NON-COMPARTMENTAL ANALYSIS VS. TARGET MEDIATED DRUG DISPOSITION MODELING:
PREDICTIVE ACCURACY IN INTERSPECIES SCALING OF INTERFERON BETA-1A
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Table 1: Single Species Simplified Allometric Scaling Methods Figure 3a: Visual Predictive Check of IFNp-1a and Neopterin Derived from the PK/PD Figure 4a: Representative Elementary Dedrick Plot with an Exponent for CL/F of

Model in Rhesus Monkeys 0.85 (NCA Data)
Predicting the pharmacokinetics (PK) of drugs in humans based on animal species is Method Formula Notes e e o Based on diagnostics plots (Figures 2a and 2b) including visual predictive check
a mainstay of drug development. For therapeutic macromolecules (biologics), scaling Simplified Allometry; Fixed Buman=Banirma *(Weight numan/Weightasima) b, allometric exponent; 0.75 (Figures 3a and 3b), the model was demonstrated to fit both the PK and PD data 0.0008 o Rhesus Monke
route ngever witFr)w a trend towgrds Squosin there ?s utility in techniques allowin Dedrick Plot xeaxis: Time/Welghtspeses 8 : ~ s the human model 1 o
' - J; - Y 9 N9 | | E el AL ; redicted Quartie vs Time Results comparing prediction accuracy for CL/F and V/F for NCA vs. PK/PD modeling £2
for accurate prediction of human PK based on SC administration in the animal species. Liver Blood Flow (LBF) CLuman=CLanimai *(LBF numar/LBF artra) LBF human = 20.7 mL/min/kg; N o 0% approaches employing the various SSS methods are presented in Tables 3 and 4 T =
Employlng non-com.partmental (NCA) methods, even when a rellevant Single-species LB thesus = 43.6 mL/min/kg; 0.0005 o Whereas CL/F could be predicted emp|oying NCA with a fixed exponent ranging from %'g 0.0004
IS used, can result in poor prediction of PK parameters, particularly for volume of Organ Blood Flow (OBF) L Lo HOBF o JOBF ey e hrared o Davies 1993 : 0.85-1 V/F could not. In contrast, V/F was reasonably well predicted when derived <=
distribution (V). Employing population PK/PD approachesforestlmatlng.ke.y parameters 0 — | from a PK/PD model and scaled employing a fixed exponent of 0.95-1. Scaling by liver 7 E
such as V (or V/F) and clearance (CL or CL/F) may improve the prediction accuracy o T o ; blood flow did not result in predictions within 0.7-1.3 regardless of method employed =
when combined with single-species scaling (SSS) methods. for deriving the PK parameter estimates. When considering the blood flow to other §§ 00002
The purpose of this research was to test the hypothesis that PK/PD modeling of a organs, the results varied from 0.11-2.79 for PK/PD model derived CL/F and 0.34-1.25
single nonhuman primate species will improve the prediction accuracy of V/F and CL/F _ _ _ _ o o _ _ for NCA derived CL/F. Scaling by kallynochrons (Figures 4a and 4b) demonstrated
from a SC administered biologic (interferon beta-1a, IFNp) compared to parameters Figure 2a: IFN(-1a (Cobs) and Neopterin (Eobs) vs. IPRED Derived from the PK/PD EE;‘IIGD ?\:? X'SIL_'aIHPred'Ct'VQ Check of IFN{-1a and Neopterin Derived from the that normalized concentration curves do not exhibit the same profile shape. 0
derived by NCA. Fold-error (FE) within the range of 0.7-1.3 was considered as a Model in Rhesus Monkeys odel ih umans 0.01 0.1 1 10 100 1000
reasonable prediction. N R Kallynochron Time (hr/(Body Weight(kg)*-b))
A o | | | | m Presented ~ Log Scale
4E-05 — 20 — ;P\ -
m T = 1 1 ii OoseneaQuartlevsTin Scaling of biologics administered from the SC route has not been well described
l N _ :ggg;i in literature and no single method has demonstrated reproducibility. NCA implies = ab: R ot I tarv Dedrick Plot with an E t for CL/F of
g I N N ° e v - - - igure 4b: Representative Elementary Dedrick Plot with an Exponent for o
PK parameters were initially estimated by NCA for 4 rhesus monkeys administered : o BTN N o prodicted Quartilevs Time c!earance from the central compartment which is violated with biologics cleared 0 g5 (PK/PD Igata) ’ i
a single SC of IFN 35 mg/kg. Scaling to human values was performed using SSS > ) 5 YA N X = via TMDD. This data demonstrated that although CL/F may be scaled from NCA- '
methods outlined in Table 1. FE was calculated by comparing the mean scaled values - ) : (,' ’ E\ derivea da’Fa, V/F cannot be reasonably gpproxmated and scaled. In contrast, fitting
to mean observed NCA-derived PK following administration of a single 88 mcg SC 14! =y concentration d.ata from monkeys administered IFNBIV|a the.SC route coulld be scaled 0.0005 . b
dose to 128 healthy males and female participants. 0 —T—T— rou?hly taccorc:.mgl to body \é)vlelggt.]c II\/Iore]c fresearch IZ reqtuwed to est?blldsh whethe:
Concentration data for both species were also fitted to an integrated target-mediated Time (1) Time (hr) SCaling 1o particliar organ bIood TIOW OTIers any: atdvaniages over TiXed-exponen 0.0004 —©— Rhesus Monkey
. " . | scaling. Scaling of SC administered biologics by Dedrick Plots appears of limited -
drug disposition (TMDD) PK/PD model based on previous work by Mager et. al. 25 . . . . I
. . . o PRED potentially due to sparse PK data derived from the animal species. However the
(2002, 2003) modified to account for different absorption profiles in the datasets for . L . . .
. . . . . shape of the profiles may be indicative of differences in the SC absorption processes
the two species (Figure 1). A population of 100 monkeys was simulated from the final 0.0003

between the two species.

model and scaled according to the SSS methods employed for the NCA approach. Table 2: PK/PD Model Parameter Estimates for IFN-1a in Rhesus Monkeys and Humans
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Prediction accuracy was calculated by taking the ratio of the mean scaled values R Ny T T
. - . umans
from the simulated data and the mean of the empiric Bayes estimated values for the Table 3: Single-species with Fixed Exponent Prediction Accuracy for Mean Parameters 0.0002 X
human model. CL/F was assumed to be the product of the V/F and the internalization Parameter Units Estimate | CV% Parameter| Units | Estimate| Bootstrap Mean | Bootstrap CV% | .
rate constant (kint). Figure 2b: IFNg-1a (Cobs) and Neopterin (Eobs) vs. IPRED Derived from the PK/PD Y, L 622299 | 46.92 Vv L | 11007.8 11101.68 1841138 Fixed Exponent 0.0001—
Model in Humans ka hr-1 0.0103701 | 6.92 ka2 1| 0.132742|  0.133728 1.170292 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 |
Figure 1: PK/PD Model Of IFN-1a and Neopterin Production Following a - — “c076r T 56 =~ —[0.035721 S 035606 T Method Parameter Ratio |
Single-dose Subcutaneous Injection in Humans and Rhesus Monkeys PRPD oL 131 159 1.78 207 | =241 251 527 551 0
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N s SSSiagin tlag hr 0.173572 | 4.39 F2 0.478983|  0.481287 1.06712 PK/PD V/F 0.50 0.58 0.67 0.78 0.91 1.06 1.24 1.44 1 10 100
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................ D _,(__)_SQ b ki”t Kr hr-1 0.425961 12.28 kon nM-1hr-1| 6462.79 6426.679 3.313204 Organ Fold-Error Fold-Error
P — ! kp hr-1 0.354536 | 18.00 koft hr-111.35176 | 1.365677 1.58535 Adipose 2.79 1.25 PK/PD modeling of IFNp to derive estimates of V/F in rhesus monkeys appears superior
Volme - SC,, k | kout hr-1 0.0445191 | 12.68 Kint hr1 | 0.340042]  0.341406 0.519179 Brain 2.09 0.94 to NCA-derived values, when scaling SC administered drug to humans. No advantage
= Inter-compartmenta earance - S 5 : Y : g : . - . . . . . .
et max e Ee oEs e 25 S 554095 | 1457 T ga17 3 055675 = 834500 Cafd'zcu?“tp“t 1;; 00:5 for CL/F scaling was apparent. Additional investigation into the differences in SC
OR = Actvated DR Complex | SCEG — 783575 7032 = oL | 239087 5395046 VTG — — — absorption of biologics between monkeys and humans is warranted.
N= Neopterin (PD Marker) kf : :
out Kr ar-1 | 0-179604 0.184455 8.885318 Hepatic Arterial 1.26 0.57
1’ l, Kidneys 0.11 0.87
kp 0.294925|  0.292961 2194236 _
hr-1 Liver Blood Flow 1.43 0.64
kout hr-1 0.28782 0.280314 7.351103 Muscle 1.79 0.81
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Skin 1.19 0.53
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