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Abstract
This study aimed to evaluate the pharmacokinetics (PKs), safety, and immuno-
genicity of the biosimilar (RD12014) compared to reference liraglutide (Victoza) 
in healthy Chinese male subjects, so as to provide the basis for the similarity eval-
uation of the two drugs. Eligible subjects were randomized 1:1 to two sequences 
(RD12014-Victoza or Victoza-RD12014). Subjects received a single 0.6 mg dose of 
Victoza or RD12014 by abdominal subcutaneous injection during the first period. 
After a 7-day washout period, subjects received the alternative drug during the 
second period. Blood samples were collected at predefined timepoints for PKs 
and immunogenicity assessment. The primary PK end points were maximum 
plasma concentration (Cmax) and area under the concentration-time curve from 
time zero to the time of the last quantifiable concentration (AUC0−last). PK bio-
equivalence was achieved, if the 90% confidence intervals (CIs) of the geometric 
mean ratio (GMR) of Cmax and AUC0−last were within the range of 80.00–125.00%. 
Safety was assessed throughout the study. The 90% CIs of the GMR of RD12014 
to Victoza for Cmax and AUC0−last were completely within the range of 80.00–
125.00%. Thirteen treatment-related adverse events (TRAEs) were reported in 
11 subjects (22.4%) in the RD12014 group, compared to 12 TRAEs reported in 
12 subjects (24.5%) in the Victoza group. The blood samples of 49 subjects were 
negative for anti-drug antibody and the neutralizing antibody was not further 
detected. This study demonstrated PK similarity of RD12014 to Victoza in healthy 
Chinese male subjects. Safety and immunogenicity profiles were comparable be-
tween the two groups.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disease 
characterized by hyperglycemia caused by insulin secre-
tion deficiency and insulin resistance. The global dia-
betes map (2021) released by the International Diabetes 
Federation (IDF) shows that about 537 million (10.5%) of 
adults aged 20–79 years worldwide are diabetic.1 Type 2 
DM (T2DM) accounts for ~90% of all cases of diabetes and 
its prevalence is increasing yearly. T2DM increases the 
risk of cardiovascular disorders, blindness, renal failure, 
amputation, cognitive decline, cancer, and cognitive de-
cline. There are some deficiencies in traditional antidia-
betic drugs, such as insulin and sulfonylurea, which may 
cause hypoglycemia. Therefore, it is necessary to develop 
new drugs of new mechanisms with a good efficacy and 
low side effects to effectively control the blood sugar of 
patients so as to reduce the occurrence of complications.

Glucagon-like peptide-1 (GLP-1), an incretin hor-
mone,2 is known to lower glucose levels, suppress glu-
cagon secretion, protect pancreatic beta-Cells,3 decrease 
gastric emptying,4 and increase reduction in bodyweight.5 
These properties make GLP-1 an ideal target in treating 
T2DM. But endogenous GLP-1 has a very short elimina-
tion half-life (<1.5  min after intravenous) due to rapid 
degradation by dipeptidyl peptidase IV (DPP-IV) and neu-
tral endopeptidase (NEP), so native GLP-1 is not a prac-
tical option for treatment and it is necessary to develop 
GLP-1 analogue with a longer half-life.

Liraglutide is an acylated GLP-1 analogue with 97% 
amino acid homology with human GLP-1 and greatly 

protracted action.6 It can stimulate insulin secretion 
and reduce excessive glucagon secretion in a glucose 
concentration-dependent mode. It is widely used for the 
treatment of T2DM, and administered by subcutaneous 
injection once daily.7 The mechanism of prolonging the 
action time includes: self-association in the pharmaceuti-
cal solution; binding to albumin; high enzyme stability for 
DPP-IV and NEP.8

Liraglutide (Victoza) was approved as an adjunct ther-
apy to diet and exercise for treatment of T2DM in adults 
by the European Medicines Agency in 2009 and by the US 
Food and Drug Administration (FDA) in 2010. In addition, 
Victoza has been approved to prevent cardiovascular events 
in adults with T2DM by the FDA in 2017 and China in 
2020. Despite the significant improvement in the treatment 
of T2DM in recent years, the high cost of biotherapy lim-
its the treatment of patients. New biosimilar products with 
low cost can overcome cost barriers to a certain extent and 
improve their use worldwide. Several liraglutide biosimi-
lars are still in clinical trials. Some of them are in phase I 
(www.china​drugt​rials.org.cn, register number: CTR20202 
001, CTR20210493, CTR20210968, and CTR20211463; 
https://clini​caltr​ials.gov, register number: NCT05029076) 
or phase III clinical trials (www.chinadrugtrials.org.cn, reg-
ister number: CTR20192168, CTR20190791, CTR20200348, 
CTR 20200400, CTR20201453, CTR20210173, and 
CTR20211086). But there are no liraglutide biosimilar 
products in the Chinese market so far. These proposed li-
raglutide biosimilars are mainly intended for the treatment 
of T2DM Mai et al.9 However, there are few published liter-
atures available at present.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
RD12014, the biosimilar to liraglutide (Victoza), is indicated for the treatment 
of type 2 diabetes mellitus (T2DM), and is to be administered by subcutaneous 
injection once daily. At the time of this study, RD12014 was not approved for the 
treatment of T2DM in China, and there are no liraglutide biosimilar products in 
the Chinese market.
WHAT QUESTION DID THIS STUDY ADDRESS?
The primary objective of this phase I study was to evaluate the pharmacokinetic 
(PK) similarity between RD12014 and reference liraglutide (Victoza), and the sec-
ondary objective was to assess the similarity of safety and immunogenicity.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This study indicated PK similarity of RD12014 to Victoza in healthy Chinese male 
subjects. The safety of the two drugs was good and similar. Neither of the two 
drugs showed immunogenicity.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Findings from this investigation were used to support a new drug application in 
China.

http://www.chinadrugtrials.org.cn
https://clinicaltrials.gov
http://www.chinadrugtrials.org.cn
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According to the biosimilar guidelines from relevant 
regulatory agencies, biosimilars are therapeutic biolog-
ical products that are similar in quality, safety, and effi-
cacy to approved reference biological drugs.10–14 Based on 
Victoza (Nordisk Pharmaceutical, Denmark) as the refer-
ence drug, RD12014 was independently developed as the 
biosimilar to Victoza by Sunshine Lake Pharma Co., Ltd. 
(Guangdong, China). The preparation systems of the two 
drugs were different: the original expression system was 
saccharomyces cerevisiae; the self-developed was E.  coli. 
Preclinical studies had confirmed that RD12014 was sim-
ilar to Victoza in pharmacodynamics (PDs), pharmacoki-
netics (PKs), and toxicology.

According to an additional directive guidance for lira-
glutide biosimilars by China National Medical Products 
Administration (NMPA) recently and current global reg-
ulatory guidelines on biosimilars,10–16 further clinical 
comparative studies could be designed to investigate the 
similarity of PKs, safety, and immunogenicity between 
RD12014 and Victoza in healthy subjects.

SUBJECTS AND METHODS

Subjects

Subjects who met all of the following inclusion criteria 
were eligible for this trial: each subject was required to 
provide a written informed consent at the beginning 
of screening; body mass index from 19 to 26 kg/m2 and 
weight greater than or equal to 50 kg; healthy male sub-
jects aged 18–45 years; healthy subjects must not have 
any clinically significant abnormalities in vital signs, 
physical examinations, chest radiography, abdominal 
B-scan ultrasonography, 12-lead electrocardiograms 
(ECGs), and clinical laboratory tests during the screen-
ing period; had no history of respiratory, circulatory, 
digestive, urinary, blood, endocrine, nervous system 
diseases, and metabolic abnormalities with clinical 
significance.

Subjects were excluded if they met the following exclu-
sion criteria: taking any prescription drug, Chinese herbal 
medicine, over-the-counter drug, and health product (ex-
cept routine vitamin supplements) within 2 weeks before 
the first administration; previously received liraglutide or 
any other GLP-1 analogue; blood donation greater than 
400 ml within 3  months before the first administration; 
hepatitis B surface antigen, hepatitis C virus antibody, 
human immunodeficiency virus (HIV) antibody, trepo-
nema pallidum antibody, or anti-liraglutide antibody were 
positive; drug allergy or specific allergic diseases (asthma 
and urticaria), or known allergy to test drugs or their 
excipients; had a history or family history of medullary 

thyroid cancer or multiple endocrine neoplasia type 2; ge-
netic diseases that are easy to induce medullary thyroid 
cancer; any drug abuse before screening; positive for urine 
drug screening test; more than 10 cigarettes per day within 
3 months before the first administration; alcoholics or reg-
ular drinkers within 3 months before the first administra-
tion, or positive alcohol breath test.

The study was registered on https://clini​caltr​ials.gov 
(register no: NCT05294536). The study protocol was in ac-
cordance with Good Clinical Practice guidelines, the prin-
ciples in the Declaration of Helsinki,17 and was approved 
by the Ethics Committee of Shanghai Xuhui Central 
Hospital. Written informed consents were obtained from 
all subjects before any study-related procedures were 
performed.

Study drug

The test drug was RD12014 (batch number: L01201910001), 
the specification was 3  ml: 18 mg (refill), provided by 
Sunshine Lake Pharma Co., Ltd. (Guangdong, China). 
The reference drug Victoza (Nordisk Pharmaceutical, 
Denmark), batch number JVGT863-1, has been approved 
in China and the specification was 3 ml: 18 mg (pre-filled 
injection pen). Both RD12014 and Victoza used a single 
batch of drugs and stored below 30°C or in a refrigerated 
unit at 2–8°C avoiding freezing. The validity period after 
the first use is 1 month. Be sure to keep the pen cap on 
when not in use and protect it from sunlight. Each subject 
was administered subcutaneously in the abdomen once 
with RD12014 or Victoza®, and the dosage was 0.6 mg.

Study design

This was a randomized, open-label, two-period crossover 
study with single dose abdominal subcutaneous of lira-
glutide in healthy Chinese male subjects from June to 
July 2020, conducted in phase I Clinical Research Unit of 
Shanghai Xuhui Central Hospital (Shanghai, China).

Using block randomization, eligible subjects were 
randomized at a 1:1 ratio into two sequences (RD12014-
Victoza or Victoza-RD12014). The duration of the study 
was about 25 days, which was divided into three periods: 
the screening period (14 days), two administration periods 
(4 days, respectively), and a washout period between two 
administrations (7 days).

Screening was completed within 14 days prior to dos-
ing. On the day before administration (day-1), all eligible 
subjects entered the research center where they were pro-
vided uniform accommodation and a standardized diet, 
and were randomized 1:1 into two sequences. In the first 

https://clinicaltrials.gov
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period, subjects were administered a single abdominal 
subcutaneous injection of 0.6 mg RD12014 or Victoza at 
about 8:00 (± 1 h) AM on day 1, then collected PK blood 
samples for 0–72 h according to the timepoint specified in 
the scheme and completed the safety observation. After 
a 7-day washout period, another drug was cross adminis-
tered for the second period. The administration method, 
time, dose, and PK sampling timepoint of the two periods 
were consistent. The safety and immunogenicity specified 
in the protocol were assessed throughout the study.

Subjects were required to adhere to certain restrictions. 
Food was forbidden for greater than or equal to 10 h before 
dosing. All participants were requested to maintain a light 
and balanced diet. Smoking or diet containing alcohol, tea, 
coffee, grapefruit juice, chocolate, and coca cola were not 
allowed. Strenuous physical activities were avoided within 
24 h before administration and during the whole study. The 
subjects were under close medical monitoring during con-
finement to the center for a 72-h period after administration.

Pharmacokinetic assessment

Blood samples were drawn through a heparin-locked cath-
eter (B. Braun Co., Penang, Malaysia) containing 0.5 ml of 
0.4% heparin sodium. A total of 15 blood samples in a period 
were collected from each subject, with ~4 ml at each time-
point. Blood samples for PK assessment were collected at 
the following timepoints: predose (within 30 minutes before 
administration), and 2, 4, 6, 8, 9, 10, 11, 12, 13, 14, 24, 36, 48, 
and 72 h after administration. The collected blood samples 
were placed upright on the tube rack at room temperature, 
and the plasma was separated through centrifugation at 
1500 g for 10 min, aliquoted into two polypropylene tubes 
(detection tube: 0.8 ml; backup tube: the rest) and stored at 
−80°C within 1 h after centrifugation until further analysis. 
Analysis was performed by Shanghai Xihua Scientific Co., 
Ltd., using a validated liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) method. Following protein pre-
cipitation and solid phase extraction, the plasma superna-
tant produced was injected into the LC-MS/MS system to 
determine the concentration of liraglutide. The analysis was 
performed with an analytical column (Waters ACQUITY 
UPLC Peptide BEH C18, 50 × 2.1 mm, 1.7 μm) and a gradi-
ent elution consisting of mobile phase A (0.1% formic acid in 
100% water) and mobile phase B (0.1% formic acid in 100% 
acetonitrile). The flow rate was 0.6 ml/min, and the injec-
tion volume was 15 μl. The mass spectrometer was set at 
the mode of positive ion electrospray and multiple reaction 
monitoring.

Lower limit of quantification (LLOQ) was 0.5  ng/ml 
and the upper limit of quantitation was 80.0  ng/ml. All 
plasma concentrations of subjects with less than the LLOQ 

were recorded as below quantification limit (BQL). The 
intra-run and inter-run precision were less than or equal 
to 9.2% (percent coefficient of variation [CV%]), whereas 
the intra-run and inter-run accuracy were between −7.8% 
and 12.8%. The sensitivity and selectivity of this method 
were good, and the method is suitable for the analysis of 
liraglutide in plasma.

Immunogenicity assessment

Blood samples for anti-drug antibody (ADA) and neutral-
izing antibody (Nab) assessment were detected to evaluate 
immunogenicity with ~4 ml at each timepoint. During the 
screening period, only blood samples were collected to de-
tect ADA. The ADA and Nab were detected on day 1 (pre-
dose in the second period), day 4 (in the second period), 
and early withdrawal (≥7 days after the first dose). If ADA 
was positive, a further analysis was used to detect the Nab. 
The collected blood samples were placed at room temper-
ature for at least 30 min, then the plasma was separated 
through centrifugation at 1500 g for 10  min, aliquoted 
into two polypropylene tubes (detection tube: 1  ml; and 
the backup tube: the rest) and stored at −80°C until fur-
ther analysis. According to the current global regulatory 
guidelines of the biological sample analysis,18 a validated 
electro-chemiluminescence technology based on the veri-
fied Meso Scale Discovery (MSD) platform was used to 
qualitatively detect ADA in human serum. The analysis 
method consists of three parts: screening assay, confirma-
tion assay, and titration assay. ADA present in the sam-
ples were detected through formation of the complex of 
ADA and the labeled drug molecules. At first, the 1:10 
diluted samples were added to the master mix containing 
biotin-labeled and ruthenium-labeled RD12014, and then 
incubated on the dilution plate to make the bridging reac-
tion between the drug and antibody to form the bridging 
complex. After the reaction was completed, the samples 
were transferred to the MSD plate for incubation, and 
then the plate was washed to remove the unbound sub-
stance. At last, the plate buffer was added to the samples 
and the values on the MSD were read. The quantitative 
range of this method was 70–4000 ng/ml. The screening 
sensitivity of ADA in human serum was 56.70 ng/ml, the 
confirmation sensitivity was 73.65 ng/ml, and the sample 
volume was 20 μl.

Safety evaluation

Safety similarity was assessed primarily by comparing 
the type, frequency, timing, severity, and relevancy of ad-
verse events (AEs). Safety evaluations included clinical 
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laboratory tests (hematology, blood biochemistry, and uri-
nalysis), vital signs (blood pressure, pulse, respiratory fre-
quency, and body temperature), physical examinations, 
12-lead ECGs, and injection site reactions. After sitting 
for at least 5 min, vital signs were monitored within 1 h 
predose and at 2, 8, 12, 24, 48, 72 h postdose. The 12-lead 
ECGs were conducted on day −1 (first period), and day 4 
(both of the two periods). Clinical laboratory tests were 
performed at day 4 (both of the two periods). Physical ex-
aminations were performed at day 4 of the second period.

AEs, which were encoded using the Medical Dictionary 
for Regulatory Activities (MedDRA, version 23.0), were 
managed and recorded promptly by qualified investigators 
during the whole study. The severity was graded accord-
ing to the common terminology criteria for adverse events 
(CTCAE) version 5.0. Subjects with AEs were required to 
follow up until the symptoms or the corresponding phys-
ical and/or clinical examinations returned to normal or 
baseline. The prevalence of AEs was calculated by the 
number of subjects who experienced at least one AE di-
vided by the total number of subjects.

Statistical methods

Statistical analysis software SAS version 9.4 was used for 
statistical analysis. Based on previous studies in healthy 
volunteers, the CV of maximum plasma concentration 
(Cmax) is about 30%, which is higher than that of area 
under the concentration-time curve (AUC; about 22%), 
α = 0.05, 1-β = 80%, the 90% confidence interval (CI) of 
the geometric mean ratio (GMR) is 80.00–125.00%, thus 
the initial calculated sample size was 40. Assuming a 20% 
dropout rate, the final sample size of 50 subjects (25 per 
sequence) was planned. Charts are summarized in drug 
groups (RD12014/Victoza group) or sequences (RD12014-
Victoza/Victoza-RD12014). According to the administra-
tion group, the mean plasma concentration-time curve 
was drawn according to the blood collection time point 
and blood drug concentration (including average and in-
dividual), which was displayed on linear and semiloga-
rithmic scales.

Phoenix WinNonlin software (version 8.2) was used 
to calculate PK parameters using the noncompartmen-
tal analysis model. Plasma concentrations of BQL values 
were represented as zero if the samples were taken before 
the time to maximum plasma concentration (Tmax) and 
the missing value for samples taken after Tmax. The cal-
culated PK parameters based on the concentration data 
of each subject included: Cmax, Tmax, AUC0−last, AUC0−inf, 
elimination half-life time (t1/2), apparent total oral clear-
ance (CL/F), elimination rate constant (λz), and appar-
ent volume of distribution based on the terminal phase 

(Vd/F). AUC0−last and AUC0−inf were calculated using a 
linear trapezoidal rule method.

The primary PK end point parameters of this trial were 
Cmax and AUC0−last. The secondary PK end point parame-
ters included AUC0−inf, Tmax, t1/2, CL/F, Vd/F, and λz. The 
GMR and bilateral 90% CIs of the main PK parameters 
(Cmax and AUC0−last) of the test and the reference drug 
were calculated. PK bioequivalence was established, if 
the 90% CI of the GMR was completely within the range 
of 80.00–125.00%. Wilcoxon signed-rank test was car-
ried out for nonparametric analysis of Tmax. In the case 
where p > 0.05, it could be considered that the difference 
in Tmax between the two drug groups was not statistically 
significant.

Descriptive analysis was applied to summarize the de-
mographic and baseline data. Frequency and percentage 
were calculated to summarize categorical variables.

RESULTS

Demographics and disposition

A total of 167 subjects were screened in this trial, of which 
117 subjects failed. Fifty subjects were randomly 1:1 into 
two sequences (25 subjects in each group). Except for one 
subject (Victoza-RD12014 sequence) that withdrew before 
the first dose of study drug due to the unqualified blood 
pressure, all other subjects received study drugs as allo-
cated and were included in the PK and safety analysis. All 
subjects were men. The baseline characteristics of the sub-
jects were generally comparable between two sequences 
and summarized in Table 1.

Pharmacokinetics

Comparing the mean plasma concentration-time curves 
between RD12014 and Victoza, PK similarity was presented 
clearly (Figure  1). The mean values of PK parameters 
(including Cmax, AUC0−last, AUC0−inf, Tmax, t1/2, CL/F, 
Vd/F, and λz) were similar between the two groups (data 
are shown in Table 2). Based on the overall data analysis of 
all evaluable subjects, the PK parameter similarity analysis 
was carried out. As displayed in Table 3 and Figure 2, The 
GMR of the test to reference for Cmax and AUC0−last were 
112.07% and 111.52%, respectively. The 90% CIs of the GMR 
for Cmax and AUC0−last were 106.29–118.18% and 106.73–
116.53%, respectively, which were completely within the 
predefined equivalence margin of 80.00–125.00%, and the 
bioequivalence of these PK parameters was demonstrated. 
Additionally, the GMR value of AUC0−inf is almost equal 
to that of AUC0−last (AUC0−last/AUC0−inf ≈ 98%), therefore 
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90% CI of the GMR for AUC0−inf (106.37–115.57%) was also 
within the equivalence margin of 80.00–125.00%, which 
also support the bioequivalence.

Safety

The overall safety profiles for both RD12014 and Victoza 
were similar (Table 4). A total of 33 cases of AEs occurred 
in 24 subjects (49.0%) during the whole study: 14 AEs oc-
curred in 11 subjects (22.4%) in the RD12014 group; and 
19 AEs occurred in 16 subjects (32.7%) in the Victoza 
group. Of these, all 33 AEs were mild, and all had been 
resolved without medical intervention by the end of the 
study. There were no serious AEs or deaths that occurred 
during the study.

The most frequently reported AE was serum uric 
acid increase, experienced by three subjects (6.1%) in the 
RD12014 group. Serum uric acid increase, blood bilirubin 
increase, and blood triglyceride increase were the most 

frequently reported AEs in three subjects (6.1%), respec-
tively, in the Victoza group. A total of 21 subjects (42.9%) 
reported 25 TRAEs: 11 subjects (22.4%) with 13 TRAEs 
in the RD12014 group; and 12 subjects with 12 TRAEs 
(24.5%) in the Victoza group. The incidence of AEs in the 
RD12014 group (22.4%) was slightly lower compared with 
that in the Victoza group (32.7%), whereas TRAEs was 
more similar (22.4% vs. 24.5%) in the two groups. The com-
mon TRAEs (incidence ≥10%) in this study were serum 
uric acid increased (12.2%) and blood bilirubin increased 
(10.2%), the incidence of which were comparable in the 
two groups (6.1% vs. 6.1% and 4.1% vs. 6.1%). No major hy-
poglycemic episodes occurred during the trial. Only three 
had a slight decrease in fasting blood glucose of clinical 
laboratory tests with no symptomatics were reported in 
the three subjects. This study results indicated that GLP-1 
analogues reduce blood glucose in a glucose-dependent 
mode and may even reduce the risk of hypoglycemia. The 
12-lead ECGs and physical examinations showed no clini-
cally significant changes.

F I G U R E  1   Mean plasma concentration-time profiles of liraglutide after a single 0.6 mg subcutaneous administration of Victoza or 
RD12014. (a) Linear scale; (b) semilogarithmic scale. The error bars are SD.

Parameters

RD12014-Victoza Victoza-RD12014 Total

(n = 25) (n = 24) (n = 49)

Ethnics

Han, n (%) 24 (96.0) 24 (100) 48 (98.0)

Other, n (%) 1 (4.0) 0 (0) 1 (2.0)

Male, n (%) 25 (100) 25 (100) 49 (100)

Mean age (SD), years 27.7 (5.01) 26.2 (5.79) 26.9 (5.41)

Mean height (SD), cm 168.40 (5.845) 170.13 (5.005) 169.24 (5.463)

Mean weight (SD), kg 63.44 (6.874) 65.01 (7.012) 64.21 (6.915)

Mean BMI (SD), kg/m2 22.34 (1.882) 22.42 (1.600) 22.38 (1.732)

Abbreviations: BMI, body mass index; cm, centimeter; kg, kilogram; m, meter; SD, standard deviation.

T A B L E  1   Summary of the baseline 
characteristics of all subjects in the study
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Immunogenicity

All healthy subjects enrolled were negative for ADA before 
dosing. The blood samples of 49 subjects who completed 
the study were negative for ADA after dosing, and the Nab 
was not further detected.

DISCUSSION

The primary objective of this phase I study was to evaluate 
the PK similarity between RD12014 and reference liraglu-
tide (Victoza), and the secondary objective was to assess 
the similarity of safety and immunogenicity.

The assessment of bioequivalence needs to take a step-
wise approach, starting with in vitro studies (structural/
physicochemical and functional analysis) and proceed-
ing to in vivo animal (PKs, safety, and immunogenicity 

comparison) and clinical studies (PKs, safety, and efficacy 
assessment).10–14 The reference liraglutide (Victoza) has 
been approved for registration in China. According to the 
preclinical study of Victoza and previous Liraglutide PK 
studies,9,19–21 the PK comparative study of single admin-
istration and cross design was used to compare the drug 
exposure characteristics, and the design of the washout 
period was reasonable. According to the drug instruc-
tion, Victoza is dosed once daily using a prefilled pen. 
Treatment is initiated at 0.6 mg per day for 1 week. This 
initial dose is intended to reduce gastrointestinal symp-
toms. After 1 week, the dose is increased to 1.2 mg, and 
can be further increased to 1.8 mg based on glycemic con-
trol.6 In order to protect healthy subjects and meet the suf-
ficient exposure to accurately assess PKs, this study was 
designed to choose a relatively sensitive low-dose 0.6 mg 
abdominal subcutaneous injection in a unified injection 
site. To avoid more variation factors of PKs in this study, 

PK parameter 
arithmetic mean 
(SD) [CV%] RD12014 (n = 49) Victoza (n = 49)

Cmax (ng/ml) 42.11 (9.868) [23.43] 37.58 (9.025) [24.01]

AUC0−last (h*ng/ml) 1084.8130 (225.2798) [20.77] 967.8264 (183.0252) [18.91]

AUC0−inf (h*ng/ml) 1103.7647 (225.1409) [20.40] 990.1840 (181.6512) [18.35]

Tmax (h) 11 (8–14.017) 11 (8–24)

t1/2 (h) 9.8677 (1.2213) [12.38] 10.3209 (1.8196) [17.63]

CL/F (ml/h) 567.7798 (126.3296) [22.25] 626.3771 (116.5173) [18.60]

Vd/F (ml) 8060.3928 (1978.2818) [24.54] 9363.2055 (2624.9996) [28.04]

λz (1/h) 0.0713 (0.0090) [12.63] 0.0689 (0.0103) [14.94]

Note: Data are presented as arithmetic mean (SD) [CV%] except Tmax are presented as median 
(minimum-maximum).
Abbreviations: AUC0−last, area under the concentration-time curve from time 0 to the time of the last 
quantifiable concentration; AUC0−inf, area under the concentration-time curve from time 0 to infinity; 
CL/F, apparent total oral clearance; Cmax, maximum plasma concentration; h, hour; ml, milliliter; ng, 
nanogram; PK, pharmacokinetic; SD, standard deviation; t1/2, elimination half-life time; Tmax, time to 
maximum plasma concentration; Vd/F, apparent volume of distribution based on the terminal phase;  
λz, elimination rate constant.

T A B L E  2   Summary of PK parameters 
of RD12014 and Victoza

PK parameter 
geometric mean

GM

GMRa (%) 90% CI (%) CVw (%)RD12014 Victoza

Cmax (ng/ml) 41.00 36.58 112.07 (106.29, 118.18) 15.7

AUC0−last (h*ng/ml) 1061.06 951.44 111.52 (106.73, 116.53) 13.0

AUC0−inf (h*ng/ml) 1080.49 974.52 110.87 (106.37, 115.57) 12.3

Note: Bioequivalence was declared if the 90% CIs were within the range of 80.00–125.00%. Test group: 
RD12014; reference group: Victoza.
Abbreviations: AUC0−last, area under the concentration-time curve from time 0 to the time of the last 
quantifiable concentration; AUC0−inf, area under the concentration-time curve from time 0 to infinity;  
CI, confidence interval; Cmax, maximum plasma concentration; CVw, within-subject coefficient of 
variation; GM, geometric mean; GMR, geometric mean ratio; h, hour; ml, milliliter; ng, nanogram;  
PK, pharmacokinetic; SD, standard deviation.
aTest-to-reference ratio of geometric means.

T A B L E  3   Similarity analysis results of 
primary PK parameters
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F I G U R E  2   Box-plot comparing Cmax (a), AUC0−last (b) of RD12014 and Victoza. The bottom and top of the box represent the first 
and third quartiles, respectively, and the horizontal lines inside the box represent the median, and the ends of the extension line are the 
minimum and maximum, respectively. AUC0−last, area under the concentration-time curve from time 0 to the time of the last quantifiable 
concentration; Cmax, maximum plasma concentration.

MedDRA preferred term
RD12014 group 
(n = 49)

Victoza group 
(n = 49)

Total 
(n = 49)

Any AE 11 (22.4) 16 (32.7) 24 (49.0)

Number of events 14 19 33

Any TRAE 11 (22.4) 12 (24.5) 21 (42.9)

Number of events 13 12 25

Any SAE 0 0 0

AEs

Serum uric acid increased 3 (6.1) 3 (6.1) 6 (12.2)

Blood bilirubin increased 2 (4.1) 3 (6.1) 5 (10.2)

Blood triglyceride increaseda 1 (2.0) 3 (6.1) 4 (8.2)

Blood glucose decreased 1 (2.0) 2 (4.1) 3 (6.1)

Upper respiratory tract 
infectionb

0 (0) 2 (4.1) 2 (4.1)

Total bile acid increased 1 (2.0) 1 (2.0) 2 (4.1)

Conjugated bilirubin 
increased

2 (4.1) 0 (0) 2 (4.1)

Alanine aminotransferase 
increased

1 (2.0) 0 (0) 1 (2.0)

Neutrophil count increased 0 (0) 1 (2.0) 1 (2.0)

Aspartate aminotransferase 
increased

1 (2.0) 0 (0) 1 (2.0)

Vomita 0 (0) 1 (2.0) 1 (2.0)

Nauseaa 0 (0) 1 (2.0) 1 (2.0)

Diarrhea 1 (2.0) 0 (0) 1 (2.0)

Abdominal distention 1 (2.0) 0 (0) 1 (2.0)

Fever 0 (0) 1 (2.0) 1 (2.0)

Hematuriaa 0 (0) 1 (2.0) 1 (2.0)

Note: Data are presented as number of subjects (%).
Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious 
adverse event.
aAEs were not considered treatment-related.
bOne of the upper respiratory tract infections was not considered treatment-related.

T A B L E  4   Summary of TRAEs in the 
RD12014 and Victoza groups
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healthy subjects were selected as the most sensitive popu-
lation for the single-dose PK study.

For the PK similarity comparison of Cmax, AUC0−last, 
and AUC0−inf, 90% CIs of the GMR for the test to refer-
ence were completely within the predefined equivalence 
margin of 80.00–125.00%. These data indicated that the 
PKs of RD12014 and reference Victoza were equivalent in 
healthy Chinese male subjects.

In the original research instructions, the common 
adverse reactions of liraglutide during the clinical trial 
(phase III and after marketing) include nausea, diarrhea, 
vomiting, constipation, abdominal pain, abdominal dis-
tention, dyspepsia, hypoglycemia, upper respiratory tract 
infection, nasopharyngitis, headache, etc. The common 
adverse reactions in laboratory examinations are in-
creased lipase and amylase. A previous study reported 
that the most frequent AEs were of gastrointestinal origin 
after multiple Victoza administration in healthy Chinese 
male subjects, by Jiang et al.21 The most frequent AEs 
were hyperidrosis, dizziness, and malaise after a single 
proposed liraglutide biosimilar administration in healthy 
Chinese male subjects Mai et al.9 The safety was compa-
rable for both the two groups and it is basically consistent 
with the original research data. The incidence of gastro-
intestinal origin (mainly nausea, diarrhea, and abdomi-
nal pain) in this study was not high, possibly due to the 
low dose.9,21 However, the incidence of various clinical 
laboratory abnormalities in this study is high, but were 
mild and transient, and had recovered without any med-
ical treatment.

In this study, there was no difference in immunogenic-
ity between the two groups (no subject tested positive for 
ADA, and the Nab was not further detected). The results 
might indicate that the incidence of the positive ADA re-
sponse after a single dose was relatively low in the short 
term. However, in the subsequent clinical trials, the ob-
servation of long-term immunogenicity should be taken 
into account.

This study had some limitations. Only healthy male 
volunteers aged 18–45 years were selected in this study. 
However, male, female, elderly patients, and even adoles-
cents will use liraglutide to treat T2DM in clinical practice. 
Although no major hypoglycemic events occurred, finger-
stick blood glucose monitoring was not included in the 
safety assessment. Future research will continue to focus 
on gender and age factors and PDs on blood glucose and 
insulin.

In conclusion, the PKs, safety, and immunogenicity 
were similar between RD12014 and reference liraglutide 
(Victoza) in this study. In addition to the preclinical re-
sults, these results could support further clinical trials in 
patients, and provide an experimental support and data 
basis for clinical evaluation of biosimilars in China.
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