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and humans. The total clearance of GC1118 decreased as the dose was increased up
to 3—4 mg/kg in humans, beyond which it remained stable. The recommended phase
IT dose for GC1118 was 4 mg/kg intravenously infused over 2 h once weekly.
WHAT QUESTION DID THIS STUDY ADDRESS?

We developed a target-mediated drug disposition (TMDD) population PK model that
described the nonlinear PK profile of GC1118 in patients with solid tumors. We also
simulated the PK profiles and receptor occupancies for different dosage regimens.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

The TMDD population PK model adequately described the nonlinear and multiphasic
PK profiles of GC1118 in humans. The simulation experiment showed that once-weekly
GC1118 at 4-5 mg/kg could be more efficacious than the biweekly regimen at 8 mg/kg.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The pharmacometrics analysis could support better informed drug development deci-

INTRODUCTION

The epidermal growth factor receptor (EGFR) is activated in
many cancers,’ which contributes to high levels of autocrine
signaling and uncontrolled growth of cancer cells.>” Signals
induced by activated EGFR can be blocked by anti-EGFR
monoclonal antibodies (mAbs), which compete with endog-
enous ligands for EGFR, resulting in less activation of EGFR
tyrosine kinases.* Cetuximab and panitumumab are an ex-
ample of anti-EGFR mAbs approved to treat patients with
advanced colorectal cancers.’ However, both cetuximab and
panitumumab failed to inhibit ligand-induced EGFR down-
stream signaling molecules, such as Erk and Akt, which are
responsible for the survival and growth of the cell.®

GCI1118, a fully human IgG; mAb for EGFR, is currently
under clinical development to treat patients with solid tu-
mors.> In the preclinical tumor xenograft models, GC1118
potently inhibited the ligand-induced EGFR downstream sig-
naling molecules, including Erk and Akt.® Furthermore, un-
like cetuximab, GC1118 tightly bound to EGFR even when
an excessive amounts of endogenous ligands were present.’
These results suggest that GC1118 has a potential to treat
patients with cancer with hyperactivated EGFR.

We recently reported that GC1118 showed a nonlinear
pharmacokinetic (PK) profile after i.v. infusions in patients
with metastatic colorectal or gastric cancer.” When the dose
of GC1118 was increased by ~ 15 times (i.e., from 0.3 to
5 mg/kg), the average peak concentration (C,,,) and the
area under the serum concentration-time curve (AUC) in-
creased by 32- and 163-fold, respectively.7 In addition, the
mean clearance of GC1118 rapidly decreased from 322 to
39.3 mL/h as the dose was increased from 0.3 to 3 mg/kg,
beyond which it remained stable. These findings indicate
that EGFR is fully saturated by GC1118 at >3 mg/kg, which
could result in an antitumor response. To support this notion,

sions for GC1118, particularly for determining an optimal dosage regimen.

12.5% of patients who received GC1118 at greater than 3 mg/
kg showed a partial response.7

Previously, a target-mediated drug disposition (TMDD)
population PK model of GC1118 was developed in mon-
keys, which was used to predict the human PK parameters
and EGFR occupancy profile.8 TMDD models have been fre-
quently used to describe the nonlinear PK profiles of drugs
whose clearance or distribution are affected by their targets
due to high affinity and limited capacity of binding, of which
GCl1118is an example.10

The objectives of this study were (a) to develop a popu-
lation PK model that adequately describes the PK profile of
GC1118 in patients with solid tumors, and (b) to investigate
the PK profiles of GC1118 after different dosage regimens
for further clinical studies using simulation. To this end, we
characterized the PK of GC1118 in humans using a TMDD
model. Additionally, EGFR occupancy by GC1118 after dif-
ferent dosage regimens was simulated.

METHODS
Clinical study and subjects

In a phase I clinical trial with GC1118, 24 patients with solid
tumors received a 2-h i.v. infusion of GC1118 at 0.3, 1, 3,
5 (cohorts 1 to 4, respectively), or 4 mg/kg (cohort 5) once-
weekly (QIW) on days 1, 8, 15, and 227 Furthermore, 8 ad-
ditional patients repetitively received GC1118 at 8 mg/kg
over 2-h every other week to explore the feasibility of a bi-
weekly (Q2W) regimen (cohort 6). In cohorts 1-5, serum PK
samples were collected at O h (i.e., predose), 1 h after the start
of infusion, immediately after the end of infusion, and 0.5,
1,2, 4,8, 12,24, 72, and 120 h after the end of infusion on
days 1 and 22. Additional samples were collected at predose
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on days 8 and 15, and at 168, 336, and 504 h after the end of
infusion on day 22. In cohort 6, serum PK samples were col-
lected at predose, immediately after the end of infusion, 1, 2,
4,8,24,72, 120, 168, and 336 h after the end of infusions on
days 1 and 43 and predose on days 15 and 29.

Bioanalytical assay

Blood was collected and allowed to clot by leaving the
blood containing tubes undisturbed at room temperature for
30 min.’ Next, the tube was centrifuged (2000 x g, 10 min)
to obtain the serum, which was then stored at —70°C until
analysis. Free serum GC1118 concentrations were deter-
mined using a validated enzyme-linked immunosorbent
assay (ELISA; Invitrogen, Carlsbad, CA) with a lower limit
of quantitation of 0.025 ug/ml. Serum samples were incu-
bated at 37°C for 90 min in 6-well plates containing GC1118
targeted antigen. Subsequently, serum samples were washed
to remove any unbound molecules and were incubated with
a prepared amplification buffer (i.e., GC1118 antibody-Bio-
tin) at 37°C for 60 min to measure the resulting signal. The
serum GC1118 concentration was quantitatively determined
by measuring the absorbance at 450 nm using Softmax Pro
GxP 5.4.4 (Molecular Devices, San Jose, CA). The interassay
accuracy ranged 98.4-104.5% and 98.8-105.6% at all con-
centrations for cohorts 1-5 and cohort 6, respectively. In ad-
dition, the interassay precision was below 3.0% (cohorts 1-5)
and 5.1% (cohort 6).

Population pharmacokinetic data set

Non-missing serum concentrations of GC1118 were merged
with the covariates, which included demographic informa-
tion (body weight, height, gender, and age), laboratory test
results (blood urea nitrogen, creatinine, total bilirubin, al-
kaline phosphatase, aspartate aminotransferase, alanine
aminotransferase, and glomerulus filtration rate) and immu-
nohistochemistry (IHC) staining data to create the population
PK data set. IHC staining data contained EGFR histological
score (H-score). The H-score is derived based on the relative
intensity and percentage staining of EGFR, which represents
the extent of nuclear immunoreactivity."'

Base model development

A TMDD population PK model was selected as the base
model. The PK profile of GC1118 was nonlinear and showed
up at least three distinguished phases (i.e., a brief initial
phase, an apparent linear phase, and a transition phase),
which is a characteristic of TMDD, particularly for higher

dose cohorts (i.e., >3 mg/kg) after multiple dose adminis-
tration (Figure 1)."> The model was parameterized by the
clearances of the unbound GC1118 (CL,), EGFR (CLp), and
GCI1118-EGFR complex (CL.), volume of distribution of
GCl1118 inthe central (V,) and peripheral compartments (Vp),
intercompartmental clearance of unbound GC1118 between
the central and peripheral compartments (Q), dissociation
constant between GC1118 and EGFR (K)), EGFR produc-
tion rate (Rp), and duration of i.v. infusion into the central
compartment (D1). These parameters are written with regard
to the unbound GC1118 amount in the central compartment
(Ao) and total GC1118 amount in the peripheral compart-
ment (TAp) using the following differential equations for a
two-compartment model (Equations 1 and 2; Figure 2) by
reasonably assuming that EGFR is confined in the peripheral
compartment:

A, QAc Q-Ap Ac-CLy
v, v,

c

D

dt V

c

dTAp Q-Ac Q-Ap CPLX,-CL.
a Vv Vp Ve

c

2

where Ap is the unbound GC1118 amount in the peripheral
compartment, and CPLX refers to the GC1118-EGFR com-
plex amount in the peripheral compartment.

Assuming that the concentration of GCI118 is much
higher than that of EGFR and there is a rapid binding be-
tween GC1118 and EGFR that retains the equilibrium at
steady-state,13 1 TA p and CPLX, are given by the following
equations:

Ap=TA, — CPLX, 3)

KD-VP+TAP+TRP—\/(KD~VP+TAP+TRP)2—4vTAP-TRP

CPLX, =
£ 2

4)

where TR, that is the total (i.e., both free and bound), amount
of EGFR in the peripheral compartment, which is given by
Equation 5 assuming CLz and CL are identical®:

TR, = —= 5)

All PK parameters were estimated, except for K, which
was fixed to 0.16 nM, a value obtained from an in vitro study
with GC1118.°

Interindividual variability (ITV) and interoccasion vari-
ability (IOV) for the aforementioned parameters were both
described using an exponential error model, as shown in
Equation 6:

P P
Py =P, el el (6)
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FIGURE 1 Mean serum GC1118 concentration-time profiles after multiple i.v. infusions (left: linear scale, right: semilogarithmic scale).
Observed serum GC1118 concentrations (ug/ml) after once weekly 0.3 mg/kg (@), 1 mg/kg (O), 3 mg/kg (A), S m/kg (H), 4 mg/kg (/\) i.v.
infusion (cohorts 1 to 5, respectively) over 2 h and biweekly 8 mg/kg ([]) i.v. infusion (cohort 6) over 2 h are shown

where P, is the PK parameter estimate for the i" individual, Ppop
is the typical population value of the PK parameter, nf is the
IV for the PK parameter in the i individual, and nf; is the IOV
for the PK parameter in the i" individual at occasion x. IIV and
IOV was assumed to be log-normally distributed with mean 0
and a variance of ’. Covariance between IIV and IOV terms
was also estimated. Additive, proportional, and both combined
residual error models with and without IIV were tested to de-
scribe residual unexplained variability.

In every process of model development, several model
selection criteria were applied: biological plausibility, visual
assessments of residual plots, goodness-of-fit (GOF) plots,
decrease in the objective function value (OFV), and decrease
in the IIV of the PK parameters.

Evaluation of covariate effects

The covariates were entered into the base model one at a time
and retained in the model if OFV was decreased by >7.88

(p <0.005, df = 1), resulting in the full model. The full model
was then refined by removing the covariates from the model
one at a time to see if OFV was increased by >7.88. The cat-
egorical covariates, such as sex and cancer type, were added
into the model as a fractional change relative to a reference
sub-category (Equation 7). On the other hand, the continuous
covariates were expressed as a power model with a nonlinear
relationship between the covariate and a population param-
eter (Equation 8).

Yi
Pi,cov = Ppop,O : (ecov) (7)
Xi gcov
Pi,cov = Ppop,O : [M] (®)

where P, ,, is the i" individual PK parameter value that incorpo-
rates the covariate effect, P, is the population PK parameter

value without the covariate, 6., is the term that relates the effect
of covariate X o P,,,, Y;is a dummy variable with a value of
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FIGURE 2 Target-mediated drug disposition model for GC1118. A, unbound GC1118 amount in the central compartment; Ap, unbound
GC1118 amount in the peripheral compartment; CL,, clearance (CL) of the unbound GC1118; CLg, CL of the EGFR; CL, CL of the GC1118-
EGFR complex; CPLXp, amount of GC1118-EGFR complex in the peripheral compartment; EGFR, epidermal growth factor receptor; K,

dissociation constant between GC1118 and EGFR; Q, intercompartmental CL of unbound GC1118 between central and peripheral compartment;

Rg, EGFR production rate; V¢, volume of distribution in the central compartment; V) volume of distribution in the peripheral compartment

either O or 1 assigned to the reference and nonreference subcate-
gory of a categorical covariate, respectively, X; is the i™ individu-
al’s value of the covariate X, M(X) is the median of the covariate
X or generally accepted typical value (i.e., 70 kg for body weight).

Model refinement and final model development

After removing covariates that did not improve model fit
from the full model, the last model was refined to see if there
was any possibility for further model improvement by rein-
troducing or removing certain model components into and
out of the existing model, such as covariance between PK
parameters (i.e., OMEGA BLOCK). The refinement steps
resulted in the final model.

Model qualification

The final PK model was considered stable if the final PK
parameters estimates were similar to the median of the PK
parameters obtained using the 100 bootstrap resampled data-
sets. Additionally, the visual predictive check (VPC) was
performed to see if there was any model misspecification. To
this end, we simulated the PK profiles of GC1118 1000 times
using the final population PK model, and the lower 2.5th,
median, and upper 97.5th values of the observed and pre-
dicted serum GC1118 concentrations were compared.

Simulation of GC1118 concentrations

A Monte-Carlo simulation was performed 100 times using
the final model to investigate the PK profiles and EGFR

occupancies (RO) of GC1118 in 5 different dosage regimens
(10 subjects for each dosage regimen): 3, 4, and 5 mg/kg
Q1W, and 8 and 10 mg/kg Q2W. The RO was defined as
follows:

14

CPL
RO (%) =
P

x 100 €))

The significant covariates in the final PK model were
also simulated such that they were distributed comparably
to those in the final PK dataset. The mean simulated serum
GC1118 concentrations, and RO for each dosage regimen
were estimated.

Software

The NONMEM software (version 7.4; Icon Development
Solution, Hanover, MD) was used for population PK modeling.
The Stochastic Approximation Expectation-Maximization
(SAEM) and Monte Carlo Importance Sampling assisted by
Mode a posteriori estimation IMPMAP) were the estimation
methods. R 3.5.1 (R Foundation, Vienna, Austria) was used
for graphical presentations. Xpose (version 4.6.1)"> and the
PsN toolkit (version 4.8.1)'° were used for diagnostics plots,
VPC, and bootstrapping.

RESULTS
Subjects

A total of 32 patients (20 men and 12 women) and their 793
concentrations of GC1118 were included in the population
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TABLE 1 Baseline characteristics
Weekly cohort Biweekly

Characteristics (cohorts 1-5,n = 24) cohort (cohort 6, n = 8) Total (n = 32) Range
Male, n (%) 15 (62.5) 5(62.5) 20 (62.5) NA
Age, years” 572 +9.7 554+74 56.7+9.1 34.0-72.0
Body weight, kg* 63.5 +10.8 61.7+9.5 63.1 £10.4 42.5-89.2
Aspartate aminotransferase, [U/L* 30.8 +15.9 229 +5.1 28.8 + 14.4 13.0-70.0
Alanine aminotransferase, IU/L? 21.6 +13.1 19.8 + 134 21.2+13.0 6.0-49.0
Alkaline phosphatase, IU/L* 123.5 +92.4 91.0 +33.6 1154 +82.4 34.0-433.0
Blood urea nitrogen, mg/dL* 129 +43 129+3.6 129 +4.1 7.0-20.0
Serum creatinine, mg/dL* 0.8+0.2 0.8+0.2 0.8+0.2 0.44-1.27
Total bilirubin, IU/L? 06+04 08+0.5 0.7+ 0.4 0.1-1.8
EGFR H-Score® 48.8 + 54.6 220 + 56.1 91.6 +92.7 0-290.0
Intensity of EGFR, n (%)

0 5(20.8) - 5(15.6) -

1+ 6 (25.0) - 6 (18.8) -

2+ 6 (25.0) 3(37.5) 9 (28.1) -

3+ 7(29.2) 5(62.5) 12 (37.5) -
Cancer type specification, n (%)

Colorectal cancer 17 (70.8) 1(12.5) 18 (56.2) -

Others 7(29.2)° 7 (87.5)° 14 (43.8) -

Abbreviations: EGFR H-score: epidermal growth factor receptor histological score, ranging from 0 to 300 based on the percentage of cells stained at different

intensities, to measure EGFR expression in tumor tissues; NA, not applicable.

“The data are presented as mean + SD.

°Others included ampulla of Vater cancer (1), appendix cancer (1), breast cancer (1), esophageal cancer (1), gallbladder cancer (1), gastric cancer (1), and tonsil cancer (1).

“Others included ampulla of Vater cancer (1), cholangiocarcinoma (3), nasal cavity cancer (1), nasopharyngeal cancer (1), and pancreas cancer (1).

PK data set (Table 1). The age and body weight of sub-
jects ranged from 34 to 71 years and 42.5 to 89.2 kg, re-
spectively. The primary cancer of subjects was colorectal
cancer (n = 18, 56.3%) and other types of cancer (n = 17,
53.2%), which included ampulla of Vater cancer, appendix
cancer, breast cancer, cholangiocarcinoma, esophageal can-
cer, gallbladder cancer, gastric cancer, nasal cavity cancer,
nasopharyngeal cancer, pancreas cancer, and tonsil cancer.
All patients had normal renal and hepatic functions at base-
line. In addition, none of the patients developed antidrug
antibody to GC1118 before and after they received i.v. infu-
sions of GC1118.

Population pharmacokinetic model

The final two-compartment TMDD population PK model
adequately described the concentration-time profiles of
GC1118 in patients with solid tumors. The proportional error
model adequately described residual variability, and its IIV
was also allowed. ITV was estimated on all of the parameters.

We tested IOV on every parameter in the model one by one
in NONMEM to see if any of the IOV terms could have im-
proved the model fit. However, no IOV other than the one
on Q improved the model fit or decreased the respective IIV.
Most of the PK parameters were precisely estimated except
for CLy and Q, those of which had a relatively large 95%
confidence interval (29.8-104.5 mL/h, 216.5-2541.0 mL/h,
respectively; Table 2). CLg, which was assumed to be identi-
cal to CL in our analysis, was almost four times greater than
CL, (63.4 mL/h vs. 16.2 mL/h; Table 2). The final TMDD
population PK model of GC118 included II'V for all of the
PK parameters and IOV on Q, and their covariance was esti-
mated (Table 2). The IIV on CLg, Q, Kj, and the IOV on Q
was large, such that their coefficient of variation percentage
(CV%) ranged from 181.4 to 261.5% (Table 2). The shrink-
ages for IIV were relatively low; most of them were less than
15% (Table 2).

Of all the covariates we tested one by one, only body
weight was significant on CL,, which not only improved the
model fit, but also decreased the IIV in Vp, CLg, and K|, by
8.3%, 8.9%, and 8.9%, respectively.
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TABLE 2 Parameters of the final population PK model of GC1118
Previous TMDD model
estimated parameter for
Variability (CV%), median [95% CI]* GC1118%
Typical value, median Shrinkages
Parameter [95% CIJ* v 10V for IV Monkey” Human®
CL,, ml/h 16.2, 16.6 [13.8-20.0] 36.2,31.6 NE 7.3% 0.975 10.4
[15.3-89.1]
CLg and CL, ml/h 63.4,60.2 [29.8-104.5] 188.1, 147.5 NE 14.5% 1.66 17.6
[73.1-221.1]
Ve, ml 3660.0, 3703.9 21.4,21.5 NE 2.2% 141 3290
[3207.8-4153.5] [12.6-30.9]
Vp, ml 1180.0, 1262.8 58,43.9[27.4-59.11 NE 19.6% 90.4 2109
[904.8-1580.7]
Q, ml/h 627.0, 547.3 181.4, 161.6 261.5,320.2 14.8% 3.87 41.1
[216.5-2541.0] [95.2-268.7] [241.6-432.3]
Kp, nM 0.16, fixed 227.8, 189.4 NE 12.2% 0.533 0.16, fixed
[122.2-270.4]
Ry, pmol/h 2390.0, 2341.9 49.7,41.9 NE 9.2% 287 4131
[1942.7-2773.4] [24.0-60.6]
Power term, effect of 0.8, 0.6 [0.2-0.9] NA NA NA NE NE
standardized body
weight on CL,, no unit
DI, h 2.2,2.2[2.1-2.3] 6.0, 6.2 [3.0-9.3] NE 2.8% NE NE
Proportional RUV, % 0.10, 0.08 [0.06-0.11] 31.4,28.6 NE 18.2% NE NE
[16.1-39.8]
Correlation coefficient between IV terms, median
IIV of CL, Ve 0 Ve D1 Ry CL, K, RUV
CL, 1.000
Ve 0.022 1.000
0 —-0.116 —0.281 1.000
Vp —0.667 0.272 —0.424 1.000
DI 0.737 0.218 —0.249 —0.267 1.000
Ry —0.662 0.649 -0.017 0.729 —0.268 1.000
CLg —0.311 0.579 —0.085 0.642 —0.131 0.805 1.000
K, —0.549 0.333 0.346 0.583 —0.364 0.805 0.847 1.000
RUV —0.052 -0.317 0.790 —0.148 0.027 —0.033 —0.016 0.414 1.000

Abbreviations: CLy, clearance of the unbound GC1118; CLy, clearance of the EGFR; CL, clearance of GC1118-EGFR complex; CI, confidence interval; CV%,
coefficient of variation expressed as percent; D1, duration of intravenous infusion into the central compartment; ITV, interindividual variability; K}, dissociation

constant between GC1118 and EGFR; NA, not applicable; NE, not estimated; Q, intercompartmental clearance of unbound GC1118 between the central and peripheral

compartments; PK, pharmacokinetic; Rz, EGFR production rate; RUV, residual unexplained variability; TMDD, target-mediated drug disposition; V-, volume of

distribution in the central compartment; Vp, volume of distribution in the peripheral compartment.

“Median value and 95% CIs were derived using 100 bootstrap runs.

°Estimated PK parameter after GC1118 administration at 3, 6, 12, and 25 mg/kg in cynomolgus monkeys.

“Predicted human parameters by allometric scaling from estimated parameters in monkeys.

Model qualification intervals, indicating little probability of model misspecifica-
tion (Figure 4). Furthermore, the median of the parameters
estimated from bootstrapped data sets was comparable to the
estimated value in the final model (Table 2). Collectively, the
VPC and bootstrapping results showed that the final model

was qualified and stable.

No discernible systematic bias was observed in any of
the GOF plots (Figure 3). Additionally, the VPC plots
on all 6 cohorts showed that most of the observed serum
GC1118 concentrations were within the 95% prediction
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Simulation of different dose regimens

The simulated PK profile of GC1118 at 8 mg/kg Q2W was
similar to that of the observed concentrations at the same dos-
age regimen (Figure 5). Although the RO for all simulated
dosage regimens reached greater than 90% within 24 h after
the first administration of GC1118, only the dosage regimens
of 4-5 mg/kg QIW and 10 mg/kg Q2W maintained ROs
above 95% over the entire dosing period after repeated ad-
ministration. At the trough concentration of steady-state, the
RO was much more variable in the biweekly regimen; the
predicted 5th and 95th percentiles of RO ranged from 16.1

t0 99.9% and 41.1 to 99.9% for 8 and 10 mg/kg Q2W, re-
spectively, than in the weekly regimen, whereas it was much
narrower at 87.1-99.9% and 99.5-99. 9% for 4 and 5 mg/kg
QIW, respectively.

DISCUSSION

We successfully developed a two-compartment TMDD pop-
ulation PK model in patients with solid tumors. The TMDD
model incorporated the main clearing mechanism of GC1118
(i.e., by tightly and specifically binding to EGFR), followed
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FIGURE 4 FigureVisual predictive check (VPC) of the final population pharmacokinetic model of serum GC1118. The empty circles (O)
represent the observed serum GC1118 concentrations, the solid (—) and dashed (- - -) red lines denote the median values of the observed and
predicted serum GC1118 concentrations, respectively, the solid (—) and dashed (- - -) blue lines are the lower 2.5th and upper 97.5th values of the
observed and predicted serum GC1118 concentrations, respectively, and the shaded areas indicate the 95% confidence intervals around the lower
2.5th, median, and upper 97.5th predicted concentrations, respectively. The y-axis of the VPC plot is drawn on the semilogarithmic scale

by fast internalization.® The TMDD population PK models
adequately described the nonlinear and multiphasic PK pro-
files of GC1118 previously in monkeys,8 and in humans, as
we showed in this study.

Most of the observed serum concentrations of GC1118
at 8 mg/kg Q2 W were within the 95% confidence interval
of the simulated PK profiles, which again confirmed the ro-
bustness of our model (Figure 4). The simulation experiment
showed that EGFR was fully saturated at greater than 95%
over the entire dosing period if GC1118 was administered at
4-5 mg/kg QIW or 8-10 mg/kg Q2W, where GC1118 was
likely to exert an anti-tumor effect (Figure 5).” However, the
simulated RO at steady-state trough concentration was highly
variable when 8 or 10 mg/kg Q2W were administered (the
predicted Sth and 95th percentiles of RO ranged from 16.1 to
99.9% and 41.1 to 99.9% for 8 and 10 mg/kg Q2W, respec-
tively). Therefore, the Q2W dosage regimen of GC1118 at 8

or 10 mg/kg may not fully inhibit EGFR expression, particu-
larly toward trough, which could fail to produce an antitumor
effect. To support this notion, the best response in the 8 mg/
kg Q2W cohort from the phase I study of GC1118 was stable
disease (n =4, 50%), whereas partial response was seen in the
4 and 5 mg/kg QIW cohorts (n=2,33.3%; and n =3, 16.7%,
respectively).” However, the efficacy results were explor-
atory at best because the type of cancers were different be-
tween the once-weekly and biweekly cohorts. Therefore, the
seemingly better efficacy in the once-weekly cohorts should
be tested and confirmed in further studies with a larger num-
ber of patients. Likewise, although the simulated exposure to
GC1118 at steady-state, as assessed by AUC and C,,,,, in the
8 mg/kg Q2W cohort was similar to that in the 4 mg/kg Q1W,
trough concentration was 26% lower in the 8 mg/kg Q2W
cohort than in the 4 mg/kg Q1IW cohort (35.67 pg/ml and
48.57 pg/ml, respectively). Collectively, these results suggest
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FIGURE 5 FigureSimulated pharmacokinetic (PK) profiles of GC1118 (plots a and b) and epidermal growth factor receptor (EGFR)
occupancies (RO, plots c and d) at different dosage regimens after first intravenous infusion (plots a and c) and after reaching the steady-state (plots

b and d). Each solid line (=) in plots aand b represents mean concentration at a different dosage regimen in semi-logarithmic scale; 3 mg/kg once
weekly (Q1W) (black) 4 mg/kg QIW (red), 5 mg/kg QIW (green), 8 mg/kg biweekly (Q2W) (blue), and 10 mg/kg Q2W (dark red). Observed
concentrations at 8 mg/kg Q2W from 8 patients (@) were overlaid to the same plot to evaluate the predictive performance of the simulation. Solid
(—) and dashed line (- - -) in plots C and D represents mean RO and 5th and 95th percentiles of RO, respectively, at a different dosage regimen in
linear scale; 3 mg/kg Q1W (black) 4 mg/kg QIW (red), 5 mg/kg QIW (green), 8 mg/kg Q2W (blue), and 10 mg/kg Q2W (dark red)

that an adequate dosage regimen for further clinical studies
with GC1118 would be either 4 or 5 mg/kg Q1'W. However,
patients who received GC1118 at 5 mg/kg developed more
frequent grade 2 or 3 adverse events than those at 4 mg/kg in
the phase I clinical trial with GC1118.” Therefore, we suggest
to test the 4 mg/kg QIW regimen in further clinical trials
with GC1118 for a better safety profile.

An optimal dosage regimen for cetuximab and panitu-
mumab, another mAb to EGFR, which also exhibited TMDD
PK profiles, was also determined based on in vitro and in
vivo ROs, respectively.”’18 In a phase I study with cetuximab,
EGFR saturation was confirmed using IHC results when
cetuximab was administered once weekly at 400/250 mg/
m?.'” This dosage regimen was further explored in the phase
IT and III clinical trials with cetuximab, which was finally

approved as mono- and combination chemotherapy.!” On
the other hand, in a phase I study with panitumumab, all pa-
tients at 2.5 mg/kg QIW experienced skin rash, a predictor
of EGFR saturation.'® Based on this result, the efficacy and
safety profiles of panitumumab at 6 mg/kg Q2W were ex-
plored, which showed a similar tolerability and exposure pro-
files to those at 2.5 mg/kg QIw.” Eventually, panitumumab
at 6 mg/kg Q2W was approved to treat colorectal cancer."”
Collectively, RO was an important biomarker for selecting an
optimal dosage regimen for EGFR antagonists, particularly
for those that exhibit TMDD PK profiles as GC1118.

The receptor-mediated clearance of GC1118 (CL.) was
~ 4 times higher than the nonspecific clearance (CL,; 63.4
vs. 16.2 mL/h; Table 2), whereas these parameters in mon-
keys were only different by 1.5 times (1.66 vs. 0.975 mL/h;
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Table 2).% A much lower K (i.e., higher affinity of GC1118
for EGFR in humans than in monkeys [0.16 vs. 0.533 nM];
Table 2) could partly explain the bigger difference between
CL. and CL, in humans than in monkeys. Generally, the
PK characteristics of biologics could differ between animals
and humans due to different species or disease status. %!
Although monkeys and humans have 99.3% similar se-
quences for EGFR,* the binding epitopes and expression of
EGFR are likely to differ across species. As a result, EGFR
antagonists in humans and monkeys may result in different
PK characteristics. Furthermore, the PK profiles of GC1118
in humans and monkeys were different partly because we
studied patients with solid tumors, whereas healthy monkeys
were enrolled in the preclinical experiment.8 The EGFR is
overexpressed in up to 77% of colorectal cancer cases.* Thus,
the clearance of EGFR-specific mAbs, such as GC1118, can
be increased in patients having overexpressed EGFR due to
increased GC1118-EGFR complex and internalization.**
For example, the fold differences of the predicted nonspe-
cific elimination rate constant (k;,,) and complex turnover
rate (k,) for MTRX-1011A, a CD-4 targeting mAb, was
much larger in human patients (47-fold difference, 0.109 vs.
5.17 day ™", respectively) than in healthy baboons (0.88-fold
difference, 0.116 vs. 0.103 day_l, respectively), whereas the
fold changes for TRX-1, another CD-4 targeting mAbs, were
the same in both healthy baboons (no difference, 2.04 vs.
2.04 day_l, respectively) and healthy volunteers (no differ-
ence, 4.25 vs. 4.25 day_l, 1respectively).25 To sum up, we
postulate that the PK characteristics of GC1118 in humans
was different from that in monkeys probably because genetic
factors and/or presence of diseases are different between the
two species.

This study had three limitations. First, we fixed the
dissociation constant between GC1118 and EGFR (Kj) to
the in vitro value because it was not independently iden-
tifiable. In order to estimate the K}, the amount of EGFR
and GC1118 concentrations in the peripheral compartment
should be identified, which was not supported by the data in
the present study. Second, EGFR-related information, such
as the turnover rate, absolute amount of EGFR, or the im-
pact of EGFR antagonists on the amount of EGFR has not
been reported. Admittedly, this lack of information could
have attributed to the relatively large IIV on CLg, Q, and
Kp. Third, we assumed the clearance of EGFR (CLg) was
equal to the clearance of GC1118-EGFR complex (CL.)
even though no experimental data or published informa-
tion was available to confirm this assumption. However,
in patients who received GC1118, it is likely that the total
amount of EGFR (7TRp) remains constant because anti-
body-drug complex do not synthesize its target or EGFR
in our case.?®*’ In this case, the degradation rate of EGFR
becomes equal to that of the GC1118-EGFR complex.?® Of
course, this assumption may not hold completely true if the

amount of EGFR is affected by GC1118. In addition, it is
reasonable to assume that the volume of distribution for
EGFR is equal to that of the GC1118-EGFR at steady-state
because GC1118 specifically binds to EGFR.° These rea-
sonings can collectively support our assumption that CLg
was equal to CL.. Despite these limitations, however, most
of the parameters were robust and reasonable. Furthermore,
the final TMDD model adequately described the observed
concentrations of GC1118.

CONCLUSION

A two-compartment TMDD population PK model adequately
described the PK profile of GC1118 in patients with solid
tumors. Monte-Carlo simulation experiments of the PK and
RO profiles by GC1118 based on the final model showed that
QIW at 4 or 5 mg/kg will produce a better antitumor effect
than Q2W at 8 mg/kg. Because GC1118 was safer at 4 mg/
kg than 5 mg/kg in the phase I study, we suggest to test the
4 mg/kg QIW regimen in further clinical trials with GC1118.
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