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Abstract

Purpose—This study used uncertainty and sensitivity analysis to evaluate a physiologically
based pharmacokinetic (PBPK) model of the complex mechanisms of sorafenib and its two main
metabolites, sorafenib glucuronide and sorafenib N-oxide in mice.

Methods—A PBPK model for sorafenib and its two main metabolites was developed to explain
disposition in mice. It included relevant influx (Oatp) and efflux (Abcc2 and Abcc3) transporters,
hepatic metabolic enzymes (CYP3A4 and UGT1A9), and intestinal f-glucuronidase.

Parameterization of drug-specific processes was based on in vitro, ex vivo and in silico data along
with plasma and liver pharmacokinetic data from single and multiple transporter knock-out mice.

Results—Uncertainty analysis demonstrated that the model structure and parameter values could
explain the observed variability in the pharmacokinetic data. Global sensitivity analysis
demonstrated the global effects of metabolizing enzymes on sorafenib and metabolite disposition
and the local effects of transporters on their respective substrate exposures. In addition, though
hypothesis testing, the model supported that the influx transporter Oatp is a weak substrate for
sorafenib and a strong substrate for sorafenib glucuronide and that the efflux transporter Abcc2 is
not the only transporter affected in the Abcc2 knock-out mouse.

Conclusions—Translation of the mouse model to humans for the purpose of explaining
exceptionally high human pharmacokinetic variability and its relationship with exposure
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dependent dose-limiting toxicities will require delineation of the importance of these processes on
disposition.
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Introduction

Sorafenib is a multikinase inhibitor of C-RAF, B-RAF, c-KIT, FLT-3, PDGR-f, and VEGFR
1-3[1,2]. It has been approved for the treatment of advanced renal cell carcinoma,
hepatocellular carcinoma, and advanced thyroid cancer. In addition, it is being evaluated in
acute myeloid leukemia and other solid tumors in adults and pediatrics [3-5]. Due to its
large interindividual variability and thus potentially higher than expected exposure, there is
the possibility for exposure-related toxicities such as hand-foot skin reaction (HFSR) [6-8].
Therefore, developing a better understanding of factors related to this variability is important
in determining sorafenib treatments that increase efficacy and decease toxicity [9].

Sorafenib is a small lipophilic molecule, has a high fraction absorbed, and high
bioavailability (92% and 80% respectively, in mice) [10]. The primary route of elimination
is hepatic metabolism and CYP3A4 is the primary enzyme responsible for sorafenib
oxidative metabolism to an N-oxide metabolite in mice and humans [10,11]. Sorafenib also
undergoes conjugation to sorafenib glucuronide (SG) by UGT1A9. This accounts for the
clearance of approximately 15% of the administered sorafenib dose in humans [12]. There
was no effect of renal dysfunction on sorafenib clearance in humans [13] and 19% of
radioactivity following oral administration was present in urine, almost exclusively in the
form of sorafenib metabolites [12]. Therefore, renal elimination is not considered a major
factor in sorafenib clearance. The plasma/serum protein binding is high with an unbound
fraction of 0.5% in mice and humans [10].

Transporters play a major role in the disposition of sorafenib and its metabolites and several
involved in influx (Oatplb2) and efflux (Abcc2, Abce3) are localized to hepatocytes [14—
16]. Sorafenib is an OATP [17,18] and OCT1 substrate [18] /n vitro although in Oatplb2(-/
-) knockout mice, sorafenib and its N-oxide metabolite plasma exposure were not different
from wildtype. However, SG concentrations were substantially increased in Oatp1b2(-/-)
knockout mice [17] and this increase was not the result of altered glucuronidation capacity
in the knockout mice [17]. This suggests that Oatp1l transport of the glucuronide into the
hepatocytes is an important step in SG clearance. Using /n vitro studies and in vivo studies
with wildtype and knockout mice, it was determined that once SG is transported into
hepatocytes, its disposition depends on Abcc2 (Mrp2) which shuttles SG into bile as well as
Abcce3 (Mrp3) which shuttles SG back into circulation [19]. The fate of SG in the bile and
intestinal lumen was assessed ex vivo with mouse luminal contents. It was demonstrated
using neomycin, a non-systemic antimicrobial that eliminates gastrointestinal flora, that
deconjugation was mediated by g-glucuronidase [19]. /n vivo, sorafenib was found in
plasma of mice following a single SG dose and absent when SG was co-administered with
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neomycin [19] demonstrating the importance of S-glucuronidase in sorafenib disposition in
mice. In healthy volunteers treated with neomycin, the systemic exposure of a single 400 mg
dose of sorafenib was reduced by 54% (Nexavar® package insert) and it has been estimated
that the sorafenib exposure in humans is increased by 50% due to enterohepatic circulation
(EHC) following oral administration [20].

The complexities of sorafenib disposition point to the need for data integration that allows
for data interpretation. Physiologically Based Pharmacokinetic (PBPK) models integrate
system- and drug-level information to estimate drug disposition. Specifically, PBPK models
explicit definitions of anatomy and physiology allow for mechanistic modeling of
transporters and drug metabolizing enzymes while their drug-specific information including
transporter/enzyme affinity along with plasma/serum protein and tissue binding affinities
defines how the drug interacts with the organism. Integration of these data ultimately leads
to predictions of drug disposition in the absence of /n vivo information. Next, PBPK model
assessment with 7n vivo PK data is used for model refinement and further model evaluation.
For example, hypothesis testing and subsequent hypothesis generation, benchmarked with /n
vitroand in vivo data, can guide us to further understand the importance of specific
processes affecting overall drug disposition. For tyrosine kinase inhibitors (TKIs), PBPK
models have the potential to provide insight into drug resistance mechanisms, drug-drug
interactions, tumor uptake and ultimately drug efficacy [21]. For sorafenib, a previous PBPK
model was used to demonstrate a lack of PK interaction of sorafenib with everolimus and
was further used to generate the hypothesis that saturation of transporters is responsible for
the nonlinear dose-tumor exposure relationship [22]. Owing to a lack of data, this model
focused only on sorafenib and did not include EHC.

A full understanding of the important processes driving sorafenib and its metabolite
disposition needs to be deciphered in a preclinical study as this is not possible in humans.
Therefore, the objective of this study was to use uncertainty and sensitivity analysis to
evaluate the complex mechanisms of a preclinical PBPK model of sorafenib and its
metabolites. To accomplish this we defined a PBPK model that accounts for metabolism,
active transport, and EHC and predicts sorafenib, sorafenib N-oxide, and SG in the plasma
and liver of mice. In addition, the model was used to test and generate hypotheses on how
metabolism, active transport, and EHC affect the disposition of sorafenib and its metabolites.
This study will guide the future extrapolation to a human model that will support our
understanding of sorafenib related efficacy and dose-limiting toxicities.

Development of PBPK Model

The model describing sorafenib, sorafenib N-oxide, and SG was developed using PK-Sim®
v5.3.2 and MoBi® v3.3.2 (Bayer Technology Services, Leverkusen, Germany). Unless
otherwise described, the default anatomical and physiological parameters for mice defined in
this software were used. Organ:plasma partition coefficients were predicted using the
approach of Rodgers and Rowland [23,24]. The physicochemical parameters used in the
model are presented in Supplemental Table S1.
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The active processes that may be responsible for metabolism and transport of sorafenib and
its metabolites are presented in Figure 1. The hepatic enzymes CYP3A4 and UGT1A9 were
modeled using a Michaelis-Menten process with literature-based Km values [11,25].
Metabolites were produced in the hepatic intracellular space and were available for
metabolism, transport or diffusion as defined by the metabolite-specific processes. Influx
and efflux transporters (sinusoidal and canalicular) were mostly modeled as linear due to
limitations of available data, with the exception of the sorafenib Oatp transporter where an
observed Km value was used [17]. The kinetics were determined using the plasma and liver
concentration-time data from wild type (WT) and transporter knock-out (KO) mice and
parameter estimation methods.

Data supports the hypothesis that SG is converted back to sorafenib in the gut via f
glucuronidase. Therefore, the model included both EHC (via first-order kinetics) and £
glucuronidase activity in the gut. The recycling is accounted for by a continuous fraction of
bile released into the gut (30% - default value) with subsequent bile dump every 8 hours.
The f-glucuronidase activity was estimated ex-vivo in mouse cecal material treated with SG
both with and without neomycin [19].

Experimental Data

Plasma and liver concentration-time data was obtained from Friend virus B-type (FVB) mice
treated with 10 mg/kg of sorafenib, of the following genetic background:

e WT, Oatpla/lb KO [17] (used for parameter estimation)

* WT, Oatpla/lb KO; Abcc3 KO; Abcc2 KO; Oatpla/lb and Abcc2 KO; Oatpla/lb
and Abcc3 KO; Oatpla/lb, Abcc2 and Abcc3 KO [19] (used for simulations and
hypothesis testing)

The activity of fglucuronidase was estimated ex vivo using caecal material treated with SG.
These experimental details have been previously reported [19]. Experiments were approved
by the Institutional Animal Care and Use Committees of St. Jude Children’s Research
Hospital.

Parameter Estimation

All of the organism-specific anatomical and physiological parameters were fixed at their
default values and certain parameters associated with sorafenib or its metabolites were fixed
to literature values (e.g. CYP3A4 Km, LogP, molecular weight). Model parameters that were
less well-defined and that had supportive /n vivo data were estimated using manual and
numerical techniques and mouse WT and KO data. When estimating the parameters for the
PBPK model we first exported the model to Matlab® (The Mathworks) using the MoBi®
Toolbox for Matlab®. Then, within Matlab®, we used weighted least squares, where the
weights were defined as 1/(n*concentration), where n is the number of samples in each
group (e.g. plasma sorafenib, liver SG). Specifically, we used the plasma and liver
concentration-time data from WT and Oatpla\lb KO mice to estimate the following
identifiable values: SG fraction unbound, SG Oatpla/1b activity, UGT1A9 Vmax, and
sorafenib N-oxide intrinsic clearance. These fixed and estimated parameters were set as the
baseline values for all sensitivity and uncertainty analysis, hypothesis testing, and
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simulations in this study. Note that these parameters were defined for the purpose of
understanding the observed differences in the experimental results and are not meant to be a
unique set of values.

Sensitivity and Uncertainty Analysis

Uncertainty analysis was used to assess the prediction precision of the plasma and liver
concentration-time profiles due to uncertainty in estimating the model parameters. We used
Latin Hypercube Sampling (LHS) to simultaneously sample from selected inputs. In this
process we used a uniform distribution where the parameters were varied +two orders of
magnitude about their nominal value. In addition, we assumed that the inputs were
independent. A sensitivity analysis was completed that extended the uncertainty analysis by
using Partial Rank Correlation Coefficients (PRCC) and the output from the uncertainty
analysis to identify those parameters that contribute most to the prediction imprecision of
model outputs [26,27]. The model parameters considered in the analysis were the Vmax for
the drug-metabolizing enzymes, the rates for active transporters, non-specific hepatic
intrinsic clearances, key parameters involved in EHC, and other physiological and
physiochemical parameters where estimates were not well known. The model outputs
considered were the Area Under the Curve (AUCy.g) and the concentration at 8 hrs (e.g. a
trough level or Cmin) for plasma and liver sorafenib, sorafenib N-oxide, and SG
concentrations.

Simulations
Simulations were performed in Matlab® by exporting the PBPK model developed in PK-
Sim® and MoBi® to Matlab® using the MoBi® Toolbox for Matlab®. In all simulations,
only the parameters specified were altered while the remaining parameters were fixed to
their nominal or estimated values (Supplemental Tables S1 and S2).

Results

Parameter Estimation

The drug-specific fixed and estimated parameters describing the data from WT and
Oatpla/lb influx transporter KO mice are presented in Supplemental Tables S1 and S2 and
Figure 2. With the exception of the parameter(s) related to the activity of the KO
transporter(s) (which were set equal to 0 in the KO cases), these parameters were fixed for
all the simulations described in this study. Figure 3 presents sorafenib and SG plasma
concentrations over 24 hours with and without neomycin co-administration after a dose of
10 mg/kg of SG. This simulation indicates the models ability to qualitatively account for the
effects of EHC using the above described fixed and estimated parameters. In this example,
the only parameter that was changed was the f-glucuronidase activity, which was decreased
2-fold from baseline for the neomycin-treated mice.

Uncertainty Analysis

The observed variability in disposition in WT mice was explained by varying the 16 model
parameters listed in Table 1 and is presented in Figure 4. The range of the output variability
resulting from the variability in the parameters covered the observed concentrations. This
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suggests that the model has the ability to describe the variability in the data and that the
hypothesis that model structure is adequate is not rejected.

Sensitivity Analysis

We used sensitivity analysis to describe which model parameters used in the uncertainty
analysis were most correlated with changes in sorafenib, sorafenib N-oxide, and SG plasma
and liver disposition. The PRCC of each model parameter and output measure are
summarized in Table 1.

Sorafenib metabolizing enzymes have global effects. For example, an increase in UGT1A9
Vmax increases plasma and liver SG AUCq_gh (p = 0.65 & 0.80) and decreases plasma and
liver sorafenib (p = —0.84 & -0.89) and sorafenib N-oxide AUCg_gh (p = —0.81). Sorafenib
intestinal permeability also had global effects, where increases in this parameter correlated
with increases in the plasma and liver AUC_gy, of sorafenib and its metabolites.

Drug transporters have local effects. For example, sorafenib influx primarily affects plasma
sorafenib AUC_gh (p = —0.87). Meanwhile, the system is not sensitive to sorafenib efflux to
either the circulation (Abcc3) or bile (Abcc2) (|p| < 0.05 for all). In addition, SG Oatpla/lb
influx and Abcc3 efflux to circulation only affects SG AUCq.gh (p = —0.84 & 0.55,
respectively) while Abcc2 efflux to the bile only affects plasma and liver SG AUCy.gh, (p =
-0.80 & -0.93).

Variation in EHC continuous fraction and f-glucuronidase activity are only minor
contributors to variability in the exposure to sorafenib and its metabolites (Table 1).

Other parameters considered such as the fraction unbound in plasma, SG intestinal
permeability, and non-sorafenib hepatic intrinsic clearance all have local effects only
significantly altering one or two outputs directly affected by the parameter. For example
sorafenib N-oxide intrinsic clearance only has a local effect on sorafenib N-oxide disposition
(Table 1).

Similar relationships were also observed when comparing inputs to the 8 hr concentrations
(Cmin) of sorafenib and its metabolites (Table 1). The main differences in parameter
sensitivity between the output measure of AUCq_gr, and Cmin involved intestinal
permeability and UGT1A9 Vmax. These differences are due to the possibility of two
concentration-time curves having different AUCs over the interval (0-8 hrs) but similar
Cmin at 8 hrs.

Influx Transporters

We tested via simulation whether sorafenib active influx accounts for differences observed
in the Oatpla/1b KO mice. We observed that decreasing sorafenib influx activity to 0 while
keeping the SG Oatpla/lb activity fixed did not explain the increased exposure of SG in the
KO mice. This result was predicted by the sensitivity analysis (Table 1); the PRCC for
sorafenib influx activity was not highly correlated with SG plasma (p = 0.22) or liver
disposition (p = 0.31). This suggests that sorafenib is, at best, a weak substrate for
Oatpla/lb. This assertion is based on the sensitivity analysis (Table 1), which shows
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decreases in sorafenib influx Vmax cause increases in sorafenib exposure (p = —0.87)---an
assertion that is not supported by the experimental data due to the lack of change in the
observed sorafenib exposure in Oatpla/lb KO mice compared to the WT mice. Next, we
tested whether SG influx accounted for differences observed in the Oatpla/lb KO mice. We
observed that decreasing the SG activity of Oatpla/lb to 0 was sufficient to describe the
observed changes in SG in the Oatpla/l1b KO mice (Figure 2). Again, this result was
predicted by the sensitivity analysis (Table 1); the PRCC for SG Oatpla/lb activity was
strongly negatively correlated with SG disposition (p = —0.84).

Efflux Transporters

We tested via simulations whether efflux of sorafenib and SG via Abcc3 would account for
differences in sorafenib disposition in Abcc3 KO mice. We observed that decreasing the
sorafenib and SG activity of Abcc3 to 0 was sufficient to describe the observed changes in
sorafenib and SG in the Abcc3 KO mice (Figure 5). It was observed that the effects of
Abcc3 on the disposition of sorafenib and the two metabolites were small, which was
consistent with the sensitivity analysis (Table 1); the PRCC for SG Abcc3 efflux activity is
only weakly correlated with SG disposition (p = 0.55) and the correlation between sorafenib
activity and disposition of each of the components was very small (|p| < 0.05).

Next, we tested whether the efflux of sorafenib and/or SG via Abcc2 could account for
differences in sorafenib disposition in Abcc2 KO mice. We observed that decreasing the
activity of Abcc? to 0 relative to sorafenib and SG was not sufficient to describe the
observed changes in the Abcc2 KO mice (Supplemental Figure S1). Specifically, while the
simulation adequately described the minimal effects of Abcc2 on the disposition of
sorafenib, which was consistent with the sensitivity analysis (Table 1), it did not fully
account for the large increase in the disposition of plasma SG. This suggests that there are
changes in the Abcc2 KO mice other than an elimination of Abcc?2 activity. Other studies
have suggested that the activity of transporters other than Abcc? is altered in Abcc2 KO
mice. For example one study observed a 6-fold increase in Abcc4 mRNA and protein in
Abcc2 KO mice [15]. While the Abce3 and Abcc4 expression in liver of mice similar to
those used in this study did not show significant changes between WT and Abcc2 KO mice
(unpublished data), there could be another, currently unknown transporter that is altered in
the Abcc2 KO mouse relative to the WT. The sensitivity analysis gives us an approach to
form a hypothesis on what may be altered to adequately describe the observed changes in
the disposition of plasma SG in the Abcc2 KO mice. Specifically, either increases in the
activity of an efflux transporter with the same orientation as Abcc3/4 (sinusoidal membrane
efflux transporter) or decreases in the activity of an influx transporter would cause a local
increase to SG plasma disposition (Table 1). Simulating a simultaneous decrease in Abcc2
activity to 0 and an increase in the activity of an unknown sinusoidal membrane efflux
transporter by 2-fold showed that this hypothesis was sufficient to explain the changes in
plasma SG in Abcc2 KO mice (Figure 6).

Double and triple KO of transporters

Finally we simulated the effects of Oatpla/lb, Abcc3 double KO; Oatpla/lb, Abcc2 double
KO; and Oatpla/lb, Abcc2, Abcc3 triple KO. In all cases altering the transporter activity
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parameters in the same manner as in the single KO simulations while continuing to fix all
remaining parameters at their nominal levels, we are able to adequately describe the
disposition of the plasma and liver sorafenib, sorafenib N-oxide, and SG disposition
(Supplemental Figures S2—S4).

Discussion

A PBPK model of sorafenib, sorafenib N-oxide, and SG was developed to explain its
disposition in mice. All physiological and anatomical inputs specific to the mouse were
fixed at reasonable values. Parameters that were dependent on the molecule(s) were either
fixed to literature-based values or set based on preliminary assessment and numerical
estimation. These parameter values and model structure described the WT and Oatpla/lb
KO data well (Figure 2). Due to the availability of sorafenib and sorafenib metabolite
plasma and liver concentration time data in transporter KO mice, there was the ability to
explicitly define transport processes. This approach differed from a previous sorafenib
PBPK model that did not include efflux or influx transporters and focused on sorafenib
alone [22]; a structure and focus that was sufficient for the question being addressed in that
study. Because the purpose for our PBPK model was to determine those processes
responsible for sorafenib and metabolite disposition with potential for later translation to
humans, explicit delineation of important metabolic and transport processes was required.

Following the PBPK model development, it was initially evaluated using PK data resulting
from SG administration to mice in the presence and absence of neomycin. While the
presence of neomycin did not greatly affect SG concentrations, it significantly decreased
sorafenib plasma concentrations both in the observed and simulated data. The simulation did
not characterize the sorafenib curve shape in the first few hours without neomycin where the
sorafenib concentrations were similar in the presence or absence of neomycin. In order to
adequately simulate the early points, we would need to prevent f-glucuronidase from
cleaving SG in the cecum and large intestine during the first few hours post administration.
To accomplish this the small intestinal transit time would have needed to be extended to
non-physiological values. One possible approach to address this discrepancy would be to
include a time lag in the model. Considering that neomycin inactivation of f-glucuronidase
was not an important process to understanding other mechanisms of disposition, we did not
include a time lag and this deviation did not invalidate the model.

While the parameter values in Supplemental Table S2 were those that were moved forward,
it was understood that these values were not unique. Determining a unique set of parameter
values in mice was not a goal of this study nor was it possible to achieve given the
complexities of the model and the lack of identifiability of some parameters.

Using the values from the above model in WT mice, uncertainty analysis allowed for an
assessment of the ability of the model to explain the variability in the observed data. The
variation in each parameter was set a priori to + two orders of magnitude following a
uniform distribution (a conservative choice). The observed data was covered by the
uncertainty analysis (Figure 4), suggesting that the model structure and parameter values
were reasonable. Note that while the uncertainty analysis was used to examine if our model
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structure was sufficient enough to account for observed variability, it did so in the absence of
anatomical and physiological variability not related to drug metabolism and transport. Since
the mice used in the experiments were homogenous the addition of anthropometric
variability is most likely far less than the variability imposed by drug transport and
metabolism.

Global sensitivity analysis was then performed to identify those parameters that contributed
most to the prediction of sorafenib disposition. The model output of AUC(_g was selected as
a metric of overall exposure within a typical human dosing interval and the model output
Cmin was relevant since troughs are commonly used for therapeutic drug monitoring. The
results of this analysis showed that sorafenib metabolism had global effects such that all
output metrics were highly correlated to metabolism parameters. However, in the case of
transporters, output metrics specific to the transporter substrate were highly correlated only
to its transporter activity. Sensitivity analysis provided an expectation of the PK results
observed in KO mice and thus an expectation of the importance of each process on sorafenib
disposition.

The availability of data sets that included various transporter KOs provided further
opportunity for understanding the mechanisms important in sorafenib disposition as well as
to evaluate model structure and parameter values. For the Abcc3 KO where all Abcc3
activities were set to 0, simulated profiles well described the observed data and reflected the
sensitivity analysis, such that sorafenib was unaffected by the KO and SG concentrations
slightly decreased in plasma but not liver (Figure 5). From the sensitivity analysis we
expected that the Abcc2 KO would not affect sorafenib concentrations and would lead to
increased SG concentrations; a result mirrored in the observed data (Figure 6) and previous
studies [28]. While this was qualitatively captured in the simulation, the magnitude of the
change in simulated plasma SG was not as great as in the observed data. To account for this
difference, an additional increase in efflux to systemic circulation was required.

In this study, the transporters have been named based on available KO mouse data (e.g.
Abcc2, Abcc3) but may not be unique in their activity. For example, it is possible that both
Abcc3 and Abcc4 work to transport SG into systemic circulation from the liver, however
unique resolution of these two processes is not possible given the available KO data. In
addition, we assumed that the KO transporter had no activity, but there is no guarantee that
other similar, but unknown, transporters are upregulated relative to WT. This has been
demonstrated in another study where an Abcc2 KO had a 6-fold increase in Abcc4 mRNA
and protein compared to WT [15]. We observed that the Abcc2 KO SG data could not be
explained by simply knocking out Abcc2 activity in the model. Only when efflux to the
systemic circulation (e.g. Abcc3- or Abcc4-like) was also doubled could the SG data be
reproduced by the model. This is not necessarily a deficiency in the model but a failure to
fully understand the transporter changes as a function of the KO process.

Moving forward to simulate multiple KOs, we assumed that the processes that were
modified for the single KOs carried over to the multiple KOs. By setting all relevant
transporter activities to 0, the PK data for sorafenib and its metabolites in plasma and liver
were well described. This indicates that the process of knocking out multiple transporters
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did not cause changes beyond what the single KO may have altered. It also suggests that the
flux of molecule movement through the liver has been well described even though the
parameter values are not necessarily unique.

One of the primary goals of this model building and evaluation process was to test and
generate hypotheses within an /n sifico system. Because of their mechanistic basis a PBPK
model allows us to test hypotheses, with extrapolation being the most commonly applied
hypothesis testing process. This has been used to assess the relevance of a drug-drug
interaction [29] or the first-in-pediatric dose using extrapolation from an adult model [30].
Hypothesis generation on the other hand is a process to help us understand mechanisms. In
the context of the sorafenib model, we were able to test the importance of specific
parameters on plasma and liver concentrations (hypothesis testing) as well as develop
questions about mechanisms relating to the integrity of the KO development process
(hypothesis generating). In addition, the model could be used to generate and test hypotheses
to help explain the large exposure variability observed in the clinical use of sorafenib [6].

Delineating the important processes that drive disposition may aid in understanding high
exposure variability, particularly in the context of exposure dependent dose-limiting
toxicities. For example, HFSR is related to sorafenib exposure where it has been observed
that greater than 61% of adults treated with sorafenib developed this adverse event with the
incidence of higher grades of toxicity linked to higher sorafenib plasma concentrations
[6,8,7]. Further evaluation of this exposure-toxicity relationship, including exposure to
sorafenib metabolites, may allow for correlation between HFSR, sorafenib dose, and
transporter or metabolizing enzyme single nucleotide polymorphisms (SNPs).
Individualization of sorafenib dosing may be possible by targeted SNP assessment such that
the activities of those proteins most responsible for relevant compound disposition are
accounted for in the dosing algorithm. For sorafenib, this PBPK model, once translated to
adults and children, will aid in determining those SNPs that should be accounted for in the
context of efficacy and dose-limiting toxicities. The use of TKI PBPK models coupled with
genomic data for the purposes dose optimization is an area of current and future interest
[21].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Whole body PBPK model structure (left). Structure of Sorafenib and Sorafenib metabolite
model including transporters (ovals) and metabolism processes in liver and gastrointestinal

(GI) lumen (right).
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Figure 2.

Plasma (circles) and liver (squares) concentration time profiles following sorafenib
administration to WT (black symbols) and Oatpla/lb KO (red symbols) mice. The shaded
region shows the variability in the disposition when SG Oatpla/1b activity is decreased from
the baseline value to 0.

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2017 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Edginton et al. Page 15

10000

1000©

Sorafenib Glucuronide Plasma (ng/ml)

time (hrs)

®
© O 000 O
N

< 8 (o]
£ ° o
S 100~
g (o]
] o (o]
a o o
2
g
g
8 2 8 1
Q 5 g o 8 9 °
v < _{s) o
/ Q S Q
| o
| —
| o
{ =
<)
| o
ul 1 1 (o]
0 5 10 15 20

time (hrs)

Figure 3.
SG (a) and sorafenib (b) disposition given a 10 mg/kg dose of SG to WT mice either treated

with saline (black circles) or neomycin (red circles). The shaded region shows the variability
in the disposition when fS-glucuronidase activity is decreased 2 fold from baseline.
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Figure 4.
Uncertainty analysis: Symbols present the WT FVB mouse plasma (circles) and liver

(squares) concentration time data. The blue shaded region represents 2575t percentile in
the variability of the concentrations and the gray shaded region represents the range.
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Figure 5.
Sorafenib and SG efflux via Abcc3. Black circles and curve: WT; Red circles curve: Abcc3

KO. The shaded region shows the variability in the disposition when sorafenib and SG
Abcc3 activity are decreased from baseline value to 0.
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Sorafenib and SG efflux via Abcc2
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