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Abstract

Sorafenib improves outcomes in adult hepatocellular carcinoma; however, hand foot
skin reaction (HFSR) is a dose limiting toxicity of sorafenib that limits its use. HFSR
has been associated with sorafenib systemic exposure. The objective of this study
was to use modeling and simulation to determine whether using pharmacokinetically
guided dosing to achieve a predefined sorafenib target range could reduce the rate of
HFSR. Sorafenib steady-state exposures (area under the concentration curve from 0
to 12-h [AUC,,_ , ,]) were simulated using published sorafenib pharmacokinetics at
either a fixed dosage (90 mg/m?/dose) or a pharmacokinetically guided dose targeting
an AUC,_, 1, between 20 and 55 h pg/ml. Dosages were either rounded to the nearest
quarter of a tablet (50 mg) or capsule (10 mg). A Cox proportional hazard model from
a previously published study was used to quantify HFSR toxicity. Simulations showed
that in-target studies increased from 50% using fixed doses with tablets to 74% using
pharmacokinetically guided dosing with capsules. The power to observe at least 4 of
6 patients in the target range increased from 33% using fixed dosing with tablets to
80% using pharmacokinetically guided with capsules. The expected HFSR toxicity rate
decreased from 22% using fixed doses with tablets to 16% using pharmacokinetically
guided dosing with capsules. The power to observe less than 6 of 24 studies with HFSR
toxicity increased from 51% using fixed dosing with tablets to 88% using pharmacoki-
netically guided with capsules. Our simulations provide the rationale to use pharma-
cokinetically guided sorafenib dosing to maintain effective exposures that potentially

improve tolerability in pediatric clinical trials.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Sorafenib pharmacokinetics (PKs) show large interindividual variability given fixed
doses (90 mg/mzldose twice daily). This leads to a wide exposure range, particularly
higher exposures, which can lead to hand foot skin reaction (HFSR), withheld doses,
and therefore a possible lower antitumor efficacy.
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WHAT QUESTION DID THIS STUDY ADDRESS?

Can PK and pharmacodynamic modeling and simulation approaches provide the ra-
tionale to use pharmacokinetically guided sorafenib dosing to maintain effective ex-
posures that potentially improve tolerability in pediatric clinical trials?

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This study provides evidence, through PK and pharmacodynamic simulations, that it
is possible to decrease the variability of sorafenib exposure, increase the percentages
of studies in a target range, and reduce the occurrence of HFSR.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

This study provides the rationale to use pharmacokinetically guided sorafenib dosing
to maintain effective exposures that potentially improve tolerability in pediatric clini-
cal trials, including our prospective protocol in children with rare solid malignancies.

INTRODUCTION

Hepatocellular carcinoma (HCC) is rare in children, account-
ing for about 0.5% of all pediatric malignancies. Cure is only
possible with complete surgical resection, which only occurs
in approximately a third of patients and survival rates remain
poor (<30% 5-year survival) for those with unresectable
disease.'™ Sorafenib, a tyrosine kinase inhibitor (TKI), has
shown clinical activity in both adults and children with unre-
sectable HCC. We recently completed a phase I study in chil-
dren with refractory or recurrent solid tumors, including HCC,
using a combination of sorafenib, bevacizumab, and low-dose
oral cyclophosphamide.” This combination was well-tolerated
and 17.6% of the patients experienced a partial response. To
further build on the efficacy of the combination, we are devel-
oping a prospective protocol in children with rare solid malig-
nancies, including HCC, that evaluates the safety and efficacy
of the addition of the immunotherapeutic agent atezolizumab
to the previous combination regimen. As part of the primary
objectives of this protocol, we have proposed to evaluate the
feasibility of using a pharmacokinetically guided dosing ap-
proach for sorafenib.

Using pharmacokinetically guided dosing to individualize
sorafenib doses to a desired systemic exposure instead of a
fixed sorafenib dosage, which has been previously used,” has
been motivated by several reasons. These include the phar-
macokinetics (PKs) of sorafenib have large interindividual
variability and relatively smaller interoccasion variabilityj’ls;
sorafenib systemic exposure decreases over time'*; the dose
limiting toxicity hand foot skin reaction (HFSR) is sorafenib
exposure dependent13’15"21; and, longer continuous exposure
to sorafenib, even at lower doses can manage toxicities and
lead to improved outcomes.”>*

Designing clinical studies to evaluate whether pharmaco-
kinetically guided dosing can improve therapy is challenging
for TKIs due to the large number of individuals needed to suf-
ficiently power the analysis. For example, it has been shown

that in the case of sunitinib, many individuals (>1000) would
be required to appropriately power a study to show a signifi-
cant exposure-response relationship.24 Due to this intractable
sample size, this study used Monte Carlo simulations based
on clinically observed exposure-response data (time to tumor
progression) to simulate the benefits of PK-guided dosing.
These simulations showed that pharmacokinetically guided
dosing could potentially increase the time to tumor progres-
sion by about 1 to 2 months.

Therefore, in the current study, we used PK and pharma-
codynamic modeling and simulation approaches to support
the rationale for including pharmacokinetically guided dos-
ing of sorafenib in our prospective protocol. The objectives
of this study were to use modeling and simulation approaches
to evaluate the likelihood of achieving our desired sorafenib
target range and to determine whether by achieving the target
range we would reduce the rate of HFSR.

METHODS
Definition of exposure target range

The sorafenib mean (range) target steady-state exposure,
defined as the area under the concentration curve from O to
12-h (AUC,_;, ;,,) that will be used in the proposed clinical
study and evaluated in this simulation study was 42.5 (20 to
55) h pg/ml. The rationale for the mean and upper limit of
the range were based on the exposure versus HFSR toxic-
ity relationships observed in our previous study.13 The target
steady-state AUC,,_;, 1, of 42.5 h ug/ml was chosen as this
was the median sorafenib AUC,_;,, in the group with HFSR
grade less than 2, whereas the upper limit of the range of
55 was chosen as this was the upper quartile for individu-
als with HFSR grade less than 2. Additionally, the median
sorafenib AUC,,_;, ;, in the group with HFSR grade greater
than or equal to 2 was 60 h pg/ml.
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The rationale for the lower limit of the sorafenib AUC, |, ,
range was related to previously reported sorafenib exposure
versus efficacy relationships, which have shown trends to
increased efficacy with sorafenib steady-state AUC,_;, , ex-
posures ranging from ~ 17 to 54 h pg/ml.zo’ﬂ’25 However,
these studies were in adults with a variety of diseases (HCC,
renal cell carcinoma, and sarcoma), differing demographics
(both from Japan and the United States), and underpowered
and not statistically significant most likely due to their small
sample sizes. Other studies have suggested that sorafenib
exposures that cause adverse effects, along with continuous
exposure even with lower doses (which can provide higher
overall exposure compared to higher doses that are inter-
mittent due to dose limiting toxicities), may be more effi-
cacious.”>? Therefore, we chose to focus on reducing the
probability of toxicity and thus maximize the likelihood a
patient will continue sorafenib treatment and chose the lower
limit of 20 h pg/ml.

Sorafenib formulation

For our proposed clinical trial, sorafenib will be available
either as tablets (Nexavar; Bayer HealthCare) or capsules,
which are formulated from tablets.?® The tablets are 200 mg
and can be quartered allowing for dosing increments of
50 mg, and the lowest dosage available for the capsules
is 10 mg. All dosages are normalized to body surface area
(BSA) and the capsules allow for a dosage closer to the
BSA normalized dose. In addition, the capsules could be
sprinkled on food making them practical for younger indi-
viduals who cannot swallow tablets. Furthermore, we have
previously shown that sorafenib PK parameters in patients
receiving capsules or cut tablets were consistent with those
reported previously in adults and children receiving intact
tablets.*

Pharmacokinetic simulation methods

For our first objective, we used previously published pharma-
cokinetic data from 35 patients to simulate the likelihood of
achieving our desired sorafenib target exposure range using
pharmacokinetically guided dosing.s’13 We first estimated
the individual PKs on day 1 alone and then on both days 1
and 7 accounting for interoccasion variability. Specifically,
using nonlinear mixed-effects modeling (Monolix, version
5.1.0) with a one-compartment PK model with zero-order
absorption and first-order elimination'? (Supplementary
Figure S1), we estimated the population PKs and generated
the conditional mode (empirical Bayesian estimates) and ran-
dom samples from the conditional distribution (n = 10 per
individual).”” These individual PK parameters sampled from

the conditional distribution were used for all the simulations
in this study.

Fixed dosing pharmacokinetic simulations

The sorafenib steady-state exposure (AUC,_;, ) given a
fixed 90 mg/mz/dose twice-daily dose (rounded to the near-
est 50 mg for tablets or 10 mg for capsules) was simulated as
described above using the day 7 individual PK parameters.

Pharmacokinetically guided dosing simulations

The sorafenib steady-state exposure (AUC,_;,,) from a phar-
macokinetically guided dose adjusted to target a steady-state
exposure between 20 and 55 pg h/ml was simulated as fol-
lows. (1) Use the individual PK parameters from the day 1
PK study to predict the steady-state exposure on day 7, and
the dose (given twice daily) needed to obtain a steady-state
AUC,_;,1, 0f 42.5 h ug/ml on day 7. (2) If the steady-state ex-
posure on day 7 is predicted to be outside the exposure range
of 20 and 55 h pg/ml based on day 1 PKs, then adjust the dose
by the first dose on day 4 to target 42.5 h pug/ml on day 7.
Doses were rounded to the nearest 50 mg for tablets or 10 mg
for capsules and the maximum change in the dose relative to
the fixed dose of 90 mg/m2 was 2-fold. (3) Using the dose
that was selected (adjusted or not), simulate the steady-state
exposure using the day 7 individual PK parameters obtained
from the PK analysis of the combined day 1 and day 7 PK
studies. This simulated exposure based on the day 7 individ-
ual PK parameters was compared to the predicted exposure
based only on the day 1 PK parameters to assess our ability
to target a steady-state exposure between 20 and 55 ug h/ml.

Assessment of pharmacokinetically guided
dosing success

We evaluated the number of individuals with a steady-state
AUC,_;, ;, in the target range of 20 to 55 h pg/ml along
with the 95% confidence interval (CI; based on a bootstrap,
n = 1000) of the estimate for both fixed and pharmacokineti-
cally guided dosing. To assess our ability to perform phar-
macokinetically guided sorafenib dosing, we used 6, 12, or
24 individuals as potential study subjects and defined the
study to be a success if at least 4 of 6, 7 of 12, or 14 of 24
individuals (at least 60% of patients, i.e., greater than the ex-
pected percentage of studies within the target range given a
fixed sorafenib dose—55%) had results in the target exposure
range. The probability of success was determined by resam-
pling with replacement (n = 1000) from the simulated results
(either fixed and pharmacokinetically guided dosing).
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Exposure versus toxicity simulations

To address our second objective, we evaluated the probability
of HFSR toxicity relative to the simulated sorafenib steady-
state exposure (AUC,_;, ;,) using the Cox proportional hazard
model we previously de:veloped13 (Supplementary Figure S2).
In this previous study, 10 of 45 individuals (22.2%) had grade
2/3 HFSR toxicity and each 1000 ng/ml increase in sorafenib
steady-state trough concentration was associated with a
1.45-fold increase in the HFSR rate (95% CI = 1.18-1.78,
p = 0.0004). Using this model, we simulated the probability
of grade greater than or equal to 2 HFSR toxicity along with
the 95% CI (based on a bootstrap, n = 1000) of the estimate for
both fixed and pharmacokinetically guided sorafenib dosing. In
addition, we determined the probability of a successful study
with n =24 or 36 individuals as this was considered the second
part of the clinical trial. A success was defined as less than 6
of 24 or 9 of 36 individuals (<25% of patients, i.e., the upper
bound of the 95% CI for the rate of HFSR given a fixed dose of
sorafenib) results with grade greater than or equal to 2 HFSR
toxicity. The probability of success was determined using resa-
mpling with replacement (n = 1000) from the simulated results
(either fixed and pharmacokinetically guided dosing).

RESULTS

The sorafenib PK and HFSR toxicity data from a previously
published study5 were used for all the simulations in this
analysis. The sorafenib PKs along with its exposure versus
HFSR toxicity relationship in this study has been previously
described.'® The demographics for the pediatric population
in that study included children as young as 1.1 years old and
BSA as low as 0.4 m* (Table 1). The population PKs of this
study used for all the simulations are summarized in Table 2.

By considering capsule formulations of sorafenib we were
able to obtain more accurate sorafenib dosages in our pedi-
atric populations. Specifically, using tablets with a minimum
dosage increment of 50 mg, the actual BSA normalized dose
received compared to the fixed dosage of 90 mg/m2 varied
due to dosage rounding by a median (range) of 4.8% (—26%
to 39%). However, using capsules with a minimum dosage
increment of 10 mg, the variance due to dosage rounding
compared to the fixed dosage of 90 mg/m2 was reduced to a
median (range) of 1.0% (=9.3% to 11%).

Pharmacokinetically guided dosing

Based on the day 1 sorafenib PKs and a fixed dosage of 90 mg/
m?, 55% of the studies were predicted to be outside the target

ASCPT

TABLE 1 Demographics of the ANGIO1 simulation population

Median (minimum, maximum)

N 35

Age (years) 12.4 (1.1, 22.5)
BSA (m?) 1.41(0.40, 2.81)
Weight (kg) 46.7 (7.5, 149.2)
Sex Male: 20
Female: 15
Race White: 25
African American: 9
Hispanic: 1

Abbreviation: BSA, body surface area.

steady-state AUC,,_;,, range of 20 to 55 h pg/ml on day 7 and
thus required a dose adjustment. Pharmacokinetically guided
dosing using the tablet formulation decreased the interindi-
vidual variability of the day 7 steady-state AUC_, , com-
pared to fixed dosages (51% vs. 42%; p = 2.1-107*; Figure 1)
and increased the percentage of studies in-target from 50%
(95% CI = 45%-55%) using a fixed dosage of 90 mg/m” to
67% (95% CI = 62%—72%; Figure 2). Furthermore, the me-
dian targeted dosage was 18% lower than the median fixed
dose (76.9 mg/m2 vs. 94.3 mg/mz; p = 9.4-107"%). This re-
duced variability and increased percentage of studies in-target
was mostly a result of fewer studies with very high sorafenib
steady-state exposure—the number of studies with a steady-
state AUC,,_,,}, greater than the upper limit of the target range
(i.e., 55 h ug/ml) decreased between fixed versus pharmacoki-
netically guided dosing by 16% (47% vs. 31%; p = 2.3-107%;
Figure 1).

Using the capsule formulation, pharmacokinetically
guided dosing further decreased the interindividual vari-
ability of the day 7 steady-state AUC,,_;, , compared to
fixed dosages (49% vs. 40%; p = 1.1-10_4; Figure 1) and
increased the percentage of studies in-target from 56%
(95% CI = 51%—62%) using a fixed dosage of 90 mg/
m? to 74% (95% CI = 69%-78%) when using the phar-
macokinetically guided dosing approach (Figure 2). We
observed the most improvement in targeting success in
the younger individuals (<5 years old). In that subset
of individuals, the percent of courses within the steady-
state AUC,_,, 1, target range increased from 52% (95%
CI = 40%-63%) using the tablet formulation to 80% (95%
CI = 68%—-88%) using the capsule formulation. However,
the advantage of using capsules was not as large with
the older individuals (>5 years old) where the percent
of courses within the steady-state AUC,_,,}, target range
was similar; 70% (95% CI = 65%-76%) using the tab-
let formulation compared to 72% (95% CI = 67%-78%)
using the capsule formulation.
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TABLE 2 ANGIOI population pharmacokinetics

Day 1 Day 1 + day 7
Shrinkage

Population Estimate Estimate RSE (%) Shrinkage (%) Estimate RSE (%) (%)
T, () 0.54 11.3 5.7 0.54 0.6 2.2
Ty (h) 3.26 8.8 —2.3 3.25 2.3 —4.1
\'% (L/mz) 86.9 10.8 2.7 85.1 10.5 —-6.9
CL (L/h/m?) 1.56 16.6 5.6 1.62 11.9 6.1
v

T 0.56 15.8 0.56 16.3

Tyo 0.35 0.35

\Y% 0.61 13.1 0.46 26.5

CL 0.76 19.0 0.54 21.2
1(0)%

\Y% 0.38 25.9

CL 0.30 36.2
Residual error

Absolute 5.29 58.0 4.99 30.1

Proportional 0.27 9.4 0.28 7.9

Abbreviations: CL, clearance; IIV, interindividual variability; IOV, interoccasion variability; RSE%, relative standard error; Ty, zero-order absorption duration; T,

absorption delay; V, volume.
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FIGURE 1 Sorafenib at steady-state area under the concentration
curve from 0 to 12-h (AUC,,_;,,) based on samples taken from the
conditional distribution (10 replicates per individual/day). The solid
black lines are the median AUC, the boxes are the quartile range,

and the whiskers are the ranges. Fixed: fixed dose of 90 mg/mz;
pharmacokinetic (PK)-guided: pharmacokinetically guided dose.

All doses were rounded to the nearest tablet or capsule size. The red

dashed lines represent the upper and lower range of the target AUC
Power calculations

Next, we estimated the probability of successfully target-
ing 60% of studies given the number of individuals (n = 6,

100 , ;

80+ 1

60 f 1

40| ]

% in-target

20+ 1

Tablets

Capsules

FIGURE 2 Percent of studies in target range. Blue bars: fixed
90 mg/m*/day dose; red bars: pharmacokinetically guided dose.
Whiskers represent the 95% confidence intervals

12, or 24) expected to be enrolled in the first phase of the
study. When tablets were used, our simulations showed that
we expect between a 72% and 83% chance of a successful
study given a study population size of 6 to 24 individuals.
However, if capsules were used, we can expect between
80% and 96% chance of a successful study. In contrast, if
we were to use a fixed dosage of 90 mg/m2 we would only
expect between a 32% and 58% chance of a successful study
(Figure 3).
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FIGURE 3 Probability of successfully (a) Tablets (b) Capsules
targeting 60% of individuals. Blue bars: 100 ‘ ‘ 100 ‘
fixed 90 mg/mz/day dose; red bars: " "
pharmacokinetically guided dose. (a) % 80 % 80|
Tablets; (b) capsules 2 2
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Probability of HFSR

We used the observed relationship between sorafenib expo-
sure and grade 2/3 HFSR from our previous study to simulate
the effects pharmacokinetically guided dosing of sorafenib
has on the probability of HFSR."?

The simulations using the tablet formulation showed that
pharmacokinetically guided dosing could reduce the rate
of grade 2/3 HFSR toxicity from 22.1% (95% CI = 19.4%—
24.9%) given fixed dosing of 90 mg/m* to 17.3% (95%
CI = 15.1%-19.4%; Figure 4). If instead the capsule for-
mulation was used, the pharmacokinetically guided dos-
ing could reduce the rate of grade 2/3 HFSR toxicity from
20.8% (18.3%—23.7%) given fixed dosing of 90 mg/m? to
15.8% (14.0%—-17.7%; Figure 4). This represents an 8.7%
reduction in the estimated rate of toxicity relative to dosing
using the tablet formulation. This lower rate of HFSR when
capsules were used was due to the lower exposure observed
when using capsules compared to tablets (median = 44.3 vs.
40.8 h ug/ml; p = 0.007; tablets vs. capsules).

Next, we estimated the percentage of successful simulated
studies, defined as studies having fewer than 25% grade 2/3
HFSR toxicities, given the expected number of individuals to
be enrolled in the second phase of the study (n = 24 or 36;
Figure 5). Using the tablet formulation, we estimated a 77%
versus 51% probability of observing less than 6 of 24 indi-
viduals with a grade 2/3 HFSR toxicity using pharmacoki-
netically guided versus fixed dosing, respectively, and a 84%
versus 55% probability of observing less than 9 of 36 individ-
uals with a grade 2/3 HFSR toxicity using pharmacokineti-
cally guided versus fixed dosing, respectively. If instead we
considered using only the capsule formulation, we estimated
an 88% versus 56% probability of observing less than 6 of
24 individuals with a grade 2/3 HFSR toxicity using phar-
macokinetically guided versus fixed dosing, respectively, and
a 93% versus 59% probability of observing less than 9 of 36
individuals with a grade 2/3 HFSR toxicity using pharmaco-
kinetically guided versus fixed dosing, respectively.

12 24 6 12 24
Study Size Study Size
DISCUSSION

The results of this simulation study showed that pharmacoki-
netically guided dosing of sorafenib could both increase the
percentage of studies with steady-state exposures within the
target range and reduce the occurrences of the dose limit-
ing toxicity HFSR. In addition, the simulations showed that,
given the expected size of the proposed clinical study, we
have power to show that we can successfully target greater
than 60% of the studies and maintain an HFSR toxicity rate
less than 25%. Thus, the results of this simulation study sup-
port the inclusion of sorafenib pharmacokinetically guided
dosing in the proposed clinical study.

Pediatric HCC is very rare in children making it difficult
to design clinical studies with sufficient power to address
study objectives. PK and pharmacodynamic modeling and
simulation approaches, which leverage existing data are one
way to test multiple hypotheses and determine those that have
the highest chance of being successfully tested in a clinical
study. For example, as previously noted, Goulooze et al
showed that it would take more than 1000 individuals to
power a study to show a significant exposure-response re-
lationship with sunitinib. However, using simulations, they
showed that pharmacokinetically guided dosing could poten-
tially increase the time to tumor progression by about 1 to
2 months. In addition, the Dutch Pharmacology Oncology
Group28 has an ongoing study where they are prospectively
evaluating the feasibility, tolerability, and efficacy of thera-
peutic drug monitoring for 23 different oral anticancer drugs,
including sorafenib. Their study design suggests that with 30
patients they have 80% power to detect a reduction in “under-
targeted exposures” of sorafenib from 50% given fixed doses
of 400 mg b.i.d. to 25% using their therapeutic drug monitor-
ing approach.

The idea of using pharmacokinetically guided dosing for
oral TKIs, including sorafenib, has been reviewed extensive-
ly.?®3% These reviews discuss the need to address the large
interindividual variability observed in TKIs and suggest that
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there is potential in modifying dosing based on the PKs to
improve efficacy and/or reduce toxicity. Several features that
support pharmacokinetically guided dosing are described
in these reviews. They include a known exposure-response
relationship (efficacy and/or toxicity); a defined therapeutic
range; and large interindividual variability. Sorafenib PKs
satisfy these features in several ways. First, studies of the
PKSs of sorafenib have shown that it has large interindividual
variability®'* and we observed higher interindividual vari-
ability compared to interoccasion variability (43% vs. 35%
coefficient of variation [CV%]) in our sorafenib PK study.5 13
Second, decreases in systemic exposure to sorafenib over time
have been observed.'* Specifically, sorafenib AUC decreased
significantly over time with the median AUC,_;, ;, during the
third month of treatment being lower than after 1 month (43.0
vs. 60.3 mg/L*h, p = 0.008). Most importantly, the median
sorafenib AUC at the time of progression was almost two-
fold lower than that observed after 1 month of therapy (33.2

N w
[¢)] o

N
o

—_
o

Probability of Grade > 2 HFSR (%)
o o

Tablets Capsules
FIGURE 4 Probability of grade greater than or equal to 2
HSFR toxicity. Blue bars: fixed 90 mg/mzlday dose; red bars:

pharmacokinetically guided dose. Whiskers represent the 95%
confidence intervals. HFSR, hand foot skin reaction

Tablets (b)

(a
100 100

E=1

vs. 60.3 mg/L*h, p = 0.007). Third, multiple studies have
shown a relationship between sorafenib exposure and the
dose limiting toxicity HFSR."*'>"*! Additionally, published
data show that efficacy is related to sorafenib exposure.zo’ﬂ’25
Finally, several studies have demonstrated that longer con-
tinuous exposure to sorafenib, even when lower doses were
used to manage toxicities, led to improved outcomes.”>*
Specifically, these studies showed that sorafenib exposure
of less than 2 months related to worse survival (hazard ratio
[HR] = 4, p < le-4), sorafenib dosage reductions used to
manage tolerability in those with grade 2 or greater adverse
events improved disease control relative to those with grade
0or 1 (78% vs. 48%; p < le-4) including time to progression
(9.5 vs. 3 months; p < le-4) and survival (12.5 vs. 5.7 months;
p < le-4), and sorafenib related dermatologic adverse events
in patients with HCC related to a better outcome (p = 0.022).

An additional challenge to accurate pharmacokineti-
cally guided dosing of sorafenib in pediatrics is its commer-
cially available formulation (200 mg tablets; Nexavar; Bayer
HealthCare). Although these tablets can be quartered to pro-
vide more granularity in providing actual BSA normalized
doses to individuals with small BSAs, substantial variance
still exists between the dosage given (in mg) and the pre-
scribed BSA normalized dose (as much as 39% difference).
To help address this issue, we have previously developed a
capsule formulation with capsule sizes down to 10 mg. We
have shown that these capsules are bioequivalent to the tab-
lets?® and, due to their smaller size, we can reduce the vari-
ance between the dosage and the prescribed BSA normalized
dose to 11% or less. In addition, because the capsules can be
sprinkled on food, they provide a more practical formulation
for individuals who cannot swallow tablets.

For our simulation study, we leveraged sorafenib data
(PKs and HFSR toxicity profile) from our previous study in
children with refractory or recurrent solid tumors,5 to help
guide and validate our pharmacokinetically guided dosing
study design. This study was appropriate because the pro-
posed protocol had a similar study design with the main dif-
ference being the addition of atezolizumab.

Capsules

D (]
o o

N
o

% Successful Studies
% Successful Studies

N
o

24 36 24
Study Size

Study Size

FIGURE 5 Probability of successfully
maintaining less than 25% HFSR. Blue
bars: fixed 90 mg/m?/day dose; red bars:

pharmacokinetically guided dose. (a)
36 Tablets; (b) capsules. HFSR, hand foot skin
reaction
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The results of our simulation study support the feasi-
bility of pharmacokinetically guided dosing of sorafenib.
They showed that we can expect a significantly higher per-
centages of studies in the target range compared to giving
a fixed dose of sorafenib (67% vs. 50% with tablets and
74% vs. 56% with capsules). Furthermore, the simulations
showed that we have reasonable power (at least 72% when
using tablets and at least 80% when using capsules) to suc-
cessfully target 60% of the studies given the number of in-
dividuals expected to be enrolled in this part of the protocol
(n =610 24).

The results of our simulation study also supported our
goal of reducing the probability of HFSR. Specifically, the
simulations show that pharmacokinetically guided dosing
can reduce the rate of grade 2/3 HFSR from between 21%
(using capsules) and 22% (using tablets) given a fixed dose
of sorafenib to 16% (using capsules) and 17% (using tablets)
using pharmacokinetically guided dosing. In addition, the
simulations showed that we have reasonable power (at least
77% when using tablets and at least 88% when using cap-
sules) to maintain fewer than 25% grade 2/3 HFSR toxicities
given the number of individuals expected to be enrolled in
this part of the protocol (n = 24 to 36).

This simulation study is contingent on the assumption that
our data set used for the simulations is like that of the pro-
posed study. However, this may not be true. For example, it is
possible that the proposed study may enroll younger individ-
uals at a higher percentage than the simulation study, or the
effects of the addition of atezolizumab may influence either
the sorafenib PKs or HFSR toxicity profile. Therefore, we
plan to update these simulations dynamically as data become
available in the proposed protocol. These interim analyses
will help inform amendments to the protocol to address these
possible differences.

The design of our pharmacokinetically guided studies for
sorafenib in our proposed clinical trial will include serial sam-
pled PK studies on day 1 (5 samples over 24 h) and days 7, 14,
and 21 (3 samples over 5 h) of the first course of sorafenib. Like
the simulation study, the day 1 PKs will be used to determine
the sorafenib dosage needed to attain the target steady-state ex-
posure. The adjustment to the sorafenib dose will be made on or
before day 4. Furthermore, the protocol includes the option to
make additional dosage adjustments after the weekly PK stud-
ies to maintain sorafenib exposures in the target steady-state
range. For all subsequent courses of sorafenib therapy, we will
evaluate the PKs on day 7 (3 samples over 5 h) of the course
and make dosage adjustments as needed. This continued moni-
toring of sorafenib exposure is necessary due to the decrease in
sorafenib exposure over time observed in other studies.'*

In conclusion, our simulations showed that we could in-
crease the percentage of patients within a target range from
50% using fixed doses with tablets to 74% using pharma-
cokinetically guided dosing with capsules. With the use

ASCPT

of sorafenib capsules, the power to observe at least 4 of 6
patients in the target range increased from 33% for a fixed
dosage to 80% using pharmacokinetically guided dosing. The
expected HFSR toxicity rate decreased from 22% using fixed
doses with tablets to 16% using pharmacokinetically guided
dosing with capsules. Thus, our simulations provide the ra-
tionale to use pharmacokinetically guided sorafenib dosing to
maintain effective exposures that potentially improve tolera-
bility in pediatric clinical trials.
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