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Introduction: Hyperuricemia is a disease with abnormal purine metabolism, which leads to the increase of urate concentration. It is 
an independent risk factor for the occurrence and development of metabolic syndrome, type 2 diabetes, hypertension, cardiovascular 
disease, chronic kidney disease, and gout. The enzyme urate oxidase can metabolize urate to allantoin, resulting in decreased urate 
concentrations. Pegylated the urate oxidase can extend half-life and decrease immunogenicity of the protein. This trial aims to evaluate 
the safety, tolerability, pharmacokinetics(PK), pharmacodynamics(PD) and immunogenicity of a new intravenous PEGylated urate 
oxidase produced by Xiuzheng Bio-Medicine Research Institute Co., Ltd.
Methods and Analysis: A randomized, double-blind, placebo-controlled, phase I, dose escalation study will be conducted in China. 
In total, 56 subjects will be enrolled in the study, with 24 healthy subjects in the low dose-escalation stage and 32 patients with 
hyperuricemia in the high dose-escalation stage. There is a bridging between the two stages. Subjects are randomized to PEGylated 
urate oxidase or the placebo in a 3:1 ratio in each group and followed up for 71 days observation. The primary outcomes include PK, 
PD, tolerability; the secondary outcomes include safety and immunogenicity.
Ethics and Dissemination: The trial is performed abiding by the Declaration of Helsinki, Good clinical practice (GCP) and the 
guidelines of China National Medical Products Administration (NMPA). Relevant documents, including protocol, informed consent 
and drug inspection report, are all approved independently by the Medical Ethics Committee of the Affiliated Hospital of Qingdao 
University. The first subject was enrolled on January 17, 2022.
Trial Registration: Clinicaltrials, NCT05226013 (Registered April 2, 2022, Retrospectively registered). ChinaDrugTrials, 
CTR20211801(Registered July 27, 2021).
Keywords: PEGylated urate oxidase, healthy volunteers, patients with hyperuricemia, study protocol

Introduction
Hyperuricemia is a disease with abnormal purine metabolism which is closely related to metabolic syndrome, type 2 
diabetes, hypertension, cardiovascular disease, chronic kidney disease, gout, etc.1 The current clinical applications of uric 
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acid lowering drugs mainly include drugs that inhibit uric acid production and drugs that promote uric acid excretion.2 

Unfortunately, a proportion of patients with hyperuricemia or gout are very difficult to treat, and therapeutic options for 
them are limited.3

Urate oxidase can oxidize uric acid to allantoin, making it easier to be discharged from the body. Humans lack active 
urate oxidase, so uric acid is the final product of purine metabolism.4 Pegloticase, a recombinant pegylated uricase, has 
been approved by the US Food and Drug Administration for the treatment of refractory gout. Currently, only 
KRYSTEEXXA® is listed for PEGylated urate oxidase which has not yet been imported and registered in China, and 
there are no similar formulations available for sale in China.

In this study, we aim to evaluate the safety, tolerance and immunogenicity of PEGylated Urate Oxidase for injection 
in healthy subjects and hyperuricemia patients.

Methods and Analysis
Study Design
This study is a randomized, double-blind, single center, placebo-controlled, Phase I clinical study conducted in Chinese 
healthy adults and patients with hyperuricemia to observe the tolerance, PK/PD characteristics, safety and immunogeni-
city of PEGylated urate oxidase administered by single intravenous injection. A total of 54 subjects will be enrolled in 
this study, including 24 healthy subjects and 32 patients with hyperuricemia. They are divided into six dose groups, the 
low dose groups (0.5mg, 1mg, 2mg) for healthy subjects, and the high dose groups (2mg, 4mg, 8mg, 12mg) for patients 
with hyperuricemia. There are 8 subjects in each group, with 6 receive the test drug, and 2 receive the placebo. We will 
observe for 22 days for PK and PD, and for 71 days for safety and immunogenicity. Each subject will receive only one 
dose (experimental drug or placebo). Each group adopts a sentinel administration design. Among the 8 subjects, 2 
subjects will be randomly assigned as sentinel subjects, one will receive the text drug and the other will receive placebo. 
If no serious medical events are found within 48 hours, the observation study of drug administration to other subjects in 
this group will be conducted. Refer to Figure 1 for details.

Dosing Rationale
The preclinical trial data show that the long-term toxic NOAELs of rats and crab eating monkeys are 4.5mg/kg and 2mg/ 
kg, respectively. According to the body surface area method, the equivalent doses in humans (assuming a human weight 
of 60 kg) are 45 and 40mg, and a safety factor of 10 is set, which estimates the maximum safe initial dose in humans as 

Figure 1 Schematic overview of the dose-escalation stage.
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4mg. Referring to similar drugs already on the market (assuming the potency of the study drug is equivalent to that of 
foreign similar drugs), the initial dose is 0.5mg, and slight pharmacological activity can be observed at this dose. Based 
on the comprehensive safety and efficacy results, this study ultimately chose 0.5mg as the starting dose for the 
experiment. Referring to the dose setting of similar drug-related studies and the purpose of fully observing drug safety, 
12mg is tentatively selected as the highest dose for the experiment. The study dose was designed to be 0.5, 1, 2, 4, 8, and 
12 mg, facilitating the acquisition of comprehensive PK/PD features.

Dose Escalation
This study will be conducted at low doses (0.5, 1 and 2 mg) in healthy people, while at high doses (2, 4, 8 and 12 mg) in 
patients with hyperuricemia. The 2 mg dose group was conducted in both healthy people and patients to compare PK/PD 
characteristics in healthy people and patients.

Criteria for the Study Termination
When the safety and efficacy evaluations during the dose increase process meet the termination criteria, it is necessary to 
communicate and discuss with the researcher and sponsor before deciding whether to stop the dose exploration. The dose 
termination criteria should be: If 3/6 or more of the subjects in each dose group experience any Grade II toxicity, or 1/6 
or more of the subjects experience any Grade III or above toxicity (according to the CTCAE version 5.0 adverse reaction 
grading standard), the trial will be terminated; If there is any serious adverse event (SAE) related to the study drug during 
the trial, the trial needs to be suspended. The researcher and the sponsor discuss and analyze the reasons together and 
determine the impact on subsequent trials.

Subjects Population
All subjects’ age between 18 and 60 years old (including the critical value), with the body mass index in the range of 18– 
30kg/m2 (including the critical value). The weight of male is ≥50 kg, and that of female is ≥45 kg. Individuals with 
G6PD deficiency will be excluded. Serum uric acid of heathy volunteers should <360 µ mol/L twice on different days. 
Patients with hyperuricemia stop uric acid lowering treatment for at least 7 days and 480≤UA≤540µmol/L twice on 
different days within 7 days.

Randomization and Blinding
Once signed the informed consent, the subjects obtain the screening number according to the screening sequence. This is 
a randomized, double-blind, placebo-controlled design, using a stratified block randomization method. Each dose group 
is randomly assigned, and a random number and its corresponding group are generated by SAS version 9.4 or above. 
Sentinel administration is used in this study, and the first 2 eligible subjects are selected in a 1:1 ratio, and the last 6 
subjects are given PEGylated urate oxidase or placebo in a 5:1 ratio. Each qualified subject will receive the randomiza-
tion number and its corresponding drug (PEGylated urate oxidase or placebo) from small to large according to the 
screening number.

Combination Therapy
In case of acute gout attack in hyperuricemia subjects, remedial drugs can be used. The specific mode of administration is 
as follows: the first dose of colchicine is 1mg, 0.5mg is added after 1h, and 0.5mg qd or bid is changed after 12h. In the 
course of the study, any use of treatments for hyperuricemia and gout such as febuxostat, allopurinol, benzbromarone, are 
not permitted. Once used, the subject should withdraw from the study and continue to maintain the original medical 
scheme. For chronic diseases such as hypertension, hyperlipidemia, chronic obstructive pulmonary disease, and coronary 
heart disease, the original treatment plan should be maintained and truthfully recorded in the combined medication 
column; the participants are required to consult the investigator when using any other drugs or dietary supplements. 
When the subject experiences AE or even SAE and requires medical measures, the researcher should record the treatment 
and medication process, including usage, dosage, duration truthfully.
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Evaluation Criteria for Outcome
The safety and tolerability evaluation criteria will include adverse events (the severity of the adverse events will be 
graded according to the CTCAE version 5.0 adverse reaction grading standard), laboratory tests, vital signs, physical 
examinations and electrocardiograms.

The PK evaluation criteria will include Cmax, AUC0-t, AUC0-C, Tmax, t1/2z, Vz, CLz, λz, MRT0-t, MRT0-∞ and AUC%Extrap in 
SAD and Cmax,ss, AUC0-t,ss, AUC0-∞,ss, AUCss, Cav, Tmax, t1/2z, Vz, CLss, λz, AUC%Extrap, MRT0-∞,ss and Rac in MAD. The 
immunogenicity evaluation criteria will include the antidrug antibody positive rate before and after administration.

Statistical Analysis
The number of observations, mean, standard deviation, median, minimum, maximum and CV% of each PK and PD 
parameter will be summarized by treatment group and gender. The dose–exposure relationship between dose and PK 
parameters including Cmax, AUClast and AUCinf will be presented with scatter plot, and then statistically assessed using 
power model. The change from baseline of blood uric acid, urine uric acid, allantoin and urine creatinine after dosing will 
be calculated using the scheduled sampling time. PD parameters of blood uric acid, urine uric acid, allantoin and urine 
creatinine will be calculated using Phoenix WinNonlin 7.0 with non-compartment mode. The dose–response relationship 
between dose and PD parameter including AUEClast, and Emax will be presented with scatter plot. This is a population 
PK model informed early-phase clinical study with seamless expansion cohort design. Using dynamic analysis and 
expansion cohort approach, several study objectives will be seamlessly combined and fulfilled in one single study, 
especially in patients with hyperuricemia, multi-dose tolerability and PK/PD study will be immediately afterwards 
initiated when subject blood uric acid reaches the target level in high single-dose group. In single-dose study, NONMEN 
version 7.2 will be used to perform population PK/PD modelling and simulation, CV will be calculated and some key 
covariates will be evaluated. For bridging from healthy volunteer to patients, initial population PK/PD modelling and 
simulation will be performed using data of all 3 single-dose groups in healthy volunteer to simulate PK/PD parameters in 
hyperuricemia patients of single-dose with different dosage, assuming that the patient has the similar PK/PD character-
istics with healthy volunteer. When patient data in 2mg dose group are available, PK/PD modelling will be optimized 
considering potential different PK/PD characteristics in patients in comparison to those in volunteer, and then PK/PD 
characteristics in patients in different dosage single-dose and multi-dose group will be simulated. Dosing in multi-dose 
patient study will be scheduled according to optimized simulation. At the end of study, PK/PD modelling will be further 
optimized using the combined data from all the volunteer and patients. Consistence of PK/PD characteristics in patients 
with volunteer will be evaluated, dose-exposure-response relationship and key covariates will be assessed, and afterwards 
the previously established modelling will be verified.

Discussion
The role of uric acid in metabolic syndrome and its pleiotropic effects in multiple organ systems has been a matter of 
discussion due to its complicated and outrageous connections within cellular metabolism and between signaling 
pathways.5 Emerging evidence suggests a pathogenic role of hyperuricemia in the development of multiple diseases, 
by inducing inflammation, endothelial dysfunction, proliferation of vascular smooth muscle cells, and activation of the 
RAS.6

Hyperuricemia is characterized by excessive production and deposition of urate crystals, which is significantly 
associated with the development and severity of the metabolic syndrome.6 Gout, a common metabolic disorder, is 
caused by chronic and/or episodic deposition of monosodium urate crystals in joints and soft tissues, prompting a gouty 
attack.7 Patients with chronic refractory gout are very difficult to treat, and therapeutic options for them are limited. 
Pegloticase, a PEGylated recombinant mammalian uricase, was developed for the treatment of these individuals.8,9 It is 
considered as “replacement therapy” for the enzyme uricase, which metabolizes urate to allantoin, making it easier for 
uric acid to be excreted from the body.10 However, the major limitation of pegloticase is immunogenicity and the 
emergence of anti-drug antibodies that result in increased drug clearance, loss of efficacy, and infusion reactions.11
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Our study is to evaluate the safety, tolerance and immunogenicity of the PEGylated urate oxidase for injection, a new 
drug produced by Xiuzheng Bio-medical Research Institute Co., Ltd, in healthy subjects and hyperuricemia patients. 
There are two novel aspects to this experimental design. Firstly, in order to protect the safety of the subjects, a sentinel 
administration design was used within each dose group. Among the 8 individuals in the group, 2 subjects were randomly 
assigned as sentinel subjects. The first administration observation in the queue was conducted. If no serious medical 
events were found within 48 hours, the observation study of other subjects in this queue was conducted. Secondly, this is 
a population PK model informed early-phase clinical study with seamless expansion cohort design. Using dynamic 
analysis and expansion cohort approach, several study objectives will be seamlessly combined and fulfilled in one single 
study, especially in patients with hyperuricemia, multi-dose tolerability and PK/PD study will be immediately afterwards 
initiated when subject blood uric acid reaches the target level in middle or high single-dose group.

Strengths and Limitations of This Study
In this study, we will use the bridge design of phase I dose-escalation, an innovative study design, which is intended to 
accelerate the development of new drugs and better observe the differences between healthy individuals and patients.

This is a population PK model informed early-phase clinical study with seamless expansion cohort design.
Low uric acid will not be considered as criteria for study termination, and that may bring potential risks.

Ethics and Dissemination
The trial was performed abiding by the Declaration of Helsinki12, Good clinical practice (GCP)13 and the guidelines of 
China National Medical Products Administration (NMPA). Relevant documents, including protocol, informed consent 
and drug inspection reports, were all approved independently by the Medical Ethics Committee of the Affiliated Hospital 
of Qingdao University (Ethics approval No. QYFYEC2020-042-01). All protocol violations have been reported to the 
Medical Ethics Committee. Written informed consent was obtained from all subjects before their participation in the 
study.
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