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Hematological toxicity is a frequent and dose-dependent adverse event of chemotherapeutic regimens and
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> lineages with adverse effects caused by either dose-
o weod dependent (predictable) or idiosyncratic reactions  Different empirical, semi-mechanistic and more mechanistic models are being used currently in
progenitor ce M M . . . . . . . . . .
such as cytopenias [2]. We therefore investigate data  various platforms for cytopenia analysis and predictive modeling [3-7]. Better toolchain integration

l l I l obtained in a PK/tolerability study for their potential  and cross-platform operability has the potential to explore evidence more coherently. We therefore
. ‘ ‘. use to predict idiosyncratic cytopenias. make use of an R-based multi-model ecosystem for the assessment of cytopenia in preclinical safety.
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Available phenobarbital multiple dosing pharmacokinetics and tolerability data was on a veterinary-specific product given over an 80
days time period in 8 healthy dogs [8]. The phenobarbital PBPK model was originally created for rats and humans based on physico-
chemical properties and PK data [9-10]. It incorporates intestinal absorption, a binding partner in liver, as well as renal and hepatic
'V'Od_3| assefnbw clearance [refs, unpublished inhouse work). The model was translated to dogs by adding dog-specific physiology (Species: Beagle),

In MoBi unbound fraction in plasma and an adapted hepatic clearance rate in PK-Sim 12.1 [11]. An autoinduction of the clearance was added
in MoBi 12.1 to adequately describe the long-term PK in dogs.

PBPK model development in PKSim
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» [ 91 - Phenobarbital_PBPK_Dog_crossOver Fitting |n|\cjlllv||3¢:.Iual;K/PD o The semi-mechanistic myeloablation model from Friberg et al and the multi-lineage model from Fornari et al. [7] were
1) 62 - Autoinduct it -impl d di he published i d in MoBi drive th h

b =] 02 - Autoinduction re-implemented according to the published eqguations and parameters In oBi. To drive the effect, the

, _Elng_pa Dosing Organisml|BonelInterstitial concentration was used to mimic bone marrow exposure. Both models are
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—Iﬂl Dosing regimens as in the PK/tolerability study and resembling a chronic use regimen (BID) were set up in PK-Sim

> [T FV Phenobarbital and then used in MoBi as modules.
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Specific clearance 1/min 2.80e-03 3.50e-03 0.003 2.5e-03 2.5e-03 3.5e-03 3.5e-03 2.50e-03 c 4 |4 -
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Emax NA 1.20e+00 1.20e+00 1.000 1.0e+00 1.5e+00 1.2e+00 1.2e+00  2.00e+00 & % 4 ' IR

SLOPU pumol/l 1.00e+03  5.00e+02 600.000 3.0e+03 1.2e+03 1.1e+03  1.0e+03 1.00e+03 0o ! 2000 -
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CIRCO 1/ul 6.72e+03  8.97e+03  5510.000 6.5e+03 8.2e+03  7.5e+03  5.0e+03  6.24e+03 Time [day(s)] Time [day(s)]

M ETHO DS Elements from an OSP — R based ecosystem to build, qualify, run and analyze and report Specific clearance: hepatic clearance rate constant, Emax: Autoinduction maximum effect F'g 2: Example (DOg 1) PK and neUtrOphil counts in the

PBPK-QSP simulations (ECBQ n_ot fitted), SLOPQ: Drug .senS|t|_V|ty of effect_on progenitor proliferation, MTT = mean StUdy Versus Sim u lated PK/PD
transit time from progenitor to circulating neutrophil

CIRCO = baseline circulating neutrophil count

RESULTS AND DISCUSSION
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The overall weak effects of phenobarbital on individual dog lab markers Distribution of SLOPU P ( ) .
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bg rgcapltulated in the Vpop .approach (Fig. 3, glyen .that parameter ) > 5 %|incidence of neutropenia &
distributions are sampled sufficiently at the extremities) informed by the 0 0 <&
individual fits. This workflow allows for translating sub-threshold o

behavior from few individuals into a population prediction (e.g. if
population fit is unfeasible). Also, follow up mechanistic studies can be
informed by through parameter covariance structure analysis (Fig. 3)

Fig 3: Estimated parameter marginal distribution of SLOPU (other parameters not shown) and corresponding minimal
neutrophil count distribution matching 5 % neutropenia incidence in line with idiosyncratic adversity. Right: Correlation
analysis, within the multivariate parameter distribution inferred from individual fits. Clearance-MTT: Dogs with faster

Through coupling of the myeloablation model with a whole-body PBPK clearance also have longer maturation times. Emax-MTT: Higher autoinduction Emax tends to appear in dogs with shorter
model, exposure differences between different dog breeds MTT. MTT-CIRCO: High baseline counts tend to have faster cell turnover. Correlation analysis may guide further risk-
(morphometrics) can be captured, and predictive exposure predictions stratifying biomarker analysis (e.g. liver — bone marrow axis). RBC o Platelets
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(based on in vitro data) can be integrated (not shown).

Fig 4: Simulated (solid line) and experimental (dots) time
courses (simulated with multi-lineage model, for
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Use the extended model to perform mechanistic exploratory
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investigations towards the mechanism of bone marrow toxicity. An individual dogs) for red blood cells (RBC), platelets,

indirect damage mechanism (Fig 4, as implemented in the Fornari et al. neutrophils, and monocytes percent change from ]

module) can only partially reproduce observed (reversible) cytopenia baseline over time (days). The shaded turquoise band L S : S —
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mechanistic insight into this toxicity is very limited, but stepwise test of experimental measurements across all dogs. The model % : 0]

hypotheses in the structural model can give insight into their plausibility. applies and indirect (e.g. inflammation) damage to a N : o

progenitor common to all lineages. Simulations are

Further investigations on phenobarbital and induced bone marrow _ ) o
plausibly lying within the overall temporal trends of

toxicity could focus on obtaining markers for inflammation, liver or other , , )
. RBCs and neutrophils, while the experimental data for
organ-bone marrow cross-talk or better characterize effects on bone .
platelets and monocytes seem to feature mainly

marrow samples ex-vivo. . ; 2 0 & 50 ; % @ % 5
fluctuations. Time [day(s)] Time [day(s)]

References D Supporting the open-source development of:
0 @ ﬂ < / ? % PK-Sim’ % MoBi~ @§P trh sysiins

[ 1] Kurtin 2012: PMID: 25031949 (Background) P H AR M A c 0 I. 0 GY
[09] Law et al. 2014, 10.1093/nar/gkt1068 (Phys chem)

[2) Scott 2021: 10.1002/psp4.12459 (Background) [10] Fu Parameter: https://www.vetpharm.uzh.ch (Phys chem) MOdeIing Scallng COdlng Www.open-SyStems-PharmaCOIogy.org SOftWH re SUite

% change from baseline
% change from baseline

[ 3] Friberg 2003: 10.1023/A:1023573429626 (Cytopenia Model)

[11] Lippert 2019: 10.1002/psp4.12473 (PK-Sim/MoBi/OSP-Suite)

[ 4] Moj 2017: 10.1007/s00280-017-3447-x (Cytopenia Model) :
[12] Engasser et al 1981: 10.1002/jps.2600701113 (Rat PK)

[ 5] Abbiati 2021: 10.1208/s12248-021-00623-8 (Cytopenia Model) :
[13] Nelson et al. 1982: 10.1002/j.1552-4604.1982.tb02662.x (Human PK):

[ 6] Shimizu 2020: 10.1080/09537104.2019.1624707 (Cytopenia Model) )
[14] Wilensky et al. 1982: 10.1007/BF01061382 (Human PK):

[ 7] Fornari 2019:10.1002/psp4.12459 (Cytopenia Model) [15] Johannessen et al 2010: 10.2174/157015910792246254 (Human PK): Presented at ACoP 2025, Aurora, CO, USA WWW, ESQIa bs .Com

[ 8] Jukier 2024, 10.3389/fvets.2023.1307888 (phenobarbital in dog data)




	Slide 1

