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... ABSTRACT

OBJECTIVE: To simulate drug-induced liver injury
(DILI) due to mitochondrial DNA (mtDNA) depletion In
DIiLIsym using Fialuridine (FIAU) as an exemplar

... METHODS

PBPK model of FIAU A PBPK model of FIAU was
developed based on human plasma FIAU
concentrations after single 5-mg oral dose

PBPK Simulation Results and

DILIsym Overview _ | |
MtDNA Depletion Parameter Estimation

: e — Unconjugated Reactive ] —Simulation 100 o . .
compound. 2 e I o Clinical Data ZZ _ administration to 16 healthy subjects [1]. A reduced-
METHODS: FIAU-induced mtDNA depletion and the l l g\g L 6E-4 (Bowsher 1994) %:90- PBPK model was used where renal and hepatic
subsequent effects on mitochondria  function, 5 5 = clearance of FIAU were considered. All PBPK
hepatocellular bioenergetics, and liver injury were 2 S goes E%S‘r’ ——Simulation parameters were calculated based on physio-
modeled In DILIsym by combining predictions of Eg S 80 . (I\ﬁeesvsigrfggtg)ata chemical properties of FIAU or optimized to clinical
compound  exposure with  compound-induced S 0.0E+0 e o s = 15 . . . PK data [1].
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reductions In  MtDNA synthesis. A simplifiec

Mitochondria Dysfunction
physiologically-based pharmacokinetic (PBPK) mode Intracellular Bile Acids and Toxicit

was employed to simulate FIAU exposure. All PBPK l

parameters were calculated based on physio-chemical \-’
' Hepatocyte Life Cycle

oroperties of FIAU or optimized to clinical PK data [1].

~-IAU effects on hepatocyte function within DILIsym

MtDNA depletion parameters Parameters
describing the rate of FIAU-imposed mtDNA
reductions were Initially determined using DILIsym “Iin
vitro” like simulations based on the in vitro study
where dose-dependent decreases in mtDNA levels In
HepG2 cells due to FIAU were reported [2]. The
parameter values included the inherent initial delays
of FIAU effects on mtDNA content due to DNA
synthesis kinetics [2]. The parameter values were
subsequently additionally optimized utilizing the timing
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Plasma FIAU pharmacokinetics in human after a single 5 mg oral dose
(left) and fraction of mtDNA content when HepG2 cells are exposed to
1 uM of FIAU over three weeks (right).

« DILIsym accurately simulates the plasma FIAU PK in humans [1].

e DILIsym recapitulates the in vitro FIAU-induced reduction in mtDNA
content.

« The mtDNA degradation rate corresponding to 1 M media concentration

were based on reductions in mtDNA synthesis and
subsequent disruptions in mitochondrial function.
Parameters describing the rate of FIAU-imposed
MtDNA reductions were calculated based on in vitro

data and subsequently optimized based on clinical was utilized to estimate_ mtDNA. depletion rates, based on the and magnitude of liver injury in patients, as reported
DILI responses [2,3]. The FIAU dosing protocol Vito Vito Drl”g correspondence to the maximum clinical plasma FIAU concentration [2]. by McKenzie et al. [3]. The restoration process of
described by McKenzie et al. [3] was simulated with a [Ez(gvx?ggsgg J [ Rospiratory ] T Prediction of Clinical Outcomes MtDNA replication and mitochondria function upon
SimCohort, a group of simulated patients with Degl:tt;onJ FIAU withdrawal was also included based on a report
variability in selected system-level parameters. l Clinical | Simulation 3 45 . by Litoshenko et al. [7].
RESULTS: DILIsym accurately captures the plasma M”Sff]{;?f”a ito Data RESUIS kel ’ Simulated hepatotoxicity A SimCohort, a group of
FIAU PK in humans. DILIsym also recapitulates the Balance [ Degl“'eﬁon ] DILI 70% 7304, g £ g7 15 simulated patients with a range of values for the
hepatotoxicity reported for extended treatment_ \{vith ncidence (7/10) (11/15) Eéglg_ . respiratory reserve scalar, was used to mimic the
FIAU [3]. A comparable frequency of severe liver injury ES . . clinical protocol described by McKenzie et al. [3]. This
is predicted in the SimCohort (11 out of 15 patients) as Mﬁgiﬁﬂﬁm ] [M'tocér}%nd”a < MEEePCrt(I)\t/gm H [;yrgﬁﬁ'rith.ﬂétno} Time of DILI 82 ° X provides variability in the key mechanistic areas
was reported for clinical _patlents (7 o_ut qf_ 10 DeS”“C“"” RateJ Protein LSV””‘@S'S Rate Rate onset 11-16 12-14 0 e Simuﬁtion affected by FIAU. Moreover, each simulated patient in
patients). D_elayed presentation of severe liver Injury —L —_ (weeks) (McKenzie 1994) this SimCohort has approximately similar body
(T>h9ew|oeril|?)sé>2tilcs)nalcs)? Eirr?]illztee%Ir;)gt]ieer?tlgm\jxlﬁthedmpaitilrenr:}rsﬁ De'ijrgcﬁ{;’;egate SyEth‘;eZﬁgtggte J [ DSLiyrzfnﬁnTtP J DILIsym to>_<icity predictio_n_s (left) qnd maximum total plasma_bilirubin yv.e|ght_. Tjh's tensu:jeslthat sr‘,]lmulfted”vlarlabllltyé |n.I|ver
concentration of the clinical patients before death and simulated njuty 15 aue 10 undetlying hepaloceliiar mechanisms

total plasma bilirubin concentrations exceeding 3

rather than differences in compound exposure.

ma/dL is comparable with the clinical patients [3]. [ s J patients gft_er 15 weeks of s_imulation where a total 1030 mg of FIAU
| Decrement was administered to each simulated patient over almost 11 weeks (3
CONCLUSION: DILIsym accurately simulates DILI doses/day) (right).
duel (0 FK‘U admmll;s.tre}tlon and gan hbe hused rfo Diagrams showing the overall structure of DILIsym (top) and key |, p) 1sym accurately recapitulates both the magnitude and delayed onset
evaluate the DILI risk of compounds that have the ' ' . e . . ..
P components of the mtDNA depletion mechanism (bottom) of severe liver injury in the SimCohort as was reported for clinical  DILIsym modeling can be used to predict DILI due

potential to deplete mtDNA. Further investigation will

ve required to translate in vitro data into DILISym input « Several drugs have the potential to inhibit DNA polymerase y, restrict patients [3]. to mtDNA depletion.

MtDNA chain replication, and reduce mtDNA and ETC enzyme content.

narameters for drug-imposed mtDNA reductions. | | _ _ * Predicted maximum total plasma bilirubin concentrations frequency In e Further investigation will be required to translate in
* Mitochondrial enzyme balance directly affects both respiratory reserve | simulated patients exceeding 3 mg/dL is comparable with the clinical vitro data into DILIsym input parameters for drug-

FIAU effects on hepatocyte function within DILIsym were based on

* Drug-induced mtDNA depletion can lead to severe drug-induced reductions in mtDNA synthesis and subsequent .

FIAU Effect on Hepatocyte Function
L

hepatotoxicity as mMtDNA encodes essential . . . . . .
. . disruptions in mitochondrial function. T 2 N o
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chain (ETC). * FIAU treatment caused delayed mtDNA and enzyme loss. SE .. T 2] Lewis et al., Proc Natl Acad Sci U S A. 1996 Apr 16: 93(8): 3592—3597.
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mechanistic studies identified mtDNA depletion as to maintain adequate synthesis of mitochondrial gene products [6]. > 100 m—— o o @
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the mechanistic cause [4]. * Reductions in mtDNA fractional content led to diminished generation of 5= 8o - > 08- \ | |
. DILIsym is a mechanistic, multiscale model of DILI and maintenance of the mitochondria proton gradient and ATP @z 3, . g 6. ) ITh'S work( was %ﬂﬁlported by)members of the DILl-sim
’ - o8¢ b | nitiative (www.DILIsym.com).
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mechanisms and inter-patient variability. o Liver tOXiCity was not observed until mtDNA was reduced to <60% of =z ge\/ '% '
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