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In the present study, we conducted a Phase 1 study of a recombinant anti-EGFR monoclonal antibody (CMAB009) that
has the same amino acid sequence as cetuximab. The purpose of this study was to evaluate the safety, pharmacokinetics
and potential benefit of CMAB00Q9 in Chinese patients with advanced chemotherapy-resistant epithelial malignancies. In
this study 18 patients were treated with two successive treatment schedules comprising a single-dose escalation phase
followed by a weekly, multiple-dose extension phase. No dose-limiting toxicity was reported during the evaluation
period. CMABO009-associated toxicity was minimal, and the most commonly reported adverse events were fever,
asthenia, transaminase elevation, nausea and skin toxicities. CMAB00Q9 exhibited a non-linear PK profile over the dose
range of 100-400 mg/mZ. In the single-dose phase, CMAB0O0Q9 reached peak serum concentrations at the end of the
infusion and then declined slowly with a T, of 77.15 + 13.96 h, 79.79 £ 6.91 h and 86.25 + 9.93 h after infusion of 100,
250 and 400 mg/m? based on a two compartmental model analysis. Mean Cmax increased roughly dose-proportional
while AUC, , showed a greater than dose-proportionate increase from 100 to 400 mg/m?. After multiple infusions, serum
concentrations dropped slowly and the T, , was 102.25 + 33.54 h and 118.91 £ 29.12 h based on a two compartmental
model analysis. No neutralizing anti-antibody antibodies were detectable. Two patients achieved partial remissions.
The study results suggest that CMABO09 shows acceptable tolerance and primary efficacy and should be studied as a

treatment in patients with advanced chemotherapy-resistant epithelial malignancies.

Introduction

The epidermal growth factor receptor (EGFR), also known as
HERI and ErbBl, is a 170 kD plasma membrane glycopro-
tein composed of an extracellular ligand-binding domain, a
transmembrane lipophilic segment and an intracellular protein
kinase domain with a regulatory carboxyl terminal segment."?
Activation of EGFR through ligand binding with epidermal
growth factor or transforming growth factora leads to receptor
dimerization, kinase activation and autophosphorylation, which
results in activation of a cascade of biochemical and physiologic
responses that are involved in the mitogenic signal transduction
of cells.>> Although EGFR is constitutively expressed in many

normal epithelial tissues, including the skin and hair follicle, the
expression of EGFR is elevated in many epithelial tumors.® This
overexpression correlates with early disease progression, poor
survival and resistance to chemotherapy.®” Therefore, inhibition
of the EGFR signal transduction pathway is a potential target for
anticancer therapy.

CMABOQ9 is a recombinant, human/mouse chimeric mono-
clonal antibody (mAb) that binds specifically to the extracel-
lular domain of EGFR. It is composed of the Fv regions of a
murine anti-EGFR antibody with human IgG1 heavy and k light
chain constant regions. It is a biosimilar of cetuximab (C225,
Erbitux, ImClone Systems Inc. and Merck KGaA).%? Two studies
in the US have explored the pharmacokinetics (PK) of single-dose
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Table 1. Patient characteristics

No. patients

Total 18
Treated on fixed dose extension phase 14
Median age, y (range) 52 (29-64)
Sex
Male
Female
Tumor type
Colorectal 10
NSCLC 7
Gastric 1
No. prior chemotherapy regimens
2 7
3 4
>3 4
Radiotherapy 7
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Figure 1. Mean concentration-time curve of CMABOQ9 after a single
intravenous infusion of 100 mg/m? (M, n = 3), 250 mg/m? (®, n = 6),
400 mg/m? (A, n = 6). Data are expressed as mean + SD.

administration of cetuximab in patients with solid tumors, with
particular attention paid to the elimination phase.!”!! Both stud-
ies supported the saturation of EGFR binding at a clinically
achievable dose level. A significant association was also noted
between cetuximab clearance and both body surface area (BSA)
and weight, supporting the use of these parameters in calculat-
ing individual cetuximab doses.’®"! Cetuximab is expressed in
NSO cells, which is a stably transfected murine myeloma cell line,
whereas CMABO009 is expressed in Chinese hamster ovary (CHO)
cells. Moreover, stabilizing excipients instead of phosphate buff-
ered solution (PBS) are used in the final product formulation of
CMABO009 (Sup. Table 1). We compared the in vitro and in
vivo biological activities of these two antibodies (Sup. Materials
and Methods). The in vitro assays showed that CMABO009 had
similar ability as cetuximab to mediate antibody-dependent cell
cytotoxicity and inhibit cell proliferation (Sup. Figs. 1 and 2).
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In the competition inhibition assays, CMAB009 competed with
cetuximab for binding to EGFR-positive A431 cells and displayed
binding affinity comparable to that of cetuximab (Sup. Fig. 3).
Immunotherapeutic studies further demonstrated that these two
antibodies were equally effective in suppressing primary tumor
growth in an A431 xenografted mouse model (Sup. Fig. 4).

In this study, we described the Phase 1 clinical study of
CMABO009 in patients with advanced chemotherapy-resistant
epithelial malignancies. In addition to investigating the safety
and immunogenicity of this antibody, this study provided infor-
mation regarding the PK profile of CMABO009 that will be used
in the rational selection of CMABO009 doses and schedules for
Phase 2 and Phase 3 studies. In addition, preliminary data on
antitumor activity were also collected.

Results

Demographics. Between March and August 2008, 18 patients
were randomized to receive a single dose of CMABO0O09 at one of
three levels or continuous weekly administrations of CMAB009.
A total of 15 patients were enrolled in the single-dose phase. On
day 29, three patients discontinued treatment due to disease
progression or clinical deterioration (patient 2, 11 and 14). The
remaining 12 patients and three new incoming patients (16, 17
and 18) were sequentially assigned to group A or group B in the
subsequent fixed dose phase (Sup. Table 2). All patients had pre-
viously been treated with multiple therapies. Patient characteris-
tics are shown in Table 1. There were no significant differences
among the three groups with regard to age, sex, height, weight,
Eastern Cooperative Oncology Group (ECOG) and BSA (Table
2). Eight patients received beneficence medication post-study
due to stable disease (mean of 4-16 times). All patients com-
pleted standard full-dose medication.

Safety. Treatment with CMAB009 was well-tolerated. Of a
total of 18 CMABO009 administrations, there were no episodes
of grade 3 or higher drug-related toxicity (Table 3). No dose-
limiting toxicity (DLT) was reported during the evaluation
period and therefore, the maximum-tolerated dose (MTD) was
not reached in this study. During the multiple-dose phase, some
patients developed mild painful bilateral periungual lesions on
the fingers, but none discontinued treatment or withdrew from
the study. During the entire study, including both the single-dose
and the extended-dose phases, the most frequently occurring
adverse events (AEs) were acne-like rash (61.11%), fever chills
(55.56%), nausea/vomiting (27.78%) and headache (16.67%).
All of the related AEs were mild and tolerated.

Single-dose pharmacokinetics of CMABO009. The mean
serum concentration-time curves of CMABO009 following a
dose of 100 mg/m?, 250 mg/m? and 400 mg/m? are shown
in Figure 1. Concentration-time curve for each patient at the
lowest dose group of 100 mg/m? is shown in Supplemental
Figure 5. CMABO009 was analyzed using a non-compartmen-
tal and a two-compartmental approach. The PK parameters
were summarized in Table 4A and B. The PK parameters after
non-compartmental and compartmental analysis were mostly

in good agreement, with the exception of 7, of the lowest
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Table 2. Subject characteristics at baseline (Mean + SD)

Single-dose phase

Characteristic 100 mg/m? 250 mg/m?
(n=3) (n=6)
el 58.00 55.00
Y (31.00-61.00) (48.00-57.00)
. 161.00 168.50
Height (cm) (145.00-170.00) (165.00-172.00)
) 54.00 67.50
Weight (kg) (37.00-58.00) (67.00-70.00)
1.55 1.75
2
BSA () (1.20-1.67) (1.70-1.80)
1.00 1.00
ECOG (1.00-2.00) (1.00-1.00)
Table 3. CMABO09-related toxicities
CTC Grade
N=18 Total no. %
| I} n-v events
Acne-like rash 10 1 0 1 61.1
Fever chills 6 4 0 10 55.6
Nausea/vomiting 5 0 0 5 27.8
Headache 3 0 0 3 16.7
Fatigue/malaise 1 0 0 1 5.6
Transaminase elevation 1 0 0 1 5.6
Paronychia 1 0 0 1 5.6
Nasal discharge 1 0 0 1 5.6

dose group. Following infusion of a single dose of CMABO009
at either 100 mg/m?* (n = 3), 250 mg/m? (n = 6) or 400 mg/m’
(n = 6), CMABO009 reached peak serum concentrations at
the end of the infusion and then declined slowly (Fig. 1).
Serum concentrations of CMABO009 reached trough lev-
els after 28 d for both of 250 mg/m? group and 400 mg/m?
group. The measurable trough concentration at 100 mg/m? dose
level appeared approximately 15 days after administration. Mean
AUC ranged from 2571.76 = 626.07 to 23666.02 + 3268.71 pg.h/
mL across the 100 to 400 mg/m? doses in a two-compartmen-
tal model (Table 4B) and from 2955.60 + 571.57 to 28177.37 +
5647.10 pg.h/mL in a non-compartmental model (Table 4A).
Mean C _increased in a dose dependent manner and AUC
showed a greater than dose-proportionate increase (Fig. 2A and B).
Mean terminal half-life (7, ) ranged from 77.15 + 13.96 to
86.25 £ 9.93 h across the 100 to 400 mg/m? doses in a two-com-
partmental model (Table 4B). In the non-compartmental model,
mean terminal half-life (7, ) ranged from 47.47 + 6.61 to 83.58
+ 15.86 h (Table 4A). A significant difference between the
100 mg/m? and 250 mg/m? groups (p = 0.00023, t test) was
observed in the non-compartmental model, but there was no
significant difference between the 250 mg/m? and 400 mg/m?
groups (p > 0.05, t test). The short half-life estimates at 100 mg/m?
doses in the non-compartmental model may have been due to the
lack of quantifiable concentrations in the terminal elimination
phase at the lower dose.
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Multiple-dose phase

400 mg/m? Group A Group B
(n=6) (n=7) (n=8)
55.50 57.00 54.00
(42.00-61.00) (48.00-61.00) (49.00-58.00)
173.00 165.00 171.00
(160.00-176.00) (152.00-172.00) (160.00-175.00)
63.50 67.00 66.50
(54.00-81.00) (46.00-71.00) (61.75-76.00)
1.75 1.74 1.76
(1.50-1.90) (1.40-1.81) (1.61-1.87)
1.00 1.00 1.00
(1.00-1.00) (1.00-2.00) (1.00-1.00)

Clearance as a function of dose is shown in Figure 2C.
The mean total body clearance based on body surface area for
CMABO009 was similar; the mean system clearance follow-
ing doses of 250 mg/m? and 400 mg/m? were 17.63 + 6.18 and
14.68 + 2.93 mL/h-m? (non-compartmental model), respectively.
There was no significant difference between these two dose levels
(p = 0.315, t test), but there was significant difference between
100 mg/m? and 250 mg/m? groups (p = 0.008, t test).

Mean estimates of the volume of distribution (V) based
on body surface area ranged from 2300.28, 2116.88 to
1745.34 mL/m? (non-compartmental model) across the dose
range (100, 250 and 400 mg/m?* CMABO009), indicating that
CMABO009 was confined primarily to the vascular system, which
was consistent with results for endogenous IgG.

Multiple-dose pharmacokinetics of CMAB009. The mean
serum concentration-time profiles of CMABO009 following
multiple intravenous (iv) infusions of group A, dosed with
250 mg/m? weekly and group B, initially dosed with 400 mg/m?,
then 250 mg/m? weekly, are shown in Figure 3. The PK param-
eters were summarized in Table 5A and B using a non-com-
partmental and a two-compartmental approach, respectively.
A concentration of 88.46 pg/mL appeared to approach the
estimated steady-state serum concentration after the fourth
dose (day 22) in group A patients and 106.77 pg/mL in group
B patients. The mean C and C  concentrations at steady-
state were 133.24 + 41.47 pg/mL and 43.67 + 21.58 pg/mL for
group A and 157.76 + 30.49 pg/mL and 55.77 + 15.51 pg/mL
for group B, respectively.

Human anti-chimeric antibody response. Serum samples
before each infusion and on day 8, 15 and 28 after the fourth
infusion were tested for development of human anti-chimeric
antibodies (HACAs) by antibody-bridge methods. A total of
105 serum samples obtained from 15 patients in the multiple-
dose study were analyzed for the presence of antibodies to
CMABO009. Only one of 15 (7%) of patients developed HACA
levels above baseline, showing low titers of anti-drug antibod-
ies (patient #3 in group A before the fourth dose and on days
8 and 15 after the fourth dose) that returned to baseline lev-
els 28 days after the fourth administration. The presence of
anti-CMABO009 anti-bodies was analyzed with the competitive
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Table 4A. Single dose pharmacokinetic parameters of CMAB009: non-compartmental analysis

Parameters (units)

100
K. (h) 0.015 + 0.002
T, (h) 4747 + 6.61
AUC, (ng-h/mL) 2939.01 + 569.47
AUC, _ (g.h/mL) 16.59 + 11.46
AUC, _ (ng.h/mL) 2955.60 + 571.57
AUC,, % 99.43 +0.35
MRT (h) 66.66 + 3.98
C//F (mL/h.m2) 34,81 +7.55
V,, (mL/m?) 2300.28 + 348.73

CMABO009 dose (mg/m?)
250 400
0.009 = 0.001 0.009 = 0.002
78.42 £6.23 83.58 £ 15.86
15525.30 + 4797.02 26615.95 + 4827.53
39.51 £23.46 1561.42 = 1294.44
15564.81 + 4812.12 28177.37 £ 5647.10
99.76 £ 0.10 94.80 £ 3.77
124.43 + 20.90 121.79 £ 22.24
17.63 £ 6.18 14.68 £ 2.93
2116.88 + 526.31 1745.34 + 258.95

Table 4B. Single dose pharmacokinetic parameters of CMAB009: two-compartmental analysis

Parameters (units)

100
K, (h) 0.009 + 0.002
T, e (D) 7715 + 13.96

AUC (g.h/ml) 2571.76 + 626.07

C//F (mL/h.m?) 40.65 + 10.92

V, (mL/ m?) 2749.034 + 363.56

inhibition assay and no neutralizing effect of serum was shown
in the bioassay.

Clinical responses. The study was not designed for evalua-
tion of clinical responses; the goals were to determine the safety
and explore PK characteristics of CMAB009 and to deter-
mine an appropriate treatment regimen for subsequent Phase 2
studies. Patients were nonetheless evaluated for therapeutic
response during the study. Fifteen of the 18 patients treated in
the extended-phase portion of the study were evaluated 28 days
after the multiple CMABOOQ9 infusions. Eight of the 15 assessable
patients (53.3%) achieved stable disease (SD) and were eligible
to receive additional doses of CMABO009 (five with colorectal
tumors and three with non-small cell lung cancer). Two patients
with colorectal tumors who were treated in the extension phase in
group A and B, respectively, exhibited a partial response (PR) to
therapy as defined by the response criteria described in Materials
and Methods. The presence of a continued response at 4 weeks
was confirmed by imaging studies. The two patients with partial
response had been diagnosed with liver metastasis of colon carci-
noma that included lesions at the right lobe. The patient (#5) in
group A had a PR for 7 months (Fig. 6A and B), and the patient
(#9) from group B had a PR for 4 months (Fig. 7A and B). Due
to their good response to date, they both received beneficence
weekly administration of CMABO009 for more than 20 weeks.

Discussion

In this Phase 1 clinical study, our goal was to investigate the
safety and PK parameters of CMABO0Q9 in Asian patients with
advanced chemotherapy-resistant epithelial malignancies and to
select a dose and schedule for additional Phase 2 studies. Safety
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CMABO009 dose (mg/m?)
250 400
0.009 = 0.001 0.008 = 0.001
79.79 £ 6.91 86.25+9.93
13124.59 + 3701.87 23666.02 + 3268.71
20.28 £7.71 1716 £ 2.23

2097.22 + 518.63 2176.37 £ 627.10

studies of cetuximab concluded the mAb is well-tolerated, but
just two of 111 patients in the cetuximab monotherapy group
were Asian.'? This study was conducted in Chinese patients and
the results showed that the CMABO09 treatment regimen we
tested was well-tolerated and no significant neutralizing anti-
chimeric antibodies were found. In this study, all planned
dose levels were administered without reaching the MTD and
there were no episodes of grade 3 or 4 AE. CMAB009 toxic-
ity seemed to be unrelated to dose levels or number of doses.
Previous studies of cetuximab reported that some patients expe-
rienced drug-related grade =3 toxicity, including rash, hyper-
sensitivity reaction, hyperkinesias and aseptic meningitis.'*'?
The lack of such AEs in this study may be due to the use of a
different expression system and final product formulation for
CMABO009. However, the number of dose groups and accumu-
lative dose levels, as well as the number of individuals per dose
level, limited the possibilities for evaluatation of CMAB009
toxicity, which should be evaluated in further Phase 2 and
Phase 3 studies.

In previous reports, PK parameters of cetuximab were ana-
lyzed by non-compartment model,'*"?
and two-compartment.'> However, a two-compartment model

one-compartment model"

has previously been shown to be the best to describe the phar-
macokinetics of IgGl mAbs."! In this study, CMABO009 was
analyzed using a non-compartment model and a two compart-
ment model. The PK parameters after non-compartmental and
compartmental analysis were in good agreement except 7, of
the lowest dose group. The short terminal half-life at 100 mg/m?
doses in the non-compartmental model may have been due to the
lack of quantifiable concentrations in the terminal elimination
phase at the lower dose.
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Both compartmental analysis and non-compartmental analy-
sis provided evidence that CMABO009 exhibited a non-linear
PK profile over the dose range of 100-400 mg/m?. According
to our data, as dose levels increased at a ratio of 1:2.5:4, the
C,.. and AUC__ increased at a ratio of 1:2.6:4.2 and 1:5.2:9.5,
respectively. The Cmax increased in a roughly dose-proportional
manner, but AUC  showed more than a dose-proportionate
increase. Dose-dependent relationships were observed for C/ at
lower doses, but these relationships were not observed at higher
doses. This phenomenon may mirror the early studies and sug-
gests that the receptor is saturated at the higher doses adminis-
tered to these patients. In previous studies,'"""? dose-dependent
antibody clearance was observed within the 20-100 mg/m? dose
range and complete saturation of drug clearance was achieved
at doses within 200-400 mg/m?. In our single-dose escalation
study, almost all PK parameters of the same dose level were
consistent with those of the previous studies of centuximab.'®!!
We therefore concluded that the expression system and formula-
tion did not affect the PK parameters of CMABO009.

Panitumumab and cetuximab both target EGFR and are
approved as treatments for metastatic colorectal cancer, but
panitumumab is a human IgG2 mAb, while cetuximab is a
chimeric IgG1 mAb. The products thus differ in their protein
sequence source and isotype, and these differences may result in
different bioactivities and different dose schedules for clinical
utilities. Interestingly, clinical data suggest that the two mAbs
have a similar nonlinear pharmacokinetic profile. Following a
single 1 h infusion the area under the concentration-time curve
(AUC) increased in a greater than dose-proportional man-
ner, and clearance of panitumumab decreased from 30.6 to
4.6 ml/kg/day as the dose increased from 0.75 to 9 mg/kg.
However, at doses above 2 mg/kg, the AUC of panitumumab
increased in an approximately dose-proportional manner.'®
The similar phenomenon of higher antibody doses resulting in
reduced plasma clearance further supported saturation of extra-
vascular clearance mechanisms at higher antibody doses. If this
were the case, for any EGF receptor targeting mAbs, complete
saturation of EGF receptor binding should be always accompa-
nied by saturation of the antibody’s systemic clearance.

The PK profile of CMABO009 following multiple iv infusions
was consistent with that of the single-dose phase. Mean 7', , values
of the drug support weekly dosing. When the two multiple-
dose groups were compared, group B tended to have a higher
trough level than those in group A. Furthermore, there was no
significant difference in the AEs between group B and group A.
So, a loading dose of 400 mg/m? and successive maintenance
dose of 250 mg/m? weekly is recommended in further clinical
trials.

This Phase 1 study was not designed for analysis of clinical
response to CMABO009, which probably would not be optimized
until optimal serum levels were achieved and all tumor receptors
were saturated. Nevertheless, the CMAB009 regimen admin-
istered in this study was associated with frequent stabilization
of tumors, and tumor regression was observed in two patients
with colorectal tumors. This has shown a promising prospect for
tumor treatment and further clinical trials are warranted.
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Figure 2. (A) Peak serum concentrations (C__, pg/mL) as a function of
CMABO009 doses ranging from 100-400 mg/m? (n = 15). A, individuals;
A, mean. (B) Area under the serum-concentration time curve

(AUC, _, pgh/mL) as a function of CMAB009 doses ranging from 100~
400 mg/m? (n = 15). A, individuals; A, mean. (C) Total body clearance
based on body surface area as a function of CMAB009 doses ranging
from 100-400 mg/m? (n = 15). A, individuals; A, mean.
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Figure 3. Mean concentration-time curve of CMABOOQ9 after multiple-
dose intravenous infusion of group A (B, n = 7) and group B (®, n = 8).
Data are expressed as mean =+ SD.

Observations were made with respect to the correlation
of response with CMABO009 trough levels. Evaluation of
CMABO009 trough levels and response revealed (Fig. 4), on
average, patients with PR/SD response tended to have a higher
trough level than those with progressive disease (PD), but the
results were without statistical significance. Mean trough con-
centrations of CMABO009 were based on last-observation, sug-
gesting that the trough level remained the same for individuals
who withdrew from the study due to PD. Unexpected findings
were most likely due to factors such as the limited numbers
of evaluable patients and limited dosing regimen. Numerous
studies of cetuximab in patients with various types of cancer,

Table 5A. Multiple dose pharmacokinetic parameters of CMAB009:
non-compartmental analysis

Group Patient no. K, [C— (h) AUC (.g.h/mL)
1 0.0002 117.5 8195
3 0.009 73.7 12491.4
4 0.01 66.6 14695.1
5 0.007 97.6 10235.8
Group A 6 0.005 144.4 17344.8
7 0.005 154 18525.7
8 0.008 92.4 16665.3
Mean 0.007 106.6 14021.9
SD 0.002 33.5 3860
9 0.006 111.8 20437.3
10 0.007 100.4 13282.8
12 0.006 126 19749.6
13 0.007 93.6 15195.2
15 0.007 101.9 18265.3
e 16 0.008 86.6 16779.3
17 0.005 130.8 18685.3
18 0.006 115.5 13372.5
Mean 0.007 108.3 16970.9
SD 0.0009 15.5 2779.8
72 mAbs

including colorectal tumors, have demonstrated a correlation
between the incidence and severity of acne-like rash or skin reac-
tions and efficacy.'>"? In this study, we observed that eight of
11 patients who experienced grades 1-2 skin rash achieved either
an objective tumor response or a stable disease, and only three of
11 patients who experienced disease progression. On the other
hand, one of seven patients without occurrence of rash achieved
a tumor response, and six patients developed disease progres-
sion. It is of great interest to explore this point in detail, and we
will evaluate this trend in future clinical studies.

Our Phase 1 study demonstrated that administration of
CMABO009 was well-tolerated and the mAb exhibited non-linear
PK profiles over a 100-400 mg/m?* dose range. The serum con-
centration of CMABO009 reached estimated steady state. Based
on these findings, we recommended that CMABO009 should
be studied as a treatment for patients with epithelial tumors at
an initial dose of 400 mg/m? followed by maintenance doses of
250 mg/m? administered weekly. Pivotal Phase 2/3 clinical stud-
ies designed to evaluate the safety and efficacy of CMABO00Q9 in
more patients are ongoing.

Materials and Methods

CMABO009. CMABO009 has the same amino acid sequence as
cetuximab (C225, Erbitux; Merck KGaA). Cetuximab is pro-
duced in the NSO myeloma cell line, while CMABO009 is pro-
duced in CHO cells. CMABO009 is produced as a secreted protein
in large scale cultures grown in proprietary serum-free medium
under controlled conditions. After clarification, the concen-
trated broth was purified through a series of chromatographic
steps, vialed under asceptic conditions, and formulated as a

Table 5B. Multiple dose pharmacokinetic parameters of CMAB009:
two-compartmental analysis

Group Patient no. K, [CH— (h)  AUC (p.g.h/mL)

1 0.0002 82.36 18687.7

3 0.009 77.01 14768.4
4 0.010 68.36 16406.02

5 0.007 94.8 1572748

Group A 6 0.005 148.85 32430.11
7 0.005 150 37070.36

8 0.007 94.39 21604.26
Mean 0.006 102.25 22384.90

SD 0.003 33.54 8840.50

©) 0.0003 179.14 33055.41

10 0.007 101.97 20299.53

12 0.005 127.37 34302.27

13 0.007 94.48 21872.97

Group B 15 0.007 106.46 26910.9
16 0.008 86.63 23491.78

17 0.001 129.22 32570.19

18 0.001 126 21381.37

Mean 0.007 118.91 26735.55

SD 0.0009 29.12 5800.57
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pharmaceutical-grade product. The composition of CMAB009
and cetuximab are summarized in Supplemental Table 1.
Compared to cetuximab’s formulation, additional components

of CMABO009 were included to improve stability.

Patient eligibility criteria. Patients were eligible if they had
a histological or cytological diagnosis of advanced epithelial
malignancy, e.g., colorectal cancer, non-small-cell lung cancer
(NSCLC), squamous cell carcinoma of the head and neck
(SCCHN) and gastric and pancreatic cancer. Patients were
required to be between 18 and 65 years of age, with a life expec-
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tancy 23 months, Eastern Cooperative Oncology Group perfor- f P T T

mance of 0-2, white blood cell count >4,000/pl, hemoglobin
>10.0 g/dl, a platelet count >100,000 I, aspartate aminotrans-
ferase and alanine aminotransferase <1.25 times upper limit of
normal and total bilirubin <1.25 times upper limit of normal.
Women of childbearing potential were required to use an effec-
tive method of contraception. Written informed consents were

obtained from all patients before they were entered into
the study. Patients were excluded if they had a history
of hypersensitivity with similar mAb therapy, prior sur-
gery, chemotherapy or radiotherapy within four weeks
of enrollment (six weeks for nitrosourea, mitomycin), or
they also presented with severe internal disease.

The study was approved by the State Food and Drug
Administration of China (Clinical trial approval num-
ber: 2007L02499) and the ethics committee of Cancer
Institute and Hospital Chinese Academy of Medical
Sciences (Beijing, China). The study was then conducted
in the Cancer Hospital, Chinese Academy of Medical
Sciences in accordance with the revised Declaration of
Helsinki and Good Clinical Practice Requirements.

Study design. The study was designed as a single-center,
open-label clinical trial to investigate the tolerability and PK
properties of the test drug. This Phase 1 study had two phases
of treatment: an open-label, randomized, single-dose phase fol-
lowed by a weekly, multiple-dose safety and immunogenicity
extension phase (Fig. 5). Patients were randomly assigned to
receive one of three initial doses of CMABO009 ranging from
100, 250 and 400 mg/m? for the purpose of single-dose PK eval-
uations. Three patients were enrolled in the 100 mg/m? dose
group, six patients in the 250 mg/m? group and six patients in

the 400 mg/m? group.

Before and during the infusion, blood samples were drawn.
Before each CMABOOQ9 infusion, patients received an antihista-
mine as a preventive measure against hypersensitivity reactions
(HSRs). CMABO009 was administered as a 2 h infusion on day 1
followed by a 28-day washout period to allow for characteriza-
tion of PK end points over time. Starting on day 29, each patient
received continuous weekly administrations of CMAB009 as a
2 h infusion at a fixed maintenance dose of 250 mg/m? or an
initial dose of 400 mg/m? followed by maintenance dose of
250 mg/m? weekly for 4 weeks. Patients who were evaluated as
CR, PR or SD received beneficence medication until disease
progression or unacceptable toxicity. Serum samples for trough

CMABO009 concentration determinations were obtained.
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Figure 4. Trough levels of patients with PR/SD (a) versus PD (2),
where the lines represent the average trough levels based on last-
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v
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Figure 5. Study schema showing the administration of CMABOOQ9.

Maximum-tolerated dose (MTD) criteria were based on the
appearance of dose-limiting toxicity (DLT). DLT was defined as
grade 3 or 4 toxicity at least possibly associated with CMAB009.

Evaluation of toxicity and assessment of response. Adverse
events were graded in accordance with the National Cancer
Institute Common Toxicity Criteria version 2.0. At baseline, a
history, physical examination, electrocardiogram, multiple-gated
acquisition scan and laboratory tests, including a complete blood
count with differential, electrolytes, biochemistry and urinaly-
sis, were obtained. The latter was also repeated on day 8, 15 and

28 after medication administration for the single-dose study. In

RECIST criteria.?®

the multiple-dose part of the study, laboratory tests were collected
on day 7 and 21 after the initial dose. Imaging of involved can-
cer areas were conducted four weeks after the whole administra-
tion. During the beneficence period, both the laboratory tests
and imaging scans were performed every four weeks. Antitumor
response was evaluated by physical examination and imaging
pre-study and every four weeks until documented progressive dis-
ease (PD) or study withdrawal. Responses were defined by the

Sample collection for pharmacokinetics and immunogen-
icity assessments. Blood samples were taken for determination of
serum CMABO09 concentrations. In the single dose part of the

study, blood samples were drawn before administration, 0 and 1 h

mAbs
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Figure 6. CT images of a 64-year-old man (#5) with liver metastasis of
colon carcinoma before treatment with CMABOQ9 (arrow in A) and
7 months later showing continuous marked response (arrow in B).

after the infusion began and 0, 1, 3, 6, 12 and 24 h after the
infusion ended; blood samples were also drawn 2, 3, 4, 8, 15
and 28 days after the infusion ended. In the multiple dose part of
the study, blood samples for drug concentration detection were
obtained before and immediately after every infusion and addi-
tional blood samples were collected at day 1, 2 and 4 after the
first infusion, at 1, 3, 6, 12, 24 h and 2, 3, 4, 8, 15, 28 days after
the last infusion. For each sample, serum was harvested by means
of centrifugation (10,000 rpm, 10 min) from about 2 mL whole
blood and stored for analysis at -20°C.

CMABO009 serum level assay. Serum levels of CMAB009
were tested using competition assays by flow cytometric analysis,
which was performed on a FACScan (Becton Dickinson). The
EGFR-positive A431 cells were incubated with a subsaturation
concentration of fluorescein isothiocyanate-labeled antibody and
serial dilutions of the competitive unlabeled antibody. The mix-
ture was brought to a final incubation volume of PBS containing
1% neonatal bovine serum (NBS). Competition among antibod-
ies for binding to A431 cells was assayed by flow cytometry, then
quantification of the unlabeled antibody. CMABO009 serum con-
centration in each sample was calculated through the standard
curve. The following equation established from a for parameter
logistic model was used as follows:

74 mADbs

Figure 7. CT images of a 54-year-old man (#9) with liver metastasis of
colon carcinoma before treatment with CMABOO9 (arrow in A) and
4 months later showing continuous marked response (arrow in B).

Y=(A,- A1+ (XIX)"] + A, (1)

where X represents the concentration of CMABO009 in the
samples, Y represents the geometric mean of the fluorescence
intensity (FI), P represents the slope of the logit-log plot, the FI
reduction rate followed by the concentration, X represents the
half-maximal effective concentration (EC, ) and 4, and 4, were
the maximal and minimal fluorescence intensity, respectively.
The calculated value of each sample was required to be within
the range of the standard curve.

To determine anti-drug antibody in the serum samples, the
antibody-bridge method was used. When the samples were
positive, neutralizing anti-drug antibody would subsequently be
detected by competitive enzyme-linked immunosorbent assay
(ELISA) method.

Data analysis. The PK parameters were determined by non-
compartmental analysis using the DAS 2.1 software (Wannan
Medical College, WuHu, China) and by two-compartmental
analysis, using the Practical Pharmacokinetics Program 3p97
(Version 97; Chinese Pharmacological Association, Beijing,
China). Terminal elimination half-life (7},), elimination rate
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constant (K), mean residence time (MRT), clearance rate
(Cl) and apparent volumes of distribution (V) were obtained
through these software programs. The area under the concen-
tration-time curve (AUC) was calculated using the statistic
moment theory.

AUC,,

= Clk,

(2)
C, is the concentration gained from the last time point.

AUC

(0-9)

=AUC,, +AUC_. (3)

0-t)

Maximum serum concentration values (C ) and the corre-
sponding time (7 ) were defined as observed. Continuous data
were presented as mean = SD, median or range and categorical
data were presented as counts or percentage. The serum concen-
trations of CMAB009 were summarized for patients belonging
to the same dose group at each time-point.

Statistical methods. Descriptive analyses on patient char-
acteristics, toxicities and responses have been performed.
Demographic data, consisting of gender, age, weight, BSA,
ECOG were summarized using descriptive statistics. Statistical
analysis was performed with a standard computerized statistical

program, SPSS 13.0 for Windows software (SPSS, Inc., Chicago,
IL). All grouped data were expressed as means = SD. For data
among at least three groups, analysis of variance (ANOVA) was
applied to test differences of data on normal distribution and the
Kruskal-Wallis test (K-W H test) was used when the data were
not normally distributed. For a difference between two groups,
the t-test was employed when the data were of normal distri-
bution and variance was homogenous; otherwise, the Wilcoxon
test was used. Shapiro-Wilks W test is used for assessing normal-
ity. We evaluated the homogeneity of variance by Levene’s test.
The p value <0.05 was considered statistically significant.
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