Variability within Systemic In Vivo Toxicity Points-of-Departure
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Animal toxicology studies have long been considered the gold standard for hazard identification and characterization, In all three datasets, the POD variance was approximately 1, the
including pomt-of-departu_re (POD) determinations. D_ue to regulat(_)ry mandates and the sparslty of a_nlmal to_xmology ToxReDB MSE was approximately 0.33 (Figure 1), and the percent of - . _
data for t_housands of enylronmeqtally-relevant chemlca_ls, alternatlye approaches have been mcregglngly relied upon variability that can be explained is ~66% (not shown). Using the o T $. ¢ K-means Clustering
for chemical safety decision-making. However, comparing alternative method performance to traditional approaches | MSE, we can calculate the RMSE (VMSE) to be about 0.58. *8s ¢ Hierarchical Clustering
without better understanding the underlying variability of the traditional methods is difficult and often misleading A B C ’ : . 't“ .
because reproducibility within animal studies have long been a topic of concernl4. Using the USEPA Toxicit Two or More Studi Two or More Studies Two or More Studes, | MSE remained constant across all three datasets even as the ] o H
y . o . ' LIty o Gl Per Study Type Per Study Type, Species, | datasets became more homogeneous, indicating that the amount = 830,
Reference Database (ToxRefDB) systemic toxicity POD values and associated study parameters, multilinear er-hemica and Chemical and Chemical of variance that can be accounted for is constant. This provides * e
regression and analysis of variance was performed to quantify the explained variability due to various study ' ' ' some level of confidence that the underlinin ﬁknownperror is % _ .'.‘.
parameters, (e.g., chemical treatment, study type, species, strain, dose spacing) and to estimate the remaining 3929 Studies 3170 Studies 2357 Studies ) : : : . ning u = '“'tl
unexplained variability 761 Chemicals 679 Chemicals 567 Chemicals inherit across all systemic toxicology studies. : ® vog
| | | o o | | | 0 _ ofg
The goal of the current work was to quantify the amount of variance that exists within systemic in vivo PODs Variance Variance Variance By comparing the nested model with the full model, we quantified - I'ln:“.
(explained and unexplained). 1 1.005 0.985 the contribution of each study variable to the total variance "'H-. vot
: : : : : .
We hypothesize that the variance between observed POD from study to study can be characterized by the equation: | | | across _aII three datasets (Table 1). C_hemlcal treatment had Fhe E _ e, '""
Var(Observed POD) = Var(“True” POD) + Var(Study Conditions) + Unexplained Variance MSE e MSE largest impact on the amount of explained variability, accounting *20,5400
' ' ' for upwards of 50% (0.790 — 0.84) or an MSE of ~0.8. The | | | | | | | |
POD is defined as the Log,, mg/kg/day of the lowest dose in which a treatment related effect was observed per Figure 1: Flow chart of the three dataset used along with results of the results were consistent across data_tsets A, B, and C._ The 0 100 200 300 400 500 600 700
study. variance analysis. For each dataset, the number of unique chemical and fémoval of other study conditions (using LOO methods) did not
studies are shown along with the calculated variance of the POD. have as large an impact, but the covariates were statistically
Met h O d S Carbamates significant >70% of the time. Study type, strain group, and dose Number of Clusters
e LI) zpacmg AW eBre i:l CconSIStently significant covarates across Figure 3: Plot showing the within MSE of the ANOVA analysis for both K-Means and Hierarchal clustering of toxprint
Data Preparation “MSE :0.32 RL /F\ R? atasets A, B, and C. chemotypes clustering methods. Data set for the ANOVA contained systemic toxicity studies from ToxRefDB of chemicals
| Yeranes 077 o N _ _ that were studied at least twice. The coefficient, chemical treatment, were replaced by their cluster group number for each
Data taken from: US EPA’s Toxicity Reference Database (ToxRefDB v1.3) R® Three chemical classes (>15 chemical per class) represented analysis. Each analysis is defined as one run of “Number of Clusters”, as shown on the x-axis.
» Contains over 5,000 in vivo toxicity studies covering over 1,000 chemicals. wﬂh(;nt datastt_et 'tA\h pcrlletnolst, codne:/lzglés, iemcll tczrtf)amatei, were Replacing chemical treatment with groupings based on structural similarities did not account for as much
* Guideline or guideline comparable studies from various sources. p-value = 0.05 p-value = 0.49 us.e 0 ;’ rag:y be a;ase dan I cg ctuaf or deac dgl\r/logg variance as using chemical treatment. The MSE for both K-means and Hierarchal clustering was not
Data was filtered to only include: Three datasets were created: (Figure t?ll . arthamlrit/lgEan ¢ (iﬁnazo © Iatasg SE pr(i Zce desoit comparable to the 0.33 found when using chemical treatment until over 600 clusters were created (Figure 3).
. Adult animals in the FO generation «  Dataset A* Two or More Studies Per ﬁompara © ﬁ € OH € COThp € eh alajet ’t heilpl € The MSE is equal to the residual sum of squares (RSS) divided by the degrees of freedom. The relationship
« Systemic toxicity studies (CHR, SUB, DEV, MGR, and SAC) Chemical. } —N Magl'zng ? s(,)mla8 er vtan:;nclzle. dowetver% €P (;no _ alased at 3“ between the MSE and RSS indicates that as the number of clusters go up, both the MSE and RSS go down.
« Administration Route: Oral . Dataset B: Two or More Studies & Study Phenols Conazoles ( ? or-©. potentially - due 1o fewer: chemical and study At 600 clusters, most clusters contained around one chemical, thereby mirroring the original analysis using
e : _ : _ « Number Chemical : 18 OH « Number Charmical - 25 N numbers. The significance of the variances between the chemical treatment.
* Species: mouse, rat, dog, and rabbit Type Per Chemical. | Rl S 7 « Number Study : 179 H chemical class and all comparisons produced a p-value > or =
* Non-control group data e Dataset C: Two or More Studies, Study Varonc: 0.67 //_% p-value = 0.05 R ‘ 0.05
Analvsis Type, & Species Per Chemical v /R | | o | | CO nc | usions
Variance Calculations N Figure 2: Variance estimation of three chemical class. A comparison of
N their variance were performed and results shown by the p-value. In a linear regression analysis of data from more than 3,500 in vivo studies,

« Multilinear Regression was used to partition the total variance in the observed POD into an unexplained component

and a component attributable to different study design factors, and ANOVA was used to compare the significance of Table 1. MSE results for the LOO analysis with ANOVA between each full model and a LOO model. * The spread around a predicted POD value is ~0.58
individual components. Two or More Studies Per Two or More Studies & Study Type ~ Two or More Studies, Study Type, & « Since the standard deviation of the log10 transformed PODs is about 0.5, the 95% prediction interval
« Percent of variability that can be explained in a given data set was calculated by: Chemical Per Chemical Species Per Chemical for a POD covers more than 2 orders of magnitude (10*-2*0.58, 10°2*0.58)
Var(Observed POD) — Unexplained Variance Models MSE p-value MSE p-value MSE p-value « Estimated unexplained variance across all datasets: ~0.33
N Var(Observed POD) Full Model 0.326 0.337 0.326 « Chemical treatment explained: ~50% of the total variance, and so chemical features were explored further
Importance of Each Study Condition : : N :
Chemical Removed 0.790 < 6.43x104 0.844 < 9.88x104 0.790 < 6.43x10* in an effort to account for additional variance.

* Nested models using a Leave one out (LOO) approach were used to test each study condition’s contribution to the

explainable variance Strain group Removed 0.356 < 9.81x10* 0.389 < 3.23x104 0.356 < 9.81x10-*4 » The estimated unexplained variance was consistent even when source data was stratified to be more
Assessing naive chemical groupings (Dataset A only) Study Type Removed 0.350 < 3.34x104 0.354 < 1.54x104 0.350 < 3.34x10 homogeneous
. Toxpri_nt chemotypes were substituted for chemical treatment and then clustered using K-means and Admin Method Removed 0.327 9.16x10°2 0.338 2 92%10-2 0.327 9.16x10-2 » Stratifying chemical treatment across common classes with 215 members failed to explain additional
g;er?;chlfal mfechotdsb chemical Ol (Dataset Aonly) Dose Spacing Removed 0.330 P 0.339 rYEVTY 0.330 < 9.64x10 variance, outside of phenols (which demonstrated ~20% unexplained variance)

ratification ot Data by Lhemical L1ass (Dataset A only ' ' | ' ' ' « Replacing individual chemical treatments with chemical groups (clustered toxprint chemotypes) explained
« Chemicals were stratified into 3 classes (Conazoles, Phenols, and Carbamates), and MSE was estimated for each. Number of Dose Removed 0.331 < 2.67x104 0.341 < 1.08x104 0.331 < 2.67x10* little additional variance
. Slgnlflcance_of_ the difference between variances was cal_culated by computing the F-dlstrlbutlon_ betwee_n _the classes, Study Year Removed 0.326 1.45%x101 0.337 4.37x10-1 0.326 1.45x101

pairwise. This is calculated as the ratio of the greater variance over the smaller. The upper confidence limit was then _ Reference T _ _ _ .

calculated for each pair. Substance Purlty Removed 0.326 2 76x101 0.337 1.90x101 0.326 2 76x101 1. icé:ffjr?ea}%r;(, ;.O}aé(il.RAg;ltjla c_if:)l(i::cglcllatzé:/rﬁgig;lltgérc:aallga;t)_llélltg,?rzazlg\i?)r)\ce and interspecies comparison of rodent LD50 data from literature surveyed for the

Study Source Removed 0.327 4.17x102 0.338 1.33x102 0.327 4.17x102 2.  Kleinstreuer, N. C. et al. A Curated Database of I’?odent Uterotrophic Bioactivity. Environ. Health Perspect. 124, (2015).

U.S. Environmental Protection Ag en cy 3. Grisham, J. W. Interspecies comparison of liver carcinogenesis: implications for cancer risk assessment. Carcinogenesis 18, 59-81 (1997).
) Gender Removed 0.330 < 4.29x104 0.339 1.02x104 0.330 < 4.29x104 4. Gold, L. S., Manley, N. B., Slone, T. H. & Ward, J. M. Compendium of chemical carcinogens by target organ: results of chronic bioassays in rats, mice,
Office of Research and Development hamsters, dogs, and monkeys. Toxicol Pathol 29, 639652 (2001).
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