs to concur with the sponsor’s conclusion of low human risk and category 3b designation.
Among these 7 cases, a negative tumor outcome in the 2-year rat study was observed for #s 102, 104, 105, and 148, and a positive or equivocal tumor outcome was observed for #s 140, 107, and 141. For case #140, a potential signal of urinary bladder papilloma was reported in the 2-year study which was not anticipated in the CAD despite the occurrence of bladder hypertrophy in the 6-month toxicology study. Hepatocellular adenoma was observed in the 2-year rat study for case #107 and was consistent with the sponsor’s expectation of liver tumors based on increased liver weight/hypertrophy in the 6-month toxicology study. Details of case #141 are undisclosable; however, the positive tumor outcome was only partially consistent with the sponsor’s expectation in the CAD.
For three cases where the sponsor submitted a Category 2 designation, the DRAs did not reach unanimous alignment, with one or more DRAs concluding that a 2-year rat study would not add value to the WoE assessment (Table 11). In one case (#115), the DRAs did not align on the relevance of compound-specific findings indicative of hormonal disruption and potential immunosuppression, or whether a 2-year rat study would provide adequate resolution to those concerns. The tumor outcome in this case was negative. In another case (#127), the DRAs differed on whether sufficient knowledge was available for the drug target to allow an adequate assessment of a pharmacology-based carcinogenic risk. The sponsor interpreted the 2-year rat study as being negative, whereas the DRAs interpreted the study as potentially positive for Leydig cell tumors and liver adenoma. In the final case (#121), the DRAs did not align on whether results from a 2-year rat study would adequately address the concern of immunomodulation related to the compound’s pharmacological mechanism. The 2-year rat study outcome in this case was positive for Leydig cell adenoma.
Category 1
Category 1 was designated when the prospective WoE assessment supported the conclusion that the predicted carcinogenicity risk is highly likely in humans such that a product would be labeled accordingly and a 2-year rat, mouse, or transgenic mouse carcinogenicity study would not add value. The sponsors submitted 3 CADs with a Category 1 designation (Table 12), and the DRAs unanimously agreed with the sponsor’s designation in only 1 of those cases (#143, data not disclosable). In all cases, carcinogenic potential was predicted from human carcinogenicity data available from the drug class. In two cases (#s 113, 123), some DRAs concluded that the conduct of a 2-year rat study would be appropriate, based on inadequate information provided for several WoE factors and a presumption that additional data would further inform the extent of human carcinogenic risk.
The carcinogenicity study outcome of case #113 was considered positive by both the sponsor and DRAs, which was consistent with the sponsor’s prediction of pilomatricoma, and with an additional observation of keratoacanthoma. For another case (#123), the rat carcinogenicity study was negative which, for some DRAs, de-risked observed proliferative findings in the stomach and renal tubules that were not considered related to potential immunosuppressive effects. The third case (#143) yielded a positive tumor outcome as determined by the sponsor and DRAs; however, additional details of this case are not disclosable.
DISCUSSION
If a new pharmaceutical will be used as continuous therapy for 6 months or longer, or if the drug will be used intermittently for a duration of time that represents a minimum of 6 months in total, evaluation of human carcinogenic risk is recommended before licensing a marketing authorization in most cases (ICH, 1995). To this end, ICH S1B recommended that the carcinogenic potential of a pharmaceutical be evaluated in in vivo 2-year carcinogenicity studies with rats and mice. Alternatively, the 2-year mouse study can be substituted with an in vivo six-month study with transgenic mice. This testing strategy has been common practice since adoption of ICH S1B in 1997 and, with some exceptions, was applied to investigational pharmaceuticals regardless of drug target, compound-specific toxicology, or prior human or animal carcinogenicity data available for the drug class. Given the evolutions in understanding of potential mechanisms leading to the development of neoplasms (Hanahan and Weinberg, 2011) and the recognized limitations inherent to rodent carcinogenicity studies, during the last decades, several publications have discussed the need for refinement or alternatives to the conduct of one or both in vivo carcinogenicity studies (Bourcier et al., 2015; Cohen, 2004; Goodman, 2001; Reddy et al., 2010; Sistare et al., 2011; Van der Laan et al., 2017; Woutersen et al., 2016; Cohen et al., 2019).
Process-related remarks
The RND that initiated the PES included a description of WoE factors that should be addressed in a CAD (ICH, 2013). These recommendations were informed by prior retrospective studies that identified pharmacological and toxicological attributes of pharmaceuticals that correlated with a negative or positive tumor outcome in 2-year rat studies (Sistare et al., 2011; Van der Laan et al., 2016a; Van der Laan et al., 2016b). The PhRMA dataset (Sistare et al., 2011), which formed the primary basis for the prospective evaluation study, consisted of 182 compounds, and an additional 76 compounds were later included from the IARC dataset. The PhRMA dataset (without IARC data) was enlarged by data from FDA and JPMA to approximately 255 compounds (Van der Laan et al., 2016a). Another dataset of 289 compounds was analyzed later that year (Van der Laan et al., 2016b). In the study presented herein, these attributes were applied in a prospective manner to predict the outcome and potential value of 2-year rat studies that had not yet been completed. This was achieved by explicitly directing sponsors to submit CADs only for programs where the 2-year rat studies had not progressed beyond 18 months of dosing, and without including any interim information that might be available from the ongoing 2-year study. To further minimize bias, the acceptable in-life phase was reduced from 18 to 14-month for all CADs effective 1 June 2016. Sponsors were to include the date of initiation of the 2-year rat study and the date of completion of the CAD. Most (60%) CADs were prepared during months 13–18 of the 2-year rat study, while 40% were prepared during the first 12 months of dosing.
The quality of the submitted CADs was variable. In some cases, the CAD addressed all weight of evidence factors outlined in the RND with sufficient detail to enable a well-informed assessment of the potential outcome and value of the 2-year rat carcinogenicity study. In other cases, information was either insufficient or missing from the CAD. Some examples of deficiencies include:
• insufficient description of the pharmacological target, downstream pharmacological effects, and drug target biology,
• incomplete description of receptor targets in secondary pharmacology studies,
• inadequate assessment of histological findings of concern,
• margins of exposure were not discussed,
• insufficient information regarding mechanism for cited rodent-specific effects,
• lack of detail regarding metabolism of parent compound and properties of metabolites, including identification of human metabolites, and
• insufficient, incomplete, or no discussion of other compounds in the drug class.
In three cases, additional information was requested from the sponsor as the CAD lacked data to an extent that it precluded a sufficient assessment of potential outcome and value of the 2-year rat carcinogenicity study.
The 45 CADs that comprise the final dataset were self-selected by the participating sponsors. The RND called for submission of CADs for ‘all investigational pharmaceuticals subject to 2-year rat carcinogenicity studies under current ICH S1A Guideline’ but also emphasized that submission of CADs designated as Category 3a and 3b would be of key importance, as these cases represent the most notable departure from current carcinogenicity testing guidelines. Therefore, the PES dataset may be biased toward investigational drugs where sponsors concluded that a 2-year rat study is not warranted for assessing human carcinogenic risk. Whether these cases are representative of all investigational drugs requiring a carcinogenicity risk assessment is unknown, yet consideration of the WoE factors can be reasonably applied to all such investigational drugs. Based on the number of cases where DRAs unanimously agreed with the sponsor’s designation of a CAD as 3a, or 3b in the PES dataset, approximately 27% of 2-year rat studies could have been avoided by applying the WoE approach (12 unanimous Category 3a/3b divided by 45 CADs submitted).
Category 3b and 3a
The framework recommended in the S1B(R1) Addendum (ICH, 2022) was principally supported from evaluation of Category 3a and 3b cases in the PES. These carcinogenicity risk categories postulated that data from a 2-year rat study would not add value because the WoE assessment is sufficiently persuasive to conclude that human carcinogenicity risk is unlikely.
The presumption for Category 3b was that a 2-year rat study would yield a negative tumor outcome and therefore not contribute further to the conclusion of minimal human risk based on the WoE assessment. The negative or equivocal tumor outcomes seen for 11 of the 12 DRA-designated Category 3b cases are consistent with this presumption. Similar results were observed with the 17 Category 3b cases as designated by sponsors, wherein 15 yielded a negative tumor outcome. A review of the Category 3b cases, with a particular focus on the unanimous cases, identified common attributes that aligned with a negative 2-year rat study and are summarized in Table 13. These attributes included 1) a target biology that is well-characterized and not known to be associated with carcinogenic pathways. Often, the availability of carcinogenicity data in rats from other class members supplemented the conclusion that an investigational drug’s target biology would not be of carcinogenic concern; 2) High target selectivity as assessed by sufficiently broad secondary pharmacology screens. Such screens would preferentially include targets of higher a priori concern, such as hormone receptors and targets with known carcinogenic liability; 3) an absence of histological changes in chronic (6-month) rat toxicology studies indicative of carcinogenic concern, notably hyperplasia, hypertrophy, atypical cellular alterations, and degenerative/regenerative findings. If such findings are present, they are demonstrated to be human irrelevant; 4) an absence of perturbation to endocrine and reproductive organs, including changes to reproductive organ weights; 5) a negative battery of genotoxicity studies based on criteria from the ICH S2 (R1) guideline (International Council for Harmonisation, 2011), and 6) no evidence of immune modulation or immunotoxicity.
As noted above, the occurrence of a negative tumor outcome for Category 3b cases was similar whether the category was designated by the sponsor or by the DRAs. However, DRAs were more likely than sponsors to designate a compound as Category 2, suggesting that DRAs were more conservative than sponsors in accepting the WoE without 2-year rat data in some cases (Table 10). A more conservative position than proposed by the sponsor was driven by at least 2 DRAs, with one exception where a single DRA took a more conservative position than the other DRAs (#112). The identity of >2 DRAs generally varied across cases. A more conservative approach was also partly due to the limited ability of both DRAs and sponsors to fully investigate signals of concern identified in the WoE assessment within the confines of the PES. For example, as seen in cases #s 102, 104, 141, and 107 of Table 10, the sponsor’s WoE assessment did not provide adequate information for several WoE factors, such as target biology, general toxicity, and genetic toxicity, which could not be readily addressed by the sponsor during the PES. However, a sponsor would have greater latitude in a ‘real-world’ situation to clarify and supplement the WoE assessment, as needed, to address deficiencies identified by the reviewing DRA. In other cases, the issues cited by the DRAs were more substantial and difficult to resolve, and also reflect a more conservative risk tolerance relative to the sponsor (e.g., case #s 105, 140, and 148 of Table 10). For example, in one case (#140), the DRAs cited the unresolved human relevance of a known positive tumor profile for a drug class as not being consistent with a Category 3b designation, and for another case (#148) the complexity of drug pharmacology precluded confident prediction of the 2-year rat tumor outcome and value, necessitating the conduct of a 2-year rat study. Of note, the tumor outcome of these cases, both negative and positive, can be reasonably viewed as adding value to the overall WoE assessment of human risk.
Unlike Category 3b, the presumption for Category 3a was that the 2-year rat study would likely result in a positive tumor outcome through a prior established and well-recognized mechanism considered to be human irrelevant. A positive tumor outcome by a human-irrelevant pathway would therefore not contribute further to the conclusion of minimal human risk based on the WoE. The prediction of a positive, human-irrelevant tumor outcome for the 7 unanimous DRA-designated Category 3a cases was most frequently based on histological findings indicative of a hyperplastic and/or a hypertrophic response in the 6-month rat toxicology study (e.g., increased liver weight/cellular hypertrophy in cases #116, 142, and 139). In 2 cases (#106, 135), the expectation of bladder tumors was based on the presence of urinary crystals without histological changes to the urothelium. Available information on the tumor outcome for drugs with a similar pharmacological mechanism also contributed to the positive prediction in some cases (e.g., #142, 117).
The actual tumor outcome from the 2-year rat studies for these compounds indicates that predicting a positive tumor outcome with organ specificity based on 6-month toxicology data remains a challenging proposition, consistent with prior reports (Jacobs, 2005; Sistare et al., 2011). It should be noted that the absence of an anticipated tumor type from a 2-year rat study is not interpreted as being a contrary outcome, as one is predicting the probability and not the certainty of tumor emergence in a given organ. Of more concern are cases where tumor types emerged that were not anticipated from the WoE analysis in the CAD. For example, the occurrence of granulocytic leukemia and thyroid C-cell adenoma for case #139 clearly differs from the anticipated tumor types of liver and thyroid follicular tumors based on histological changes to these organs in the 6-month toxicology study. The unanticipated tumors emerged at exposure multiples of 66-times and 72-times clinical exposure, respectively, and therefore did not change the overall assessment of low human carcinogenic risk based on the prospective WoE. The tumor outcome of 2 additional unanimous Category 3a cases (#s 109, 135) was also discordant from the tumor types anticipated based on the WoE. However, the tumor signal in these cases was not persuasive, and the studies were interpreted as negative by the sponsors. While the outcome was interpreted as ‘equivocal’ by the DRAs, there was also agreement that the equivocal outcome did not change the overall assessment that human carcinogenic risk was unlikely based on the prospective WoE. That these unanticipated tumor types did not change the assessment of human carcinogenic risk is reassuring of safety for applying this WoE approach to drug candidates with similar pharmacological and toxicologic profiles. However, these cases demonstrate that positive prediction is less reliable than negative prediction of tumor outcome and, as such, may merit a more conservative evaluation of the WoE regarding the necessity of a 2-year rat study.
Category 2
Sponsors and DRAs unanimously agreed in 8 cases that the conduct of a 2-year rat study would be appropriate to address uncertainties identified in the CAD (Table 9). These unanimous decisions aided in defining common WoE attributes that introduced significant uncertainty into predicting the outcome and/or value of a 2-year rat study. These attributes are generally captured in Figure 2 of the ICH S1B(R1) Addendum which provides guidance on integration of the key WoE factors.
[image: Figure 2]FIGURE 2 | Integration of key WoE factors and potential investigative approaches to further inform on the value of conducting a 2-year rat study for assessment of human carcinogenic risk.
For most cases, the sponsors cited drug target pharmacology and the known tumor profile from other class members as a cause for concern which merits the conduct of a 2-year rat study, rather than compound-specific toxicology findings. As captured by the sponsor’s statements in the CAD, a 2-year rat study was anticipated to establish a threshold of tumorigenic activity, if present, and to identify an exposure margin that would allow an exposure-based assessment of human relevance and carcinogenic risk on a compound-specific basis. Among the 4 cases with a positive outcome as determined by the DRAs, two yielded carcinogenic exposures that were lower than clinical exposure, and two identified non-carcinogenic exposures that were 5-fold and 9-fold higher than clinical exposure. The absence of a safety margin for the former two provided the sponsor with further evidence of potential risk in addition to concerns identified with the drug class (case #101) and with the pharmacological mechanism (case #120). The presence of a safety margin for the latter two provided the sponsor with empirical evidence that mitigated carcinogenic risk raised by concerns identified in the CAD (case #s 132, 138). For other cases, studies that yielded a negative tumor outcome provided the sponsor with evidence of safety that would be integrated with other data in the overall WoE evaluation of human risk.
In their analyses of the unanimous Category 2 cases, in addition to drug target-based concerns, in some cases the DRAs cited literature reporting both pro- and anti-tumor activities of the drug target which precluded both confident prediction of human risk and rat tumor outcome. The DRAs also frequently cited more compound-specific toxicology findings with inadequate explanations of causality and human relevance as additional reasons to conduct a 2-year rat study. In practice, further investigative approaches may be applied to address the human relevance of concerns identified in the WoE assessment and, if adequately de-risked, may negate the value of conducting a 2-year rat study. The feasibility of this approach would depend on the type and number of concerns identified in the WoE assessment; for example, concerns identified for several WoE factors would be more challenging to de-risk with investigative approaches compared to a concern identified for a single WoE factor. A multiplicity of concerns was generally identified for the unanimous Category 2 cases. For such cases, the DRAs noted that a negative tumor outcome or identification of a carcinogenic threshold in a 2-year rat study can add particular value to the overall assessment of human risk.
Category 1
The current ICH S1A guideline (ICH, 1995) recommends that long term carcinogenicity studies are not needed to inform human cancer risk from compounds that exhibit unequivocal genotoxic activity. The S1A guidance, however, does not address non-genotoxic carcinogenic mechanisms that are recognized or presumed to have human relevance (Al-Zoughool et al., 2019; Krewski et al., 2019). Principal among these non-genotoxic mechanisms includes compounds that are broadly immunosuppressive, result in persistent hormonal perturbation, or otherwise engage cell growth/survival pathways that lead to persistent cell replication.
The PES dataset includes three compounds submitted as Category 1 by sponsors based on arguments related to immunosuppression for two cases and a persistent rebound proliferative response for one case. The DRAs unanimously agreed to this categorization for one case based on persuasive evidence of broad immunosuppression. For the remaining two cases, some DRAs concluded that data from a 2-year rat study would provide additional value while also acknowledging the likely human risk based on the pharmacological mechanism of each compound. In one case (#113), some DRAs were concerned that the sponsor’s prediction of a benign tumor type underestimated the risk of inducing more serious malignancies, a potential outcome that could be addressed in a 2-year rat study. The tumor outcome was restricted to only benign tumor types which mitigated the concern for other malignancies and was considered an outcome of value by some DRAs. In another case (#123), some DRAs cited concerns of potential tumorigenesis arising from mechanisms unrelated to the compound’s immunosuppressive activity. Specifically, observations of proliferative findings in the 6-month rat study, genetic polyploidy, and potential prolactin elevation were identified as potential tumorigenic liabilities beyond the risk from immunosuppression, which could be informed by 2-year rat data. The negative tumor outcome mitigated these concerns, although there is recognition that these concerns might have been adequately de-risked by investigative studies to reduce the need for a 2-year rat study. It is recognized that the primary human risk from immunosuppression would not be further informed by a 2-year rat study (Bugelski et al., 2010). The counterview is that the tumorigenic risk of compound #123 would be disclosed with appropriate labeling regardless of the tumor outcome from a 2-year rat study, or whether potential off-target tumorigenic risk is prospectively recognized or not.
Weight of Evidence (WoE) factors
The 2013 RND described the WoE factors that should be addressed in preparing the carcinogenicity assessment documents for the PES. These factors were in part informed by the retrospective analyses from Sistare et al. (2011) and Van der Laan et al. (2016a, 2016b), where the pharmacology, histopathology, genotoxicity, and endocrine endpoints were considered key attributes in assessing the carcinogenic potential of pharmaceuticals in rats. The RND (ICH, 2013) and the finalized S1B(R1) Addendum (ICH, 2022) incorporated these endpoints and expanded the WoE factors to include consideration of the metabolic profile, secondary pharmacology, and immunotoxicity. The WoE assessment took into account all of these factors, but the relative importance of each factor varied depending on the compound being assessed. While a low level of concern for all factors was generally considered supportive of not conducting a 2-year rat study, a clear finding of high concern for any one factor (e.g., multi-tissue hyperplasia related to pharmacology) that cannot be resolved by other investigative approaches may necessitate the need for a 2-year rat study to address that uncertainty. More commonly, cause-for-concern was identified for multiple WoE factors. The DRAs were more likely than sponsors to conclude that a 2-year rat study was appropriate in such cases (e.g., Tables 8, 10). The attributes of each WoE factor and their relative contribution to an integrated assessment of carcinogenic risk and the need for 2-year rat data is captured in the decisional framework depicted in Figure 2. This framework is incorporated into the ICH S1B(R1) addendum as an aid to determine whether the human carcinogenic potential of an investigational pharmaceutical is likely, unlikely, or uncertain. These ‘risk categories’ described in the addendum correspond to Categories 1, 3a/3b, and 2 as described in this report, and are accompanied by regulatory recommendations regarding the potential added value of conducting a 2-year rat study.
The availability of an established profile of other compound(s) in a drug class often contributed substantially to assessing human carcinogenic risk and was particularly relevant to informing the target biology WoE factor. Such information is limited or absent for compounds directed toward novel drug targets which presents a knowledge gap and increases uncertainty when assessing human carcinogenic risk. The PES dataset includes a total of 12 compounds with novel drug targets, of which 6 cases were designated as Category 3a or 3b (#s 103, 130, 118, 137, 136, 131), and in two cases by unanimous decision (#s 103, 130). In case #130, a cause for carcinogenic concern was not identified regarding drug target biology or compound selectivity, and no proliferative changes in any organs or tissues were observed at a high multiple of exposure in the 6-month study in rats (a pharmacologically relevant species). The high (54x) exposure multiple in this case provided additional assurance that modulation of the drug target at more clinically relevant drug concentrations would be highly unlikely to present a carcinogenic risk. In case #103, the sponsor provided results of a 2-year rat study from a comparable but discontinued compound which indicated a lack of tumorigenic potential from modulation of the pharmacological target after long-term exposure, in addition to no cause-for-concern identified from other WoE factors. The 2-year rat study yielded a negative tumor outcome for both these cases, in confirmation of the Category 3b categorization based on the WoE approach. Of note, for both these compounds, additional evidence was provided that supported a conclusion of no cause-for-concern regarding target biology, which successfully compensated for the lack of precedent for the drug class. A high exposure multiple in the 6-month toxicology study and availability of relevant 2-year rat carcinogenicity data with other compound(s) are only two examples of meeting a higher evidentiary standard that may lend further support for a using a WoE approach for compounds with a novel target. Other sources of data may also be applicable, which would likely vary by specific attributes of the compound and target, and it would be the sponsor’s obligation to justify the type and scope of evidence appropriate to support a WoE approach for novel targets.
CONCLUSION
The ICH S1 PES was undertaken by the ICH S1B(R1) EWG to address the hypothesis that, for some pharmaceuticals, a WoE assessment may be sufficient to predict the outcome and value of the 2-year rat carcinogenicity study for assessing human carcinogenic risk in the absence of conducting a 2-year rat study. An additional objective of the PES was to assess the regulatory feasibility of a WoE approach by evaluating concordance among regulators from five ICH regions following independent assessment of CADs and FSR summaries, as submitted by the sponsors.
The outcome of the PES suggests that, for some investigational pharmaceuticals, a WoE approach can be used to determine if a 2-year rat study adds value to the human carcinogenic risk assessment, and the ICH S1B guideline can be expanded to include recommendations supporting a WoE approach. Based on the number of DRA-designated unanimous Category 3a and 3b cases, approximately 27% of 2-year rat studies could be omitted and a WoE approach could instead be relied upon to characterize human carcinogenic risk. The WoE attributes that define this subset of cases included target biology of the parent compound and major human metabolites that is well characterized and not associated with cellular pathways known to be involved with human cancer development, secondary pharmacology that does not identify concerns for off-target potential, chronic toxicity studies that indicate no hyperplastic, hypertrophic, atypical cellular alterations, or degenerative/regenerative changes without adequate explanation of pathogenesis or human relevance, no alterations of endocrine or reproductive organs that are not adequately explained in relation to potential human relevance, no evidence of genotoxic potential, and no evidence of immune modulation or immunotoxicity based on target biology and repeat-dose toxicology studies.
The numerous cases where the sponsor and the DRAs independently and unanimously arrived at the same CAD categorization illustrate that harmonized decisions on the necessity of a 2-year rat study are feasible. Nonetheless, conclusions can and are expected to differ on occasion given the complexity of integrating risk information from multiple WoE factors. As the ICH S1B(R1) Addendum is implemented across the ICH regions, it will be important to monitor how sponsors will apply the recommendations in the Addendum and track the extent of DRA alignment in their recommendations to the industry regarding the acceptance of a WoE approach in lieu of a 2-year rat study. Implementation of this integrative approach is anticipated to reduce the use of animals in accordance with the 3R (reduce/refine/replace) principles and ideally shift resources to focus on generating more scientific mechanism-based carcinogenicity assessments, while continuing to promote safe and ethical development of new pharmaceuticals.
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FOOTNOTES
1Case #140 was designated as Category 3b by the sponsor and Category 2 by the DRAs. The sponsor called the 2-year rat study positive based on a statistically significant trend in urinary bladder papilloma, whereas DRAs considered the outcome equivocal due to the lack of a dose-response and the marginal increase above historical controls.
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 No evidence of proliferative or | on identification and exposure
hyperplastic changes in 6- to metabolites
month rat study ® Uncertain genotoxicity profile
© No genotoxicity, hormonal or | based on evidence suggesting
immunosuppressive effects possible ancugenicity and on
© Negative result in rasH2-Tg limitations on dose selection for
mouse study the genotoxicity studies
performed
105 3 2 ‘Therapeutic indication: major | Category 2 DRA: negative ‘The 2-year rat study was
depressive disorder Sponsor: negative | recommended by DRAS due to
Target: Ton channel  Differences in selectivity and insuficlent information
Category 3b toxicity profile from drug class regarding relevance of
@ Noevidence that target engages | precludes confidence of toxicology findings in liver,
carcinogenicity pathways prediction for 2-year rat study kidneys, parotid glands, and
o Histological findings in 6- © Uncertainty or lack of fesale reproductivetifsues
month rat study interpreted as | mechanistic explanation
human irrelevant (renal underlying toxicity observed in
necrosis/regeneration, liver liver, kidneys, and parotid
hypertrophy, parotid glands
hyperplasia, increased ovarian | ® Effects on ovaries and inhibition
weight) of prolactin also limit possibility
® Negative tumor outcome in 2- of agreeing on a Category 3
year rat studies with members
of class
© No evidence of genotoxicity
© Bladder hypertrophy without
hyperplasia observed in 26-
week rat study was considered
t0 be of no relevance to cancer
risk
140 3 Z ‘Therapeutic indication: Category 2 DRA: equivocal | The 2-year rat study was
Neuropathic pain Sponsor: positive | recommended by DRAs due to
Target: Ton channel © “Tumor profile of class is mixed, U"“l‘l‘“' blades uiiresolved huimed relevirice
Category 3b includes occurrence of pepTloma of tumocs reparted for;some
‘® Target pharmacology similarto | pancreatic acinar cell carcinoma compounds in the same drug
known class profile inmale rats of uncertain human ]
© Erosion and/or ulceration of the | relevance
forestomach and glandular © The mechanisms by which the
stomach and thickening of the | tumors are induced are unclear
forestomach mucosa were and cannot be the basis for
considered to be caused by considering the tumors
chronic irritation and should irrelevant to humans
not be considered relevant for | ® Literature points to carcinogenic
human risk potential for a drug of the same
© Hypertrophy of hepatocytes class
with possible induction of liver
enzyme induction were
considered rat specific
© No genotoxicity
© Persistent estrus observed in a
developmental and
reproductive study was
considered to be of no
relevance to hormonal
perturbation
@ No evidence of
immunosuppressive effect
© Nohistopathological changes of
concern in 9-month monkey
study
148 3 2 ‘Therapeutic indication: Cancer | Category 2 DRA: negative ‘The 2-year rat study was
Target: Tyrosine kinase © Multiplicity of drug targets Sponsor: negative | "ecommended by DRAs due to
Category 3b precludes confident prediction uncertainty of rat tumor
© Intended and off-target of tumor outcome in rats outcome based on complexity
actvities not linked to pro- | Extrapolation of findings from of drug pharmacology, and on
tumorigenic pathways but may | class not warranted based on Ingificlent informenion
be anti-tumorigenic differences in pharmacology addressing relevance of
® No genotoicity ® Potential impact of hormonal Haeinonal petturbation
® No evidence of changes detected in the rats ehtified o fermale tats
immunosuppressive effect (LH/FSH) were not sufficiently
 No histopathological changes | addressed
of concern in 9-month dog | ® In the 26-week rat study,
study increases in hemorrhagic cystic
 Estrus/fertility findings in degeneration in the lymph
female rats not considered nodes which might be related to
relevant to tumor risk hemangiosarcomas in female
® Negative result in rasH2-Tg rats
mouse study
107 £ : Therapeutic indication: Viral Category 2 DRA: positive The 2-year rat study was
infection Sponsor: positive | recommended by DRAs duc to
Target: Viral polymerase © Hyperplastic gastrointestinal | Liver adenoma Inguliclent infoomation
Category 3a findings ot sufficiently Tegarding felévance of
© Expectation of liver tumors in | characterized to address time- gastrointestinal proliferative
2-year rat study based on dependence of exposure/ findings, metabolite profile,
increased liver weight/ response or o allow and uncertainty regarding
hypertrophy in 26-week rat consideration of the dog study product specificity
study via a rat-specific where such toxicity was not
mechanism observed
® Gastrointestinal epithelial  Lack of precedent for
proliferation observed in 6- compounds of this drug class
‘month rat study at high ® Off-target activity identified in
multiple of clinical exposure Secondary screen raised concern
 No evidence of genotoxicity, of product specificity
hormonal perturbation, and | ® Limited information was
immunosuppressive effects provided on metabolites
 No histopathological changes
of concern in 39-week dog
study
141 3 2 Data not disclosed N/A DRA: positive Positive tumor response was
Sponsor: posiive | Partialy consistent with
Sponsor's expectation of
outcome
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WoE factor Attribute supportive of category 3a or 3b designation

Target Biology ‘Target biology is well characterized and not associated with cellular pathways known to be involved with human cancer
development. Often, the pharmaceutical target was non- mammalian and carcinogenicity data were available with the
pharmacologic drug class

Secondary pharmacology No identified concerns from secondary pharmacology screens intended to inform off-target potential for the pharmaceutical

Histopathology data from chronic studies | Results from 6-month rat chronic toxicity studies indicate no hyperplasia, hypertrophy, atypical cellular alterations, or
degenerative/regenerative changes without adequate explanation of pathogenesis or human relevance, indicative of no on- or off-
target potential of carcinogenic concern

Hormonal effects No perturbation of endocrine and reproductive organs observed, or endocrine findings adequately explained with respect to
potential human relevance

Genotoxicity ‘The overall assessment of genotosic potential is concluded to be negative

Immune modulation No evidence of immune modulation o immunotoxicity based on target biology and repeat- dose toxicology studics in rats
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Basis for category 1

Therapeutic indication: Various

types of cancer

Target: Transcriptional

regulatory protein

Category 1

© 6-month study shows
pilomatricoma

 Complex pharmacology
underlying Shh and catenin
signaling, proposed mode of
action resulting in
pilomatricoma

 No genotoxicity, no
immunosuppressive effects

Therapeutic indication:

Rheumatoid arthritis

Target: Tyrosine kinase

Category 1

 Genotoxicity findings indicate
apotency to induce polyploidy

© Immunosuppression in the
repeated-dose toxicity study in
rats.

 Malignancies observed with
compounds of the same class
(tofacitinib)

 In monkeys tofacitinib
induced lymphoma, related to
immunosuppressive effect

© Tumors reported in patients
treated with JAK1/2 inhibitors,

Data not disclosed

Basis for alternative
category by DRA(s)

Category 2

 Complex pharmacology
underlying Shh and catenin
signaling and the proposed
‘mode of action resulting in
pilomatricoma raised concerns
of over- or under-estimating
human risk

© Potential off-target effects

 Potential hormonal effects
(increase in FSH and LH)

@ Discussion on safety margins
not sufficient

© Experience with drug class
insufficient toaid prediction for
the compound

Category 2

© Proliferative findings in
stomach and renal tubules were
considered prencoplastic
changes

© Hibernoma observed with
tofacitinib

© Address the potential for ‘off
target’” tumors, despite the
recognized malignancy risk
from immunomodulation, for
which rodent studies are
considered poorly predictive

 The effect of compound on
prolactin signaling, as observed
with the class, was not
evaluated

© Exposure associated with
polyploidy at expected human
therapeutic exposure unclear
© Human cancer data described
with tofacitinib considered not
robust

N/A

2-year rat
tumor
outcome

DRA: positive
Sponsor: positive
Pilomatricoma,

keratoacanthoma

DRA: negative
Sponsor: negative

DRA: positive

Sponsor: positive

Discussion on CAD
or outcome

‘The 2-year study outcome
was consistent with the
sponsor's prediction of
mechanism-based
pilomatricoma

Results of the study addressed
the DRA’s concern of over- or
under-estimating human risk
from a mechanism-based
prediction, and therefore
added value to the overall
assessment of human
carcinogenicity risk

In this case, the 2-year rat
study and transgenic mouse
study are considered poor
predictors for carcinogenic
risk in humans due to
immunosuppression

Because tumors have been
reported in patients treated
with pharmaceutical class, the
compound may exhibit
tumorigenic effects in
humans and could be labeled
accordingly

N/A
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Case
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Sponsor
category

DRA
category

Basis for category
2 agreement

Sponsor’s statement of
expected value (from
submitted CAD)

2-year rat tumor
outcome

101 2 2 ‘Therapeutic indication: Various cancers  The 2-year rat study will likely add value | DRA: positive
Target: Tyrosine kinase 10 the assessment of human Sponsor: positive
Residual uncertainty carcinogenic risk considering the
© Potential impact of off-target kinase potential for chronic treatment in the | Duodenal adenocarcinoma, males
inhibition on tumor risk adjuvant setting, and tumors identified | and females at <0.4-fold clinical
® Duodenal tumors in rats reported  in a 2-year rat study with a similar drug | exposure
with similar drug in class in the class
» Histologic changes in the duodenum NOAEL not identified
in 6-month rat study. Also observed
in monkeys
 Histologic changes in the ovary and
testes indicative of potential
hormonal perturbation in 6-month
rat study
® Changes in hematology and clinical
chemistry parameters indicative of
potential liver toxicity in 6-month rat
study
108 2 2 ‘Therapeutic indication: Viral infection The 2-year rat study will inform the | DRA: negative
Target: Viral enzyme predictive potential of the 6-month rat | Sponsor: negative
Residual uncertainty study for the following profile
 Positive genotoxicity data (in vivo rat @ Positive clastogenicity
micronucleus) of uncertain human @ No proliferative changes but observed
relevance vascular tumor
 Low incidence of hemangiosarcoma ~  Rodent tumors in drug class
in 6-month rat study ‘There is also value in establishing a
 Diverse rodent tumors observed with  safety margin for risk assessment and
drug class human relevance based on exposure
multiples
1 2 2 ‘Therapeutic indication: Hematologic ~The 2-year rat study will likely add value | DRA: negative
disorder to the assessment of human Sponsor: negative
Target: Transcriptional regulatory carcinogenic risk based on
complex © Absence of carcinogenicity data with
Residual uncertainty other drugs in the class
© Inhibition of drug target increases @ Potential for tumors related to drug
transcription of pro-angiogenic and  target pharmacology
growth factors implicated in tumor
progression
® Lack of precedent for compounds of
this drug class
14 2 2 ‘Therapeutic indication: obesity, type  The 2-year rat study will likely add value | DRA: negative
2 diabetes to the assessment of human Sponsor: negative
Target: G-protein coupled receptor carcinogenic risk by providing
Residual uncertainty information on a potential carcinogenic
© Human-relevant carcinogenic hazard  threshold associated with
identified from rodent genetic models  pharmacologic inhibition of the drug
and human genetic disorders target.
 Cellular proliferation within target
tissue observed in the 3-month rat
study. Also observed in mice and
monkeys
© Unresolved hyperplasia of intestinal
crypt epithelium in small and large
intestines in 3-month rat study
 Lack of a 6-month rat toxicology
study
® Lack of precedent for compounds of
this drug class
119 2 2 ‘Therapeutic indication: inflammatory  The available set of toxicological data | DRA: negative
diseases including psoriasis indicates that the carcinogenic potential | Sponsor: negative
Target: G-protein coupled receptor for humans is uncertain and the 2-year
(novel drug target) rat study will likely add value to human
Residual uncertainty carcinogenic risk assessment
© Unresolved renal toxicity in 6-month
rat study. Also observed in mice and
monkeys
 Lack of precedent for compounds of
this drug class
120 2 2 ‘Therapeutic indication: theumatoid ~ Due to the immunosuppressive action, | DRA: equivocal
arthritis coupled with a lack of carcinogenicity
Target: Lipid kinase (novel drug target) ~ data available for pharmaceutical Numerical imbalance of pancreatic
Residual uncertainty compounds of this drug class, the islet cell adenoma/carcinoma, males,
© Immunomodulatory activity with ~ tumorigenic potential for humans is | at Ix clinical exposure
anti- and pro-tumorigenic activities  uncertain and the 2-year rat study will
© Lack of precedent for compounds of likely add value to the assessment of | Sponsor: negative
this drug class human carcinogenic. The ability of
compound 120 to increase immune
surveillance may negate any tumorigenic
potential arising from sustained
immunosuppression
132 2 2 ‘Therapeutic indication: diseases with The 2-year rat study will likely add value | DRA: positive
oxidative stress and pathological 10 the assessment of human Sponsor: positive
inflammation carcinogenic risk based on
Target: Serine-threonine protein kinase ~  Absence of carcinogenicity data with | Pituitary adenoma, males and
(novel drug target) other drugs in the class females (reduced latency, increased
Residual uncertainty © Potential for tumors related to drug | incidence, and lethality). NOAEL for
 Carcinogenicity risk due to sustained target pharmacology (suppressing | carcinogenicity provided ~5-fold
cell survival and potential apoptosis and/or modulation of the | exposure margin
immunomodulatory activity immune system)
© Tumor promotion studies in a
knockout mouse model yielded mixed
results
© Unresolved renal, gastrointestinal,
and adrenal toxicities in 6-month rat
study
© Lack of precedent for compounds of
this drug class
138 3 2 ‘Therapeutic indication: cholestatic ‘The 2-year rat study will likely add value | DRA: positive

disorders, non-alcoholic steatohepatitis

(NASH)

Target: bile acid nuclear receptor (novel

drug target)

Residual uncertainty

 Limited information on target
pharmacology

© Increased liver weight in multiple
species, capacity to induce CYP and
bile acid transporter in vitro

® Lack of 6-month rat toxicology study

 Limited assessment on potential
hormonal effects

® Lack of precedent for compounds of
this drug class

to the assessment of human
carcinogenic risk by identifying tumors
that are potentially human relevant

Sponsor: positive

Hepatocellular adenoma and
carcinoma, hepatocholangio-ccllular
adenoma, males. NOAEL for
carcinogenicity provided ~9-fold
exposure margin
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145 EY 3.2 ‘Therapeatic indication: Metastatic Category 2 DRA: positive Adequacy of information regarding
prostate cancer ® Mechanisic link between adrenal targe biology and relevance of
Target: Steroid receptor findings and changesin LH levels not | Leydig cel adenoma, ovarian histological findings of concern in 6-
Category 3a sufficently charactrized granulosa, bladder papilloma/ month rat study and of potential-off
® Inhibition of drug target associated with @ Compound exhibits additional carcinoma, piuitary pars distallis target interactions varied across

reduced cell growth and increased ‘mechanisms of action not observed | adenoma, thymoma (not predicted  DRA.
apoptosis. Target biology involves with other compounds in the class | in CAD), mammary fibroadenoma
disruption of hormonal pathway  Inadequate information provided to | (not predicted in CAD) “The presumption of low human
(androgen activity) leading to high link renal/bladder histological carcinogenic risk was driven
sustained LHRH and LH activity findings to drug-related crystalluria primarily by attributes of the
® Negative RasH2 transgenic mouse study @ Inadequate information regarding indicated patient population that
® Major metabolites adequately assessed  risk from potential functional could not be extrapolated to a
 Histological findings in chronic rat and  interaction with secondary target different patient population.
dog studies suggest potentialfor tumors  (GABA-receptor)
in liver, thyroid, bladder, renal, ® Margin of exposure for hypertrophic For some DRAS, the outcome of the
testicular, adrenal, pituitary, and lesions dificult to establsh and may 2-year rat study suggested that a
endometrial tissues be equivalent to steady state Category 2 designation may have
® Tumorigenic pathway for potentia liver/  exposure at human clinical dose been more appropriate than a
thyroid tumors (drug metabolism: CYP Category 3a designation.
enzyme induction demonstrated) and
potential renal/bladder tumors
(erystalluria) considered rat-specific and
human irrelevant
® Tumorigenic pathways for testcular
adrendl, pituitary, and endometrial
tissues relate to drug pharmacology but
are not relevant to intended patient
population (eg., males on LH
suppressive regimens)
® No genotoxiity or immunosuppressive
effects
125 EY 3.2 ‘Therapeatic indication: Schizophrenia  Category 2 Adequacy of information addressing
Target: Multple neuronal G-protein ® Hypertrophic / proliferative lesions |~ Leydig adenoma (not predicted in  relevance of histological findingsin 6-
coupled receptors observed in the mammary gland of | CAD) ‘month rat study and of prolactin
Category 3a rats in the 6-month study may be | Sponsor: negative deation varied across DRAS.
® Tumors anticipated in mammary and  attributed to a compound-related
pancreatc tissues of rats secondary to_ effect on prolactn secretion For DRAs selcting Category 2, the
clevation in prolactn, considered of @ Relevance of prolactin clevation to outcome of the 2-year rat study
limited human relevance human risk of carcinogenicity is resolved uncertaintes related to

® Hepatocellular tumors anticipated based  uncertain as epidemiological cecum hyperplasia in the 6-month rat
on liver hypertrophy in 6-month study,  lterature data indicates that drug- toxicity study.
related to rat-specific drug metabolism  mediated prolactin enhancement

 Human metabolites adequately may not be ratspecificand may pose For some DRAS, while tumors were
generated and evaluated in non-clinical @ human cancer risk not abserved in the mammary gland
animal models ® Results from 2-year rat study may (hyperplasia was noted in the chronic

® Cecal tumors anticipated based on inform relative prolactin-related rat toxiity study), the outcome of the
epithelial hyperplasiain 6-month study,  tumor risk among similar 2-year rat study did not resolve
related to direct tisue irritation oF compounds in class uncertainties regarding human
disruption to gut microflora,considered @ Inadequate characterization and. cncerrisk of drug mediated elevated
nat-specific relevance of cecum hyperplasia, ing prolactin levels. Considering that

® No genotoxicity or immunosuppressive  phospholipidosis epidemiological data are available,
effects ® Unclear rationale for expectation of there may be alterative methods to

pancreatic tumors in rats better characteize the human
relevance of this finding.

131 EY 3.2 ‘Therapeatic indication: Pulmonary Category 2 DRAS: negative Relevance of overlap between site of
disorder ® Crystalluria occurs in rats and also |~ Sponsor: negative crystlluria and primary site of
Target: Cation channel (novel drugtarget)  dogs and human subjects at higher pharmacological activity varied
Category 3a drug exposures across DRAs.
® Neither polymorphism nor gene ® Literture suggests an increased risk

mtation was associated with fami of urinary tract cancers following For DRAs selcting Category 32,
tumor susceptibility or with sporadic renallureter stones while tumors predicted in renal and
tumor development in humans or ® Crystalluria overlaps with site of bladder tisues were not observed, the
animals. Drug target null mice, drug pharmacological action (kidneys) absence of drug-related
target antisense oligonucleotides,  Value of a rat study would be tumorigenicity in the 2-year rat study
assessment of the COSMIC database. establshing an exposure-response. supported the WoE assessment of low
were included in the assessment of reationship and for characterizing a carcinogenic risk in humans, such
target biology novel drug target that a 2-year study would not add
® Compound sclective for drug target value.
relative to receptors in the same family
® No off-target activity in secondary For DRAs selcting Category 2, the
pharmacology screen absence of drug-related
® Human metabolites adequately assessed tumorigenicity in the 2-year rat study
® Tumors anticipated in renal/bladder resolved uncertainies identifid in
tisues based on crystalluria observed in the WoE assessment and provided
the 6-month rat study. In dogs, value to the assessment of human
crystalline material was observed in carcinogenic risk.
urine with no correlating histological
changes. In humans, urinary crystals not
observed at clinical drug exposures
® No genotoiciy, hormonal, or
immunosuppresive effects

133 B 2 Therapeutic indication: Obesity Category 2 DRAS: negative Relevance of data for related
Target: Renal co-transporters ® Compound 133 is a mixed target | Sponsor: negative compounds with diffeing target
Category 3a inhibitor selectivity varied across DRAs
® Genome screens don't associae target @ Different target seectviy limits

‘gene mutations with human cancers For DRAs selcting Category 33,
® Tumors anticipated in testicular and from (selective) compounds in the while the predicted testicular and
adrenal tissues secondary to changes i class to compound 133 adrenal tumors did not occur, the
calcium balance in rats, through a  Incomplete characteization and absence of drug-related
mechanism reported to have minimal  assessment of intestinal (cecum) tumorigenicity in the 2- year rat study
human relevance hyperplasia observed in the 6-month did not change the WoE assessment
® No change in urinary calcium and nat study. of low carcinogenic isk in humans,
calcium biomarkers observed in clinical such that a 2-year study would not
wrials, further limitng reevance of add vale.
findings in rats
® Negative RasH2 transgenic mouse study For DRAs selcting Category 2, the
® Cecal hyperplasia observed in 6-month absence of drug-related
rat study relted to pharmacology andiis tumorigenicity in the 2-year at study
an adaptive secondary effect resolved uncertainies identifid in
® No off-targe activity in secondary the WoE: assessment and provided
pharmacology screen value to the assessment of human
® Human metabolites adequately carcinogenic risk.
generated and evaluated in non-clinical
animal models
® No hormonal, or immunosuppressive
effects
® Noevidence of mutagenic activity in the
Ames assay, and no increase in
structural chromosome aberrations in
thein vitroassay in human lymphocytes
® An increase in micronuclei formation
observed in the in vitro and in vivo
micronucleus test. Investigative studies
indicated that the findings were likely
due to interference with the spindle
apparatus and consistent with an
ancugenic mechanism
® Maximum dlinical exposure did not
exceed exposure at 1120th the NOEL in
the rat micronucleus assay
it} EY 3.2 Therapeatic indication: Neurologic Category 2 DRAs: positive Relevance of prior findings indicative

disorder

Target: Central benzodiazepine receptor

Category 3a

® Target biology not associated with
tumorigenic pathways, further
supported by rodent tumor profile of
drug dlass

® Human metabolites adequately
addressed

® No off-target activity in secondary
phamacology screen

 Hepatocellular and thyroid follicular
tumors in rats anticipated based on
increased liver/thyroid hypertrophy in
6-month and 18-month rat toxicity
studies. Mechanistc studies indicated
that the compound alters the pititary-
thyroid axis and increases hepatic
UDPGT in rats demonstrating that the
liver and thyroid findings are ikely rat-
specific and considered of limited
human relevance

® No genotoxicity or immunosuppressive
effects

© Previous (older) 2-year dictary study
reported endometrial hyperplasial
polyps and alterations in mammary
tissue development not seen in
shorter term oral gavage studies

© Added value of 2-year rat study is
long-term characteization of
potential hormonal perturbation

Sponsor: positive
Liver adenoma, thyroid follicular
celladenoma and carcinoma

of hormonal perturbation in a 2-year
dietary study varied across DRAs.

For DRAs selcting Category 3a, the
outcome of the 2-year rat study
supported the Wo of low
carcinogenic isk in humans, such
that a 2-year at study would ot add
value. Residual uncertanty regarding
hormonal perturbation was
addressed from available compound-
specific and drug-class specific data.

For DRAs selecting Category 2, the
outcome of the 2-year rat study
resolved uncertaintes identified in
the WoE assessment and provided
value to the assessment of human
carcinogenic risk.
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Category 1 Highly likely to be tumorigenic in humans such that a 2-year rat, 2-year mouse, or transgenic mouse carcinogenicity studies would not add value.

Category 2 Tumorigenic potential for humans is uncertain and rodent carcinoge

ity studies are likely to add value to human risk assessment.

Category 3 Highly likely to be tumorigenic in rats but not in humans through prior established and well recognized mechanisms known to be human
irrelevant, such that a 2-year rat study would not add value.

Category 3b Highly likely not to be tumorigenic in both rats and humans, such that a 2-year rat study would not add value.
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European medicines agency (EMA) Contributed to categorization of all 49 submitted CADs

Pharmaceuticals and medical devices agency (PMDA)

US. Food and drug administration (FDA)

Health Canada (HC) Contributed to categorization of 41 submitted CADs after entry into PES

Swiss Agency for Therapeutic Products (SMC) Contributed to categorization of 23 submitted CADs after entry into PES

All DRAs parti

ated in evaluative comparison of CADs to associated 2-year rat carcinoges

study outcomes.
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Therapeutic indication: Insomnia

“Target: neuronal G-protein-coupled receptor

® Drug target s predominately expressed in
brain tissue

® No cause for concern based on known drug
target biology and pharmacology

® No evidence of a carcinogenic effect due to
drug target inhibition in a 2-year rat study
with a comparable compound

® Antagonist binding interaction identified for
1 off-target receptor. Known pharmacology
of off-target receptor not associated with
tumorigenesis

® Increased liver weight, hepatocellular
hypertrophy, and thyroid follicular cell
hypertrophy in 6-month rat study

® Observed hormoralefias dueto inhibtion ofthe
dnug targe and were not corsilered a carse for
concem due to margins > 60-dd human
exposure

® No evidence of gemotoxicty, or
immunosippressie effcs

‘Therapeutic indication: Fungal infection

Target: Sterol synthesis

@ No cause for concer based on known drug
target biology and pharmacology

 Topical application limits systemic exposure

® Major human metabolites adequately
assessed

® Comprehensive secondary pharmacology
screen not conducted. Drug class reported to
affect steroid metabolism

 Hepatocellular adenoma and carcinoma
observed in carcinogenicity studies with
other compounds in the drug class

® Negative 2-year dermal mouse study and
dermal rat tumor-promoter study with
compound 142 were considered supportive
of negligible human carcinogenic risk

 Increasad liver weightand hyperrophy at 86-b1d
human exposure and squamaus cel hyperplasi
in esophagus in 6-month demal rat study

 Poental foresophageal squamaus cell papillamna
and cardinama resuting from observed
esophagal squimous cel hyperpasi in the 6-
mont dermal ratstudy. Findingis likdy due to
oal irrtation attibuted to onl ingeston of
compound 142 during sef-groaningand s not
human relevant

® Inhibtion of aromatase activiy in vira, slght
delay in estrus cycle in pregnart rats fram
subaitaneaus dosing

® No genotaxicity or immuncuppresive effcts

Therapeutic indication: Viral infection

Target: Viral enzyme

® Non-mammalian target with no mammalian
equivalent

® No off-target activity in secondary
pharmacology screen

® 2-year rat study data with drugs in class
support a Category 3 designation

® Negative RasH2 transgenic mouse study

® Human metabolites adequately assessed

@ Potentialfor bladder tumors due to presence
of crystalluria without histological change to
bladder in 6-month rat study

® No genotoxicity, hormonal or
immunosuppressive effects

Therapeutic indication: Viral infection

Target: Viral enzyme

@ Non-mammalian target with no mammalian
equivalent

@ Cause for concern not identified based on the
outcome of rat and mouse carcinogenicity
studies conducted for other compounds in
the class

® No off-target activity in secondary
phammacology screen

® Nasal turbinate inflammation and reactive:
hyperplasia in the squamous mucosa of the
non-glandular stomach in the 6-month rat
study

@ No genotoxicity, hormonal or

munosuppressive effects

Therapeutic indication: Type 2 diabetes

Target: Renal co-transporter

® No cause for concem based on known drug
target biology

® High target selectivity

® No off-target activity in secondary
pharmacology screen

® Adrenal medullary, testicular Leydig, and
renal tumors in 2-year rat studies observed
with comparable compounds, via inhil
of related off-target co-transporter

® Increased kidney weight and tubule
hypertrophy, and increased adrenal weight
and hypertrophy in 6-month rat study

® No evidence of genotoxicity, hormonal or
immunosuppressive effects

‘Therapeutic indication:

Hypertension Target: Lyase

@ No cause for concer based on known drug
target biology

® Negative tumor outcome in 2-year rat study
with comparable compound

® No relevant off-target actvity in secondary
pharmacology screen

© Human metabolites adequately assessed

® Crystalluria was identified in rat urine
without a histopathological change to renal
or bladder tissue in the 6-month rat study.
Urinary crystals not detected in human
samples

® Liver hypertrophy without change in liver
weight in the 6-month rat study

® Diffuse adrenal hypertrophy ascribed to
intended pharmacological actvity in the 6-
month rat study

® No genotoxicity, hormonal or
immunosuppressive effects

Therapeutic indication: Insomnia

Target: Neuronal G-protein coupled receptor

® No cause for concern based on known drug
target biology and pharmacology

® No off-target actvity in secondary
pharmacology screen

® Major human metabolites adequately
assessed

® Comparable compound with less receptor
selectvity positive for liver and thyroid
follicular tumors in 2-year rat study

 Increased liver weight and hepatocellular
hypertrophy, increased thyroid weight and
follicular hypertrophy/hyperplasia in 6-
month rat study

® No genotoxicity, hormonal or
immunosuppressive effects

DRA: negative
Sponsor: negative

DRA: negative
Sponsor: negative

DRA: negative
Sponsor: negative

DRA: equivocal

Granulocytic leuken
fibrosarcoma

(not predicted in CAD)
‘Sponsor: negative

subcutaneous

DRA: positive
‘Sponsor: positive
Adrenal medullary pheochromocytoma

DRA: equivocal
Adrenal medullary pheochromocytoma and
Leydig cell adenoma (not predicted in CAD)
‘Sponsor: negative

DRA: positive
Sponsor: positive

Granulocytic leukemia, thyroid C-cell
carcinoma (not predicted in CAD)

Increased liver weight and thyroid follicular
cell hypertrophy in the 6- month rat study
suggested the potential for liver and thyroid
tumors in the 2-year rat study due to adaptive
changes related to hepatic enzyme induction
that has limited human relevance. Data was
provided to indicate that CYP1A2 and CYP
3al were induced in the 6- month study.

While the predicted hepatocellular and
thyroid follicular cell tumors did not occur,
the absence of drug-related tumorigenicity in
the 2-year rat study did not change the WoE
assessment of low carcinogenic risk in
humans, such that a 2-year study would not
add value.

Liver tumors were anticipated based on 2-
year rat study data with related compounds,
and observed hepatocellular hypertrophy in
the 6- month study at >86 times clinical
exposure.

‘The absence of drug-related tumorigenicity in
the 2-year rat study did support the Wol:
assessment of low carcinogenic risk in
humans, such that a 2-year study would not
add value.

‘The presence of needle-like crystals in urine
in the 6-month rat study suggested the
potential for bladder tumors in the 2- year
study from a crystalluria mechanism that has
limited human relevance.

‘The absence of drug-related tumorigenicity in
the 2-year rat study supported the WoE:
assessment of low carcinogenic risk in
humans, such that a 2-year study would not
add value.

‘The presence of reactive hyperplasi in the
stomach fram directdrugirrtation suggestedthe
potential for squamaus tumors of the stamach in
the 2-yar study from loa irtitation mecharism
that haslimied human relevance.

Theinterpretation of an equivocaloutcomeinthe.
2yar rat suly is based on the absene: of
statisial significance forboth trend andpairwise
tess forthe numeicd imbalanc of granulocytic
leulemia and fbrosarcoma.

‘Theobervad tumor outwmedid not impactthe
‘WoE assssment conduding the compound
exbibis low carcinagentsriskin humasandthe
2yar rat stuly woukl not 2dd vake.

Adrenal medullary,testicular Leydig, and
renal tubule tumors were anticipated based
on the reported tumor outcome in 2-year rat
studies conducted with similar compounds in
the class, and the observed increase in kidney
weightand tubule hypertrophy, and increased
adrenal weight and hypertrophy in the 6-
month rat study.

In the 2-yar rat sty adrenal tumors were
noted which is consisent with the WoE

assessment for this organ. Tumrs were not
observa in the tess or kidney.

Theproposed mods of tumorigenic acion in ras
for the drug clss is medatal by inhibition of a
rebted cotransparter which woul notoceur at
clinially relevant exposur tothe tet compound

Therdor, the outcome of the 2 yar rat sudy did
notimpad the WoE assswnert concliding the
compaund exhibis low carinognc rik in
humuns and the 2-yar ri sudy would not add
vale.

‘The presence of crystalluria in the 6-month
rat study suggested the potential for renal/
bladder tumors in the 2-year study from a
‘mechanism that has limited human relevance.

‘The interpretation of an equivocal outcome is
based on the absence of statisticalsignificance
for the numerical imbalance of adrenal
pheochromocytoma and testicular Leydig cell
tumors.

‘The outcame of the 2-yar rat study il not
impuct the WoE assessment concluding the
compound exhitits low carcinogent: risk in
humans and the 2-yar rat sty would not add
valee,

“The presence of liver hypertrophy and
thyroid follicular cell hypertrophy/
hyperplasia in the 6-month rat study
suggested the potential for liver and follicular
thyroid tumors n the 2-year study based ona
‘mechanism that has limited human relevance.

In the 2-year study, liverand follicular thyroid
tumors were not observed but granulocytic
leukemia (males) and thyroid C-cell
carcinoma (females) were observed at an
exposure multiple of 6-times and 72-times,
respectively, the anticipated clnical exposure.

As tumors occurred at exposure margins that
are not considered human relevant, the

outcome of the 2-year study did not impact
the WoE assessment concluding the
compound exhibits low carcinogenic

humans and the 2-year rat study would not
add value.
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Category I highly likely to be tumorigenic in humans; Category 2: tumorigenic potential for
humans is uncertain; Category 3a: highly likely to be tumorigenic n rats but not in humans;
Category 3b: highly likely not to be tumorigenic in both rats and humans.

“Case 123, discussed in the text below.

bCase 122, discussed in the text below.





OPS/images/ftox-06-1353783-t006.jpg
CaselD  Sponsor DRA

category  category

Basis for categorization Basis for alternative category Discussion on CAD or outcome:

year rat tumor
outcome

Thersputc Inditin: Migsine

Target: G proci-coupld recetor (novel g aret)

© Lieratre reprts no efector potenal anti-umor ffects
et todru target nibiions gt 2-yar rt data
silble fo comparsble ompound

 No o arget scivity n secondary pharmacelogy sreen

 No hisolgial indings of conernat cinially eevant
cxposures in 6 month rat sudy

@ No genotosiciy, hormonal or nmunesupprsive effcs

DRA:neguive
Sponsor negative

“The bience of dru slted morigenicity i the 2 yese -
sady supportedthe WoF sesmentoflow carcinogenic
ik s and humans,such hat 2 year study ol ot
add vl

» » Therspevtic indicaton: Cardiompopsthy and arehyhiss Na DR posiive Doses sl inncessed wcrine weightin the 6 s
Targe: on channcl Sponsor osive oxicystudy el i vierine carcinoma and polys in
© Lieraare reports potentl role o channel activation in Uterine carcinom (net the 2 year rat study at exposres 2 times he anicipaed

promoting tumor ivasivncss. Compound 122 i ion preticed n CAD) cinical exposure
channel activy
 No ot target activiy n sccondary pharmacolgy sreen “The outcome of the 2 year rat sudy ndiatd that an
© Incescd wierine weght, sbnormalcoments, microscpic ncrease n reproducive argan weghts wih or vihout
Altation n 6 month 1t sty hitologiel coneatescbervd n 6 month tudy maybe
@ No genotoiiy or immunosuppresive e idenceoffctons bormoralpetutston and uggets
potential carcinogenc risk
Funthe invesigtive studisrquied toases causlity and
human reevance for incusion in 3 WoE ssscment
> » Therspuic indcaon: Vil nfcion N DRA:neguie “The bience of drug. slted morigenicity in the 2 yese -
Target. Vi protein Sponsor: ngative sy supported the WoE: sscsmentoflow carcinogenic
 Non mammalan targt with no mammalisn cquivlent ik ot and usnans,sch hat 2 yesr tdy vl -
@ No offarget scity n secondary pharmacolgy sreen add vl
© No hisologiea indings of concrnin -month st sudy
@ No genotoiciy, Bormonal ot mmunesuppresiv effcs
1 » Thersputc ndition: Vi infocton N DRA: ngate “The bience of dru: rlted morienicity i the 2 yese .
Target. Vi protein Sponsor negative sady supportedthe WoF sesmentoflow carcinogenic
© Non-mammalin trget with no mammalis cquivlent ik s and humans,sch hat  2year sty would -
© No o arget scivity n secondary pharmicology sreen ad value
© No histolgieal indings o concrnin 6manth st sy
 No genatoici, bormonal o immunesupprsie ffcs
o » Therapeutc indcaon:Severe asthma N DRA: negiive Theabsenceof dru.related morigenicity in the 2 year -
Taget G protin <oupled eceptornbibio (ovel deugtarge) Sponsor: ngaive sy supported the WoE sscsmentoflow carcinagenic
 Knock ot mice lcking the dru et o not cxhibi ik s and humans,such that 2 year sty would -
findings indicaiveof 3 potentisl crcinogenicity ik afer add valoe
1 year of oservaton

@ Noineractions withrecptorsansportes sreen (<10 M)

@ Noistoogil indings ofconcernata 54 old human plasma
exposure marginin 6 month a study

 No genotsici, hormonal or mmunesupprsive cffcs

s 2| Therpeutc indcaion: Vi nfection Cuegory 2 DRA: neguive Adequacy of compound charscterization for 3 ove target
Target: Vi protein (ove drog )  Nove g targt Sponsor ngative variedscoss DRA
Cegory 3o © Incomplet nformation on metablitc chascteization
 Nor mammalan drug arge with o marmalian equilent | ® Indeguate ascsmentof of-aret acivity For DRAs skcting Ctcgory 3, th abcnce of drog-

@ No offtarget scivit in scondary pharmacaloy sceen | # Demonstrating egative 2- e stdy otcome consderedof relted tumorigenicity inthe -yar ot sty supported he
 No histolgial indings o concen at cinically eeant lue to risk ssesment o ssesmentof low carcinoenic 1k n st nd
exposures in - month at sy humans,s0chtht 2 yea sty would ot add vilue
No genotaxicty, hommonal,or immuosspprsie fiscts
For DRAs slcting Cteory 2 th absence o drug euted
umrigeniiynth - yearrat sy esolved ncertintes
entied i the W sscssment and povided val o he
accsment of human carcinogene risk

%3 2| Therpeutc indicaton: Aliheimer's dsease Caegory DRA: equivoal For DRAsskcting Category 2, the ncgaiveequivocal
Target: Protease (nove dog aret) © The componnd modulaes a novel dru targe xhibiing | Pancretc et adenoms,  outcome n the 2-year rat sty charactrized tumor
Gategory b comple bology that ha ot be wll charscteied which | virine adenoms/curcinoma  oucome ollowing pharmacologcl inhibition of the novel
 No vidence o crcinogenc concer in knock ot mice | prcldes condentprdiction of tumorigenic outcome in | Sponsor gt drugtarget and provided et he asesment o uman

acking the drug arget s and bumans aacinogenic k.
 No offage oty in secondary pharacology scven | @ Data fom knock out mice nsuffiient o conelude o
 No hstaogial findings of concrnat cinkcally elvant | creinogenic concen rlid o drug targt bioogy

cxposures in 6 month a sty
 No genaoxity, hormonal,or immunosspprssive effcts

" 2| Therpeatc indicaion: Hyperemion DRA:neguive Adeguacy of sdresiog complesty of aret biclogy
Target:Steroidl rceptor Sponsor ngative sfficen for conient predicion of otcome vaied acros
Gategory b componnds n the cas it xtrapolston of 2-yar 1t DRAs
© Turgtbickogy and lectviyprofis do not s s concem | fidings to compound 141
@ No offtarget scivty in secondary pharmacolgy sreen | Finding of gstroinesios]crosionfnfmmation in 6 For DRAs selectng Catgory b, the sbsence of drg:
 Histological fidings of adrenal hypertrophy andor renal | month at study ot adeqately sddresed relted morigenicity nhe 2 yar rat sty spportedthe

otagomera el in 6 month rat sudy: hawever, st WoE asesment o low arinognie rs i s and
isologial indings for compounds that rget the same umans, suchthat  2-yea sty would nt add value
ecepor dorot shoeadrenltamos in 2-yar ot stdics nd
renalamorsin 2 year ratstudis wer o considered human For DR electing Ctegory 2 the negativ outcomein the
eant 2 year rat sty resaved uncrainties dentifed i the
 No genotoxiiy, hormonalor mmuncsupprssive effcs WoE ascsment and provided valu o the ssssment of
uman carcinogenic sk

o 2| Therpeutc indicaton: Infammaory disase Caegory 2 DRA:negiie Adeguacy ofinformation rovided for target biogy,
Turget. Phosphodieersse © nsucintnformston providedon cacinogenic potentslof | Sponsor negative hormonaland immunctosc endponts varied across DRA
Category b g e, potenial Bormonal fects, and potential
© Targtbiology and selectiviy profils do o s a concern | immunctoxi cffcts Releance oftmors bserved olowing oral dosing 0 he
@ No offtarget acivty n secondary pharmacology screen | ® Utrine gramla el tmors bserved wth il compound route ofcincal administation, and paental systemic
 Hunan metsbolies adequtely ssesed in the lss ollowing oral dosin sggest umorigenic cinial exposure, s vried acoss DRAS
 No hsologial indings of concen in 6 month dermal | _potenial

study, the itended liviclrote of adminisrtion  Potential oral exposare fom dermalapplicatonin podistic For DA electing Ctegory 2 th ngative outcomein the
 Uterine tmors cbserved withsmilr compound nthe clase | population supports conduc of rat sl sty 2 yearrat sty rsved uncranes dentied i the
romonildosingn 2 yesr ot sty not pplcble o ended Wo asesment and provded valu to the sscsment of
dermal applicaton (2 year derml mousestudy was negative) uman carcinogenic sk
 No genotoiciy, hormonal or mmunesuppressiv clfcs

1% 21| Therspeuic indicaion: Infammatory discase Cuegory 2 DRA: negiive Releance o o frrlted congeners with differiog target
Target: Tyroine Kinse (novel o o) © Diffen aget slctiviy s exraplation fom rted | Sponsor gt sclcivity,some of which prsent a human carcinogenc
Gacgory 3o congeners n s, which exhibit an inconsistnt rodent sk, varkd scross DRAS
 Target ilogy inslved i immuniy, bt no it ol in | tumor profe. Compound specifc ssssment consdered of

tumorgenesis potenal value:
@ Nopharmacologcally rlevantoff-taget civiy nsecondary | Category |
pharmacology xcren for cither compound 136 or major | ® Immunosuppressie profle (dcressed perpherl bood
metsboles ymphocye couns, decrssed lmphod celllariy,
@ No hisologica findingsof concer n 6 monthrattudyor | suppression of T-cel-dependentaibody response in -
othr speces testd (mice, monkeys) month rat sy supression of T-cell-dependent anbody
 No genotxic ffects o paret compound or mor response i 9-month non. rodnt td)
metsboles © Potenil cos ety with eated Kinsse prsts
 No hormonalsfccs human crcinogenicity sk tha would not b frter
nformed by 8 2year rut shudy

m 3302 | Therpeuticindication: Adovantcancer trstment Caegory 32 DRA: negiie Adeguacy ofiformation provide for rlvant ot
Target. Tyrosine Kinse  Potential or emangiosrcoms bsed on & numercal but | Sponsor, negative bserved i the 6 month at sty exent of metabole
Category 3 o signfcan incrss absrved in TeRacH2 mic by 3 Charscization,and dta for reated congeersvriol
© Target ilogy relatedto gronth inibiion and ok human-irelevant pathvay acrss DRAS

considerd 3 concern Catgory 2
@ Notumor findings fom 2-yea rat studic ith congenrsin | @ Inadgunechascerizaton of o n 6 month at sudy For DRAssclcingCategory 3 e S, theabscne of dg.
aus (e, chronic Gl inammation,ilous seophy in the fum, relted tumorigenicity nthe 2-yesr it sty spportedhe
@ No offtarge scivity i scondary pharmacology screen | mammary nd ateophy bile ductlive njry) WoE ascsmentof low carcinogenic £k n ot and
 Bile duc hyperplss,a finding of concer absesedin 14 @ ncomplte charcerizaton of mebalitcs umans (30, o humans (3a),such that 3 2 yer study
day study was ot confimed n the 6-month study © Diffeent aget slctiviy profie linitd extrapolation of woukd ot add vlue
@ No genotoiiy, hormaral o immunosuppresive el | carcinogenicy dtsfrom congenes in s (0 compound
20 For DRAs slcting Category 2, the b of deu relted
© Liver, vascular tamors n 2- year et studyobsered with one umorigeniiynthe 2 yar rat sty esolved ncertintes
congener i the class s o addrssd by sponsor entied i the W asesment and providd vale othe
sscsmentof huan carcinogens risk
1 a2 | Therpeatc indicaion: Geneal absorpion enancer Gotegory 32 DRA:cqivocsl Adeguacy ofinformtion reaeding dcary intake and

Target: Ftty scide

© Posible umorgeniity i orestomach and pancras trough

Sk squamous adenoma/

rlton to compound exposur s  ky point of

Category 30 3 aspecfic and buman rclevant pathvay carcinoms (ot prediced in disagreement across DRAS
 Compoundrlted o dictry ngrdict and ot comsidereda | Cateory 2 can)
wonorgene risk © Insffcient information regarding relevance and extent of | Sponsor: ngative Releanceof gsrc mucosal ndings and charscteizaton

 Gastic mucosal Bypercophy/hypeplsain &-month ot
sty intrpretd as rtspcic. ot beng obsevedin dog.
ity sudies:

 Pancesticadenoms in 6 month it sdy observed inone o
dose malebut ot at highe dose orin repet 6 month sty

 No gensoxicty (only Anes st performed) o hormonal
eiots

dictary inake compared 10 exposure 10 compound

 Gastric mucosal indings i the min 6ot rat sty nd
occurenceof pancreatc adenoma n  supporive &-month
at study requive frtber characterzation

© Pancreaic adenoma reported i rats with reated congener

© Insaficient etin fo genoonichy

et hams o i shmen (st

sman)

of pancrstic oxicty ko varid across DRAS





OPS/images/cover.jpg
, frontiers | Frontiersin Toxicology

ICH S1 prospective evaluation
study: weight of evidence
approach to predict outcome
and value of 2-year rat
carcinogenicity studies. A report
from the regulatory authorities

subgroup





OPS/images/ftox-06-1353783-g001.gif
e 1: Sponsar sumis CAD anct
R reiew data

PErTT—
ettty
iy

part2:Sponso subits Sumary

e e
) (S

CT———"
e

L,
Rty

it oo g O
o e,






OPS/images/ftox-06-1353783-g002.gif
2-year rat study and/or investigative approaches.

n
ooy evssceras g [rEy———
P o o s Torges Bolony R

NEA — s
e oy o
P R
e [Ex e
A - PR
organ percurbason Hormonal Efects humanirreiesant fndogs
Povoe genacoxicy acast Genoroxiciy Moot
e e R P oo
T i et

i | s s

Nonclica Rpproaches gt ot e o el st s, e borchrs
i armon v, e ol e 5 10011 . s o g s

ConcalDa Appraaches Genratad ko bk e thrsprtc dves 100
XI5 o R e ons G o ed s ! G
P o e oG






