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Abstract

Objective Aflibercept (Zaltrap®) is a novel anti-angiogenigeat that binds to vascular
endothelial growth factor (VEGF) and inhibits VE@Ependent tumor growth. We aimed to
characterize the population pharmacokinetics (Fijez and bound aflibercept in patients with
solid tumors, to examine the influence of covasaba their PK and to evaluate the proposed
dosing regimens by simulation.

MethodsData from 9 clinical trials with 1506 cancer patgemneceiving aflibercept (2-9 mg/kg
every 2 or 3 weeks; 1 hour IV infusion) as a moeddby or in combination with various
chemotherapies were included. Free and bound efébe concentrations were analyzed using a

nonlinear mixed-effects modeling approach with MANXO4.1.2.

ResultsAn approximation of a target mediated-drug dispositnodel with irreversible binding
of free aflibercept to VEGF adequately describeel BK of free and bound aflibercept. The
typical estimated clearances for fréd {) and bound aflibercepC(;) were 0.88 and 0.19 L/day,
respectively. The volumes of distribution for freé4) and bound\(,) aflibercept were similar
(~4 L). CLs andV, increased with body weight and were lower in womeatients with low
albumin (ALB) or high alkaline phosphatase (ALK)dhasterCLs compared to a typical patient.
Pancreatic cancer may be associated with chandesdimg of aflibercept to VEGFSimulations
of different dosing regimens showed that adequatieration of circulating VEGF was achieved

with a dose of 4 mg/kg every 2weeks.

ConclusionsAflibercept kinetics was most affected by gendexdy weight, ALB, ALK and
pancreatic cancer. Simulations supported the raléofor the recommended dose of 4 mg/kg
every 2 weeks for aflibercept.



Introduction

Malignant tumors are dependent on angiogenesisaiatain a source of nutrition and oxygen
supporting their growth and metastasis [1]. Vasceladothelial growth factor (VEGF) is a
homodimeric protein that activates two high-affiniteceptors on the vascular endothelium
(VEGFR1 and VEGFR2), promoting the formation ofddovessels that are required for normal
and neoplastic tissue growth. VEGF has become arntajget for anti-angiogenic therapy in
managing cancers because its overexpression imaséumor types is associated with increased
tumor vascularity, proliferation, progression, iaim, metastasis, and poor prognosis [2-4].
Preclinical studies have shown that inhibition dEGF results in tumor growth inhibition in

several human tumor xenografts in the nude mouskemimcluding colorectal cell lines [5].

Aflibercept (known as ziv-aflibercept in the Unit&tiates; Sanofi, Paris, France, and Regeneron
Pharmaceuticals, Tarrytown, NY) is a novel antiaggnic agent [6]. It is a recombinant protein
consisting of human VEGF receptor extracellular dm® (domain 2 from VEGFR1 and domain

3 from VEGFR?2) fused to the Fc portion of human mmmglobulin G1 (IgG1). Aflibercept
binds to all isoforms of VEGF-A, VEGF-B and to ptatal growth factor (PIGF) [7]. It interferes
with the biological actions of VEGF by forming ansplex with VEGF in the blood stream and
extravascular space and preventing it from int@rgawith its receptors on endothelial cells. The
affinity of aflibercept for VEGF-A (Kdin vitro = 0.5 pM) is higher than that of anti-VEGF

monoclonal antibodies, such as bevacizumabifKdtro = 500 pM) [8,9].

Preclinical studies in mice have demonstrated ffexts of aflibercept on capillary regression,
narrowing of vessels, blood flow cessation as aglendothelial cell apoptosis [10]. Inhibition of
tumor growth and tumor angiogenesis, inhibitiomwdtastases and improved survival have been
observed with aflibercept in tumor xenografts farisus cancers [6,11,12]. Phase | dose-
escalation studies, Phase Il and Phase Il trial® lexplored the antitumor activity of aflibercept
as a single agent or in combination with a numlbehemotherapy agents/regimens, including in
patients with non-small cell lung, ovarian, panticzand colorectal cancers [6,13-16]. Recently,
aflibercept at 4 mg/kg every 2 weeks plus FOLFI&dndbination of 5-fluorouracil, leucovorin
and irinotecan) has been demonstrated to improeeath\survival, progression-free survival and

response rate in patients with metastatic coloreetacer [17-19].



During clinical development, data is accrued froifiedent sources, such as phase | trials in
healthy subjects and phase | to lll trials in camatients. Modelling pharmacokinetic (PK) data
allows us to integrate data from different clinit@ls to update our knowledge about aflibercept
and support drug development strategy. Following #pproach, a population PK study was
initiated with the aim of characterising the PKaflibercept and quantifying parameter changes

in different populations.

Previously, we reported the results of a populatRit analysis of free and VEGF-bound
aflibercept in 56 healthy subjects receiving singlavenous (i.v.) doses of 1 to 4 mg/kg
recruited in two phase | clinical studies [20]. Approximation of a target mediated-drug
disposition (TMDD) model with Michaelis-Menten (MMype binding of free aflibercept to
VEGF in the peripheral compartment was used tordesthe PK profile of both free and bound
aflibercept. This model adequately characterizednibnlinear binding of aflibercept to VEGF in
this healthy subject population.

The objectives of this analysis were (i) to chadze the population PK of free and bound
aflibercept in cancer patients by extending the ehatkveloped in healthy subjects; (ii) to
investigate covariates that could influence théirdnd (iii) to evaluate various dosing regimens

by simulation.

Methods

Patient population and study design

A total of 9 clinical trials of aflibercept from Bke | to Phase Il in 1506 patients with advanced
solid tumors were included in the population analy&flibercept was used as a single agent in 4
trials and in combination with cytotoxic chemothmraregimens in 5 trials. A summary of

clinical trials included in the analysis is givenTiable 1. Phase | trials were conducted in patient
with various types of solid tumors while Phasertl@hase lll trials were conducted in patients
with ovarian, pancreatic, lung and colorectal canda these studies, aflibercept was

administered as a 1 hour i.v. infusion at dosel$eranging from 2 to 7 mg/kg every 2 or 3 weeks

and up to 9 mg/kg in every 3 weeks schedule onbseDadjustments and/or cycle delays were



permitted in case of toxicity. An intensive PK sdimp scheme was implemented in Phase |
studies as presented in Table 1. For Phase Il hadeFlll trials, PK samples were collected pre-
dose and at the end of aflibercept infusion on Da§Cycle 1), then every odd cycle before
treatment administration and at approximately 3@ @b days after the last aflibercept treatment.
All study protocols were in accordance with recomdaions of the 18th World Health

Congress (Helsinki, 1964) and complied with thedamd regulations, as well as any applicable
guidelines, of the countries where the studies werelucted. All patients gave written informed

consent.
Assay method

For all clinical trials, free aflibercept and bouatlibercept (VEGF:aflibercept complex) plasma
concentrations were measured using enzyme-linkesumosorbent assay (ELISA) method. The
anti-drug-antibodies (ADA) were also detected bytitar-based, bridging immunoassay to
evaluate the potential effect of immunogenicity tbe PK of aflibercept. Blood samples were
collected in tubes (containing 1 mL of citrate lemffsodium citrate, and 4.2 mg of citric acid)
and were centrifuged at 20@0for 15 minutes at room temperature. Plasma wasdtat -80°C

until analyzed.

In the assay of free aflibercept, human VEé&itially adsorbed to the surface of a polystyrene
solid support was used to capture free afliberoefite samples and then bound to a mouse anti-
human specific VEGFR-1 monoclonal antibody. Afteat{ the immobilized murine monoclonal
complex was bound to a goat antimouse IgG antilmatiyugated to Horseradish Peroxidase for
detection. The limit of quantification (LOQ) forefe aflibercept in plasma was initially 31.3
ng/mL (for TED6115/TED6116), and then 15.6 ng/mdar ubsequent studies).

The assay of bound aflibercept was similar to tifdree aflibercept, except for the use of the
anti-human VEG#ss antibody instead of human VEGFE aas the capture reagent in the coated

plate. The LOQ for bound aflibercept in plasma wa® ng/mL.

Since bound aflibercept contains one molecule afogenous VEGF and one molecule of
aflibercept, bound aflibercept concentrations wexpressed as free aflibercept equivalents for



PK analyses using 0.717, the ratio of moleculagivsi between free and bound aflibercept. The

units of free and bound aflibercept concentratiwage pg/mL and pg.eg/mL, respectively.
Population pharmacokinetic analysis

The population PK analysis was performed using @inear mixed-effects modeling approach
with MONOLIX 4.1.2 [21] implementing the SAEM algtrm [22]. The model control files
were written using MLXTRAN script. Graphical anadgsfor model evaluation were performed
with R 2.14.1.

Structural model

The previous population PK analysis of free and naowaflibercept in healthy subjects
demonstrated that the irreversible MM (IB-MM) apgiroation of TMDD model was the best
PK model for aflibercept. This model is shown igdHie 1 and includes 2 compartments for free
aflibercept, 1 compartment for bound aflibercept ameversible MM type binding of free
aflibercept to VEGF in the peripheral compartme®®][ In addition, the dissociation rate
constant K¢) which gives back free aflibercept and free VEG&swssumed to be negligible and

is not represented on the Figure 1. The same maaebpplied to patient data.

In this model, the concentration of free aflibetcép central compartmentCg), in tissue
compartment@;) and the concentration of bound aflibercepy) (are described by the following

system of differential equations:

dc, R CV,
—LP = —(k, +k,, )C, +k,——+
dt Vp ( el pt ) p ktp Vp
dc_, C,V 1 V_C
dtt = kpt' s/ P _ktP'Ct _vEIiK +C;
t t m 1

dCb — 1 E_Ivmax'Ct _

int'Cb
dt V, K_+C,

in which Ry is the infusion ratek (day") is the first order elimination rate constant éef
aflibercept from the central compartmeky, and Ky (day") are the first order rate constants
between the central and the peripheral compartrikgnfday) is the first order rate constant of

bound aflibercept internalizatiol,, (L) is the central volume of distribution of fredlibercept,



V; (L) is the peripheral volume of distribution ofe& afliberceptV, (L) is the volume of
distribution of bound aflibercep¥max (mg/day) is the maximum binding capacity, (Lg/mL) is

the concentration of free aflibercept correspondinigalf of maximum binding capacity.

The clearances of free and bound afliberc&ht andCL,) and the intercompartmental clearance
of free aflibercept@) between the central and the peripheral compatsrame derived from the
micro-constant as follows:
CLr = ke Vy
CLp = kine-Vp
Q = kep. Ve = kpe. Vp

The parameters to be estimated in this modelGitgV,, Q, Vi, CLy, Vb, Vimax andKp,.

Statistical model

Denotingf the function describing the PK structural modik statistical model for observed

concentratiorC; of subjects for sampling time;; is:
Cij = (6 ti) + &;
whereg; is the vector of parameters of subjeande;; is the residual error.

The interindividual variability (IIVV) on all paraners was modeled with an exponential model,

implying a log-normal distribution for the paranmstee.g. foiICL:
CLi =CL e"CLi

wherenc.denotes the random effect in subjecCL; the individual clearance parameter &id
the typical value of the population. Random effeetse assumed to follow a normal distribution

with zero mean and variance matf®xwhich was modeled as diagonal.

The residual variability was modeled using a corabtliadditive and proportional model for both
free and bound aflibercept. The residual errordree aflibercept £ee) and bound aflibercept
(£bound,j) are assumed to be independent and normally hliséd with mean zero and a

heteroscedastic variane@see j and & pound,j respectively, given by:



o—fzree,ij = (Jfa + prf(gi' tif))z
Thound,ij = (Opa + Oppf (05, tij))?

whereo, and o, are respectively the additive and proportionafffacients of the residual error
model of free afliberceptyp, and oy are respectively the additive and proportionaffficents

of the residual error model of bound aflibercept.

Estimation of potential interoccasion variabilitP{/) was not performed in this analysis because
the data was very sparse, containing a trough corat®n every two cycles for 90% of the
patients.

The variability models were investigated. For pagtars with an estimated low level of IV, we
tested whether IIV could be removed from the modéle likelihood ratio test was used to
discriminate between variability models through tH#ference in log likelihood (-2LL),
computed using important sampling [23]. A p-valuE @05 was considered statistically
significant.

Covariate analysis

The covariate analysis was performed after obtgitie base model and focused on the main
parameters describing the PK of free and boun8eafiept and their binding to VEGEL;, V,,

The following covariates were included in the asaly patient demographics (age, gender,
weight and ethnicity), laboratory measurements agelbne (albumin (ALB), serum alkaline
phosphatase (ALK), total bilirubin (BIL), asparta#éenino transferase (AST), alanine amino
transferase (ALT), total protein (TP), and creatniclearance (CLCR)) and concomitant
chemotherapy (irinotecan/5-FU/LV in TCD6118, dogeta in VITAL and TDC6120,
gemcitabine in VANILLA and FOLFIRI in VELOUR).

In this work, the effect of study and the effectaaincer type were not tested as these were

confounded with the effect of chemotherapy (seelelfdh. The effect of baseline endogenous



VEGF concentrations on PK aflibercept would haverbmteresting to investigate; however the

large amount of missing values (62% of patientetinded this as a covariate in the modeling.

The parameter-covariate relationships were modeldtplicatively as follows (e.g. for CL):

cov;

B
CL; = CL( ) e'lcLi  for continuous covariates

COVimedian

where [ are the regression coefficient to be estimate@V,,cqian IS the median value of
covariates.

or CL; = CL.ePBCOigMcLi for dichotomous covariat€égV; taking 0 or 1 values

The construction of the covariate model was peréatrwith hypothesis testing using the Wald
test [24] in two steps:

- Step 1: For covariate screening, each potentiedmeter-covariate relationship was included
one by one in the base model and the parameteesegémated. The significance of a covariate
effect was then assessed using the Wald test.

- Step 2: All the significant covariates were ird#d in the base model. The final model was built
using a backward stepwise procedure by removingntresignificant covariates one by one,
starting from the full model and removing the effeaving the largest non-significant p-value of

the Wald test. This step was repeated until orggicant covariates remain in the model.
A p-value of 0.05 was considered statistically gigant in both steps.
Model evaluation

Internal evaluation of the model was based on gesshof-fit (GOF) plots, including plots of
observations versus individual and population mtahs. Plots of normalized prediction
distribution error (NPDE) [25,26] versus time sirdast dose (TimelL) were used to assess model
predictive performance, based on the simulatiod@J0 datasets. The NPDE plots with 95%
prediction intervals around the 1,050" and 98' percentiles were generated using the package
NPDE 2.0 for R [27]. We also computed theshrinkage for each parameter agdhrinkage

separately for free and bound aflibercept data uantfy the amount of information in the



individual data about the parameters [28]. Modalleation was performed for both the base

model and the final model.
Model-based simulations

In order to compare the time course of free anchbaaflibercept concentrations after different
dosing regimens (2, 4 or 6 mg/kg g2wk or q3wk), éisémates of the fixed and random effects
obtained in the final model were used to simulb&edteady-state PK profiles of free and VEGF-
bound aflibercept in 1000 virtual patients. To ndrthie actual treated population, the covariates
were obtained by resampling 1000 patients fromil&@6 patients in the study and collecting the
set of covariates characterising each patient.riiééian bound concentrations of different doses
for every 2 and 3 weeks regimens were compared/atuate the optimal dosing regimen for
achieving VEGF blockade. The mediafl! &nd 9%' percentiles of free and bound aflibercept
concentrations versus time were plotted for themeoend dose (4 mg/kg q2wk) to confirm the

saturation of the binding of free aflibercept to®Eduring the treatment period.

Results

Demographics

The database for this population PK analysis ctetsisf 1506 patients including 151 patients
from Phase | studies, 282 patients from Phaseaidlis$ and 1073 patients from Phase Il studies.
Patients found to be ADA positive were only foundhtave low titer levels and ADA positivity
did not result in any observed impact on aflibetd®g (data not shown). As the result, all ADA
positive patients (less than 5% of the analysisupadjon) including those found to be ADA
positive only at baseline were included in thislgsia. The characteristics of these patients are

shown in Table 2.

The majority of patients included in this analysisre Caucasians aged 65 years old and over and
equally balanced between genders. Almost all thieqta had normal renal function (CLCR: >80
mL/min) or mild renal dysfunction (CLCR: 50-80 mLim In this analysis, approximately one
third of the patients had colorectal cancer, om@l thad lung cancer and the remaining third had

other various solid tumors. Most patients receiaiitbercept in combination with chemotherapy.
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Approximately 90% of patients were recruited in @dl and 1l studies and had limited
pharmacokinetic sampling with only one peak andtiplel trough concentrations of free and

bound aflibercept.
Population pharmacokinetic model building

Base model development was performed using a éatacduding 1506 patients with 7916 free
aflibercept concentrations and 6977 bound afliqgra®ncentrations greater than LOQ. The
below quantification limit (BQL) data for free dfercept (5.7%) and bound aflibercept (17.2%)
were omitted in this analysis. The concentratiofsbath free and bound aflibercept were
measured for 1378 patients while only free aflibptcconcentrations were available for 128

remaining patients.

The TMDD model with IB-MM approximation previouslgeveloped in healthy subjects
provided an adequate fit to the PK data of botk &rad bound aflibercept in patients. The 11V on
maximum binding capacit\Vay) was found to be small (6%) and poorly estimaieimoving
the variability for this parameter did not degrale fit, with even a decrease of 5 points in -2LL
values, probably as a result of improved modeliktland estimation of other parameters. A
combined additive and proportional residual erroaswetained for both free and bound
aflibercept. The parameter estimates of the basgehere shown in Table 3. Both fixed and
random effects were precisely estimated with rne¢aitandard errors (RSESs) of less than 22%.
Then-shrinkage was large for most parameters, reflgdtie lack of information in the patients
with sparse sampling, representing 90% of the stdbji the pooled datasetL: (37%), V,
(69%), Q (86%), V; (64%),V, (73%), K, (95%), CLy, (48%). Thee-shrinkage was 23 % for the
data of free aflibercept and 19% for the data afrfabaflibercept.

Seventeen potential covariates were evaluatedffoeecept by testing them o@Ly, V,, Kn, and

CLyin the base model. They were not tested/gsx as its 11V was set to zero. Based on the Wald
test of the univariate analysis using modeling, ftllowing covariates were found to have an
influence on PK parameters and were considerethéusion in the model: gender, age, weight,
CLCR, ALB, ALK, AST, ALT and all the concomitant emotherapies. Ethnicity appeared to

have no significant effect on aflibercept PK. Aftemoving non significant covariates one by

11



one starting from the full model, the final modedsvachieved, with parameter estimates and the

coefficients of all significant covariates presehite the Table 3.

The parameters in the final model were estimatel rgiasonable precision: RSE40% for PK
parameters, RSEs 42% for random effects and RSEs46% for the coefficients of the
significant covariates. The PK parameter estimatele final model were similar to those of the
base model. In the final model, the typical estedatlearance for free aflibercept was about 4.6
times faster than that of bound aflibercept (0.88 8.19 L/day, respectively). The volumes of
distribution for free aflibercept\f) and bound afliberceptVf) were similar (~ 4 L). The
maximum binding capacity was 0.82 mg/day and tha&centration of free aflibercept

corresponding to half of maximum binding capaaityhis patient data set was 1.92 pg/mL.

The IIV on model parameters was moderate to highging from 22.3%Ly) to 85.5% CLy).
There was a small decrease in the estimates ofatfigbilities of all parameters, exceptandV;
when including covariates in the model. Residualalality was moderate for free aflibercept

(proportional errors of 32.9%) but low for bounditadrcept (proportional errors of 9.01%).

The goodness-of-fit plots of the final model witbvariates are shown in Figures 2 and 3. The
plots of observations versus population and indialdoredictions (Figure 2) indicated that the
model adequately described the observations dempitederprediction of high concentrations of
free aflibercept. The plots of NPDE versus timesitast dose (timel) are presented in Figure 3
for the duration of the study (timegl22 weeks). Here, NPDE plots are more approprize t
VPC (visual predictive check) plots because of lie¢erogeneity in sample times and doses
[25,26]. An inset is shown plotting only the data 6 weeks after the last treatment (tiried
weeks), which was the period of time where moghefobservations were collected. The NPDE
plots showed a symmetric distribution around zeyo oth free and bound aflibercept. The
prediction bands indicated good model adequacypxoe two issues. First, prediction intervals
appear to be too large at timell4 weeks; this could be an artifact due to thellsmenber of
measurements late after the last dose. Secondattability at early times for bound aflibercept
is underestimated; this could be a consequencéefBQL data not being included in the
database. Individual plots for free and bound efliept are shown in Figure 4 for 4 subjects
from 4 different studies. For most subjects, thelehalescribed reasonably well the observations

for both free and bound aflibercept.
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Assessment of covariate effects

The magnitude of the effect of covariates on aftibpt PK parameters in the final model is
shown in Table 4. Gender, body weight, ALB and AbKd the largest effects ddL;. CL;
increased 12% for patients with a WT of 99 kg coragao the value of a typical 70 kg male
subject and was 14% smaller in women compared to. rAepatient with low serum ALB
(normalized ALB of 0.57) would be expected to have06% fastelCL; while patients with a
high concentration oALK (normalized ALK of 1.01) would have a 14.41% fasté¢ compared
to a patient with median values of ALB and ALK. @en and body weight also had significant
effects onV, with a 14.6% increase for a WT of 99 kg and a 1986relase in women.
Conversely, the covariate effects Gh, were very small with less than 10% change<€in
compared to a typical subject, except for the eftéchemotherapy for irinotecan/5-FU/LV with
a decrease of 12% @iL,. The most important covariate associated withangk in the binding
kinetics of aflibercept to VEGF, expressed by tineviersible binding constaH,, was observed
in patients with pancreatic cancer treated with g&hine in the study VANILLA. These
patients had &, increased by 82% compared to the typical patieoeiving aflibercept as a
monotherapy. A decrease of 20%HKgp was also observed in women compared to typical men
while an increase iKnwas also observed in patients with high level offAdr low level of AST
compared to the typical patient. However, the tpgkitive correlation between ALT and AST
implies a small overall effect dk, with less than 10% of change compared to the@ypialue

of 1.92. Combining all the covariate effectskpexplained 31.5 % of the IIV in this parameter.
For other parameters, the covariate effects exgthivery little the 11V on their parameters:
12.2% forCLy, 16.4% forV, and 5% forCLy,

Simulation of various dosing regimens

The final PK model was used to simulate the comaénh-time courses at steady-state of free
and bound aflibercept for 1000 virtual patientsereing 8 doses of 2, 4 or 6 mg/kg every 2
weeks or 6 doses of 2, 4 or 6 mg/kg every 3 weElgure 5 presents the predicted median
profiles of bound aflibercept at steady-state fuese different dosing regimerSimilar bound
aflibercept levels were observed between 4 mg/ld) @mg/kg for g2wk regimen, indicating
saturation of binding of aflibercept to circulatidEGF was reached at doses4 mg/kg. In
addition, same bound aflibercept levels were shbatween the 4 mg/kg g2wk regimen and the

13



6 mg/kg q3wk regimen, suggesting similar saturat@ncirculating VEGF for these two
regimens. The predicted steady-state concentrabibintee and bound aflibercept are presented in
Figure 6. It illustrated that the free aflibercegdncentrations remain greater than bound
aflibercept concentrations throughout all the dgsitervals in most patients receiving 4 mg/kg
g2wk. As aflibercept binds to VEGF with a 1:1 ratmeaintaining free drug concentrations above
bound drug concentrations throughout the dosingrmals would maximize binding of

aflibercept to endogenous VEGF.
Discussion

In this study, we present a population PK analgéiee and bound aflibercept in 1506 patients
with advanced solid tumors from 9 clinical trialsflibercept was administered intravenously
every two weeks as a single agent, every two agettweeks in combination with various
chemotherapy drugs at dose levels ranging from 2 mog/kg and up to 9 mg/kg in the every 3
weeks schedule only. The influence of covariatectf on aflibercept pharmacokinetics was

studied and quantified.

Based on the mechanism of action, aflibercept étehib target-mediated drug disposition
(TMDD) as the binding of the drug to the targetushce the pharmacokinetics of the drug. A
general TMDD model describes the elimination pathwhidrug plasma concentrations as the
combination of first-order elimination from the ¢exd compartment and specific target binding
clearance followed by internalization of drug-targemplex [29]. The binding of the drug to the
target can occur predominantly in the central erghripheral compartment [30]. The full TMDD
model is however complex and generally overparansett As a result, several approximations
of TMDD model have been proposed: quasi equilibri(f@k), quasi steady state (QSS) and
Michaelis-Menten (MM) [31-33]. The QE approximatiam based on the assumption that the
drug-target binding is much faster than all othgstem processes. The QSS approximation
assumes the drug-target complex concentration @samgore slowly than the binding and
internalization process. The MM approximation ddss the system when the target
concentration is small relative to the free drugaamtration and the dosing regimens result in the
target being fully saturated [32]. Recently, a n@svivation of MM approximation of TMDD
model, the irreversible binding MM (IB-MM) modelac be used when the dissociation rate

constant is negligible [33]. This is the model weed previously in healthy subjects. In this
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model, the MM parameter¥ ., Km) are related to TMDD model parametevg,=KsynVr and
Kn=Kig=Kgedkon, Where Vg is the volume of distribution of target arKs, ksyn kieg are the

irreversible binding constant, target productiote r@nd target degradation rate, respectively [6].

In the present study, the same structural modelapadied successfully in patients, suggesting
the similarity in binding kinetics of aflibercept ¥EGF in cancer patients and healthy subjects:
irreversible binding occurring dominantly in theripleral compartment (extravascular space).
This is in agreement with large quantities of VE@GF tumors and skeletal muscle [34].
Compared to healthy subjects, the population estisnéor the clearance of free aflibercept in
typical 70 kg male cancer patients were the san@8(Q/hr) while the clearance of bound
aflibercept was slightly faster (0.14 vs 0.19 L/d&Similar values o¥, andV; (around 4 L) were
also observed, indicating a low level of tissududifon of aflibercept in both healthy subjects and
patients. In this analysis, the volume of distnbatv, was correctly estimated with similar value
to V, while it had to be fixed to the value ® in the analysis of healthy subjects due to
identifiability issues. The MM parameterg.{,x andKy), reflecting the binding of aflibercept to
VEGF, were however lower in cancer patients thahealthy subjects (0.82 mg/day and 1.92
pg/mL vs 0.99 mg/day and 2.91 pg/mL, respectively)ese findings were not expectddy,
should be similar for these two populations &hdx should be higher in cancer patients because
of the faster secretion rate of VEGF and largeunw of distribution of VEGF in tumor tissue
than in healthy tissue [35]. The comparison of bigdkinetics between healthy subjects and
patients is somewhat difficult because the desagrsthe studied doses were quite different in
these two populations. The binding parameter egtisnabtained in the previous study for
healthy subjects may be impacted by the lower dageg 1 mg/kg) given as single
administration, and non available data of bounibaitept at late time points compared to those
measured in patients. It may also explain slighfthgter clearance estimation for bound
aflibercept. However, PK findings in healthy voleets addressed many aspects of general
clinical pharmacology and helped us to well idgntife model structure thanks to homogenous
data before moving to heterogeneous data pooled diifferent clinical studies, containing a lot

of sparse data.

The covariate screening was performed using theetmgd approach rather than using the

Empirical Bayes Estimates of individual paramete¥sause of the large shrinkage of parameters
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in the base model. A backward stepwise elimingtimtedure was used to build the final model
using the Wald test. Among all covariates testeshdgr had the largest effects on bGlh and
Vp while gemcitabine had the largest effectkgn Body weight also had important effect Gihy
andV,. The impact of the correlation between body weightl gender was found to be less
significant due to the large varibilities in bodyeMmht observed in men and women. Moreover,

the inclusion of both gender and body weight imethe model fit.

Patients with low serum albumin concentrationsigh ltoncentrations aflkaline phosphatadead
approximately 14% fasteZls and 32% lower exposure to free aflibercept conpéwea typical
patient with normal ALB or ALK. These effects welkso found for total bevacizumab [36]. Low
albumin and high alkaline phosphatase are genenadlicative of disease severity and tumor
burden [36] and may be the underlying cause ofabsociation. In addition, an effect of albumin
on clearance has been shown in the PK analysitieofmtonoclonal antibody, infliximab in

patients with ulcerative colitis [37].

A finding of note in this study is the importantiease (82%) of the irreversible binding constant
(Km or Kg) found in pancreatic cancer patients treated gaimcitabine in the VANILLA study.
However, it may be not be reasonable to assumetibaffinity of aflibercept for VEFG varies
from one cancer to another, and this increase m#act reflect differences Mmax Indeed, in the
first steps of modeling, variability was includedthe model for botNm.xandKy, but the former
was removed because the model was not stable eramdybhe variability was very small and
poorly estimated. However, since the correlatiotwbenVy.x andKy, was very high (0.9), the
apparent elevated value Kf, may indicate a decrease in maximal binding capd¥itay) or in
production rate of VEGFk{,). This would be related to the poorly vascularisedure of
pancreatic tumors [38]. Unlike many other solid turtypes where the formation of new blood
vessels (angiogenesis) promotes tumor growth bwyrargs proper blood supply to the tumor,
delivering nutrients and oxygen; pancreatic tuntrsiot need to create new blood vessels. They
are able to survive with poor vasculature and uneey low oxygen conditions, which makes
drug delivery to pancreatic tumors especially diffi [39]. This has been suggested to be the
reason why pancreatic cancer patients often hawe pssponse to chemotherapy, even in

combination with anti-VEGF agents administeredamémously [39,40].
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Although several covariates were found significantthe final model, their contribution to
aflibercept pharmacokinetics was mostly small wititential changes less than 20% (ranging
from 3 to 18%) inCLs, CLy, andV,. As a result, the impact on VEGF inhibition woblel minimal
from a pharmacodynamic point of view. Conversdig thange in the maximal binding capacity
of aflibercept to VEGF in patients with pancreatemcer was much more important and may
have contributed to the outcome of the VANILLA syud pancreatic cancer with the 4 mg/kg
every 2 weeks regimen for aflibercept.

The final PK model was used to simulate the comaéinoh-time courses of free and VEGF-
bound aflibercept for 1000 virtual patients forfelient doses of aflibercept. Assuming the level
of VEGF-bound aflibercept can be used as a markar&SsF blockade [41], this simulation
allowed us to confirm the choice of the recommendese of 4 mg/kg every 2 weeks which is
sufficient to saturate circulating VEGF in mostipats. The developed model can be used to
simulate and predict the concentration-time prefitd free and bound aflibercept in a patient
population of interest, for example obese patiertd patients with low albumin, with new
dosing regimens. From a clinical perspective, iulddbe interesting to model the relationship

between concentrations and a direct marker ofeaftidgpt efficacy, such as the tumor sizes.

In summary, the present model adequately desctibedpharmacokinetics of free and bound
aflibercept in cancer patients. The most importaariates affecting aflibercept kinetics were
gender, body weight, ALB, ALK and pancreatic canddris model supported the rationale for

the recommended dose of 4 mg/kg every 2 weekdlibeacept in colorectal cancer.
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Tables

Table 1. Summary of clinical trials of afliberceptiuded in the analysis

Number

Study Aflibercept  Dosing Concomitant ~ Sampling scheme of patients
dose (mg/kg) frequency chemotherapy frequency with PK data

Phase |

TED6115/6116: dose- 2,3 4,57 2wk single agent full;lagoige 37
escalation, solid tumors (n=12-15)

TCD6118: dose-escalation, 4 5 g 2wk irinotecan/5-FU full profile® 61
combination, solid tumors v (n=19)

TCD6120: dose-escalatioy 4 5,6, 7, 9 q3wk docetaxel fUllPVOf”e 53
combination,solid tumors (n=12)
Phase Il

ARD§122: do_se- 2 4 q2wk single agent peak (Cycle 1) & 175
escalation, ovarian cancer multiple troughs

ARDG6123: NSCLC 4 g2wk single agent &euﬁ[)(l(e:{%iéaf 77

EFC6125: ovarian cancer 4 q2wk single agent peak (Cycle 1) & .
with ascites multiple troughs
Phase Il

VANILLA: combination, 4 q2wk gemcitabine peak (Cycle 1) & .,
pancreatic cancer multiple troughs

VITAL: combination, 6 43wk docetaxel peak (Cycle 1) & 5.,
NSCLC multiple troughs

VELOUR: combination, 4 q2Wk FOLFIRI peak (CyC|e 1) & 500

colorectal cancer

multiple troughs

n: number of sampling times per patient, NSCLC: aonll cell lung carcinoma, LV: leucovorin, 5-FUflGorouracil
g2wk/q3wk: every two/three weeks, FOLFIRI: combiaatof irinotecan.5-FU/LV with different doses foet in

TCD6118

? For study TED6115, samples were taken at pre-doseat 1, 2, 4, 8, 24, 30, 48, 96, 168 hours poseaf the first
administration; pre-dose, post-dose and 7 daysqmsst of the second administration. For study TEIB6An extension of
TED6115, samples were taken prior to and at theoérehch cycle in all cohorts and then at the enthe study and 3

months after the last dose.

®This study was in 2 parts, part 1 open-label, meitter, dose-escalation design and part 2 startedletblind,
multicenter, randomized, parallel group, placebatadled design. For part 1, samples were takeniftutas prior to
dosing and at 1, 2, 4, 8, 24, 30, and 48 hours,7addys after dosing on Day 1 of Cycles 1 and 2.dHosubsequent
cycles, samples were collected 5 minutes priorosind), and at the end of aflibercept treatment.daot 2, samples were
taken 5 minutes prior to dosing for all cycles, abthe end of aflibercept treatment, a final s&amwphs collected.

“During Cycle 1, samples were taken before admatistn of aflibercept, and at 1, 2, 4, 8, 24 (Daya?)d 48 hours (Day
3) and 7 (Day 8) and 14 (Day 15) days, after tlaet sif aflibercept infusion. For all subsequentlegc samples were

collected only before the administration of aflibept.
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Table 2. Characteristics of the patient study pafoh at the entrance of the trial

Number of

patients (%) Mean + SDMedian (5-95%)

Patient demographics
Age (years)

59.3 + 10.360.0 (41.0-75.0)

Weight (kg) 71.8 +16.1 70.0 (49.0-99.1)
< 50 k¢ 88 (5.8
50-100 kg 1344 (89.2)
>=100 kg 74 (4.9)
Sex
Male 767 (50.9)
Female 739 (49.1)
Ethnicity
Caucasian 1377 (91.4)
Black 27 (1.8)
Asian 75 (5.0)
Other 27 (1.8)
Laboratory measurements
Albumin (ALB)* 0.79+0.2 0.80 (0.5-0.97
Alkaline phosphatase (ALK 1.18 +0.9: 0.86 (0.4-3.32
Alanine amino transferase (ALT)* 0.70 £ 0.58.55 (0.22-1.65)
Aspartate amino transferase (AST)* 0.88 £ 0.6272 (0.33-2.06)
Bilirubin (BIL)* 0.51 +0.21 0.46 (0.2-1.00
Total protein (TP)* 0.88 +0.100.88 (0.74-1.03)
Creatitine clearance (CLCR) (mL/m 89.9+31.! 84.2(47.-148
Cancer type
Colorectal 499 (33.1)
Non-small cell lung 447 (29.7)
Pancreatic 204 (13.5)
Ovariar 205 (13.6
Other solid tumors 151 (10.0)
Cancer treatment
monotherapy 319 (21.2)
combined chemothera 1187 (78.8
docetaxel 423 (28.1)
irinotecan/5-FU /LV 61 (4.1)
gemcitabine 204 (13.5)
FOLFIRI 499 (33.1
Dose regimen
4 mg/kg q2wk 939 (62.3)
6 mg/kg g3wk 399 (26.5)
other multiple doses 168 (11.1)
Pharmacokinetic sampling
Intensive 151 (10.0)
Peak and troug 1355 (90.C

*The measurements were normalized tatiper normal limit value of each laboratory
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Table 3. Parameter estimates of the base andnfiodél

Base model Final model

Parameter Estimate (RSE %) IV (RSE%stimate (RSE %) 11V (RSE %)

CL (L/day) 0.85 (2) 35.2 (3) 0.88 (2) 30.9 (3)
BeLr, female - - -0.15 (16) -

Beus, weigh - - 0.33 (19) -
Betr, cLer - - 0.18 (20) -
Belr, aLs - - -0.39 (14) -
Beur, ak - - 0.10 (18) -
Bewr, ALt - - -0.06 (30) -
BCLf, gemcitabin - - 0.09 (37) -

Vp (L) 3.87 (1) 26.8 (5) 4.35 (2) 22.4 (6)
Bup, femate - - -0.21 (12) -

Bup, weigh - - 0.39 (16) -
Bvp, cLer - - 0.10 (39) -

Q (L/day) 1.68 (8) 81.9 (9) 1.49 (9) 85.5 (9)

Vi (L) 3.75 (5) 64.2 (4) 3.72 (5) 65.8 (4)

Vp (L) 3.92 (10) 29.1 (5) 4.14 (10) 27.5 (6)

Ve (Mg/day) 0.77 (10) - 0.82 (10) -

Ky (Mg/mL) 1.79 (7) 41.2 (22) 1.92 (9) 28.2 (42)
Bim, female - - -0.23 (35) -

Bkm, ALT - - 0.26 (46) -
Bkm,asT - - -0.26 (37) -
Bim, gemcitabin: - - 0.60 (17) -

CL, (L/day) 0.18 (10) 23.5(3) 0.19 (10) 22.3(3)
Beib,age - - 0.18 (26) -
Bewb.cLer - - 0.09 (31) -

Beur, ae - - -0.13 (33) -
BeLraLt - - -0.08 (27) -
&f, irinotecan/-FU/LV - - -0.13 (26) -
Bets, docetaxe - - 0.06 (30) -

& (ug/mL) 0.04 (6) - 0.04 (6) -

& (%) 32.90 (1) - 32.80 (1) -

@ (1g.eq/mL) 0.34 (2) - 0.34 (2) -

@; (%) 9.01 (4) - 9.04 (4) -
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Table 4. Assessment of covariate effects on afidggtrpharmacokinetic parameters

Covariate Quantiles CL; v Vo % K v CLs v
(L/day) Change (L) Change (ug/mL) Change (L/day) Change
Typical
patient 0.88 4.35 1.92 0.19
Sex Female 0.76 -14.1 3.53 -18.9 1.53 -20.2 -
WT 5%: 49 0.79 -11.0 3.78 -13.1 - -
95%: 99.1 1.00 12.0 4.99 14.6
Age 5%: 41 - - - 0.18 -6.6
95%: 75 0.20 4.1
CLCR 5%: 47.9 0.80 -9.3 4.13 5.1 - 0.18 -4.6
95%: 148.1 0.98 11.2 4.60 5.9 0.20 5.2
ALB 5%: 0.57 1.00 14.1 - - 0.20 4.6
95%: 0.96! 0.82 -7.C 0.1¢ -2.5
ALK 5%: 0.42. 0.8z -7.C - - -
95%: 3.233 1.01 14.4
ALT 5%: 0.222 0.93 5.8 - 152 -20.6 0.20 7.6
95%: 1.646 0.82 -6.6 254 325 0.17 -8.5
AST 5%: 0.333 - - 235 223 -
95%: 2.058 146 -24.0
Combination gemcitabine 0.96 9.2 - 3.49 82.0 -
irinotecan
5-FU/LV - - - 0.17 -12.5
docetaxel - - - 0.20 6.5

*. male, 60 years, 70 kg, normalized ALB of 0.80, nalimed ALK of 0.86, normalized ALT of 0.55, normedid

AST of 0.72, CLCR of 82.2 mL/min, receiving aflilzept as a monotherapy

: theoretical effect (% change with respect to thpéciyl value) of the covariate considered alone other covariate
being set to its median value

% changes in PK parameters greater than 20% aseriesl in bold
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Figure legends

Figure 1

Proposed structural model for free and bound afidget. Free aflibercept in plasma distributes
first to tissues then binds to VEGF to form a caempBinding to VEGF occurs in the peripheral

compartment, follows the law of mass action and learcharacterised by a nonlinear equation
with MM constants Ymax Km). Bound aflibercept (complex) is assumed to bedtly eliminated

through internalisatiork).

Figure 2

Goodness-of-fit plots: (top) observed versus ptedicconcentrations for free aflibercept;
(bottom) observed versus predicted concentrationdodéund aflibercept. The plots on the left
present observed versus the population predictederration (PRED) while the plots on the
right present observed versus individual prediotedcentrations (IPRED). One outlier was

removed from the plots.

Figure 3

Normalised prediction distribution error (NPDE) tsne since last dose (TimelL) for free
aflibercept (top) and bound aflibercept (bottom}hw®5% prediction intervals around the the
10", 50" ,90" percentiles. NPDE plots for Timek 22 weeks are presented in the left and for
TimeL < 6 weeks in the right. Observed data are plotteédgua circle €). The solid line
represents the 10 50" and 98' percentiles of the npde corresponding to obsedad. The
shaded area represents 95% prediction intervalsthfer selected percentiles (pink for ™50

percentiles and blue for others).

Figure 4

Examples of individual fits of free and bound adlibept for 4 subjects in different studies. From
left to right: study TED6115 (phase 1), study ARR281(phase IlI), study Vital (phase IIl), and
study VELOUR (phase lll). Fits for free aflibercegre presented in the top, bound afibercept in
the bottom. Observed data are plotted using aecfrkl The line () represents the prediction of

model.
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Figure 5
Predicted median profiles of bound aflibercepttaagy-state with different dosing regimens (2,

4, 6 mg/kg g2wk or g3wk) illustrated by verticaldis to x-axis (blue for g2wk and grey for q3wk

dosing regimen).
Figure 6

Predicted steady-state concentrations of freeafidpt (left y-axis) and bound aflibercept (right
y-axis) following 8 aflibercept doses of 4mg/kg dduring 24 weeks.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.

Predicted bound aflibercept conc (ug.eq/mL)

6mg/kg 2wk
4mg/kg q2wk
2mg/kg q2wk
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Figure 6.
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