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Abstract

KH903 is a novel antiangiogenic drug for cancer therapy. Its
pharmacokinetic study in cancer patients is therefore very important
for choosing doses and dosing intervals in clinical application. A
selective, sensitive, and rapid Enzyme-Linked Immunosorbent
Assay (ELISA) method was developed and validated here for the
determination of KH903 in patient serum. This method is specific
enough for the detection of KH903 in serum samples. Nonlinear
calibration curves were obtained for KH903 at a concentration range
of 0.781-50 ng/ ml (r > 0.999). The intra-batch accuracy ranged from
83.4% to 94.5%, and the inter-batch accuracy varied from 88.8%
to 91.7%. Stability tests showed that KH903 was stable throughout
the analytical procedure. This study is the first to utilize the ELISA
method for the pharmacokinetic study of KH903 in six cancer patients
who had received a single dose of KH903 (4.0 mg/ kg) administered
intravenously. The results address the pharmacokinetic profile of
KH903 in cancer patients in detail and evaluate the binding efficacy
of KH903 on VEGF in patients to provide guidance for the regimen of
KH903 in phase I clinical trials.
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Introduction

Angiogenesis is an important hallmark of cancer during the
multistep development of tumors [1]. The tumor-associated
neovasculature generated in the process of angiogenesis, from
which tumors fulfill the requirements of nutrients and oxygen
as well as the ability to excrete metabolic wastes. It’s established
that tumors achieve vasculature by endothelial cell sprouting
[2], postnatal vasculogenesis [3], intussusceptive growth [4,5],
preexisting vessel cooption [6-9], or glomeruloid angiogenesis
[10]. Vascular Endothelial Growth Factor (VEGF) is known as
a key mediator in some or all of the neovasculature processes,
therefore, VEGF is considered as an important target for

antiangiogenic drug development [11-14].

Blockage of VEGF has been considered to be useful against a
wide variety of tumors [13,15,16]. The first attempt to validate
this particular approach were taken by a humanized monoclonal
antibody bevacizumab, which yielded therapeutic effect in a
clinical trial in patients with renal cell carcinoma [17,18]. Several
anti-VEGF drugs have since been approved or are proceeding in
clinical trials [19,20]. KH903, also known as Conbercept, is a novel
recombinant VEGF receptor-antibody fusion protein (Figure 1),
which was demonstrated to exhibit an inhibitory effect on the
VEGF-mediated proliferation and migration of human umbilical
vein endothelial cells, and on the patient-derived tumor tissue
xenograft model of gastric carcinoma through an antiangiogenic
mechanism [21,22].
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Figure 1: Structure of KH903. KH903 is a recombinant VEGF recep-
tor-antibody fusion protein, which contains the extracellular domain
2 of VEGF receptor 1 and the extracellular domains 3 and 4 of VEGF
receptor 2, fused to the Fc portion of human immunoglobulin G1.
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KH903 was approved for phase I clinical trial as a new
medicine in 2009 by the China Food and Drug Administration
(CFDA). Clinical trial of a novel drug requires reliable data’s
about its pharmacokinetic properties, the method for measuring
levels of the drug in biological samples is thus necessary. KH903
is anovel antiangiogenic drug, few methods have been developed
for its quantification. Therefore, a sufficient specific and sensitive
Enzyme-Linked Immunosorbent Assay (ELISA) was developed
to determine the serum concentration of KH903 in cancer
patients in a pharmacokinetic study. The method was validated
for its specificity, sensitivity, accuracy, precision, stability, and
dilution integrity, and the data established the method as a
high-throughput and reliable bioanalytical assay. Moreover,
VEGF itself has been considered as a candidate biomarker for
guiding the application of anti-VEGF therapies, we thus have
measured the serum unbound VEGF in cancer patients after the
administration of KH903.

Materials and Methods
Experimental chemicals

KH903 was provided by Chengdu Kanghong Biological
Technology Co., Ltd (Sichuan, China). Recombinant human VEGF
(rhVEGF), human VEGF ELISA Kkits, and tetramethylbenzidine
(TMB) were purchased from R&D (Minneapolis, MN, USA).
Anti-hlgG Fc-HRP was purchased from BETHYL (Montgomery,
TX, USA). Fetal Bovine Serum (FBS) was purchased from PAA
(Karlsruhe, Germany). Tween-20 and DMSO were purchased
from Sigma (St. Louis, MO, USA). De-ionized water was obtained
by a Milli-Q analytical deionization system (Millipore, Bedford,
MA, USA). Freshly obtained, drug-free human serum was
collected from healthy people and stored at -80°C before used.

ELISA procedure for KH903

Polystyrene 96-place microwell plates were treated with
100 pL/ well of a 0.5 pg/ ml solution of rhVEGF in carbonate
buffer and incubated for 16h at 25°C. Wells were then washed
three times with washing buffer (5 mM imidazole buffer, 0.02%
Tween-20, pH 7.6), and unbound sites were blocked with 280
uL/ well of 40% (v/v) FBS in carbonate buffer for 2h at 37°C.
The calibrator and Quality Control (QC) consisted of the normal
serum spiked with KH903. The samples were diluted 5, 10, or 20
fold by drug-free human serum prior to the ELISA procedure;
their final concentrations are required to multiply by the serum
dilution fold. After the wells were washed and blotted dry, the
calibrator, quality control, and the samples diluted for 80 fold
with dilution buffer (PBS, 10% FBS, 0.05% Tween-20, 15%
DMSO0) were added and incubated 100 pL/ well for 1h at 37°C.
The wells were washed three times, and 100 pL/ well of anti-
hlgG Fc-HRP (1:20000) were added. After 1h at 37°C, the wells
were washed and blotted dry, then added 100 pL/ well of TMB
substrate solution and incubated at room temperature for 10
min. The reaction was stopped by adding 50 uL/ well 2M H,SO,,
and the absorbance was measured at 450 nm on Molecular
DEVICES Versa Max microplate Reader (Sunnyvale, CA, USA).
Data corresponding to the averages of double well replicates
were processed using SoftMax Pro 5.4.1 (Sunnyvale, CA, USA).
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Specificity determination

The specificity was tested against the responses toward
KH903. Each concentration of the compounds was tested in
double well replicates. The VEGF-KH903 solution was obtained
by incubating KH903 and VEGF together in 37°C for 45 min.
KH903, VEGF, and VEGF-KH903 were spiked in dilution buffer,
respectively, and KH903 spiked in dilution buffer with 1.25%
serum (v/v) was also prepared for the determination. The
specificity was evaluated according to the OD values.

Method validation

KH903 was validated for an ELISA assay. The Lower Limit of
Quantification (LLOQ), the Upper Limit of Quantification (ULOQ),
calibration curve, accuracy, precision, recovery, and stability
were evaluated during method validation. LLOQ and ULOQ were
conducted as the minimal and maximal concentration on the
calibration curve in six different batches, on which both precision
and accuracy were < 25%. The range of the calibration curve was
0.781~50 ng/mL. Calibration curve equations were calculated
using four-parameter logistic nonlinear regression model, from
which the correlation coefficient (r > 0.99) was considered
satisfactory. Precision and accuracy were assessed by the
analyses covering the range of the calibration curve, in which the
criteria for acceptability is defined as an accuracy +20% standard
deviation (SD) from the nominal values and a precision of +20%
Relative Standard Deviation (RSD). Intra-batch accuracy and
precision were evaluated by analyzing three levels of QC samples
with six duplicated levels per concentration on the same day.
The inter-batch accuracy and precision were assessed over three
days. The recovery of KH903 was determined by calculating the
ratio of the OD value of KH903 spiked in dilution buffer with
1.25% serum (v/v) against the value spiked in dilution buffer at
the same concentration. The stability of KH903 was compared
to the nominal level of KH903 to determine whether KH903 was
stable in different conditions or treatments. If the calculated
concentration of KH903 was less than the nominal concentration
by > 20%, the analyte was considered to be unstable. The stability
of KH903 spiked in serum was evaluated by exposing them
at room temperature for 4 h and then subjecting them to the
analytical procedure. KH903 maintained at -80°C for 12 months
was evaluated by comparing the post-freeze measured KH903
concentration with the initial concentration added to the sample.
The freeze-thaw stability of the samples was assessed over three
freeze-thaw cycles by thawing samples at room temperature,
refreezing them for 24 h at -80°C and then analyzing them.
Dilution integrity was evaluated by diluting 5, 10, 20 folds of the
dilution QC samples with drug-free human serum prior to the
ELISA procedure.

Applications

Six patients with gastric, colonic, nasopharyngeal, or thymic
carcinoma were enrolled at the Cancer Center, Sun Yat-sen
University. The patients were four males and two female, ranging
in age from 34 to 65 years. All patients provided written informed
consent prior to participation. The patients were infused (i.v.
administration) with KH903 (4.0 mg/ kg) for 90 min. Blood
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samples were obtained before the infusion, and 0.75, 1.5, 2, 6, 12,
24, 48, 72,120, 168, 216, and 264 h after the infusion began. In
addition, blood samples were obtained before the infusion, and
1.5,24,72,120,168, 216, 264, and 312 h after the infusion began
for the unbound VEGF determination using ELISA kits. The blood
samples were centrifuged at 3000 rpm/min for 10 min, and the
serum was stored at -80°C until the analysis was conducted. This
study was approved by the Human Subjects Review Committees
of the University of Sun Yat-sen University Cancer Center and
conducted according to the Declaration of Helsinki.

Non-compartmental pharmacokinetic parameters were
calculated using WinNonlin (Version 5.0, PUMCH Clinical
Pharmacology Research Center). The maximum serum
concentration (C__) and time to reach it (T, ) were determined
directly from the data. The terminal-phase rate constant (Az) was
calculated as the negative slope of the log-linear terminal portion
of the serum concentration-time curve using linear regression
with at least four last concentration-time points. The terminal-
phase half-life (t, ,) was calculated as 0.693/ Az. The area under
the curve from time zero to the last observed time (AUC ) was
calculated by the linear trapezoidal rule for ascending data
points. The total area under the curve (AUC ) was calculated
as AUC_, + Ct/ Az, where Ct is the last measurable concentration.
The apparent volume of distribution associated with the terminal
phase (Vz) was calculated as Vz = CL/Az, and the apparent total
body clearance (CL) was calculated as CL = dose/AUC.

Results and Discussion
Optimization of ELISA conditions

To improve the ELISA performance, several factors
(concentration of rhVEGF, time for coating 96 well plates with
rhVEGF, and dilution of anti-hlgG Fc-HRP) were studied. The
value of the highest absorbance was selected as the parameter
for evaluation of the assay. We found that 0.5 pg/ ml rhVEGF
coating with 96 well plates for 16 h was more satisfactory than
other conditions in the sensitivity and stability of the assay.
Different concentrations of anti-hIgG Fc-HRP were examined
in the optimization procedure, and the final dilution was
established as 1:20000. In the pre-experiment, we found an
obvious intervention in the absorbance assay with human serum,
which is probably related to the non-specific binding with IgG
[23]. A series of dilution (1:20, 1:40, 1:60, 1:80, 1:100, 1:200)
with dilution buffer were investigated in the serum samples of
KH903, the optimal effect of eliminating non-specific binding was
achieved in 1:80 dilution (data not shown), and this content was
chosen for the sample preparation.

Specificity investigation

Based on the mechanism of the reaction, VEGF-KH903 and
endogenous VEGF are the possible interferents toward the
KH903 determination. In order to investigate the specificity of the
response to KH903 in this method, KH903, VEGF, VEGF-KH903,
and KH903 spiked in 1.25% serum were evaluated according to
the OD values. As shown in Table 1, the OD values of KH903 were
positively related with the corresponding concentrations, but
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the OD values of VEGF were not changed along with the reaction
concentrations. The measured OD values of VEGF-KH903 were
lower than the equivalent theoretical levels of KH903. The high
level of VEGF-KH903 exhibited increased OD values, speculating
that OD values depend on the level of the unbound KH903 but
not the bound VEGF-KH903. Dilution buffer spiked in 1.25%
serum shown higher background in the absorbance test, and the
KH903 samples spiked in 1.25% serum also exhibited higher
absorbance; these results are probably due to the non-specific
binding with IgG in human serum, which is 8-17 mg/ mL in adult
blood [24]. Therefore, the present method is specific enough for
the detection of KH903 in serum samples.

Calibration curve, LLOQ, and ULOQ

The calibration curves were determined from the absorbance
versus concentration in human serum, and the equations were
calculated using four-parameter logistic nonlinear regression
model. Human serum KH903 was detected by the method,
overing the range tested (0.781-50 ng/ mL). The typical
equation for the calibration curve for KH903 was y = -2.773/
(1 + (x/14.4)**%) + 2.88 (r = 0.999). The LLOQ and ULOQ in
this study were 0.781 ng/ mL and 50 ng/ mlL, respectively,
and the precision of repeat injections was < 25%. All the actual
concentrations of the unknown biological samples equal to the
calculated concentrations multiplied by 80.

Accuracy, precision, and recovery

The accuracy and precision of the method were determined
by analyzing QC samples at three concentrations in six replicates.
As shown in Table 2, the intra-batch accuracy ranged from 83.4%
to 94.5% at three concentrations, with precisions between 3.9%
and 4.6%. The inter-batch accuracy varied from 88.8% to 91.7%,
with precisions ranging from 8.6% to 12.4%. Thus, the present

Table 1: The OD values of the possible interferents toward KH903.
Group Concentration (ng/mL) OD Value
50 1.427
5 0.386
KH903
0.5 0.107
Buffer 0.048
500 0.051
50 0.051
VEGF
5 0.052
Buffer 0.046
286/ 8.8 1.712
28.6/ 8.8 0.869
KH903+VEGF
2.86/8.8 0.081
Buffer 0.060
50 1.479
5 0.581
KH903+serum
0.5 0.293
Buffer with serum 0.120
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method has satisfactory accuracy, precision and reproducibility.
The recoveries from QC samples at low, intermediate and high
concentrations ranged from 85.3% to 92.9% at three tested
concentrations.

Stability of KH903

The results from the stability tests are presented in Table 3,
the accuracy ranged from 81.3% to 112.0% at the three dilution
folds, with precisions between 3.4% and 13.1%. The data
demonstrate a good stability of KH903 throughout the steps of
the determination. The method is therefore applicable to routine
analyses.

Dilution integrity of KH903

5, 10, 20 folds of the dilution QC samples with drug-free
human serum were carried out to evaluate the reproducibility
and stability in dilution procedure. As shown in Table 4, the
accuracy ranged from 86.8% to 101.6% at the three dilution
folds, with precisions between 5.2% and 8.5%, demonstrating a
well reproducible dilution procedure in the present study.

Analysis of patient samples

The ocular pharmacokinetics profile of Conbercept in rabbits
has been evaluated [25], but its systemic pharmacokinetics in
patient is still unknown. The validated ELISA method described
in our study was successfully applied to a pharmacokinetic study

Copyright:
© 2015 Lietal.

in 6 cancer patients following i.v. administration of 4.0 mg/ kg
KH903. A mean plasma concentration-time curve of a single
dose of KH903 is shown in Figure 2. This result revealed that
our method was sufficiently sensitive to determine the KH903
concentration in the serum of patients. The parameters of the
pharmacokinetic analysis are shown in Table 5. The half-life of
drug elimination at the terminal phase (tl/z) was 29.90 + 15.33 h,
the volume of distribution (V,) of KH903 was 17.19 + 6.93 L, and
the total clearance (CL) was 0.39 = 0.05 L/h. All the parameters
indicated KH903 good pharmacokinetic profile in cancer patients
and this evidence can be guidance for the regimen of KH903 in
phase I clinical trials.

KH903 is a novel fusion protein that combines ligand binding
elements from the extracellular domains of VEGF receptors
and the Fc portion of IgG1, and is able to bind to VEGF [21]. It’s
demonstrated that blockage of VEGF significantly inhibited the
growth of a non-small cell lung cancer cell line, and markedly
decreased the vessel density of the tumor [26]. Treatment with
antiangiogenic drugs can transiently reverse the abnormalities
of tumor vessels, thereby providing a window of opportunity
for improving drug delivery and enhancing sensitivity to
conventional chemotherapy and radiation treatment [27-29].
The serum unbound VEGF concentration is therefore investigated
here to illustrate the binding efficacy of KH903 on serum VEGF.
As shown in Figure 3, the serum levels of unbound VEGF of each
patient decreased rapidly to below the detection limit after

Table 2: Accuracy, precision and recovery of KH903.
Concentration Intra-batch (n = 6) Inter-batch (n = 3) Recovery (%)
(ng/ mL) Accuracy (%) RSD (%) Accuracy (%) RSD (%) (n=6)
2 83.4 4.0 91.7 12.4 92.5
25 88.6 3.9 91.4 9.1 92.9
40 94.5 4.6 88.8 8.6 85.3
Table 3: Stability of KH903 in different storage conditions.
Storage conditions Concentration (ng/mL) Accuracy (%) (n=6) RSD (%)
2 110.2 5.7
Freeze-thaw three cycles 25 112.0 5.5
40 99.2 9.7
2 81.3 5.9
-80°C for 12 months 25 86.7 5.6
40 83.1 7.6
2 96.6 13.1
Room temperature for 4 h 25 94.7 3.4
40 85.2 4.0
Table 4: Dilution integrity of KH903.
Dilution Factor Analyte Concentration (ng/ mL) Calculated Concentration (ng/ mL) Acc?;a:)é)(%) RSD (%)
20-fold 25 25.4 101.6 6.1
10-fold 25 239 95.7 5.2
5-fold 25 21.7 86.8 8.5
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Figure 2: Mean serum concentration-time curve of KH903 after 4.0
mg/Kkg single i.v. administration to cancer patients (n = 6).

Table 5: Non-compartmental pharmacokinetic parameters of KH903 in
the cancer patients after single i.v. dose of 4.0 mg/ kg KH903 (n = 6).

Parameters Values
Tmax (h)? 1.50 £ 0.00
Cmax (pg/mL)® 47.22 £ 6.24
t1/2 (h)© 29.90 + 15.33
AUC, ¢
(ng.mL "-h) 628.83 + 75.15
AUC,_©
(ugmL-h) 633.48 + 75.74
v, (L)f 17.19 £ 6.93
CL (L/h)® 0.39 +0.05
MRT (h)* 30.59 + 6.85

Values are means + SD.

2 Tmax: Time to maximum concentration; "Cmax: Maximum plasma
concentration; “t, : Half-life of elimination; ‘AUC_,: Area under the
concentration-time curve from zero to last quantifiable time; “AUC, _:
Area under the concentration-time curve extrapolated to infinity; "V :
Volume of distribution; & CL: Total clearance; "MRT: Mean residence
time.

intravenous infusion KH903 indicated that KH903 indeed blocked
the VEGF by the specific binding. Accompanying the decline of the
KH903, the level of unbound VEGF gradually increased to more
than 100 pg/ mL, suggesting that the reasonable dosing interval
of KH903 should be ascertained in future studies for obtaining
the persistent inhibition in VEGF.

In conclusion, a selective, sensitive, and rapid ELISA method
for measuring KH903 in human serum is described. The present
description is the first to utilize the ELISA method for the
pharmacokinetic study of KH903 given by injection to cancer
patients. The results address the pharmacokinetic profile of
KH903 in cancer patients in detail and evaluate the binding
efficacy of KH903 on VEGF in patients to provide guidance for the
regimen of KH903 in phase I clinical trials.
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