Deciphering the mechanisms of drug effects on r~—
cardiovascular system through semi-mechanistic modeling M&S Astrazeneca
of preclinical telemetry data: a validation study o

lgor Vasyutint, Victoria Kulesh?, Alina Sofronova!, Holly Kimko?, Conchi Villar Moas3, Matthew Bridgland-Taylors, I\/-57
Mike Rolf4, Amy Pointon>, Kirill Peskov-°, Victor Sokolov!, Ravindra Alluri’

M&S Decisions LLC, Moscow, Russial, CPQP, CPSS, BioPharmaceuticals R&D, AstraZeneca, Gaithersburg, USA?, Regulatory Toxicology and Safety Pharmacology, CPSS, BioPharmaceuticals R&D,
AstraZeneca, Cambridge, UK3, Regulatory Toxicology and Safety Pharmacology, CPSS, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden#, Safety Innovation, CPSS, BioPharmaceuticals
R&D, AstraZeneca, Cambridge, UK>, Sechenov University, Moscow, Russia®, CPQP, CPSS, BioPharmaceuticals R&D, AstraZeneca, Cambridge, UK’

Glycopyrrolate Nifedipine Atenolol Clonidine

Preclinical telemetry data on heart rate (HR) and Name Value (RSE, %) Name Value (RSE, %) Name Value (RSE, %) Name Value (RSE, %)
_ Ve, L/kg 0.23 (3.96) Fbio 0.33 (0.21) Fbio 0.88 (0.51) Fbio 0.61 (12.7)
mean arterial pressure (MAP) was used to assess CL, L/kg/h 3.44 (0.83) ka, h 2.45 (18.3) ka, h 0.16 (4.01) ka, h 2.88 (18)
n
. , o 5 Vp, Likg 4.5 (3.2) Ve, L/kg 0.2 (0.61) Ve, L/kg 0.41 (fixed) = Vc, Likg 3.32 (8.53)
the ability of semi-mechanistic model by Snelder S Q Likgh 2.92(0.54)  CL, L/kgh 0.23(0.53)  CL,Lkgh  25L(fixed) 5 CL, Likgh 1.42 (13.2)
: : G Vp, L/kg 0.63 (4.99) Vpl, L/kg 0.62 (fixed) = Vp, L/kg 9.44 (7.98)
et al.? to elucidate the primary and secondary 3 Q, Likg/h 0.15 (11) QL Lkgh  321(fixed) & Q Likgh 2.97 (8.71)
: : Vp2, L/kg 3.03 (fixed) e
hemodynamic effects of the drugs with known Q2, Likg/h  1.82(fixed) <
mechanism of action. Route Intratracheal, IV Oral, IV Oral, IV Oral, IV

« Positive/Negative effect
"""""""""""""""""" « Biophase % = k, * (Cc — Ce)

TPR Kout PR Drug * Linear Effect = k.¢s * Cc (or Ce)

[mMmHg * min/mL] — : : __ Imgx*Cc(or Ce)
Effect « Michaelis-Menten Ef fect =

Introduction

 Model-based analyses of preclinical telemetry

data provide important basis for the preclusion — , . [Cso+Ce(or Ce)
of adverse cardiovascular (CV) effects In v = svre (1 kg i A Placebo . Circadian variations CR = k, » cos (22)
e - effect — 24

| 3 - Handling effects HD = Y2, P, * e fhe*(t=ti)

clinical development?. s e
MAP = HR « SV « TPR 1 =0;t, p

dBiom
S— T = kin* (1 = FB x MAP) * (1+ CR) * (1 + HD) =

FB — Negative Feedback from MAP to HR, SV, TPR * (1 + Ef fect) —koye* Biom

« Snelder et al. has developed an integrative
model of the CV system to distinguish between
the drug-induced response and subsequent
physiological feedback of the hemodynamic
parameters?.

Objective

The aim of this work Is to validate the model using 110 o oof T L BT T ﬁ § 110{ 4
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Figure 2. Semi-mechanistic model of CV system.
“Biom” represents HR, TPR or SV, Circadian variations introduced only on HR and TPR; Handling effects introduced only on HR; red colored parameters were estimated
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Figure 3. Observed and predicted changes over time in HR and MAP
Table 2. Drug effect parameters in the optimal models

Nifedipine
2 2.5 3 10
mg/kg mg/kg mg/kg mg/kg

m;?kg m1golﬂg Glycopyrrolate Nifedipine Atenolol Clonidine
Atenolol 1 5 Parameter Value (RSE, %) Parameter Value (RSE, %) Parameter Value (RSE, %) Parameter Value (RSE, %)
o || rishie k,, ht 1.11 (1.04) JEN—— 0.62 (2.43) [ — 0.25 (6.24) Ker nr» UM™ -3.93 (31.3)
Keff mr, UM™ 3.17 (10) IC59, UM 1.93 (10.5) ICs5q, UM 0.41 (25.1) Kefr sy, UM? -30.37 (12.8)

ke rpr, UM 21.38(10.9)

Table 3. Empirical and model-derived theoretical primary drug effects

Clonidine
mglkg mg/kg ]| mga/kg ]| malkg Compound Glycopyrrolate Nifedipine Atenolol Clonidine

_ _ . HR |
Internal data PD data (MAP and HR)
. L o Expected empirical HR 1 TPR | HR | TPR |
- K effect TPR | SV |
Figure 1. Data used in the analysis HR |
(internal data - 8 Wistar-Kyoto rats; external data — published rat PK data (9 studies)) Model-derived effect HR T TPR l HR l TPR T
+ The model in question consists of 16 SV |

parameters and thee tumover equatons: R, - [ T

stroke volume (SV) and total peripheral
resistance (TPR), along with circadian

* PK models were successtully developed (Table « The primary effects of four compounds

variations, handling effects, feedbacks from 1). Pl.acebo and PD response Yvas a_ldequat_ely (glycopyrrc.)lz_alte, clon!dlnet .nlfedlplne, atenolol)
MAP and SV (Fig. 2) described by the selected optimal integrative on CV toxicity were identified based on rat HR

| '_ | | models (Fig. 3), with positive linear effect on HR and MAP data using the semi-mechanistic

* Sequential modeling gppro_gch was US‘?d' f'rSt’ for glycopyrrolate, Imax-type effect on TPR for modeling.

PK.pz.arameters Wer_e dentified, therT, circadian nifedipine and on HR for atenolol, and negative ¢ The general alignment of the primary drug
variations and handling effects were mt_r(_)duced, linear effect on HR and SV and positive linear effects predicted by the model with known
f|.naIIy, the. drug effe.ct was quantlfled on effect on TPR for clonidine (Table 2). empirical targets confirms the validity of the
different sites of action, individually or In approach and sets a basis for translation of the

* Predicted primary effects for all compounds are
In agreement with the empirical effects, except
for clonidine: as an alpha-2 adrenoreceptor References
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