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Abstract

An orally available and novel small molecule, ONO-7579 (N-{2-[4-(2-amino-5-chloropyridin-3-
yl)phenoxy]pyrimidin-5-y1}-N'-[2-(methanesulfonyl)-5-(trifluoromethyl)phenyljurea), is a
highly potent and selective pan-tropomyosin receptor kinase (TRK) inhibitor. The objective of
the present study was to characterize the pharmacokinetic (PK), pharmacodynamic (PD), and
antitumor efficacy relationships of ONO-7579 in mice xenografted with a human colorectal
cancer cell line, KM12 (harboring the TPM3-NTRK1 fusion gene), via a PK/PD modeling
approach. Plasma and tumor concentrations of ONO-7579, tumor levels of phosphorylated
TPM3-TRKA (pTRKA), and tumor volumes in the murine model were measured with a single
or multiple dose of ONO-7579 0.06-0.60 mg/kg administered once daily. The PK/PD/efficacy
models were developed in a sequential manner. Changes in plasma concentrations of ONO-7579
were described with an oral one-compartment model. Tumor concentrations of ONO-7579 were
higher than plasma concentrations, and changes m ONO-7579 tumor concentrations were
described with an additional tumor compartment that had no influence on plasma concentrations.
pTRKA in tumors was described with a direct E,,.x model, and the tumor ONO-7579
concentration causing 50% of the maximum effect was estimated to be 17.6 ng/g. In addition, a
pTRKA-driven tumor growth mnhibition model indicated that ONO-7579 started to sharply
increase the antitumor effectat pTRKA mhibition rates >60%, and required >91.5% to reduce
tumors. In conclusion, the developed PK/PD/efficacy models revealed a “switch-like”
relationship between pTRKA mhibition rate and antitumor effectin a murine KM12 xenograft
model, demonstrating that pTRKA in tumors could serve as an effective biomarker for

scheduling the dose regimen in early-stage clinical studies.
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Significance State ment

In recent years, clinical development of TRK inhibitors in patients with NTRK fusion-positive
solid tumors has been accelerated. This research found that phosphorylated TRKA was a useful
biomarker for explaining the antitumor efficacy of TRK inhibitors using a PK/PD modeling
approach in xenograft mice. This finding suggests a rational dosing regimen in early-stage

clinical studies for ONO-7579, a novel pan-TRK inhibitor.
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Introduction

Neurotrophic tyrosine receptor kinase (NTRK) I, NTRK2, and NTRK3 genes encode tropomyosin
receptor kinase (TRK) A, TRKB, and TRKC, respectively, which are members of the TRK
family of receptor tyrosine kinases (Friedman et al., 2015). TRKA, TRKB, and TRKC play an
important role in both central and peripheral nervous systems, regulating cellular proliferation,
synaptic plasticity, neurite outgrowth, neuron maintenance, and apoptosis (Deinhardt and Chao,
2014). Recently, oncogenic rearrangements of NTRK 1, NTRK2, and NTRK3 genes were
identified in various cancers, and several fusion partners between S5-prime and 3-prime N7TRK
genes have been reported (Lange and Lo, 2018). These oncogenic rearrangements of NTRK
encode chimeric proteins with constitutive kinase activity, which promote tumor cell growth and
survival.

Entrectinib and larotrectinib are being developed as pan-TRK mhibitors, and results from
clinical studies of these compounds indicate that both drugs are well tolerated with dramatic
clinical efficacy responses in cancer patients harboring N7RK rearrangement (Drilon et al., 2018;
Laetschet al., 2018; Drilon etal., 2017b). Meanwhile, LOXO-195 is being developed as a
second-generation TRK mhibitor, which will overcome challenges of drug resistance to first-
generation TRK inhibitors (Drilon et al., 2017a).

ONO-7579 (N-{2-[4-(2-amino-5-chloropyridin-3-yl)phenoxy]pyrimidin-5-y1}-N'-[2-
(methanesulfonyl)-5-(trifluoromethyl)phenyljurea), expected to be a second-generation pan-TRK
mhibitor, is a highly potent and selective oral pan-TRK mhibitor that selectively inhibits TRK
autophosphorylation associated with downstream signaling (Kawamoto et al., 2018).

Preclinical translational pharmacokinetic (PK)/pharmacodynamic (PD)modeling has

facilitated drug development (Wong etal., 2017). Determination of recommended doses in
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recent early-stage oncologic clinical development of molecularly-targeted agents has been
shifting from traditional maximum tolerated dose-based strategies to finding biologically
effective dose-based strategies using effect markers (Sachs et al., 2016). In preclinical research
with kinase inhibitors, a relationship between kinase phosphorylation and antitumor efficacy in
xenograft mice was analyzed using a PK/PD model, and a clinical dose based on a PD biomarker
was discussed in a prospective or retrospective manner (Yamazaki etal, 2015; Yamazaki, 2013;
Wong et al., 2012; Wang etal., 2009). To the best of our knowledge, the in vivo PK/PD
characterization of a drug acting on the TRK pathway, based on a modeling approach, has not
yet been described.

In this article, phosphorylated TPM3-TRKA (pTRKA) is assessed for its effectiveness as a
biomarker. The relationship between pTRKA in tumors and antitumor efficacy after ONO-7579
administration is analyzed using a PK/PD modeling approach in mice xenografted with a human
colorectal cancer cell line, KM12 (harboring the 7TPM3-NTRK1 fusion gene) (Doebele et al.,
2015). This PK/PD modeling approach was implemented to enable determination of the

appropriate dosing regimen for early-stage clinical development.
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Materials and Methods

Compound

ONO-7579 (purity >95%) was synthesized by Medicinal Chemistry Research Laboratories, Ono
Pharmaceutical Co., Ltd (Osaka, Japan); the chemical structure is shown in Figure 1. ONO-7579
was orally administered to mice as a solution containing 20% v/v solvent: Kolliphor HS 15
(BASF Japan, Tokyo, Japan) and propylene glycol (Maruishi Pharmaceutical, Osaka, Japan)

were mixed at volume ratio of 7:3, with two equivalent amounts of methanesulfonic acid.

Animal studies

A suspension of KM12 cells (American Type Culture Collection, Manassas, VA, USA) was
injected subcutaneously (0.1 mL, 5 x 107 cells/mL) into 6-week-old female BALBnu/CrICr}j
mice (Charles River Laboratories Japan, Kanagawa, Japan). When the mean tumor volume
reached 80-200 mm?3, the mice were randomized into treatment groups according to their
individual tumor volumes. The mice were then used in a single-dose PK/PD study and a
multiple-dose tumor growth study. All studies were conducted in accordance with “Efficacy
Pharmacology at Research Headquarters: Standards for Reliance,” established by Ono
Pharmaceutical Co., Ltd. All studies also complied with “Guidance for Animal Experiments,”
and safety procedures (e.g., procedures dealing with pathogens), all of which were established by

Ono Pharmaceutical Co., Ltd.

PK/PD study (single administration). The mice were assigned to groups 9 days after KM12
was transplanted. A single oral administration of ONO-7579, at doses of 0.06 and 0.60 mg/kg,

was given 2 days after the day of assignment. Nothing was administered to the mice assigned to
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the control group. Blood samples were collected from mice in the control group and from mice
in the ONO-7579 groups, at 2, 4, 7, 24, 38, and 48 h after ONO-7579 administration (n=4/time
point; blood samples 38 and 48 h after administration were collected only from the ONO-7579
0.60 mg/kg group). Besides the xenograft mice, normal mice (no transplantation) were given a
single dose of ONO-7579 (0.1, 0.3, 1.0 mg/kg; 1, 2, 4, 8, 24 h; n=3/time point) to enrich
absorption-phase PK data. The collected blood samples were centrifuged at 13,400 g for 3 min at
4°C, and the supernatant was collected as plasma. The plasma was cryopreserved at —80°C and
used for measurement of plasma ONO-7579 concentrations. The mice were exsanguinated after
blood collection and tumors in the back of the neck were collected. The collected tumors were
cleansed with saline and were then cut into two pieces. The tumor pieces were cryopreserved at

—80°C and used for measurement of tumor ONO-7579 concentrations and pTRKA in tumors.

Tumor growth study (multiple adminis tration). The mice were assigned to groups 3 days after
KM12 was transplanted. Vehicle or ONO-7579 was orally administered once daily for 12 days at
0.06, 0.20, or 0.60 mg/kg (n=8/group), starting on the day of assignment. The long and short
axes of tumors were measured using electronic calipers (Mitutoyo Corporation, Kanagawa,
Japan) every 2 or 3 days after treatment initiation, and tumor volume was calculated using the
formula (volume = width? X length x 0.5). ONO-7579 was orally administered on day 13 to
examine PK/PD at the time of multiple administration. Blood samples and tumor samples were
collected 4 and 24 h after administration (n=4/time point). The collected samples were handled

in the same manner as in the PK/PD study.
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Assay

ONO-7579. ONO-7579 in plasma was extracted by a solid-phase extraction method using Oasis
PRiIME HLB pElution Plate (Waters, Milford, MA, USA). Tumor samples were homogenized in
distilled water, and ONO-7579 was extracted with acetonitrile/ethanol (7:3, v/v). Plasma and
tumor ONO-7579 concentrations were determined by liquid chromatography/tandem mass
spectrometry (LC/MS/MS). The LC/MS/MS system consisted of the Shimadzu Nexera MP
system (Shimadzu Corporation, Kyoto, Japan) and an AP14000 triple-stage quadrupole mass
spectrometer (Applied Biosystems, Foster City, CA, USA). Both instruments were controlled by
Analyst 1.6.2 software (Applied Biosystems). Chromatographic separation of the analytes was
achieved using a reverse phase column (InertSustain C18, 2.1 mm x 50 mm, 3 um; GL Sciences,
Tokyo, Japan) ata flow rate of 0.5 mL/min. A binary mobile phase consisted of water with 10
mmol/LL. ammonium formate (A) and methanol (B). The gradient started at 75% B for 2 min,
mncreased to 90% B over 0.1 min, and then held at 90% B for 0.9 min. The gradient was returned
to the mitial condition of 75% B in 0.1 min and equilibrated at 75% B for 1.9 min before the next
mjection. The total cycle time for one injection was 5 min. The mass spectrometer was operated
in the negative ionization mode using multiple reaction monitoring at a specific precursor ion —

product ion transition: m/z 576.9 — 237.8.

pTRKA. The amount of pTRKA in tumors was measured with an electrochemiluminescence
(ECL) method according to the Meso Scale Discovery (Rockville, MD, USA) manufacturer’s
protocol. Briefly, cryopreserved tumors were pulverized in cell lysis buffer by multi-beads
shocker. The pulverized tumors in cell lysis buffer were thereafter centrifuged, and the

supernatant was collected as tumor lysate. Tumor lysate was diluted with cell lysis buffer and
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used as a sample in the ECL method. Plate coating and sandwich immunoassay in the ECL
method were conducted with the antibodies shown in Table 1 and as described in the protocol
provided with the MULTI-ARRAY 96-well Plate (Meso Scale Discovery). The amounts of
pTRKA and total TRKA were measured as intensity of light with a plate reader (MESO
QuickPlex SQ 120; Meso Scale Discovery). The amount of pTRKA was normalized with the

amount of total TRKA and used for analysis.

Data analysis

All model analyses were performed with NONMEM 7.1.2 (ICON Development Solutions,
Ellicott City, MD, USA). Figure 2 shows a graphical abstract of the PK/PD/efficacy models.
The PK/PD/efficacy models were developed sequentially (with model parameters fixed) in an
order of: PK model describing plasma concentrations of ONO-7579; PK model describing tumor
concentrations of ONO-7579; PK/PD model describing a relationship between tumor
concentrations of ONO-7579 and pTRKA levels in tumors; and PD/efficacy model describing a
relationship between inhibition rate of pTRKA in tumors and tumor volume. Some data about
plasma concentrations of ONO-7579 were obtained at several time points from individual mice,
and plasma PK analyses were therefore performed using the ADVAN2 TRANS2 subroutines.
Every data item about tumor concentrations of ONO-7579 and pTRKA levels in tumors was
obtained from a single mouse, and analyses were performed using the ADV ANG6 subroutines
with tolerance set to nine by means of a naive-pooled method, in which all data were fitted
together as if they were obtained from a single individual. PD/efficacy modeling was performed
using the ADVANG subroutines with tolerance set to nine by means of the first-order conditional

estimation method with interaction. Interindividual variability in the parameters was assumed to

11
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follow the log-normal distribution. The residual error in all models was described by a
proportional model. Model selection was guided by the minimum objective function value
(OFV) for nested models. A decrease n OFV of >6.63 was considered statistically significant (P
<0.01; one degree of freedom) for the addition of one parameter. Agreement between simulated
and observed values was judged by visual predictive check, based on 1000 simulated replications

of the study.

Plasma PK modeling. The data (n=1) for 0.06 mg/kg 24 h after the last dose were below the
lower limit of quantification in the tumor growth study and were therefore excluded from the

analysis. A one-compartment model with first-order absorption was used as a PK model:

= Ka 4y M

_:Ka'Al_Kel'AZ (2)

Where A and A, are the ONO-7579 amounts in the depot and plasma compartments,
respectively, K, is the absorption rate constant, and K, (clearance/distribution volume) is the

elimination rate constant.

Tumor PK modeling. Tumor concentrations of ONO-7579 were described with a compartment

model that would not influence pharmacokinetics in the central compartment.

dA,
W =Kin Ay — Koyt " A3 (3)

Where Ajis the ONO-7579 amount in the tumor compartment, K, is the distribution rate

constant, and K, is the elimination rate constant.

12
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PK/PD modeling. pTRKA levels in the treatment group were expressed as the percent of control
animal data. pTRKA was linked to tumor concentrations of ONO-7579 and described with the

direct nhibitory E.,,x model. The equation is as follows:

. Hillg
EmaxR A3 )

R=100-(1-— o -

(4)

Where R is the pTRKA level in tumors. and E,.xr, ECsor, and Hillg are drug-specific parameters
representing the maximum inhibitory effect of pTRKA, the tumor ONO-7579 concentration that

produces 50% of E g, and Hill coefficient, respectively.

PD/efficacy modeling. The data for two mice in the control group, in which ulcers developed
during the 12-day administration period, were excluded from the analysis. In the tumor growth
model, a first-order tumor growth rate and a tumor death rate were assumed. Assuming that
tumor growth would be suppressed according to the pTRKA inhibitory rate (100 — R), the effect
was described with a sigmoid E.,,x model. The temporal tumor growth inhibitory effect until day
2 was also taken into account because a slight reduction in tumor volume was found at the first
observation (day 2) after administration in all treatment groups, including the control group.
Individual observed values at time 0 were used as initial values of tumor volume. The differential

equations are as follows:

dT ( Egser - (100 — R)HillT
= Ky

— = - : — | T — Kq- T 5
dt ECsor™' + (100 — R)Hl”T> « ©

In case of time <day 2

aT < Epgyr - (100 — R)Hillr
tg’

— = — : . "TEMP T —K¢q- T
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Where T is the tumor volume; K, and K4 are the first-order tumor growth and death rate
constants, respectively; TEMP is the temporary tumor growth mhibition rate; and Epar, ECsor,
and Hilly are pTRKA-specific parameters representing the maximum inhibitory effect of K, the

pTRKA mhibition rate that produces 50% of E.xt, and Hill coefficient, respectively.
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Results

Plasma PK modeling. Figure 3 shows observed and model-predicted plasma concentrations of
ONO-7579 (represented by blue circles and lines), and Table 2 shows parameter estimates.
Plasma concentrations of ONO-7579 reached the maximum 2 h after administration, and no
accumulation due to repeated administration was observed. Exposure increased in a linear
manner within the dose range considered. Results of the population PK analysis showed no
mterindividual variation incorporated in any parameter, or no difference observed in

pharmacokinetics between the normal and xenograft mice.

Tumor PK modeling. Figure 3 shows observed and model-predicted tumor concentrations of
ONO-7579 (represented by red triangles and lines), and Table 3 shows parameter estimates. The
behavior of ONO-7579 was different regarding tumor and plasma concentrations. The tumor
concentration reached the maximum 7 h after the single administration, and the trough tumor

concentration after multiple administration was >10-fold higher than the plasma concentration.

PK/PD modeling. Figure 4 shows observed and model-predicted pTRKA levels after ONO-
7579 administration. Depending on the dose of ONO-7579, pTRKA in tumors was inhibited.
Observed pTRKA levels 2, 4, 7, 24, 38, and 48 h after the single administration of ONO-7579
0.6 mg/kg were 15.7, 7.0, 4.3, 16.7, 41.5, and 97.7%, respectively. The pTRKA levels recovered
over time as ONO-7579 tumor concentration decreased. The observed pTRKA level was 7.8% at
the trough concentration when ONO-7579 0.6 mg/kg was administered repeatedly, which
suggested that pTRKA was almost completely mnhibited at doses >0.6 mg/kg. Table 4 shows

parameter estimates of the PK/PD model. Although two parameters, En g and Hillg, were
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estimated, no significant decrease in OFV was noted. Therefore, the two parameters were fixed

at one. ECsor was estimated to be 17.6 ng/g.

PD/efficacy modeling. Figure 5 shows observed and model-predicted tumor volume after
multiple administration of ONO-7579, and Table 5 shows parameter estimates of the PD/efficacy
model. ONO-7579 resulted in dose-dependent inhibition of tumor growth, and complete
remission was observed with no bodyweight loss at 0.6 mg/kg (data not shown). ECsgr of the
pTRKA mhibition rate for K, was estimated to be 91.3%, and Hilly was estimated to be 9.35.
This means that a sharp increase in the antitumor effect of ONO-7579 occurs at a pTRKA
inhibition rate near the ECsgr. Interindividual variation was incorporated in K4, and
mterindividual variation of another parameter was additionally used, which was not significantly
incorporated. The developed PD/efficacy model accurately reflected the observed values. Figure
6 shows the relationship between a pTRKA mhibition rate and a net tumor growth rate (K, —
Ktq), which were estimated with the PD/efficacy model. Ultimately, pTRKA inhibition rates

>91.5% were required to reduce tumors.
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Discussion

ONO-7579 is an oral pan-TRK inhibitor that is expected to be highly effective and selective in
mhibiting phosphorylation of all TRKs (Kawamoto et al., 2018). In this article, a relationship
between pTRKA in tumors and antitumor effect in the murine KM12 xenograft model was
defined using a PK/PD modeling approach to contribute to the selection of a recommended dose
for clinical studies. There are two major approaches to apply PK/PD modeling to characterize in
vivo exposure, biomarker response, and antitumor efficacy (Yamazaki etal., 2016). One is a two-
step approach, where a PK/PD model and a PK/efficacy model are developed in parallel,
followed by comparison of the PK/PD—PK/efficacy relationships. The other is an integrated
modeling approach, where PK/PD/efficacy models are developed to simultaneously characterize
the relationships of drug exposures to in vivo antitumor efficacy through biomarker responses.
Both approaches are used to characterize molecularly targeted agents, and we considered that if a
PD marker could be regarded as a single factor to control antitumor efficacy, the relationship
between PD and efficacy would be clearly explained using an integrated modeling approach. The
KM12 cell line is a colorectal cancer cell line harboring the TPM3—NTRK fusion gene
(Vaishnavi etal.,, 2013), and pTRKA initiates the activation of downstream intracellular

signaling pathways (Demhardt and Chao, 2014). In addition, larotrectinib, a first-generation pan-
TRK hibitor, nhibits KM12 cell proliferation and pTRKA at approximately the same
concentrations as in in vitro studies (Pandre et al., 2018). Therefore, inhibition of tumor growth
after ONO-7579 administration canbe explained directly by changes in pTRKA; consequently,

an integrated modeling approach was used.

Plasma ONO-7579 concentration was well described with an oral one-compartment model.

Only data about plasma ONO-7579 concentrations in xenograft mice >2 h after administration

17
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were obtained, and the absorption rate constant could not be estimated without the data for
normal mice. No differences in pharmacokinetics were found between normal and xenograft
mice, and the model was considered to accurately describe absorption in xenograft mice. Tumor
ONO-7579 concentrations were well described with an additional compartment, which did not
influence plasma concentrations measurably. Although transfer parameters have no physiologic
meaning, a description of the changes is required to consider pTRK behavior in the target.
Tumor ONO-7579 concentrations were higher than plasma concentrations. It is the unbound
fraction of a drug that normally penetrates into tissues: the more unbound drug in plasma, the
more easily the drug penetrates into tissues. Our in-house data showed that plasma protein-
binding of ONO-7579 in mice was 99.94%, which was extremely high; it was also shown that
ONO-7579 was sufficiently distributed to tumor target tissue. One possible explanation is the
enhanced permeability and retention effect. In solid cancers, high molecular weight compounds
such as albumin-bound drugs leak preferentially into tumor tissue through permeable tumor
vessels and are then retained in the tumor due to reduced lymphatic drainage (Matsumura and
Maeda, 1986). Another possible explanation is the lysosomotropism of basic compounds.
Lipophilic compounds with weak base properties readily diffuse across cell membranes, and
when these drugs enter the acidic lumen of lysosomes, they become protonated and are trapped
in the lysosomes (Goldman SD et al., 2009). ONO-7579 is also a weakly basic compound having
an ammopyridine moiety in its structure and has high lipophilicity. Therefore, these mechanisms
might have contributed to the accumulation of ONO-7579 in the tumor.

Although a delay in distribution from plasma to tumor was found, tumor concentrations

and pTRKA levels were well described with a direct nhibitory E,.x model. An indirect response

model (Dayneka et al., 1993) was also considered, which did not perform better, and no temporal
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delay n inhibiting pTRKA was incorporated. Since phosphorylation of receptor tyrosine kinase
is the first phase of signal transduction, it was considered reasonable to have a direct correlation
with ONO-7579 concentration in the target tumor site.

There have been many reports about tumor growth models in xenograft mice (Mould etal,
2015), and tumor growth in the simplest model can be described with an exponential function.
Tumor volume increased in a logarithmic manner over 12 days of ONO-7579 administration, and
amodel describing growth saturation (Kogame etal., 2013; Simeoni et al., 2004) was not used.
In addition, a slight reduction in tumors was observed i all treatment groups, including the
control group, at observation 2 days after ONO-7579 administration. A placebo effect is
considered unlikely in the model animals. The cause of the temporary reduction in tumor volume
was unknown; however, mice were only assigned to groups 3 days after tumor cells were grafted
and ONO-7579 administration was started. The remaining graft cell suspension (0.1 mL) and/or
mflammation at the injection site on grafting, might have biased the measurement of tumor
volume 2 days after administration. In developing a PD/efficacy model, a significant reduction in
the objective function (AOFV =—123.385) was noted when temporal effectup to day 2 was also
incorporated into Ki,. Therefore, a model was developed with the temporal effect incorporated.
Since predicted values in a final model accurately reflected observed values, the antitumor effect
of ONO-7579 was considered properly evaluated.

The developed PD/efficacy model showed that ONO-7579 had a minimal antitumor effect
at pTRKA inhibition rates <60%, but ONO-7579 started to sharply increase the antitumor effect
at pTRKA mhibition rates >60%. These results indicate that there is a threshold pTRKA
inhibition rate above which the antitumor effectis exerted. Interestingly, this “switch-like”

behavior has also been reported in similar analyses conducted with other kinase nhibitors, such

19

%20z ‘0z |1dy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on March 26, 2020 as DOI: 10.1124/jpet.119.264499
This article has not been copyedited and formatted. The final version may differ from this version.

JPET # 264499

as: cobimetinib, a mitogen-activated protein/extracellular signal-regulated kinase kinase
inhibitor studied in A375 xenografts (Wong et al., 2012); GDC-0879, a B-RAF kinase mhibitor
studied in A375 xenografts (Wong et al., 2009); GDC-0834, a Bruton’s tyrosine kinase mhibitor
studied in a rat collagen-induced arthritis model (Liu etal., 2011); and vismodegib, a hedgehog-
signaling pathway mhibitor studied in D5123 xenografts and medulloblastoma allografts (Wong
et al, 2011).

Although the strategy for the development of novel kinase mhibitors appears to follow the
historical maximum tolerated dose (MTD) based development, many drugs issued postmarketing
requirements/postmarketing commitments by the United States Food and Drug Administration
for dose optimization efforts due to safety concerns (Lu etal., 2016). PD biomarker monitoring
in clinical development guides the optimized dose associated with biological activity. For
example, ibrutinib and trametinib have been approved for non-MTD label doses by this strategy
(Luetal, 2016). Similarly, measuring pTRKA in tumors would allow us to propose a
biologically effective dose lower than the MTD. From another point of view, considering that
drug resistance has been found in TRK mhibitors in development (Drilon etal., 2016; Russo et
al., 2016), a dosage where complete inhibition of pTRK is maintained throughout a dosing
mterval would be desirable to prevent the occurrence of drug resistance. Based on our results, a
dosage required to fully (>91.5%) and continuously mhibit pTRKA at the steady-state trough can
be easily calculated and proposed for use in clinical studies of ONO-7579. In addition, the
relationship between pTRKA inhibition and antitumor effect could be applied to other TRK
mhibitors because their downstream signal is considered the same.

In conclusion, the PK/PD/efficacy models we developed in this study successfully

identified a relationship between pTRKA inhibition and antitumor effectin a murine xenograft
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tumor model and demonstrated that pTRKA in tumors can be an effective biomarker to rationally

design dosing regimens for early-stage clinical studies of ONO-7579.
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Figure Legends

Figure 1. Structural formula of ONO-7579.

Figure 2. Graphical abstract of PK/PD/efficacy models. Plasma concentrations (C,) of ONO-
7579 were described with an oral one-compartment model where a drug is transferred from a
depot compartment at the absorption rate constant (K,) and eliminated at the elimination rate
constant (K¢). Assuming that concentrations of ONO-7579 in tumors (C,), which are sites of
ONO-7579 action, would be transferred from the central compartment and eliminated at the
distribution rate constants of K;, and K, C;was described with an additional compartment that
would not influence pharmacokinetics in the central compartment. pTRKA, an effective
biomarker, was assumed to be linked to C;and mhibited according to the E,,x model. The
changes in tumor volume were described with the first-order tumor growth rate constant (Kyg)
and the tumor death rate constant (Kyq). K{; was assumed to be inhibited, according to the Enax

model, as pTRKA was inhibited.

Figure 3. Observed and model-predicted plasma and tumor concentrations of ONO-7579 after
single administration of ONO-7579 in normal mice (A), n KM12 xenograft mice (B), or after
multiple administration of ONO-7579 in KM12 xenograft mice (C). Circles represent observed
plasma concentrations, blue lines represent median predicted plasma concentrations, and blue
areas are 90% prediction intervals of predicted plasma concentrations. Triangles represent
observed tumor concentrations, red lines represent median predicted tumor concentrations, and

red areas are 90% prediction intervals of predicted tumor concentrations.
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Figure 4. Observed and model-predicted pTRKA levels after single (A) or multiple (B)
administration of ONO-7579 m KM12 xenograft mice. Concentration-response relationship
between pTRKA and tumor concentrations of ONO-7579 (C). Symbols represent observed
pTRKA levels, lines represent median predicted pTRKA levels, and areas are 90% prediction

mtervals.

Figure 5. Observed and model-predicted tumor volumes after multiple administration of ONO-

7579 in KM12 xenograft mice. Symbols represent observed tumor volume, solid lines represent

median predicted tumor volume, and areas are 90% prediction intervals.

Figure 6. Simulated net tumor growth rate and pTRKA inhibition. Dashed lines represent an

apparent tumor growth rate of 0.
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Tables

Table 1. Antibodies used to measure phosphorylated TRKA and total TRKA with

electrochemiluminescence

Phospho-TRK detection plate

Total-TRK detection plate

Mouse anti-TRK antibody

Capture antibody
(Santa Cruz Biotechnology)

Rabbit anti-TRK antibody

(Cell Signaling)

Rabbit anti-phospho-TRK antibody

Detect antibody
(Cell Signaling)

Mouse anti-TRK antibody

(Santa Cruz Biotechnology)

SULFO-TAG labeled anti-rabbit
Secondary antibody antibody (Goat)

(Meso scale discovery)

SULFO-TAG labeled anti-mouse
antibody (Goat)

(Meso scale discovery)
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Table 2. PK parameter estimates of plasma ONO-7579 after oral administration of ONO-7579 in

KM12 xenograft or normal mice

Parameters (units) De finition Estimates (RSE%)
K, (h'h) Absorption rate constant 0.991 (19.5)

CL/F (L/h/kg) Oral clearance 0.426 (4.8)

V/F (L/kg) Oral volume of distribution 2.93 (5.9)

g prop (%) Proportional residual error 45.5 (12.9)

RSE%, relative standard error computed as the ratio between the standard error and the

parameter estimate, multiplied by 100.
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Table 3. PK parameter estimates of tumor ONO-7579 after oral admiistration of ONO-7579 in

KM12 xenograft mice

Parameters (units) Definition Estimates (RSE%)
Kin (hh) Distribution rate constant 0.228 (7.9)
Kout (h1) Elimination rate constant 0.156 (5.7)
g prop (%) Proportional residual error 43.0 (15.9)

RSE%, relative standard error computed as the ratio between the standard error and the

parameter estimate, multiplied by 100.
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Table 4. PD parameter estimates of ONO-7579 for pTRKA after oral administration of ONO-

7579 n KM12 xenograft mice

Parameters (units)  Definition

Estimates (RSE%)

Emnaxr Maximum inhibitory effect of pTRKA
ECsor (ng/g) Drug concentration causing 50% of Ejaxr
Hillg Hill coefficient

g prop (%) Proportional residual error

1 FIX
17.6 (6.5)
1 FIX

33.8 (14.2)

RSE%, relative standard error computed as the ratio between the S.E. and the parameter estimate

multiplied by 100.
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Table 5. PD parameter estimates of ONO-7579 for tumor growth after oral administration of

ONO-7579 in KM12 xenograft mice

Parameters (units) Definition

Estimates (RSE%)

Emaxt Maximum mnhibitory effect of Ky,

ECsor (%) pTRKA mhibition rate causing 50% of Egaxt
Hilly Hill coefficient

Kig (h1) Tumor growth rate constant

K (b)) Tumor death rate constant

TEMP Temporary tumor growth inhibition rate

o K (%) Interindividual variability on Ky

g prop (%) Proportional residual error

1 FIX
91.3 (3.6)
9.35 (27.7)
0.0198 (15.7)
0.00983 (30.0)
0.272 (49.6)
12.3 (77.5)

15.3 (19.4)

RSE%, relative standard error computed as the ratio between the standard error and the

parameter estimate, multiplied by 100.

35

%20z ‘0z |1dy uo sfeulnor 134SY e Blo'seuuno fiadse ed| wouy papeojumoq


http://jpet.aspetjournals.org/

JPET Fast Forward. Published on March 26, 2020 as DOI: 10.1124/jpet.119.264499

This article has not been copyedited and formatted. The final version may differ from this version.

Figures

Figure 1
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Figure 4
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Figure 5
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Figure 6
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