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Abstract

Purpose: To evaluate the toxicity of Erbitux as well as its biosimilar APZ001 antibody (APZ001) 
in pre-clinical animal models including mice, rabbits and cynomolgus monkeys. 
Methods: We performed analysis of normal behavior activity, autonomic and non-autonomic 
nervous functions, nervous-muscle functions, nervous excitability and sensorimotor functions 
on CD-1 mice. Subsequently, we studied that effects of APZ001 and Erbitux on respiratory 
system, cardiovascular system and kidney in Cynomolgus monkey models and performed 
local tolerance experiments on New Zealand rabbits. 
Results: The comparisons between APZ001 and Erbitux showed no significant differences 
in mice autonomic nervous system, nervous muscle functions, non-autonomic nervous 
functions, nervous excitability and sensorimotor functions between treated and untreated 
group (p>0.05). APZ001 and Erbitux showed negative effect on CD-1 mice in the present of 
pentobarbital sodium anesthesia (p>0.05). Single administrations of high, medium or low 
doses of APZ001 did not lead to monkey urine volume alterations (p>0.05). In human tissues, 
APZ001 and Erbitux showed positive signals in endocardium, lung type II alveolar epithelial 
cell and surrounding vessels, but showed negative results in kidney and liver tissues. No 
hemolysis phenomenon and serious side-effects in vessels and muscles were observed in 
rabbits when administrated with APZ001 and Erbitux respectively. 
Conclusion: The safety comparisons between APZ001 antibody and Erbitux showed that 
these two antibodies showed highly similarities in mice, rabbits and cynomolgus monkey 
animal models in consideration of pharmaceutical effects, indicating APZ001 might be a 
suitable substitute for Erbitux.
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models, indicating similar therapeutic effects 
compared to Erbitux. In the pharmacokinetic 
parameters assessment in Cynomolgus 
monkey, APZ001 and Erbitux showed identical 
results in PK, as well as in the toxicology and 
immunogenicity. In addition to previous data, 
we further studied the safety of APZ001 in 
mice, rabbits and Cynomolgus monkeys, and 
its comparison to Erbitux. 

 ■ Methods

Chemicals 

 Stable DAB Peroxidase Substrates 
(#54-11-00), Blocking Solution Concentrate 
for Immunohistochemistry (#71-00-10) and 
Streptavidin Peroxidase Labeled (#474-3000) 
were purchased from KPL. Non-specific 
human IgG was from Thermo Fisher company 
(#12000C). Haematoxylin (lot: 090721, Kelong 
Chemical Inc.). Pentobarbital sodium (lot: 
090205) was bought from the Sinopharm 
Chemical Reagent Co., Ltd (Beijing, China).

Animal experiment ethic and animal welfare 

 CD-1 mice were purchased from Beijing 
Vital River Laboratory Animal Technology Co., 
Ltd.. Experiments using CD-1 mouse were 
licensed by local Ethic Committee (animal use 
license No. SYXK (Guangdong): 2008-0003). 
 Mice were raised in PVC cage with 
25cm*15cm*15cm in size, with room 
temperature 20.1~23.7ºC and humidity 
63.0~69.8%, 12/12hrs dark and light alternation 
and 15 times/hr fresh air ventilation. After 
experiments, all living mice were sacrificed 
with cervical dislocation and dissected for 
overall examination. 
 The usage of Cynomolgus monkey 
was licensed by local ethic committee [No. 
SYXK (Guangdong) 2009-0099]. Cynomolgus 
monkeys and forage were purchased from 
Guangdong Landau Biotechnology Ltd. 

 ■ Introduction 

	 Biosimilar developments have stepped 
into an explosive era, accompanied with more 
and more innovator drug patents becoming 
expired. A vital factor to assess the biosimilar 
is regarded as the comparability to the original 
innovator drug. But how similarity is acceptable 
under current regulatory guidelines? The 
U.S. Food and Drug Administration defines 
biosimilarity as ‘‘the biological product that 
is highly similar to the reference product, 
notwithstanding minor differences in clinically 
inactive components’’ with ‘‘no clinically 
meaningful differences between the biological 
product and the reference product in terms of 
the safety, purity, and potency of the product’’. 
In addition to the above definition, although 
FDA accepts minor modifications or truncations 
at the NH2- and COOH-terminus, the completed 
same amino acid sequence with innovator drug 
is the basic criteria. Generally, pharmacological 
and toxicological comparability tests in vitro 
are required in FDA and EMA1. In China, PD 
and PK evaluation as well as consideration for 
a repeat dose toxicology study are required2.
 Erbitux (Cetuximab) is a genetically 
mouse-human chimeric IgG1 anti-EGFR 
monoclonal antibody (mAb), which is approved 
for the treatment of metastatic colorectal 
cancer and head and neck cancer. However, 
the expensive cost of Erbitux limited their 
clinical applications. To develop an economic 
therapeutic mAb for clinic use, we generated 
Erbitux biosimilar, an antibody named APZ001. 
APZ001 is manufactured under GMP standard 
conditions. According to regulatory criteria 
for biosimilar equivalent evaluation, we 
assessed the safety of Erbitux and APZ001 in 
CD-1 mice, rabbits and Cynomolgus monkeys. 
The assessments include autonomic activity 
behavior, nervous activity, acute allergy in 
tissues and vessels, organs side-effects and 
organs cross activity. Previously, we have 
showed the efficacy of APZ001 in xenograft mice 
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Two Cynomolgus monkeys were kept in a 
140cm*90cm*90cm stainless steel cage. 
Monkey feeding condition was setup as: room 
temperature 16.3~19.7ºC, 58.3~69.2% relative 
humidity, 8-10 times/hr fresh air change, and 
12/12hrs light-dark alteration. For anesthesia 
and euthanasia, Cynomolgus monkeys were 
firstly given ketamine hydrochloride 8mg/
kg (0.1ml/kg.bw) via muscle injection. 
Subsequently, monkeys were given 30mg/kg 
pentobarbital sodium (1.0 ml/kg, bw, i.v.). 
 The usage of New Zealand rabbits 
was approved by local ethic committee 
[license No. SYXK (Guangdong) 2008-0003]. 
Rabbits were provided by Animal Center of 
Guangdong Province (SPF grade). Rabbit was 
kept in 55 cm*37 cm*40 cm stainless steel 
cages individually. Animal room condition 
was setup as: room temperature 21.0~26.0ºC, 
humidity.34.1~66.5%, air refreshment 8-10 
times/hr, 12/12hrs dark and light (150~300Lx) 
alternation. Rabbits could freely access to 
drinking water and forage, which would be 
refreshed daily and cleaned. 

Cross-reactivity test 

 Different organ tissue sections of 
Cynomolgue monkey and human patients were 
examined via antibody cross-reactivity test by 
Immunohistochemistry (IHC) staining. Briefly, 
tissues were fixed using 4% formalin and 
waxed subsequently. Tissues were sectioned 
at 3μm per slice, followed by drying at 50ºC 
overnight. Sections were de-waxed by xylene 
and gradient ethanol. Sections were blocked 
by 2% BSA for 1 hr, before biotin-labeled 
antibody incubation overnight (1:10). Then the 
slices were washed with 1xPBS for four times. 
Streptavidin-HRP substrate (1:20) was applied 
as secondary antibody and DAB substrates 
were used to detect the signal. To reduce non-
specific binding, we generated biotin-labelled 
primary antibody, and used Streptavidin-HRP 
substrates to replace secondary antibody. 
Briefly, commercial anti-EGFR monoclonal 

antibody was used as positive control, and non-
specific human IgG in 1xPBS as negative control. 
Biotin-labelled APZ001, Erbitux or anti-EGFR 
antibody was applied (1:10), and Streptavidin-
HRP was used as secondary antibody (1:20). 
 Sections were observed under 
microscopy and recorded (Olympus, BX41, 
Japan). There sections included heart, liver, 
spleen, lung, kidney, ureter, stomach, pituitary 
body, renicapsule etc. Positive ranking standard 
was determined according to darkness of color. 
For example, light yellow was considered as 1+, 
brown yellow as 2+ and dark brown yellow as 
3+. Patients were diagnosed by more than two 
licensed pathologists.

CD-1 mouse behavior test

 CD-1 mice were divided into 5 groups, 
with 5 male and 5 female in each group, 
namely, ①negative control group, ② 120mg/
kg APZ001, ③ 38mg/kg APZ001, ④ 12mg/kg 
APZ001 and ⑤ 38mg/kg Erbitux group. We 
observed and recorded autonomic activities, 
autonomic nervous functions, non-autonomic 
nervous functions, nervous excitability, 
nervous-muscle functions, and sensorimotor 
functions. We recorded 15min, 0.5hrs, 1hr, 
2hrs, 4hrs data after drug administration. We 
also observed effects on hypnosis induced by 
subthreshold dose of pentobarbital sodium by 
the disappearance of righting reflex.

Urinary test

 In the urinary function experiment, 
Cynomolgus monkeys were grouped and 
administrated with 0.9% NaCl injection for 
negative control, and three doses of APZ001 
or Erbitux. In detail, monkeys were received 
120 mg/kg, 38 mg/kg and 12 mg/kg APZ001 
administration, which were 1.33, 0.41 and 0.13 
folds of human clinical dosage. Erbitux was 
applied using 38 mg/kg as positive control. 
Monkey urine was collected at two periods, 
0-6hrs and 6-24hrs post-drug treatments. Urine 
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Na+, K+ and Cl- concentrations were analyzed by 
a Chemistry Analyzer respectively.

Respiratory and cardiovascular alteration test

 30 Cynomolgus monkeys were equally 
divided into five groups, namely ① negative 
control, ② high dose APZ001, ③ medium 
dose of APZ001, ④ low dose APZ001 and 
⑤ clinical dose Erbitux. Monkeys were 
received 120 mg/kg, 38 mg/kg and 12 mg/kg 
APZ001 administration as described before. 
Erbitux concentration was set at 38 mg/kg as 
positive control, and 0.9% saline was applied 
as negative control. Before deep anesthesia 
maintaining by isoflurane (MIDMARK Matrx 
VME, USA), monkeys were given 80 mg/ml 
ketamine for induction. 16 channels electro-
physiolograph was used to record the data of 
blood pressures, cardiogram and breath. We 
collected data pre-/post-drug administration 
at different timepoints (5min, 10min, 30min, 
45min, 1hr, 2hrs, 3hrs and 5hrs). Heart function 
parameters included systolic pressure (SP), 
diastolic pressure (DP), mean pressure (MP), 
type II electrocardiogram and heart rate. Breath 
rate and breathing depth were also collected. 

Local tolerance and hemolytic experiment 

 Twenty four New Zealand rabbits were 
used for vascular stimulation and muscular 
stimulation tests, 12 for each experiment, 
equal male and female number. 
 In vascular stimulation test, left and 
right sides of rabbit ear was given tested drug 
and normal saline for comparison. Left body 
side were administrated Erbitux or APZ001 20 
mg/kg (injection volume: 4 ml/kg) with 3 ml/
min transfusion. Right side was given equal 
volume 0.9% normal saline as negative control 
simultaneously. For muscular stimulation test, 
left and right sides of rabbit quadriceps femoris 
was given tested drug and normal saline for 
comparison, administration volume was 1 
ml for each side for 3 times. Three rabbits in 

each group were analyzed 48hrs post- last time 
drug administration. Rabbits were sacrificed by 
bleeding to death after anaesthesia. 
 We observed and recorded if 
vasodilatation, swelling, dropsy and blood 
stasis were occurred in vessel of ear. Rabbit ear 
tissues were recorded in thickness and necrosis 
status. Rabbit muscles from injection side were 
sectioned for pathological analysis. We chose 
another 3 rabbits for hemolysis test. In the 
preparation of 2% red cell suspension, rabbit 
blood was centrifuged at 1620g for 10 min. 
Red cell pellets were resuspended and washed 
by 0.9% saline for 5times. When performing 
hemolysis test, different drugs were added 
into tubes and mixed with 2ml of red cell 
suspension buffer. Samples were incubated at 
37ºC for 3hrs. We observed every 15 min if red 
cell lysis occurred. 

Statistical analysis

 Student’s t-test or Mann-Whitney was 
performed for two samples comparison after 
F-test. Paired animal experiment was used t-test 
after variance equality test (F-test). P<0.05 was 
regarded as statistically significance in this 
study (***p<0.05, **p<0.01, ***p<0.001). All 
statistical analysis was performed using EXCEL 
software. 

 ■ Results

Effects of Erbitux and APZ001 on normal 
behavior, activity and nervous function in CD-1 
mice 

	 Mice that received 120 mg/kg, 38 mg/
kg and 12 mg/kg APZ001 administration, which 
are 1.33, 0.41 and 0.13 folds of human clinical 
dosage according to body surface calculation. 
We recorded the mice normal behavior, 
nervous excitability, autonomic and non-
autonomic nervous function, nervous-muscle 
function and coordination function. 
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 In mice behavior observation, various 
dose of APZ001 and Erbitux showed negative 
effects on CD-1 mice from timepoint 15min 
to 4hrs compared to negative group (p>0.05, 
Table 1, n=20 per group). The comparison 
between group 38 mg/kg APZ001 and group 38 
mg/kg Erbitux showed no significant difference 
(p>0.05, Table 1). In autonomic nervous system 
ranking and scoring, different doses of APZ001 
and Erbitux did not show significant alterations 
as well. Comparisons among APZ001 groups 
and Erbitux group were also remained negative 
(p>0.05, Table 2). In nervous muscle function 
evaluation, all drug-treated mice showed the 

same scoring level 5, indicating negative effects 
were caused by drug treatments (p>0.05, Table 
3). Additionally, the comparison between 
non-autonomic nervous functions (Table 4), 
nervous excitability (Table 5), and sensorimotor 
functions (Table 6) all showed non-significant 
differences (p>0.05). 
 Collectively, there were no obvious 
changes in between pre- and post- drug 
treated mice. No positive response mice were 
observed among different concentration 
groups (p>0.05). Both 120 mg/kg APZ001 and 
38 mg/kg Erbitux showed negative effects on 
CD-1 mice. 

Table 1 - Normal behavior scoring after drugs administration (  n=20). 

Group Dose
(mg/kg)

Positive 
case (pre)

Positive case (post)
15min 0.5h 1h 2h 4h

Negative control — 0 1 1 0 0 0
APZ001 (Low dose) 12 0 2 3 1 0 0
APZ001 (medium dose) 38 0 3 2 0 1 0
APZ001 (High dose) 120 0 2 2 2 0 0
Erbitux 38 0 0 0 0 0 0

*P<0.05 and **, P<0.01 compared with negative control group. 

Table 2 - Autonomic nervous scoring ( , n=10). 

Group Dose (mg/
kg)

Post administration
15min 30min 1h 2h 4h

Negative control - 8.10±0.32 8.10±0.32 8.00±0.00 8.10±0.32 8.20±0.42
APZ001 (Low dose) 12 8.10±0.32 8.50±0.53 8.10±0.32 8.10±0.32 8.20±0.42
APZ001 (medium dose) 38 8.20±0.63 8.40±0.52 8.20±0.42 8.10±0.32 8.10±0.32
APZ001 (High dose) 120 8.00±0.00 8.40±0.52 8.20±0.42 8.20±0.42 8.20±0.42
Erbitux 38 8.10±0.32 8.50±0.53 8.20±0.42 8.10±0.32 8.00±0.00

*P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 

Table 3 - Nervous muscle function scoring ( , n=10).

Group Dose 
(mg/kg)

Post administration
15min 30min 1h 2h 4h

Negative control - 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00
APZ001 (Low dose) 12 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00
APZ001 (medium dose) 38 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00
APZ001 (High dose) 120 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00
Erbitux 38 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00 5.00±0.00

*P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 



Comparative safety assessments of the biosimilar APZ001 and Erbitux in pre-clinical animal models 
Wang X et al.

Acta Cir Bras. 2018;33(8):690-702

695 

Table 4 - Drugs on CD-1 mice non-autonomic nervous function effect scoring ( , n=10).

Group Dose 
(mg/kg)

Post administration
15min 30min 1h 2h 4h

Negative control —— 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
APZ001 (Low dose) 12 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
APZ001 (medium dose) 38     2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
APZ001 (High dose) 120 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
Erbitux 38 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00

*P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 

Table 5 - Nervous excitability ( , n=10).

Group Dose (mg/
kg)

Post administration
15min 30min 1h 2h 4h

Negative control —— 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
APZ001 (Low dose) 12 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
APZ001 (medium dose) 38 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
APZ001 (High dose) 120 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
Erbitux 38 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00

*P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 

Table 6 - Sensorimotor function ( , n=10).

Group Dose (mg/
kg)

Post administration
15min 30min 1h 2h 4h

Negative control —— 7.00±0.00 7.00±0.00 7.10±0.32 7.00±0.00 7.00±0.00
APZ001 (Low dose) 12 7.00±0.00 7.60±1.90 7.10±0.32 7.10±0.32 7.00±0.00
APZ001 (medium dose) 38 7.00±0.00 7.00±0.00 7.20±0.42 7.20±0.42 7.00±0.00
APZ001 (High dose) 120 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
Erbitux 38 7.20±0.63 7.20±0.63 7.40±0.84 7.40±0.84 7.20±0.63

*P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 

Effect of subthreshold doses of pentobarbital 
sodium anesthesia in CD-1 mice

 In this experiment, mice were received 
high, medium and low doses of APZ001 and 
medium doses of Erbitux. 0.5hrs later, mice were 
given equal dosage of pentobarbital sodium 
(i.p.) for anesthesia. We recorded the anesthesia 
rates in the first 30min post-pentobarbital 

administration. Three mice of control group fall 
asleep, indicating 15% of anesthesia-induced 
asleep. The number of asleep mice were 3, 4, 
and 4 in high, medium and low APZ001 dose 
group, indicating 20% sleep rate (Table 7). 4 
mice fell asleep in Erbitux group, showing a 
20% sleep rate. All group comparisons were 
statistically insignificant (p>0.05). 

Table 7 - APZ001 and Erbitux on CD-1 mice aneasthesia  ( , n=10).
Group Dose (mg/kg) Animal (n) Sleep Sleep rate (%)

Negative control - 20 3 15
APZ001 (Low dose) 12 20 4 20
APZ001 (medium dose) 38 20 4 20
APZ001 (High dose)  120 20 3 15
Erbitux  38 20 4 20

*P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 
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Effects of APZ001 on respiratory system and 
cardiovascular system in Cynomolgus monkeys

 In the evaluation of drugs on 
Cynomolgus monkeys, we tested and recorded 
blood pressure, breath parameters and 
electrocardiogram alteration. Heart function 
parameters, including systolic and diastolic 
pressure, average pressure and heart rate, 
were recorded and compared. There were no 
significant differences between drug groups 
and negative control group in heart function. 
Various doses of APZ001 showed insignificant 
difference with Erbitux in heart rate (p>0.05; 

Tables 8 and 9) and pressure in pentobarbital 
induced aneasthesia (p>0.05; Table 8). In 
monkeys’ breath parameters analysis, breath 
rate and depth were recorded. No significant 
differences were observed between control 
group and drug-treated groups under 
aneasthesia (p>0.05, Tables 8 and 9). In 
electrocardiogram analysis, we compared 
PR interval, QT interval, duration of QRS, ST 
average voltage, T wave maximum voltage and 
adjusted QT interval (QTcF) independently. 
Results showed that none of the above markers 
malfunction were observed (p>0.05). 

Table 8 - High dose of APZ001 on cynomolgus monkey respiratory and cardiovascular ( , n=6).

Group Dose (mg/
kg)

Post administration
15min 30min 1h 2h 4h

Negative control —— 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
APZ001 (Low dose) 12 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
APZ001 (medium dose) 38 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
APZ001 (High dose) 120 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00
Erbitux 38 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00

*, P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 

Table 9 - Clinical Erbitux dosage on cynomolgus monkey respiratory and cardiovascular ( , n=6).

Group Dose (mg/
kg)

Post administration
15min 30min 1h 2h 4h

Negative control —— 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
APZ001 (Low dose) 12 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
APZ001 (medium dose) 38 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
APZ001 (High dose) 120 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
Erbitux 38 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00

*, P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 

Effects of APZ001 on urinary system in 
Cynomolgus monkey

 Another important biological marker 
is drug-related urinary volume alteration. We 
collected urine from timepoint 6hr to 24hr 
post-drug treatment. Medium APZ001 group 
showed higher Na+ concentration after drug 
treatment (*p<0.05), indicating APZ001 could 
increase urine secretion. High APZ001 group 
have higher Cl- concentration than control 

group (*p<0.05). However, other groups 
showed negative alteration in urine volume 
when compared with negative groups (p>0.05; 
Table 10). In monkey’s urine volume analysis, 
we collected monkey urine every hour. Single 
administration of high, medium and low dose 
of APZ001 did not cause monkey urine volume 
alteration (p>0.05, compared with control 
group; Table 10). The comparison between 
high dose APZ001 and medium Erbitux was 
also showed insignificant difference (p>0.05). 
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Table 10 - Drugs on monkey kidney function effect ( , n=6).

Group Dose (mg/
kg)

Post administration
15min 30min 1h 2h 4h

Negative control —— 7.00±0.00 7.00±0.00 7.10±0.32 7.00±0.00 7.00±0.00
APZ001 (Low dose) 12 7.00±0.00 7.60±1.90 7.10±0.32 7.10±0.32 7.00±0.00
APZ001 (medium dose) 38 7.00±0.00 7.00±0.00 7.20±0.42 7.20±0.42 7.00±0.00
APZ001 (High dose) 120 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00 7.00±0.00
Erbitux 38 7.20±0.63 7.20±0.63 7.40±0.84 7.40±0.84 7.20±0.63

*, P<0.05 and **, P<0.01 compared with negative control group. #, P≤0.05 and ##, P≤0.01 compared with negative control group. 

Cross-reactivity analysis between Cynomolgus 
monkeys and human tissues
 IHC staining results showed anti-
human-EGFR antibody have cross activity with 
cynomolgus monkey tissues (Table 11, scoring 
standard was mentioned in materials and 
methods part). 

Table 11 - APZ001 cross activity in monkey organs. 
Tissue Positive score
Endocardium 2+
Lung tunicle 1-2+
lung type II alveolar epithelial cell 0-1+
Liver tunicle 1+
Kindeny tunicle 0-1+
Muscle layer of ureter 1-2+
Ureter percreta 3+
Gastric submucosa and percreta 2-3+
Gastric connetive tissue  1-2+
Adrenal gland tunicle 2+
Thyroid follicular stroma 1-2+
Lymph nude tunicle 2+
Submucosa of bladder 1-2+
Submucous layer and percreta of colon层 2-3+
Eyeball retina 0-1+
Connective tissue of skin 2-3+
Tunicle of muscle 2-3+
Thymic stromal 1-2+
Mammary connective tissue 2-3+
Out layer of fallopian tube 1-2+
Placental villi connective tissue 2+
Tunicle of testis 1+
Spinal dura mater and pia mater 2-3+

 The comparison of positive staining 
in tissue between APZ001 and Erbitux was 
not significant (p>0.05). Positive APZ001 
and Erbitux groups staining were shown in 
endocardium, lung type II alveolar epithelial 
cell and surrounding vessels, liver tunicle and 
Kidney tunicle (Figure 1). we did not detect 
positive signal in following tissue sections, 
including cardiac muscle fibers, lung type II 
alveolar epithelial cell, liver parenchymal cell, 
spleen parenchymal cells, kidney parenchymal 
cells, pituitary body, adrenal essence, hyroid 
follicular epithelium, parathyroid glands, lymph 
node parenchyma, bladder mucosa epithelium, 
cerebellum, cerebral cortex, cornea and 
nervous, pancreas, skin dermis, muscle fibers, 
thymicparenchyma, mammary duct, uterus, 
oarium, oviduct epithelial cell, prostate, testis 
parenchyma, spinal cord parenchyma and 
bone marrow (IHC staining data not shown). 
In human tissues, APZ001 and Erbitux both 
showed positive signal in endocardium, lung 
typeⅡ alveolar epithelial cell and surrounding 
vessels, but showed negative staining results 
in kidney and liver tissues (Figure 2; Table 12). 
The following tissues exhibited weak positive 
signals, such muscle and percreta layer of 
ureter, gastric submucosa and percreta, 
adrenal gland tunicle, and thyroid follicular 
stroma (Table 12). 



 

Comparative safety assessments of the biosimilar APZ001 and Erbitux in pre-clinical animal models 
Wang X et al.

Acta Cir Bras. 2018;33(8):690-702

698

Figure 1 - Cross activity staining by IHC in Cynomolgus monkey organs of APZ001 and Erbitux. In heart, both 
APZ001 and Erbitux showed heart Endocardium positive staining, but negative in fibers. Lung type I alveolar 
epithelial cells and surrounding vessel were positive stained, while negative in type II alveolar epithelial cells. 
APZ001 group showed positive staining in liver tunicle, negative in liver parenchymal cells, as well as that 
Erbitux group. Kidney tunicle was positive stained by APZ001 and Erbitux, but negative in kidney parenchymal 
cells (all sections were observed in 100 fold magnification.

Figure 2 - Cross reactivity staining by IHC in human organs of APZ001 and Erbitux. Both APZ001 and Erbitux 
showed positive staining in heart endocardium, but negative in muscle fibers. Lung type I alveolar epithelial 
cells and surrounding vessel were positive stained, while type II alveolar epithelial cells showed negative 
staining. Both liver and kidney tissues were negative stained.
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Table 12 - APZ001 and Erbitux cross activity in human organs. 
Human tissues Erbitux APZ001
Endocardium, + +
lung type II alveolar epithelial cell and surrounding vessels, + +
Muscle and percreta layer of ureter, + +
Gastric submucosa and percreta, + +
Adrenal gland tunicle, + +
Thyroid follicular stroma + +
Lymph nude tunicle, + +
Submucosa of bladder + +
Submucous layer and percreta of colon + +
Eyeball retina + +
Connective tissue of skin + +
Tunicle of muscle + +
Mammary connective tissue + +
Out layer of fallopian tube + +
Placental villi connective tissue + +
Tunicle and seminiferous tubules of testis + +
Spinal dura mater and pia mater + +

Effects of APZ001 on vessel and muscle 
stimulation in New Zealand rabbits

 During the periods of drug 
administration and recovery, none abnormal 
reaction was observed. In perusal and 
microscopy observation of rabbit ear tissues 
where needles were injected, obvious 
pathological reaction and damage were not 
detected in injection spot at 48hrs and 14th day. 
Results suggested that both Erbitux and APZ001 
did not cause rabbit ear vessels acute allergic 
reaction. In hemolysis in vitro experiment, 
rabbit blood was incubated with 5 mg/ml 
Erbitux or APZ001. No hemolysis phenomenon 
was observed after 3hrs incubation in antibody 
treated tubes (data not shown). After 48hrs of 
single injection Erbitux or APZ001, three rabbits 
showed dark-red plaque reaction in perusal 
observation. In microscopic observation, the 
above spots exhibited muscle deconstruction, 
muscle fibers bumping and breaking. Muscle 
fiber gaps were enlarged and loosen, infiltrated 

with inflammatory white cells. In 14th days, 
the dark-red plaque disappeared in all rabbits 
in perusal. The microscopy results showed 
normal muscle fibers structure and integrated, 
indicating both Erbitux and APZ001 caused 
slight muscle acute reaction, and such reaction 
was reversible. 

 ■ Discussion

 In a GLP standard laboratory, we 
performed APZ001-treated normal behavior 
activity experiment in a CD-1 mice model. In 
this in vivo experiment, possible side-effects 
and un-predicable effects were analyzed, as 
well as the effects caused by innovator drug 
named Erbitux. These non-clinical experiments 
could provide scientific basis for clinical trials. 
Autonomic activity is one of the major markers 
which reflect the instinct activity. Compared 
to pre-drug treatment status, various doses 
of APZ001 and Erbitux decreased mice 
autonomic activity significantly (*p<0.05), but 
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the comparison among drug groups showed no 
differences (p>0.05). In addition, various doses 
of APZ001 and Erbitux were no difference 
on mice activity scoring, indicating negative 
effects of drug on autonomic activity. It was 
in accordance with peers’ study reports that 
Erbitux did not show vital side-effects on mice3-

5. In the assessment of autonomic nervous 
system function experiment, mice defecation, 
eyelids activity, pupillary light reflex and saliva 
secretion were recorded. We found that muscle 
rigidity was occasionally occurred in APZ001 
injected-, Erbitux treated-groups, as well as 
the negative control. We speculated that the 
muscle abnormal activity might be associated 
with functional nervous system in the 
present of overdue stimulation. Overall, after 
comparison of APZ001 with Erbitux, or drug 
groups with negative control group, we did not 
observe the significant difference. In clinical, 
occasionally muscle rigidity were observed, 
which could be recovered and released without 
sever outcome6. Collectively, we did not find 
the significant difference between various 
doses of APZ001 and negative control group, as 
well as between Erbitux and negative control. 
In the bioequivalence assessment, APZ001 
showed highly similarity with Erbitux in mice 
normal behavior activity and nervous system 
associated functions. 
 In the evaluation of drug-induced side-
effects on cynomolgus monkeys, we recorded 
and compared monkey cardiovascular 
functions, urinary system alterations, tissue 
cross activities and acute allergy reactions. In 
single injection of Erbitux, the pharmacokinetics 
was similar to the present study, which was 
also applied as a biosimilar on monkeys7. In 
the dosages ranging from 7.5 to 75 mg/kg in 
rhesus monkeys studies, Erbitux injection did 
not cause severe side-effects7,8. As reported by 
researches on Erbitux or its biosimilars, they 
reported that Erbitux did not cause vital organs 
pathological alterations, except rarely reported 

heart associated heart failure and increased 
heart beating rate9.
 In species cross activity analysis, heart 
endocardium, lung type II alveolar epithelial 
cell and surrounding vessels showed moderate 
positive staining of EGFR expression, but not 
in cardiac muscle fibers, indicating potential 
crossing binding APZ001 or anti-EGFR mAb 
drugs on heart endocardium cells and lung 
epithelial cells. Heart side-effects caused 
by Erbitux were reported10-12 recently. They 
reported that patients might suffer from heart 
rate increase, sense of suppression in the chest, 
breathe hard and fatigue susceptibility, and 
even heart failure10. Overbeek et al.11 reported 
that Erbitux exposure was 1.72 fold OR (1.10-
2.69) associated with increased heart failure 
risk. One patient died of heart failure during 
the chemotherapy plus Erbitux in 128 patients 
cohort12. Collectively, in the assessment of 
Erbitux and APZ001 in pre-clinical and clinical 
trials, we concluded that these clinical side-
effects were associated with tissue expression 
of EGFR and its subsequent signal transductions 
and biological reaction individually. Therefore, 
we should monitor patients more frequently 
who have basic diseases of cardiovascular or 
lung, if the patients want to use Erbitux or its 
biosimilar. 
 Hypersensitivity reactions (HSR) and 
infusion reactions (IRs) could be defined as 
allergy associated with vessels and surrounding 
tissues. In clinical application of Erbitux, 
allergy was reported by many researchers13,14. 
However, vessel high grade sever reaction on 
skin or surrounding vessels indicated more 
benefits from Erbitux therapeutics against 
cancers15,16. Researches suggested that we 
should particularly observe closely during 
their first infusion, specially, if patient has 
allergy history14. In the current experiments 
on Cynomolgus monkeys, we found such skin 
allergy reaction on the injection spots, or in 
muscle tissues. In rabbit vessel allergy reaction, 
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muscle fiber gaps were enlarged and loosen, 
infiltrated with inflammatory white cells. 
However, muscle hyperplasia and oedema cases 
were rarely reported in clinical use of Erbitux, 
except a report from treatment of Ménétrier’s 
disease that muscle side-effect was observed6. 
As reported conclusions by researchers on 
allergy induced by Erbitux medication, we also 
concluded that doctor should monitor patient’s 
HSR and IRs, if patients received APZ001 for 
cancer therapeutics.

 ■ Conclusions

 Safety assessment and bioequivalence 
of APZ001 antibody with Erbitux showed 
that these two antibodies were showed 
highly similar pharmaceutical effects in mice, 
rabbits and cynomolgus monkeys. No severe 
symptoms and side effects were observed in 
tested animals, suggesting indicating APZ001 
might be a suitable substitute for further 
therapeutic applications.
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