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[bookmark: _Toc216186531]List of Abbreviations
	Abbreviation
	Definition

	ADA
	Anti-drug antibody

	AE
	Adverse event

	Alb
	Albumin

	A/G
	Albumin/globulin

	ALT
	Alanine aminotransferase

	AUC
	Area under the concentration-time curve

	AUC0-∞
	Area under the concentration-time curve from time 0 to infinity

	AUC0-t
	Area under the concentration-time curve from time 0 to time t

	AUC0-τ,ss
	Area under the plasma concentration-time curve within a given dosing interval at steady state

	AUC_%Extrap
	Percentage of the area under the curve extrapolated

	BMI
	Body mass index

	CL/F
	Apparent clearance

	Cav,ss
	Mean plasma concentration at steady state

	Cmax
	Maximum concentration

	Cmax，ss
	Maximum concentration at steady state

	Cmin，ss
	Minimum concentration at steady state

	Ctrough,ss
	Trough concentration at steady state

	CTCAE
	Common Terminology Criteria for Adverse Events

	DF
	[bookmark: OLE_LINK60][bookmark: OLE_LINK57]Degree of fluctuation

	eCRF
	Electronic case report form

	eGFR
	Estimated glomerular filtration rate

	FAS
	Full analysis set

	GIP
	Glucose-dependent insulinotropic polypeptide

	GLP-1
	Glucagon-like peptide-1

	HbA1c
	Glycosylated hemoglobin

	HDL-C
	High-density lipoprotein cholesterol

	LDL-C
	Low-density lipoprotein cholesterol

	MedDRA
	Medical Dictionary for Regulatory Activities

	MMRM
	Mixed-effects model using repeated measures

	MRT
	Mean residence time

	Nab
	Neutralizing antibody

	NMPA
	National Medical Products Administration

	PK
	Pharmacokinetics

	PKCS
	Pharmacokinetic concentration set

	PKPS
	Pharmacokinetic parameter set

	PT
	Preferred term

	Q1
	Lower quartile

	Q3
	Upper quartile

	SAE
	Serious adverse event

	SAP
	Statistical analysis plan

	[bookmark: OLE_LINK87]SAS
	Statistical analysis system

	SD
	Standard deviation

	SOC
	[bookmark: OLE_LINK88][bookmark: OLE_LINK89]System organ class

	SS
	Safety set

	t1/2
	Elimination half-life

	T2DM
	Type 2 diabetes mellitus

	T3
	Triiodothyronine

	T4
	Thyroxine

	TEAE
	Treatment-emergent adverse event

	TG
	Triglyceride

	Tlag
	Lag time

	Tmax
	Time to maximum drug concentration

	TSH
	Thyroid-stimulating hormone

	UACR
	Urine albumin/creatinine ratio

	ULN
	Upper limit of normal

	[bookmark: OLE_LINK91][bookmark: OLE_LINK90]Vz/F
	Apparent volume of distribution

	WHODrug
	World Health Organization Drug Dictionary

	λz
	Elimination rate constant




[bookmark: _Toc216186532]INTRODUCTION
[bookmark: _Toc216186533]Objective
This is a detailed statistical analysis plan based on the study protocol (Protocol No.: RAY1225-23-03, protocol version/date: V1.1/Jan. 26, 2024), "A Multicenter, Randomized, Double-blind, Placebo-controlled Phase II Clinical Study Evaluating the Safety, Tolerability, and Efficacy of RAY1225 Injection in Patients with Type 2 Diabetes Mellitus", and the electronic case report form (eCRF) (eCRF version/date: V2.0/Mar. 28, 2024).
This statistical analysis plan (SAP) describes the analysis rules for efficacy and safety as specified in the protocol, and provides a detailed description of the data and variables to be summarized and analyzed, as well as the statistical methods to be used, to ensure that the statistical methods used for the generation of tables, figures, and listings are complete and appropriate. The statistical analyses and summaries described in the SAP shall adhere to the Statistical Principles for Clinical Trials of International Conference of Harmonization (ICH-E9), and the structure and framework of tables, figures, and listings shall adhere to the Structure and Content of Clinical Study Reports of the ICH (ICH-E3).
This SAP will be signed and finalized prior to the database lock and will be submitted to the National Medical Products Administration (NMPA) or other regulatory authorities as part of the registration dossier. Any described or unscheduled analyses that are not specified in this SAP but are included in the Clinical Study Report (CSR) will be specified in the CSR.
The templates for tables, figures, and listings (TFL shells) will be provided as an appendix to this SAP in a separate document. Minor adjustments to the presentation format of tables, figures, and listings may be made at the time of analysis.
[bookmark: _Toc216186534]Responsibilities
Beijing ClinFunction Co., Ltd. will perform all statistical analyses specified in this SAP and will be responsible for the generation and quality control of all tables, figures, and listings.
[bookmark: _Toc216186535]STUDY OVERVIEW
[bookmark: _Toc216186536]Study Objectives and Endpoints
	Study objectives
	Study endpoints

	Primary objectives
	Primary endpoints

	· To evaluate the tolerability of RAY1225 injection in patients with type 2 diabetes mellitus;
· To evaluate the efficacy of RAY1225 injection in patients with type 2 diabetes mellitus by analyzing the changes in glycosylated hemoglobin.
	· Treatment-emergent adverse events;
· Change from baseline in glycosylated hemoglobin (HbA1c).

	Secondary objectives
	Secondary endpoints

	· To evaluate the efficacy of RAY1225 injection in patients with type 2 diabetes mellitus by analyzing the changes in other efficacy endpoints;
· To evaluate the safety of RAY1225 injection in patients with type 2 diabetes mellitus;
· To evaluate the pharmacokinetic profile of RAY1225 injection in patients with type 2 diabetes mellitus.
	Other efficacy endpoints:
· Percentages of subjects with HbA1c < 7%, HbA1c ≤ 6.5%, and HbA1c ≤ 5.7%;
· Change from baseline in fasting plasma glucose;
· Changes from baseline in lipids;
· Change from baseline in body weight, waist circumference, waist-to-hip ratio, and BMI;
· Change from baseline in blood pressure (diastolic versus systolic).
Safety endpoints:
· Treatment-emergent adverse events, vital signs, physical examinations, laboratory tests, 12-lead ECG, etc.;
· Incidence of anti-drug antibody (ADA) and neutralizing antibody (Nab).
PK endpoints:
· PK parameters.


[bookmark: _Toc216186537]Study Design
[bookmark: _Hlk155187238]This is a multi-center, randomized, double-blind, placebo-controlled phase II clinical study, mainly consisting of two parts, i.e., Part A (parallel study) and Part B (dose escalation and expansion study). The study aims to evaluate the safety, tolerability, efficacy, and PK profile of RAY1225 injection following subcutaneous administration in patients with type 2 diabetes mellitus. Each subject will participate in only one part of the study.
This study includes a screening period of 2 weeks, a treatment period of 24 weeks, and a follow-up period of 4 or 6 weeks after the last dose. Subjects will receive guidance on a healthy lifestyle from the screening period until the end of study. All subjects will receive a 24-week treatment by titration dosing, with subcutaneous injection once every two weeks for a total of 12 consecutive doses, with a dose volume of 0.5 mL per dose.
Part A: Parallel study
[bookmark: _Hlk155099454]Eligible subjects will be stratified and randomized by diabetes mellitus treatment status (treatment-naive or treatment-experienced), and assigned to 2 RAY1225 target dose groups (3 mg and 6 mg) or the placebo group in a 1:1:1 ratio, with 40 subjects in each group.
Part B: Dose escalation study
For this part of the study, up to 3 dose groups will be set, with the maximum drug dose not exceeding 20 mg. Eligible subjects will be randomized in a 4:1 ratio to the RAY1225 injection group or the placebo group. A total of 10 subjects will be included in each dose group, with 8 subjects receiving investigational drug and 2 subjects receiving placebo. The next planned target dose for escalation is 9 mg, which may be initiated concurrently with Part A. Tolerability evaluation will be performed 14 days after the first administration of the target dose for each group, and the dose, if tolerated, will be escalated to the next higher target dose. The investigator and the sponsor will determine the target dose and titration regimen for subsequent dose groups based on the available PK and tolerability results.
[bookmark: _Hlk156079765]The effect of gastric emptying will be investigated in dose escalation group 1. Subjects will take acetaminophen twice (0.5 g per dose) and receive intensive blood sampling. The first dose of acetaminophen and PK blood sampling (up to 24 h post-dose) will be completed before the first dose of RAY1225; the second dose of acetaminophen will be given at 24 ± 2 h after the second dose of 5 mg RAY1225 injection, and PK blood sampling will be performed up to 24 h post-dose. The plasma concentration of acetaminophen will be measured to investigate the effect of RAY1225 on gastric emptying.
Part B: expansion study
The expansion study will begin once the investigational drug is assessed as tolerable following tolerability evaluations in the target dose groups of the dose escalation study. Modifications are allowed for the target dose and the titration regimen, provided that the target dose does not exceed the maximum tolerated dose determined in the dose escalation study. A total of 40 subjects will be enrolled in each dose group, stratified by diabetes mellitus treatment status (treatment-naive or treatment-experienced), and randomized in a 4:1 ratio, with 32 subjects receiving the investigational drug and 8 subjects receiving the placebo.
The study flowchart is designed as follows:
[image: ]Flowchart of study design for Part A
Group A-1: placebo group
Group A-2: RAY1225 3 mg
Group A-3: RAY1225 6 mg
24-week treatment period, subcutaneous injection, Q2W
First dose
Last dose
Last visit

[image: ]Escalation group (Group B-1)*: 9 mg, 8A + 2P
Escalation group (Group B-2): X1 mg, 8A + 2P
Escalation group (Group B-3): X2 mg, 8A + 2P
Expansion group (Group K-3): X2 mg, 32A + 8P
Expansion group (Group K-2): X1 mg, 32A + 8P
Expansion group (Group K-1): 9 mg, 32A + 8P
•	Dose escalation group: Tolerability evaluation will be performed 14 days after the first administration of the target dose for each group, and the dose, if tolerated, will be escalated to the next higher target dose;
•	Expansion group: The expansion study will begin once the investigational drug is assessed as tolerable following tolerability evaluations in the target dose groups of the dose escalation study;
•	In Part B escalation study, the gastric emptying effect study will be conducted concurrently with dose escalation group 1.
Flowchart of study design for Part B

[bookmark: _Toc122538533][bookmark: _Toc122533475][bookmark: _Toc122533476][bookmark: _Toc125069360][bookmark: _Toc125118534][bookmark: _Toc123721062][bookmark: _Toc126522235][bookmark: _Toc125069240][bookmark: _Toc125702828][bookmark: _Toc126527390][bookmark: _Toc126436507][bookmark: _Toc126444742][bookmark: _Toc126436508][bookmark: _Toc125055776][bookmark: _Toc125070442][bookmark: _Toc125070443][bookmark: _Toc125118164][bookmark: _Toc126569361][bookmark: _Toc125055658][bookmark: _Toc125055659][bookmark: _Toc125069239][bookmark: _Toc122538534][bookmark: _Toc126569362][bookmark: _Toc126522802][bookmark: _Toc126527391][bookmark: _Toc125118533][bookmark: _Toc125702827][bookmark: _Toc125066967][bookmark: _Toc126522236][bookmark: _Toc126532997][bookmark: _Toc126444741][bookmark: _Toc126532996][bookmark: _Toc125066968][bookmark: _Toc125069359][bookmark: _Toc123721063][bookmark: _Toc125055777][bookmark: _Toc125118163][bookmark: _Toc126522803][bookmark: _Toc216186538]Randomization and Blinding
[bookmark: _Toc216186539]Randomization
After the subject has signed the informed consent form and before any study-related assessments are performed, a 5-digit screening number (Sxxxxx) will be assigned to each subject: "S" denotes screening, the first two digits are the site number, and the last three digits are the subject's screening sequence number.
The randomization schedule will be generated by an unblinded statistician using SAS v9.4 or later. Subjects in Part A and the Part B extension study will be randomized using stratified block randomization according to diabetes mellitus treatment status (treatment-naive or treatment-experienced), and subjects in the Part B dose escalation study will be randomized using block randomization. Separate randomization schedules for each of the following will be generated independently by an unblinded statistician: each dose group in Part A, each dose group in the Part B dose escalation study, and each dose group in the Part B extension study. In Part A, subjects will be randomized in a 1:1:1 ratio to the RAY1225 injection 3 mg group, the 6 mg group, or the placebo group; in each dose group of Part B, subjects will be randomized in a 4:1 ratio to the corresponding RAY1225 injection dose group or placebo group. The randomization schedule containing subject randomization numbers and treatment assignment will be uploaded to the central randomization system (IWRS). After confirmation that a subject has passed screening, the investigator or authorized personnel will log into the IWRS to perform randomization.
[bookmark: _Hlk155643247]The randomization number for Part A will consist of the study code (A) and a 4-digit sequence number, e.g., A0001 represents Subject 0001 in Part A. Randomization numbers for Part B will consist of the study code for each part + group number + sequence number. The study code includes B (denoting the Part B dose escalation study) and K (denoting the Part B extension study); the group number consists of 1 digit and the sequence number consists of 3 digits. For example, B2002 represents Subject 002 in group 2 of the dose escalation study, and K2003 represents Subject 003 in Group 2 of the extension study.
[bookmark: OLE_LINK12]If a subject who has already been assigned a randomization number withdraws from the study before the first dose, the same number of subjects will be replaced. For Part A, the replacement randomization number will be generated by adding "1000" to the original randomization number, e.g., the replacement randomization number for A0001 will be A1001. For Part B, the replacement randomization number will be generated by adding "100" to the original randomization number, e.g., the replacement randomization number for B1001 will be B1101.
After subject randomization, the drug preparation personnel will log into the IWRS at each dispensing visit to obtain the investigational medicinal product corresponding to the assigned group and perform drug preparation.
[bookmark: _Toc216186540]Blinding
This study will be conducted in a double-blind manner. During the treatment period, personnel responsible for drug preparation and administration will be unblinded (accessing unblinded information via IWRS permission settings), while the investigators and subjects will remain blinded. The biological sample detection and analysis personnel may obtain a blind code to support sample detection (the blood samples of subjects treated with the simulant will not be detected) and perform secondary coding to provide the detection data to the PK analysis personnel and project team of this study in a blind manner. The investigational drug and investigational drug simulant will be provided by the sponsor to ensure that the smell, shape, volume, color, and clarity of the investigational drug simulant are similar to those of the investigational drug. Blinding codes for each treatment will be prepared by designated unblinded personnel at the statistical unit. Randomization schedules for each dose group will be generated by an unblinded statistician using SAS v9.4 or later.
All unblinded information for this study will be retained by the unblinded statistician. To facilitate sample testing by bioanalytical personnel (who will not test blood samples from subjects receiving simulant), treatment allocation information will be sent as blinded information to designated personnel at the testing laboratory. The specific method of transmission will be described in detail in the data transfer agreement.

[bookmark: _Toc216186541]Schedule of Activities
Schedule of activities for Part A and Part B expansion study
	[bookmark: _Hlk154584481]Study procedure
	Screening period1
	Treatment and observation period

	Visit
	V1
	V2
	V3
	V4
	V5
	V6
	V7
	V8
	V9
	V10
	V11
	V12
	V13
	V14
	V15
	V16
	V17

	Visit (week)
	-2
	0
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20
	22
	\
	\
	24
	26

	Visit (day)
	-14~-1
	0
	14
	28
	42
	56
	70
	84
	98
	112
	126
	140
	154
	\
	\
	168
	182/early withdrawal2

	Time window (day)
	\
	\
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	\
	\
	±3
	±3

	Subcutaneous injection of RAY1225
	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	9th
	10th
	11th
	12th
	
	
	
	

	Signing of ICF
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Demographic information
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Medical history and personal history
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Physical examination
	X
	
	X
	
	X
	
	X
	
	X
	
	X
	
	X
	
	
	X
	X

	Body weight and body height3
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	X

	Waist circumference and hip circumference
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	X

	Vital signs4
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	12-lead ECG5
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Chest X-ray (anteroposterior and lateral)
	X6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Funduscopic examination
	X6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	PHQ-9 
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	Infectious disease examination
	X6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Five-item thyroid function panel
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	Serum calcitonin
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	T-lymphocyte subsets
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	Pregnancy test7
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	X

	Follicle-stimulating hormone test (if necessary)8
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Routine hematology + Ret, blood chemistry, coagulation test, and urinalysis9
	X
	X10
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	X

	Urine protein-creatinine ratio (UACR)
	X
	X10
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	X

	HbA1c11
	X
	
	
	X
	
	X
	
	X
	
	X
	
	X
	
	
	
	X
	X

	Verification of eligibility
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Randomization
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RAY1225 PK sample collection12
	
	X
	
	X
	
	X
	
	X
	
	X
	
	
	X
	X*
	X*
	X
	X

	Immunogenicity assessment13
	
	X
	X
	X
	
	
	
	X
	
	
	
	
	X
	
	
	
	X

	Injection site reaction assessment
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	

	Dispensation of subject diary
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	

	Collection of subject diary
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	X

	Diet and exercise guidance
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	X
	X

	Monitoring and recording of adverse events
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Collection of concomitant medications/treatments
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X


1.	Subject screening will be performed within 14 days prior to the first dose (D0), and the screening procedures will be the same for each group;
2.	If a subject withdraws from the study early after dosing, an early termination visit (4 weeks ± 3 days after the last dose) should be completed whenever possible; in addition, every effort should be made to assess efficacy endpoints including HbA1c, fasting plasma glucose, blood lipids, blood pressure, body weight, waist circumference, and hip circumference at 24 weeks (± 3 days) after the first dose;
3.	Height will be measured only at the first screening visit;
4.	Vital signs: Blood pressure, pulse, and respiratory rate will be measured after the subject has rested quietly for at least 5 minutes; if blood samples are to be collected on the same day, vital signs should be measured before blood collection;
5.	12-lead ECG: Subjects should not exercise or consume caffeine, alcohol, or nicotine within 30 minutes prior to the ECG, and must rest for at least 5 minutes; if blood samples are to be collected on the same day, the ECG should be performed before blood collection;
6.	Test results obtained within 1 month prior to screening may be accepted;
7.	Pregnancy test: Applicable only to female subjects. Except for postmenopausal women (amenorrhea ≥ 2 years confirmed by FSH test) and women who have undergone hysterectomy, bilateral oophorectomy, or tubal ligation, all female subjects must undergo a serum pregnancy test. If no serum pregnancy test result within 3 days pre-dose on D0 is available, a urine pregnancy test must be performed before dosing for confirmation;
8.	Applicable only to women requiring confirmation of postmenopausal status;
9.	Blood samples will be collected under fasting conditions (no caloric intake for at least 8 h); 
10.	Samples for the relevant tests must be collected pre-dose;
11.	HbA1c samples from all visits will be sent to the central laboratory for testing; during the screening period, an additional tube of blood for HbA1c will be collected and tested at the study site as the basis for screening;
12.	RAY1225 PK samples will be collected at the following time points: before the first dose; pre-dose at Weeks 4, 8, 12, and 16; pre-dose and once within *4–72 h and once within *96–240 h post-dose at Week 22; once at Week 24 or Week 26; and at early withdrawal. A maximum of 10 blood samples will be collected, with approximately 4 mL collected at each time;
13.	If subcutaneous administration of RAY1225 is scheduled on the same day as immunogenicity blood sampling, the blood sample must be collected pre-dose.


Schedule of activities for Part B dose escalation study
	[bookmark: _Hlk152262416]Study procedure
	Screening visit1
	Treatment and observation period

	Visit
	V1
	V2
	V3
	V4
	V5
	V6
	V7
	V8
	V9
	V10
	V11
	V12
	V13
	V14
	V15
	V16
	V17
	V18
	V19
	V20
	V21
	V22
	V23
	V24

	Visit (week)
	\
	\
	0
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20
	22
	22
	22
	22
	23
	23
	24
	25
	26
	27
	28

	Visit (day)
	-14~-2
	-1
	0
	14
	28
	42
	56
	70
	84
	98
	112
	126
	140
	154
	155
	156
	157
	161
	164
	168
	175
	182
	189
	196/early withdrawal2

	Time window (day)
	\
	\
	\
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3
	±3

	Subcutaneous injection of RAY1225
	
	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	9th
	10th
	11th
	12th
	
	
	
	
	
	
	
	
	
	

	Signing of ICF
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Demographic information
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Medical history and personal history
	X
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Physical examination
	X
	X
	
	X
	X
	
	X
	
	X
	X
	
	X
	
	X
	
	
	
	
	
	X
	
	
	
	X

	Body weight and body height3
	X
	
	X
	X
	X
	
	X
	
	X
	
	X
	
	X
	X
	
	
	
	
	
	X
	
	X
	
	X

	Waist circumference and hip circumference
	
	
	X
	X
	X
	
	X
	
	X
	
	X
	
	X
	X
	
	
	
	
	
	X
	
	X
	
	X

	Vital signs4
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	12-lead ECG5
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Chest X-ray (anteroposterior and lateral)
	X6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Funduscopic examination
	X6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	PHQ-9
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	Infectious disease examination
	X6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Serum calcitonin
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	T-lymphocyte subsets
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	Five-item thyroid function panel
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	X

	Urine drug screening
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Breath alcohol test
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Blood pregnancy test7
	X
	X
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	X
	
	X
	
	X

	Follicle-stimulating hormone test (if necessary)8
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Routine hematology + Ret, blood chemistry, coagulation test, and urinalysis9
	X
	
	X10
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	X
	
	X
	
	X

	Urine protein-creatinine ratio
	X
	
	X10
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	X
	
	X
	
	X

	HbA1c11
	X
	
	
	
	X
	
	X 
	
	X
	
	X
	
	X
	
	
	
	
	
	
	X
	
	
	
	X

	Verification of eligibility12
	X
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Randomization12
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Oral acetaminophen13
	
	X
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Acetaminophen PK sample collection14
	
	X
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RAY1225 PK sample collection15
	
	
	X
	
	X
	
	X
	
	X
	
	X
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Immunogenicity assessment16
	
	
	X
	X
	X
	
	
	
	X
	
	
	
	
	X
	
	
	
	
	
	
	
	X
	
	X

	Injection site reaction assessment
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	
	
	
	
	

	Dispensation of subject diary
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	X
	
	X
	
	

	Collection of subject diary
	
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	X
	
	X
	
	X

	Diet and exercise guidance
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	X
	
	X
	
	X

	Monitoring and recording of adverse events
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Collection of concomitant medications/treatments
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X


1.	Subject screening will be performed within 14 days prior to the first dose (D0), and the screening procedures will be the same for each group;
2.	If a subject withdraws from the study early after dosing, an early termination visit (4 weeks ± 3 days after the last dose) should be completed whenever possible; in addition, every effort should be made to assess efficacy endpoints including HbA1c, fasting plasma glucose, blood lipids, blood pressure, body weight, waist circumference, and hip circumference at 24 weeks (± 3 days) after the first dose;
3.	Height will be measured only at the first screening visit;
4.	Vital signs: will be assessed at each visit, and before and at 4 h and 8 h after the last dose; blood pressure, pulse, and respiratory rate will be measured after the subject has rested quietly for at least 5 minutes; if blood samples are to be collected on the same day, vital signs should be measured before blood collected;
5.	12-lead ECG: will be performed at each visit, and before and at 4 h and 8 h after the last dose; if blood sample collection is required on the day of the examination, the examination should preferably be performed before blood collection. Subjects should not exercise or consume caffeine, alcohol, or nicotine within 30 min prior to the ECG, and must rest for at least 5 min. One ECG will be recorded at screening and on D-1, and at all other time points three consecutive ECGs will be recorded, approximately 1–2 min apart. If QTcF > 500 ms or is prolonged by ≥ 45 ms from baseline, an individual ECG examination must be repeated at least hourly until the QTcF values fall below the above threshold on 2 consecutive ECG examinations. If QTcF persisted above 500 ms for more than 4 h or prolonged from baseline by > 45 ms, or if there is a trend toward further QTcF prolongation, continuous ECG monitoring should be considered;
6.	Test results obtained within 1 month prior to screening may be accepted;
7.	Blood pregnancy test: Applicable only to female subjects. Except for postmenopausal women (amenorrhea ≥ 2 years confirmed by FSH test) and women who have undergone hysterectomy, bilateral oophorectomy, or tubal ligation, all female subjects must undergo a pregnancy test. For D-1, a blood pregnancy test result obtained within 1 week prior to the first dose may be accepted; in such cases, a urine pregnancy test must be performed for confirmation.
8.	Applicable only to women requiring confirmation of postmenopausal status;
9.	Blood samples will be collected under fasting conditions (no caloric intake for at least 8 h);
10.	Samples for the relevant tests must be collected pre-dose;
11.	HbA1c samples from all visits will be sent to the central laboratory for testing; during the screening period, an additional tube of blood for HbA1c will be collected and tested at the study site as the basis for screening;
12.	Verification of eligibility and randomization for subjects in Part B dose escalation group 1 will be performed on D-2 (2 days prior to RAY1225 administration);
13.	Applicable only to subjects in Part B dose escalation group 1. The first dose of acetaminophen and PK blood sampling (up to 24 h post-dose) must be completed before the first dose of RAY1225; baseline assessments for dose escalation group 1 must be completed before acetaminophen administration. The second dose of acetaminophen 0.5 g will occur 24 h ± 2 h after administration of the second dose of RAY1225 injection 5 mg;
14.	Applicable only to subjects in Part B dose escalation group 1. PK blood samples will be collected within 2 h prior to each of the two acetaminophen doses and at 0.25 h, 0.5 h, 0.75 h, 1 h, 2 h, 3 h, 4 h, 6 h, 9 h, 12 h, and 24 h post-dose, for a total of 24 sampling time points, with approximately 3 mL collected at each time;
15.	The timing of PK blood sampling should be as close as possible to the ECG examination on the same day. Samples will be collected at the following time points: before the first dose; pre-dose at Weeks 4, 8, 12, and 16; pre-dose and at 4 h, 8 h, 24 h, 48 h, 72 h, 168 h, 240 h, 336 h, 504 h, 672 h, 840 h, 1008 h post-dose at Week 22, and at early withdrawal. A maximum of 18 blood samples will be collected, with approximately 4 mL collected at each time;
16.	If subcutaneous administration of RAY1225 is scheduled on the same day as immunogenicity blood sampling, the blood sample must be collected pre-dose.

[bookmark: _Toc216186542]SAMPLE SIZE
Part A: There will be two RAY1225 target dose groups (3 mg and 6 mg) and one placebo group, with 40 subjects per group.
Part B: Dose escalation, with a prespecified maximum of 3 groups. A total of 10 subjects will be included in each dose group, with 8 subjects receiving the investigational drug and 2 subjects receiving placebo. In the expansion part, a total of 40 subjects will be included in each dose group, with 32 subjects receiving the investigational drug and 8 subjects receiving placebo.
As this study is in the dose-finding phase, no formal study hypothesis will be established, and the sample size determination is not based on statistical estimation. Based on the current sample size, the power was preliminarily estimated. Each group of 40 subjects will provide approximately 80% power to detect an inter-group difference between the investigational drug and placebo, assuming a 0.8% greater reduction in HbA1c in the investigational drug group compared with placebo and a common standard deviation (SD) of 1.2.
[bookmark: _Toc216186543]DATA SETS ANALYZED
For each part of the study, an analysis population will be determined, and the following analysis populations will be used for the analysis of study data:
Intention to treat set (ITT): all randomized subjects;
Full analysis set (FAS): all randomized subjects who have received at least one dose of the investigational medicinal product and have at least one post-baseline efficacy data point;
Per protocol set (PPS): a subset of FAS, which, in principle, includes all subjects who meet the inclusion criteria and do not meet the exclusion criteria, with good medication compliance and no major protocol violations affecting the primary efficacy evaluation during the treatment period. Subjects included in the PPS will be reviewed on a case-by-case basis and finalized at a blinded review meeting prior to database lock;
Safety set (SS): all randomized subjects who have received at least one dose of the investigational medicinal product with records of safety endpoints;
Pharmacokinetic concentration set (PKCS): all randomized subjects who have received the investigational medicinal product and have at least one data point of evaluable post-dose plasma concentration;
Pharmacokinetic parameter set (PKPS): all subjects who have received the investigational medicinal product, have at least one evaluable PK parameter, and have no protocol deviation or concomitant medication significantly affecting the PK assessment;
Anti-drug antibody set (ADAS): all randomized subjects who have received the investigational medicinal product and have at least one immunogenicity result.
The division of data sets will be discussed and determined by all parties at the data review meeting.
[bookmark: _Toc216186544]EVALUATION ENDPOINTS
[bookmark: _Toc216186545]Subject Characteristic Variables
Variables include demographics, baseline characteristics, medical history/current medical history, prior/concomitant medications and non-drug therapies, drug exposure, and compliance.
[bookmark: _Toc216186546]Demographic and baseline characteristics
Demographic and baseline variables include:
[bookmark: OLE_LINK10]Age (years), age (< 65 years, ≥ 65 years)
Sex (male, female)
Ethnicity (Han Chinese, other)
Race (Asian, other)
Baseline height (cm)
Baseline body weight (kg)
Baseline BMI (kg/m2), BMI category (< 24 kg/m2, ≥ 24 to < 28 kg/m2, ≥ 28 to < 32.5 kg/m2, ≥ 32.5 kg/m2)
Baseline waist circumference (cm)
Baseline waist-to-hip ratio
Baseline fasting plasma glucose (mmol/L)
Baseline central laboratory HbA1c (%), HbA1c category (< 8.5%, ≥ 8.5%), baseline HbA1c tested by the study site (%)
Baseline blood lipids (including triglycerides [TG], total cholesterol [TC], low-density lipoprotein cholesterol [LDL-C], high-density lipoprotein cholesterol [HDL-C], free fatty acids [FFA], and non-high-density lipoprotein cholesterol [non-HDL-C])
Baseline laboratory parameters (including alanine aminotransferase [ALT], aspartate aminotransferase [AST], gamma-glutamyl transferase [GGT], uric acid [UA], urinary albumin-to-creatinine ratio, and estimated glomerular filtration rate [eGFR])
Baseline vital signs (including systolic blood pressure [mmHg], diastolic blood pressure [mmHg], and pulse rate [beats/min])
Duration of diabetes (years), duration of diabetes (≤ 5 years, > 5 to ≤ 10 years, > 10 years)
Diabetes mellitus treatment status (treatment-naive/treatment-experienced)
Duration of diabetes mellitus in treatment-naive subjects; duration of diabetes in treatment-experienced subjects
Presence of diabetic complications (yes, no); type of diabetic complications (proliferative retinopathy or macular disease, severe diabetic neuropathy [e.g., urinary retention, urinary incontinence, painful peripheral neuropathy, etc.], resting tachycardia, orthostatic hypotension, intermittent claudication, diabetic foot, diabetic ketoacidosis, lactic acidosis, and hyperglycemic hyperosmolar state, etc.)
Antihyperglycemic therapy (no oral antihyperglycemic drugs, 1 oral antihyperglycemic drug, 2 oral antihyperglycemic drugs)
Hypertension (yes, no)
Hyperlipidemia (yes, no)
Hyperuricemia (yes, no)
Metabolic syndrome (yes, no)
Smoking history (never, current smoker, former smoker, missing)
Alcohol use history (never, current drinker, former drinker, missing)
Allergy history (yes, no, missing)
Relevant calculation formulas:
Age (years) = (Date of signing the informed consent − Date of birth + 1)/365.25, round down
BMI (kg/m2) = weight (kg)/(height (m))2, round to 1 decimal place
Duration of diabetes (years) = (Date of signing informed consent form − Date of diagnosis of type 2 diabetes mellitus)/365.25, round to 1 decimal place
Relevant definitions:
1.	Hypertension: documented history of hypertension, or baseline systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg;
2.	Hyperlipidemia: documented history of hyperlipidemia, dyslipidemia, hypertriglyceridemia, hypercholesterolemia, hyper-LDL cholesterolemia, hypo-HDL cholesterolemia, or elevated TG, TC, LDL-C or decreased HDL-C; or baseline (most recent pre-dose assessment) showing elevated TG, TC, LDL-C or decreased HDL-C;
3.	Hyperuricemia: documented history of hyperuricemia or elevated uric acid, or elevated uric acid at baseline;
4.	Metabolic syndrome: diagnosis requires the presence of 3 or more of the following criteria: (1) Abdominal (central) obesity: waist circumference ≥ 90 cm in males, ≥ 85 cm in females. (2) Hyperglycemia: fasting plasma glucose ≥ 6.1 mmol/L or 2-hour post-glucose load plasma glucose ≥ 7.8 mmol/L and/or previously diagnosed diabetes mellitus under treatment. (3) Hypertension: blood pressure ≥ 130/85 mmHg (1 mmHg = 0.133 kPa) and/or previously diagnosed hypertension under treatment. (4) Fasting triglycerides (TG) ≥ 1.70 mmol/L. (5) Fasting HDL-C < 1.04 mmol/L.
[bookmark: _Toc216186547]Prior medical history/surgical history/current medical history
Prior medical history/surgical history/current medical history will be collected in the eCRF.
[bookmark: _Toc216186548]Prior/concomitant medications and non-drug therapies
Prior/concomitant medications and non-drug therapies will be collected on the corresponding pages of the eCRF.
Prior medication refers to any medication with a start date before the first dose of the investigational medicinal product.
Concomitant medication refers to any medication (excluding the investigational medicinal product) with a start date and/or end date after the first dose of the investigational medicinal product. If the start date or end date of a medication is missing and it is not possible to determine whether it is prior or concomitant, it will be conservatively classified as concomitant medication.
[bookmark: _Toc216186549][bookmark: OLE_LINK11]Drug exposure and compliance
Drug exposure and compliance parameters include:
Total duration of exposure (days)
Exposure duration by week: > 0, ≥ 4, ≥ 8, ≥ 12, ≥ 16, ≥ 20, ≥ 24
Person-years of exposure (years)
Total person-years of exposure (years)
Planned cumulative dose (mg)
Actual cumulative dose (mg)
Planned number of doses
Actual number of doses
Dose compliance (%) and compliance categories (< 80%, 80%–120%, > 120%)
Dosing frequency compliance (%) and compliance categories (< 80%, 80%–120%, > 120%)
Number of missed doses
Number of dose modifications
Relevant calculation formulas:
Total duration of exposure (days) = Date of last dose − Date of first dose + 14.
Person-years of exposure (years) = Each subject’s total exposure duration (days)/365.25.
Total person-years of exposure (years): Sum of person-years of exposure for all subjects.
Planned cumulative dose (mg) is defined as the total dose that a subject is planned to receive during the study.
Actual cumulative dose (mg) is defined as the total dose that a subject actually receives during the study.
Dose compliance (%) = Actual cumulative dose (mg)/Planned cumulative dose (mg) × 100%.
Dosing frequency compliance (%) = Actual number of doses /Planned number of doses× 100%.
[bookmark: _Toc216186550]Safety Evaluation Endpoints
Endpoints include adverse events (AEs) and serious adverse events (SAEs), laboratory tests, vital signs, physical examinations, and 12-lead ECG.
	Category
	Parameters

	Laboratory test
	Routine hematology + reticulocyte (Ret)
	Red blood cell count (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), white blood cell count (WBC), neutrophils percentage (NE%), lymphocytes percentage (LY%), absolute neutrophil count (NE), absolute lymphocyte count (LY), monocytes percentage (MO%), absolute monocyte count (MO#), eosinophils percentage (EO%), basophils percentage (BA%), absolute eosinophil count (EO#), absolute basophil count (BA#), platelet count (PLT), absolute reticulocyte count, reticulocyte percentage

	
	Blood chemistry:
	Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), total bilirubin (TBIL), direct bilirubin (DBIL), albumin (ALB), globulin (GLB), albumin/globulin ratio (A/G), urea (UREA) or blood urea nitrogen (BUN), serum creatinine (SCr), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), free fatty acids (FFA), sodium (Na+), potassium (K+), magnesium (Mg2+), calcium (Ca2+), phosphorus (P+), creatine kinase-MB (CKMB), creatine kinase (CK), lactate dehydrogenase (LDH), alpha-hydroxybutyrate dehydrogenase (α-HBDH), fasting plasma glucose (GLU), serum amylase (AMY), serum lipase (LPS), total bile acids (TBA)*, uric acid (UA), and derived calculations of non-high-density lipoprotein cholesterol (non-HDL-C) and estimated glomerular filtration rate (eGFR)
Note: *This parameter is measured at the local laboratory of the study site.

	
	Urinalysis
	Specific gravity (SG), pH, urine glucose (GLU), urine bilirubin (BIL), urobilinogen (UBG), urine protein (PRO), urine ketone body (KET), urine red blood cell (RBC), urine white blood cell (WBC), cast (CAST)

	
	Urine protein-creatinine ratio
	Urine albumin/creatinine ratio (UACR)

	
	Coagulation test
	Thrombin time (TT), activated partial thromboplastin time (APTT), prothrombin time (PT), international normalized ratio (INR), and fibrinogen (FBG)

	
	Pregnancy test
	Blood human chorionic gonadotropin (HCG)

	
	Calcitonin
	Serum calcitonin

	
	Five-item thyroid function panel
	[bookmark: _Hlk116489112]Thyroid-stimulating hormone (TSH), thyroxine (T4), triiodothyronine (T3), free T3 (FT3), free T4 (FT4)

	
	T-lymphocyte subsets
	CD3+, CD4+, CD8+, CD4+/CD8+ counts or percentages

	Vital signs
	Body temperature, respiratory rate, blood pressure, and pulse

	Physical examination
	[bookmark: OLE_LINK6]General condition, skin/mucosa, lymph nodes, head, neck, chest, abdomen, spine/limbs, nervous system

	12-lead ECG
	Heart rate, PR interval, RR interval, QT interval, QTcF

	Funduscopic examination
	/

	PHQ-9
	This questionnaire includes 9 items; see Appendix 4 of the protocol for details

	Adverse event
	· An adverse event (AE) refers to any untoward medical occurrence in a study subject and the event does not necessarily have a causal relationship with this treatment.


[bookmark: _Toc126522253][bookmark: _Toc126522820][bookmark: _Toc126533014][bookmark: _Toc121783247][bookmark: _Toc126527408][bookmark: _Toc126569379][bookmark: _Toc121783248][bookmark: _Toc121783259][bookmark: _Toc121783249][bookmark: _Toc121783260][bookmark: _Toc216186551]Efficacy Evaluation Endpoints
[bookmark: _Toc216186552][bookmark: OLE_LINK13]Primary endpoint
1) Change from baseline in HbA1c at Week 24 of treatment
[bookmark: _Toc125069260][bookmark: _Toc126444762][bookmark: _Toc125055797][bookmark: _Toc126533018][bookmark: _Toc123721083][bookmark: _Toc125055679][bookmark: _Toc125070463][bookmark: _Toc125118554][bookmark: _Toc126436528][bookmark: _Toc125702848][bookmark: _Toc125069380][bookmark: _Toc125066988][bookmark: _Toc126522824][bookmark: _Toc126527412][bookmark: _Toc126569383][bookmark: _Toc125118184][bookmark: _Toc126522257][bookmark: _Toc216186553]Secondary endpoints
1) Percentages of subjects with HbA1c < 7%, HbA1c ≤ 6.5%, and HbA1c ≤ 5.7% at each post-baseline visit;
2) Proportion of subjects with ≥ 5% weight loss and HbA1c < 7% at each post-baseline visit;
3) Change from baseline in HbA1c at Weeks 4, 8, 12, 16, 20, and 26 of treatment;
4) Change from baseline in fasting plasma glucose at each post-baseline visit;
5) Change from baseline in body weight, waist circumference, waist-to-hip ratio, and BMI at each post-baseline visit; 
6) Change from baseline in blood lipids at each post-baseline visit; 
including total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), non-high-density lipoprotein cholesterol (non-HDL-C), triglycerides (TG), and free fatty acids (FFA);
7) Change from baseline in blood pressure (diastolic versus systolic) at each post-baseline visit;
8) Proportion of subjects achieving weight-loss targets (weight loss ≥ 5%, ≥ 10%, ≥ 15%, ≥ 20%) at Weeks 12 and 24 of treatment;
9) Change from baseline in ALT, AST, GGT, uric acid, urinary UACR, and eGFR at Weeks 12 and 24 of treatment;
10) Proportion of subjects whose abnormal ALT, AST, GGT, blood lipids, uric acid, UACR, or blood pressure at baseline return to normal at Week 24 of treatment.
[bookmark: _Toc216186554]Pharmacokinetic Endpoints
Part A and Part B expansion study: RAY1225 PK samples will be collected at the following time points: before the first dose; pre-dose at Weeks 4, 8, 12, and 16; pre-dose and once within 4–72 h and once within 96–240 h post-dose at Week 22; once at Week 24 or Week 26; and at early withdrawal. A maximum of 10 blood samples will be collected, with approximately 4 mL collected at each time;
Part B dose escalation study: PK samples of RAY1225 will be collected before the first dose; pre-dose at Weeks 4, 8, 12, and 16; pre-dose at Week 22; and at 4 h, 8 h, 24 h, 48 h, 72 h, 168 h, 240 h, 336 h, 504 h, 672 h, 840 h, 1008 h post-dose and at early withdrawal. A maximum of 18 blood samples will be collected, with approximately 4 mL collected at each time.
PK sample collection for acetaminophen (dose escalation group 1 only): Subjects in dose escalation group 1 will undergo two intensive PK blood sampling schedules for acetaminophen, with samples collected within 2 within 2 h before each of the two acetaminophen administrations, and at 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 9, 12, and 24 h post-dose, to determine plasma acetaminophen concentrations. A total of 24 blood samples will be collected, with approximately 3 mL collected at each time.
[bookmark: OLE_LINK64]The main PK parameters of RAY1225 in the dose-escalation study include: Tmax, Cmax,ss, Cmin,ss, Cav,ss, t1/2, AUC0-τ,ss, AUC0-∞, AUC0-t, CL/F, Vz/F, DF, MRT, AUC_%Extrap, and λz.
The PK parameters of RAY1225 are defined as follows:
	PK parameter
	Definition

	Tmax
	Time to maximum drug concentration, directly obtained from the measured plasma concentration-time data.

	Cmax，ss
	Maximum concentration at steady state.

	Cmin，ss
	Steady-state minimum concentration. Indicates the minimum concentration during the dosing interval, usually determined as the lowest concentration observed from immediately after dosing at steady state up to just before the next dose.

	Ctrough,ss
	Trough concentration at steady state
The concentration at the end of the dosing interval at steady state. If observed values are available, they will be obtained directly from the observed plasma concentration-time data. Otherwise, a predicted concentration value will be used.  

	Cav,ss
	Mean steady-state plasma concentration. Cav,ss = AUCτ,ss/τ, where τ is the dosing interval.

	DF
	Fluctuation index; Percentage fluctuation at steady state = 100% × (Cmax,ss – Cmin,ss)/Cavg,ss.

	t1/2
	Elimination half-life. t1/2 = Ln(2)/λz

	λz
	Terminal phase elimination rate constant. The negative slope value was obtained from linear regression of the logarithm of plasma concentration over time. At least 3 data points will be included in the calculation of λz.

	[bookmark: OLE_LINK4]AUC0-τ,ss
	Area under the plasma concentration-time curve within a given dosing interval at steady state.

	AUC0-∞
	Area under the concentration-time curve extrapolated from time 0 to infinity. AUC0-∞ = AUC0–t + Ct/λz (Ct is the last plasma concentration that can be accurately measured, and λz is the terminal elimination rate constant).

	AUC0-t
	Area under the plasma concentration-time curve from time 0 to the time point t of the last measurable concentration calculated by the linear trapezoidal linear interpolation method.

	AUC_%Extrap
	Percentage of the area under the curve extrapolated. The proportion of AUC extrapolated from the time of the last measurable concentration to infinity in AUC0-∞. AUC_%Extrap = 100% × (AUC0-∞ – AUC0-t)/AUC0-∞

	CL/F
	Apparent clearance, i.e., the volume of drug-containing fluid that is completely and effectively removed by the eliminating organ per unit of time.
Calculation formula for multiple doses: CL/F = Dose/AUC 0-τ

	Vz/F
	Apparent volume of distribution.
Formula for multiple-dose calculation: Vz/F = Dose/(λz × AUC0-τ).

	MRT0-∞
	Mean residence time (MRT0-∞) = AUMC0-∞/AUC0-∞.


The PK parameters of acetaminophen mainly included: Tmax, Tlag, Cmax, t1/2, AUC0-∞, AUC0-t, CL/F, MRT, VzF, AUC_%Extrap, and z.
The PK parameters for acetaminophen are defined as follows:
	PK parameter
	Definition

	Tmax
	Time to maximum drug concentration, directly obtained from the measured plasma concentration-time data.

	Tlag
	Lag time.

	Cmax
	Maximum concentration, directly obtained from the measured plasma concentration-time data.

	t1/2
	Elimination half-life. t1/2 = 0.693/λz

	λz
	Terminal phase elimination rate constant. The negative slope value was obtained from linear regression of the logarithm of plasma concentration over time. At least 3 data points will be included in the calculation of λz.

	AUC0-∞
	Area under the concentration-time curve extrapolated from time 0 to infinity. AUC0-∞ = AUC0–t + Ct/λz (Ct is the last plasma concentration that can be accurately measured, and λz is the terminal elimination rate constant).

	AUC0-t
	Area under the concentration-time curve from time 0 to the last quantifiable sampling time t. Calculated by the linear trapezoidal rule: AUC(I, i+1) = (Ti+1 – Ti) (Ci + Ci+1)/2, where AUC0-t is the sum of all AUC(I, i+1).

	AUC_%Extrap
	Percentage of the area under the curve extrapolated. The proportion of AUC extrapolated from the time of the last measurable concentration to infinity in AUC0-∞. AUC_%Extrap = 100% × (AUC0-∞ – AUC0-t)/AUC0-∞

	CL/F
	Clearance, calculated from the ratio of dose to AUC0-∞.

	Vz/F
	Apparent volume of distribution. Vz/F = Administered dose/(λz × AUC0-∞).

	MRT
	Mean residence time, calculated using two methods, i.e., MRT0-t = AUMC0-t/AUC0-t or MRT0-∞ = AUMC0-∞/AUC0-∞.


[bookmark: _Toc216186555]Immunogenicity Endpoints
· Part A and Part B extension study: Blood samples will be collected before the first dose and at 2, 4, 12, 22, and 26 weeks after the first dose;
· Part B dose escalation study: Blood samples will be collected before the first dose and at 2, 4, 12, 22, 26, and 28 weeks after the first dose.
Immunogenicity evaluation endpoints:
Incidence of anti-drug antibody (ADA) and neutralizing antibody (Nab) against RAY1225
[bookmark: _Toc126522842][bookmark: _Toc125118202][bookmark: _Toc123721095][bookmark: _Toc125069394][bookmark: _Toc125070477][bookmark: _Toc125067002][bookmark: _Toc126533036][bookmark: _Toc125069274][bookmark: _Toc126444780][bookmark: _Toc125118572][bookmark: _Toc126522275][bookmark: _Toc126527430][bookmark: _Toc125702866][bookmark: _Toc126436546][bookmark: _Toc125055693][bookmark: _Toc125055811][bookmark: _Toc126436548][bookmark: _Toc125055813][bookmark: _Toc107182469][bookmark: _Toc125069396][bookmark: _Toc125067004][bookmark: _Toc126522844][bookmark: _Toc125070479][bookmark: _Toc126522277][bookmark: _Toc125069276][bookmark: _Toc125118204][bookmark: _Toc126444782][bookmark: _Toc126569403][bookmark: _Toc125118574][bookmark: _Toc125055695][bookmark: _Toc125702868][bookmark: _Toc126533038][bookmark: _Toc126569401][bookmark: _Toc126527432][bookmark: _Toc107182312][bookmark: _Toc216186556]STATISTICAL ANALYSIS METHODS
[bookmark: _Toc216186557]General Description of Statistical Analysis
[bookmark: _Toc216186558]General principles
This study will be primarily based on descriptive analyses; no hypothesis testing will be performed for the efficacy analyses. The PK data analysis will be performed using WinNonlin (v8.3 or later), and the remaining statistical analyses will be performed using SAS® (v9.4 or later).
Unless otherwise specified, quantitative data will be statistically described using the number of subjects (including missing), mean, standard deviation, median, quartiles (Q1 and Q3), minimum, and maximum; qualitative data will be statistically described using frequency and percentage, and the percentage will be calculated using the number of subjects in each group in the analysis set as the denominator; all statistical tests will be performed using two-sided tests with a significance level of α = 0.05. The statistics will be rounded for presentation. In the statistical analysis, subjects receiving the placebo in each part of the study will be combined into a placebo group for analysis.
The number of decimal places for statistical analysis follows the following rules unless otherwise specified:
General rules for decimal places
	Statistics
	Decimal place

	Minimum and maximum
	Same decimal places as source data

	Mean, median, Q1, Q3
	1 more decimal place than the source data

	Standard deviation
	2 more decimal places than the source data

	Derived data
	2 decimal places (unless otherwise specified)
· Presented to 2 significant digits when < 0.01

	Frequency
	0 decimal places

	Percentage
	Percent to 1 decimal place
· Presented as 0, rather than a percentage, if the frequency is 0
· Presented as "100%" if it is 100%

	P value
	4 decimal places
· Presented as "< 0.0001" if P < 0.0001
· Presented as "> 0.9999" if P > 0.9999

	Confidence interval (CI)
	Same number of decimal places as corresponding statistics


*All statistics will be presented to a maximum of 4 decimal places.
[bookmark: _Toc216186559]Baseline value
Unless otherwise specified, the baseline value is defined as the last non-missing observation before the first dose of the investigational medicinal product. For quantitative parameters, change from baseline/percentage change from baseline will be calculated as appropriate, and if either the baseline value or the post-baseline observation is missing, the change from baseline/percentage change from baseline will also be set as missing. Unscheduled visits will be used for the derivation of baseline values.
Change from baseline = Value at a specific visit post-dose − Baseline value
Percentage change from baseline (%) = (Value at a specific visit post-dose − Baseline value)/Baseline value × 100%
[bookmark: _Toc126533044][bookmark: _Toc126533045][bookmark: _Toc126569409][bookmark: _Toc126569410][bookmark: _Toc216186560]Definition of study day
Study day 0 is defined as the date of the first dose of the investigational medicinal product. Other study days are defined as relative to study day 0; the first day post baseline is D1, and the day before study day 0 is D-1. The calculation formula is as follows: Study day = Assessment/event date − Derived variable of date of the first dose of the investigational medicinal product
[bookmark: _Toc216186561]Time interval
Unless otherwise specified, the study duration is calculated as "End date – Start date".
The conversion of time units follows the following rules:
1 month = 30.4375 days
1 year = 365.25 days
1 week = 7 days
[bookmark: _Toc126444795][bookmark: _Toc126527443][bookmark: _Toc126522856][bookmark: _Toc125702879][bookmark: _Toc126569418][bookmark: _Toc126522288][bookmark: _Toc126436559][bookmark: _Toc126522855][bookmark: _Toc126436561][bookmark: _Toc126444793][bookmark: _Toc126533051][bookmark: _Toc126522289][bookmark: _Toc126522290][bookmark: _Toc126527445][bookmark: _Toc126533052][bookmark: _Toc126533053][bookmark: _Toc126569417][bookmark: _Toc126522857][bookmark: _Toc126444794][bookmark: _Toc125702881][bookmark: _Toc126436560][bookmark: _Toc125702880][bookmark: _Toc126527444][bookmark: _Toc126569416][bookmark: _Toc216186562]Analysis visit
Statistical analysis of all post-baseline data will be based on visit labels in the dataset; data absent within a visit label will be treated as missing.
For the analysis of HbA1c, the data of dropouts will be sorted out according to the scheduled visit date ± 14 days.
Observations labeled as "unscheduled visit" will be used for derivation of baseline values and post-treatment worst outcomes. Unless otherwise specified, observations with a visit label of "unscheduled visit" will not be included in tabular or graphical summaries by visit, but all unscheduled visit data will be presented in the listings.
[bookmark: _Ref102771852][bookmark: _Toc216186563]Handling of missing data
[bookmark: _Toc93579675][bookmark: _Toc216186564]Handling of missing efficacy data
Unless otherwise specified, no imputation will be performed for missing efficacy data in this study; statistical analysis will be conducted based on observed collected data.
The method for imputing missing data in the primary efficacy analysis will be described in detail in the section on primary efficacy analysis methods.
[bookmark: _Toc216186565]Processing of missing dates
If the dates of AEs, concomitant medications/treatments, etc., are missing but comparison with the first dose or data analysis cutoff point is required, e.g., to judge a post-dose AE or a concomitant medication/therapy, the following methods should be used to impute missing dates before judgment, unless otherwise specified.
Processing of missing AE dates:
	Missing AE onset date
	Imputation rule for AE onset date

	Year
	Month
	Day
	

	Not missing
	Not missing
	Missing
	Missing days will be imputed according to the following rules:
· When the year is earlier than the year of the date of the first dose, or when the year is the same but the month is earlier than the month of the date of the first dose, the day will be imputed as the last day of the known month
· When the year and month are the same as the year and month of the date of the first dose, the day will be imputed as the day of the date of the first dose
· When the year is later than the year of the date of the first dose, or when the year is the same but the month is later than the month of the date of the first dose, the day will be imputed as "1"

	Not missing
	Missing
	Missing
	Missing months and days will be imputed according to the following rules:
· When the year is earlier than the year of the date of the first dose, the month and day will be imputed as "Dec. 31"
· When the year is the same as the year of the date of the first dose, the month and day will be imputed as the month and day of the date of the first dose
· When the year is later than the year of the date of the first dose, the month and day will be imputed as "Jan. 1"

	Missing
	Missing
	Missing
	Imputed as the date of the first dose

	Missing AE end date
	Imputation rule for AE end date

	Year
	Month
	Day
	

	Not missing
	Not missing
	Missing
	The day will be imputed as the last day of the known month

	Not missing
	Missing
	Missing
	The month and day will be imputed as "Dec. 31"

	Missing
	Missing
	Missing
	No imputation

	Notes:
1. If the imputed onset date is after the end date, the end date will be used as the start date.
2. All other unspecified situations will be considered as missing and will not be imputed.


Handling of missing dates for prior/concomitant medications/therapies:
	Missing medication/therapy start date
	Imputation rule for medication/therapy start date

	Year
	Month
	Day
	

	Not missing
	Not missing
	Missing
	The day will be imputed as "1"

	Not missing
	Missing
	Missing
	The month and day will be imputed as "Jan. 1"

	Missing
	Missing
	Missing
	Imputed as the date of the first dose

	Missing medication/therapy end date
	Imputation rule for medication/therapy end date

	Year
	Month
	Day
	

	Not missing
	Not missing
	Missing
	The day will be imputed as the last day of the known month

	Not missing
	Missing
	Missing
	The month and day will be imputed as "Dec. 31"

	Missing
	Missing
	Missing
	Imputed as end of treatment date + 14 days

	Notes:
1. If the imputed end date is after the date of the final follow-up, the date of the final follow-up will be used as the end date.
2. All other unspecified situations will be considered as missing and will not be imputed.
3. For died subjects, the end date of concomitant medication/therapy will be imputed as the date of death.


[bookmark: _Toc216186566]Subject Characteristics
[bookmark: _Toc216186567]Subject disposition
All subjects who have signed the informed consent form (ICF) will be included in the summary of subject disposition, and the summary information is as follows:
For all screened subjects, a subject disposition flowchart will be used to describe subject disposition throughout the study.
For all screened subjects, the total number of screened subjects will be summarized, along with the number and percentage of screen failures and the specific reasons for screen failure.
For all randomized subjects, the total number of randomized subjects will be summarized. The numbers and percentages of subjects who have completed the study, who are randomized but not treated, who are randomized and treated but have no post-baseline efficacy data, and who have withdrawn early will be summarized by treatment group and overall, along with the primary reasons for withdrawal. The numbers and percentages of subjects included in each analysis set will also be summarized.
Detailed information for all non-randomized subjects, all randomized subjects’ randomization information, subjects who discontinued the trial early, and subjects not included in each analysis set will be listed by site, group, subject screening number, and randomization number.
[bookmark: _Toc216186568]Protocol deviations
All protocol deviations will be analyzed using the FAS. Protocol deviations will be summarized by group, and the number of cases, number of subjects, and percentage will be summarized by severity and type of deviation.
All protocol deviations will be listed by subject and will be sorted by site, group, subject screening number, and randomization number.
[bookmark: _Toc216186569]Demographic data and baseline characteristics
[bookmark: _Toc216186570]Demographics
Descriptive statistics of demographic data will be performed using the FAS by treatment group and dose group. For quantitative data, the number of subjects (including missing), mean, standard deviation, median, quartiles (Q1 and Q3), minimum, and maximum will be calculated. For qualitative data, frequency and percentage will be calculated.
All demographic data will be listed by subject and will be sorted by site, group, subject screening number, and randomization number.
[bookmark: _Toc216186571]Other baseline characteristics
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Descriptive statistics of other baseline characteristics will be performed using the FAS by treatment group and dose group. For quantitative data, the number of subjects (including missing), mean, standard deviation, median, quartiles (Q1 and Q3), minimum, and maximum will be calculated. For qualitative data, frequency and percentage will be calculated.
Detailed information on medical history of type 2 diabetes mellitus and personal history will be listed by subject, sorted by site, group, subject screening number, and randomization number.
For screening period tests, including chest X-ray (anteroposterior and lateral), infectious disease testing, urine drug screening, alcohol breath test, and follicle-stimulating hormone test, results will be listed by subject and visit (as applicable), including unscheduled visits. Listings will be sorted by site number, group, subject screening number, randomization number, test item, and visit.
[bookmark: _Toc216186572]Prior medical history/surgical history/current medical history
Prior medical history, surgical history, and current medical history of subjects will be coded using the Medical Dictionary for Regulatory Activities (MedDRA) v27.0 or later.
Descriptive statistics of coded prior medical history, surgical history, and current medical history will be performed using the FAS by treatment group and dose group. Summaries will be presented by system organ class (SOC) and preferred term (PT), with the number of cases, number of subjects, and percentage calculated for each category. For the same subject, multiple records of prior medical history, surgical history, or current medical history within the same SOC or PT will be counted only once.
Prior medical history, surgical history, and current medical history for each subject will be listed and sorted by site, group, subject screening number, and randomization number.
[bookmark: _Toc216186573]Prior/concomitant medications and non-drug therapies
Analysis of prior/concomitant medications and prior/concomitant non-drug therapies will be performed using the SS by treatment group and dose group.
[bookmark: _Toc93579686][bookmark: _Toc216186574]Prior/concomitant medications
Prior and concomitant medications will be coded using the WHO Drug Global (Chinese B3, March 1, 2024 or later). Summaries of coded past medications and concomitant medications will be provided by treatment group and dose group, according to Anatomical Therapeutic Chemical (ATC) classification and preferred name (PN), with the number of cases, number of subjects, and percentage calculated for each category. For the same subject, multiple medication records within the same ATC or PN classification will be counted only once.
Detailed information on prior and concomitant medications for each subject will be listed and sorted by site, group, subject screening number, and randomization number
[bookmark: _Toc89272453][bookmark: _Toc93579687][bookmark: _Toc216186575]Prior/concomitant non-drug therapies
Prior and concomitant non-drug therapies for subjects will be categorized using a similar judgment rule to that for prior/concomitant medications (see Section 5.1.3).
Prior/concomitant non-drug therapies will be coded using MedDRA v27.0 or later, and the prior/concomitant non-drug therapies coded by SOC and PT will be summarized by treatment group and dose group, with the number of cases, number of subjects, and percentage calculated for each category. For the same subject, multiple records of non-drug therapies within the same SOC or PT will be counted only once.
Detailed information on prior and concomitant non-drug therapies for each subject will be listed and sorted by site, group, subject screening number, and randomization number.
[bookmark: _Toc216186576]Drug exposure and compliance
Descriptive statistics of drug exposure and compliance will be performed using the SS by treatment group and dose group. For quantitative data, the number of subjects (including missing), mean, standard deviation, median, quartiles (Q1 and Q3), minimum, and maximum will be calculated. For qualitative data, frequency and percentage will be calculated.
All records of investigational medicinal product administration, drug exposure, and compliance for each subject will be listed and sorted by site, group, subject screening number, and randomization number.
[bookmark: _Toc216186577]Safety Analysis
All safety endpoints will be analyzed based on the SS using descriptive statistics; no statistical inference will be performed unless otherwise specified.
[bookmark: _Toc60852153][bookmark: _Toc216186578]Adverse events
For the purpose of statistical analysis, AEs will be divided into pre-treatment adverse events and treatment-emergent adverse events (TEAEs). A TEAE is defined as any AE that newly occurs or worsens after the first dose of the investigational medicinal product. The determination of TEAE will be made according to the following rules:
If the onset date or end date of AE is before the first dose, then the AE will be considered as pre-treatment AE
AE that occurs on or after treatment, or AE that occurs before treatment but worsens during the study will be recorded as TEAE
If the onset date or end date of AE is missing, and the chronological relationship between the occurrence of AE and administration cannot be judged, the AE will be recorded as TEAE
According to the criteria for the causality between the drug and AEs, the correlation between AEs and the use of investigational medicinal product will be classified into five categories: definitely related, probably related, possibly related, unlikely related, and not related. AEs that are definitely related, probably related, and possibly related will be listed as adverse drug reactions (ADRs). If the causality between an AE and the investigational medicinal product is missing or unknown, it will be judged as related to the investigational medicinal product under conservative principles. If a subject experiences multiple AEs within the same SOC or PT, these AEs will be judged as related to the investigational medicinal product as long as one of them is related to the investigational medicinal product.
Significant AEs refer to AEs, other than SAEs, that lead to the use of specific medical measures (e.g., discontinuation, dose reduction, and symptomatic treatment). In this study, significant AEs are defined as AEs for which actions taken with the investigational medicinal product on the eCRF AE page include dose reduction, dose interruption, or permanent discontinuation, as well as AEs for which actions taken for the subject include concomitant medication or concomitant non-drug therapy.
Adverse events of special interest (AESIs) include hypoglycemia, hypersensitivity reactions, injection site reactions, pancreatitis, acute cholecystic disease, and malignant thyroid neoplasm.
Gastrointestinal AEs include nausea, vomiting, diarrhea, constipation, and abdominal distension.
A TEAE leading to treatment discontinuation refers to a TEAE for which the action taken with the investigational medicinal product is "permanent discontinuation" or "dose interruption". A TEAE leading to treatment dose modification refers to a TEAE for which the action taken with the investigational medicinal product is "dose reduction". A TEAE leading to subject withdrawal refers to a TEAE for which "yes" is selected for study withdrawal due to the adverse event. TEAEs leading to death refer to adverse events with the outcome of "death".
All AEs will be coded using the MedDRA v27.0 or later and will be summarized by SOC and PT. The severity of AEs will be graded according to the Common Terminology Criteria for Adverse Events (CTCAE V5.0). Unless otherwise specified, all statistical analyses related to AEs will be based on TEAEs.
[bookmark: _Toc95410050][bookmark: _Toc216186579]Summary table of all AEs
The summary and analysis of AEs will be performed only for TEAEs, and pre-treatment AEs will be presented in listings.
All AEs of the subjects will be described overall by treatment group and dose group, and the number of cases, number of subjects, and incidence will be summarized. For the calculation of the number of subjects and incidence, multiple occurrences of the same adverse event in the same subject will be counted only once. Summary tables of AEs include:
All TEAEs
Treatment-emergent serious adverse events (TESAEs)
Treatment-related TEAEs (TRAEs)
Treatment-related TESAEs (TRSAEs)
Hypoglycemic events
Treatment-related hypoglycemic events
Significant AEs
Treatment-related significant AEs
TEAEs of special interest
TRAEs of special interest
Gastrointestinal adverse events
Gastrointestinal adverse reactions
CTCAE Grade ≥ 3 TEAEs
CTCAE Grade ≥ 3 TRAEs
TEAEs leading to dose interruption
TRAEs leading to dose interruption
TEAEs leading to dose modification
TRAEs leading to dose modification
TEAEs with an incidence of ≥ 10%
TRAEs with an incidence of ≥ 10%
TEAEs with an incidence of ≥ 5%
TRAEs with an incidence of ≥ 5%
TEAEs with an incidence of ≥ 2%
TRAEs with an incidence of ≥ 2%
TEAEs leading to withdrawal from the study
TRAE leading to withdrawal from the study
TEAEs leading to death
TRAEs leading to death
All the above AEs will be listed by subject.
The AE listing will include group, site, randomization number, AE term, SOC, PT, action taken with the investigational medicinal product, onset date, end date, severity, causality, and outcome. The AE listing will be sorted by group, site, subject screening number, and randomization number.
[bookmark: _Toc95410051][bookmark: _Toc216186580]Summary of adverse events by SOC and PT
All TEAEs will be summarized by SOC and PT by treatment group and dose group, with the number of cases, number of subjects, and incidence calculated. For multiple occurrences of the same AE within the same SOC or PT in a single subject, only one event will be counted.
SOCs will first be sorted overall by incidence in descending order, and PTs within a SOC will also be sorted overall by incidence in descending order. If the incidence of SOC/PT is the same, sorting will be further based on the number of cases in descending order.
Summaries of TRAEs, TESAEs, TRSAEs, significant AEs, TEAEs of special interest, TEAEs leading to dose discontinuation, TEAEs leading to dose modification, CTCAE Grade ≥ 3 TEAEs, TEAEs leading to withdrawal from the study, TEAEs leading to death, TEAEs with an incidence ≥ 10%, TRAEs with an incidence ≥ 10%, TEAEs with an incidence ≥ 5%, TRAEs with an incidence ≥ 5%, TEAEs with an incidence ≥ 2%, and TRAEs with an incidence ≥ 2% will be conducted in the same manner as for TEAEs.
[bookmark: _Toc95410053][bookmark: _Toc216186581]Summary of adverse events by SOC, PT, and CTCAE grade
All TEAEs and TRAEs will be summarized by SOC, PT, and CTCAE grade by treatment group and dose group, with the number of cases, number of subjects, and incidence calculated. For multiple occurrences of the same AE within the same SOC or PT in a single subject, only one event will be counted.
AE severity will be graded according to CTCAE v5.0 (Grade 1, 2, 3, 4, and 5). If a subject experiences the same AE multiple times, the summary will be based on the most severe occurrence.
[bookmark: _Toc216186582]Summary of adverse events by SOC, PT, and other variables
All TEAEs and TRAEs will be summarized by SOC, PT, and other variables by treatment group and dose group, with the number of cases, number of subjects, and incidence calculated. For multiple occurrences of the same AE within the same SOC or PT in a single subject, only one event will be counted.
Other variables include: AE outcome (recovered, improved, recovered with sequelae, not improved, death, unknown), presence or absence of sequelae (yes, no), action taken with the investigational medicinal product (permanent discontinuation, dose interruption, administration as per protocol, study treatment completed, dose reduction, not applicable, other), action taken for the adverse event (no action, concomitant medication, concomitant non-drug therapy, dietary/exercise adjustment, other).
[bookmark: _Toc216186583]Gastrointestinal adverse events/reactions
Gastrointestinal adverse events/reactions will be described by time interval (every 2 weeks) and graded according to CTCAE, with the number of cases, number of subjects, and incidence calculated. A bar chart will be generated to illustrate the occurrence of gastrointestinal adverse events/reactions by interval.
[bookmark: _Toc60852160][bookmark: _Toc216186584]Laboratory tests
Laboratory parameters will be statistically analyzed by test type (see Section 5.2 for details).
Descriptive statistics will be performed for each scheduled visit by treatment group and dose group, including the number of subjects (including missing), mean, standard deviation, median, first quartile (Q1), third quartile (Q3), minimum, and maximum. Changes from baseline at each visit will be summarized. For parameters such as lipase, amylase, and serum calcitonin, line charts will be generated to display the mean values at each visit.
Data from unscheduled visits will not be included in the analysis and will only be used to derive baseline variables. Baseline value is defined as the last non-missing assessment prior to the first dose of the investigational medicinal product. If laboratory test results exceed the range of quantification (e.g., values containing <, ≤, >, or ≥), the limit of quantification will be used as the numeric result for summary.
[bookmark: OLE_LINK5]Clinical assessments of laboratory parameters pre- and post-dose (based on normal ranges or the investigator's clinical judgment) will be summarized using cross-tabulations, with the number and percentage of subjects calculated. For post-dose clinical assessments, the worst result at any post-dose visit will be used (with the following hierarchy for worst result: abnormal with clinical significance > abnormal without clinical significance > normal > not examined).
Laboratory parameters of special interest
· ALT and AST: Baseline values (categorized as ≤ 1 × ULN, > 1 × ULN) and maximum post-treatment values (categorized as ≤ 1 × ULN, > 1 to < 3 × ULN, ≥ 3 to < 5 × ULN, ≥ 5 to < 10 × ULN, ≥ 10 × ULN) will be summarized using cross-tabulations, with the number and percentage of subjects calculated.
· TBIL and DBIL: Baseline values and maximum post-treatment values (categorized as ≤ 1 × ULN, > 1 to < 2 × ULN, ≥ 2 × ULN) will be summarized using cross-tabulations, with the number and percentage of subjects calculated.
· ALP: Baseline values and maximum post-treatment values (categorized as ≤ 1 × ULN, > 1 to < 2 × ULN, ≥ 2 × ULN) will be summarized using cross-tabulations, with the number and percentage of subjects calculated.
· Serum amylase and serum lipase: Baseline values and maximum post-treatment values (categorized as ≤ 1 × ULN, > 1 to ≤ 3 × ULN, > 3 to ≤ 5 × ULN, >5 to ≤ 10 × ULN, > 10 × ULN) will be summarized using cross-tabulations, with the number and percentage of subjects calculated.
· Serum calcitonin: For subjects with a post-dose serum calcitonin increase of ≥ 50% from baseline and an absolute value ≥ 20 pg/mL, subjects will be categorized based on baseline absolute calcitonin values as follows: ≥ 20 and < 35 pg/mL; ≥ 35 and < 50 pg/mL; ≥ 50 pg/mL. If the proportion of subjects with such changes exceeds 3%, a cross-tabulation using these categories will be generated.
Hepatic function abnormality analysis
· For subjects exposed to the investigational medicinal product for at least 1 month, the proportion of subjects with abnormal hepatic function tests post-dose will be described according to the following categories:
1. Maximum post-treatment AST or ALT value: > 3 × ULN, > 5 × ULN, > 10 × ULN, > 20 × ULN.
2. Maximum post-treatment total bilirubin value: > ULN, > 2 × ULN.
3. Maximum post-treatment ALP value: > 1.5 × ULN.
4. AST or ALT > 3 × ULN with concomitant total bilirubin increased: AST or ALT > 3 × ULN with bilirubin > 1.5 × ULN; AST or ALT > 3 × ULN with bilirubin > 2 × ULN.
· The proportion of subjects with abnormal post-dose liver function test results who have baseline ALP < 2 × ULN will be described by the following categories: AST or ALT > 3 × ULN and > 2 × baseline value, AST or ALT > 3 × ULN and > 2 × baseline value, and subsequent total bilirubin ≥ 2 × ULN and ≥ 1.5 × baseline. The time interval between the increase in AST or ALT and the subject's total bilirubin ≥ 2 × ULN and ≥ 1.5 × baseline should be ≤ 30 days.
[bookmark: OLE_LINK8]All laboratory test results will be listed by subject and visit based on the type of test, including unscheduled visits. Listings will be sorted by site number, group, subject screening number, randomization number, test item, and visit. In addition, post-treatment abnormal test results considered clinically significant will be listed separately.
[bookmark: _Toc107182404][bookmark: _Toc107182561][bookmark: _Toc60852163][bookmark: _Toc216186585]Vital signs
Descriptive statistics of vital sign parameters will be performed by treatment group and dose group at each scheduled visit, including number of subjects (including missing), mean, standard deviation, median, quartiles (Q1 and Q3), minimum, and maximum, and changes from baseline at each scheduled visit will be summarized.
Clinical assessments of vital signs pre- and post-dose (based on normal ranges or the investigator's clinical judgment) will be summarized using cross-tabulations, with the number and percentage of subjects calculated. For post-dose clinical assessment, the worst post-dose value across all visits will be used.
The lowest and highest post-treatment vital sign values will be summarized by number and percentage of subjects according to the following categories:
	Item
	Lowest value
	Maximum

	Systolic blood pressure
	≤ 90 and a decrease from baseline ≥ 20
	≥ 160 and an increase from baseline ≥ 20

	Diastolic blood pressure
	≤ 50 and a decrease from baseline ≥ 10
	≥ 100 and an increase from baseline ≥ 10

	Pulse
	< 50 and a decrease from baseline ≥ 15
	> 100 and an increase from baseline ≥ 15


[bookmark: OLE_LINK9]All vital sign measurements will be listed by subject and visit, including unscheduled visits. Listings will be sorted by site number, group, subject screening number, randomization number, test item, and visit. In addition, post-treatment abnormal test results considered clinically significant will be listed separately.
[bookmark: _Toc60852161][bookmark: _Toc216186586]Physical examination
Clinical assessments of physical examination findings pre- and post-dose (based on the investigator's judgment of clinical significance) will be summarized in cross-tabulations by treatment group and dose group, with the number and percentage of subjects calculated. For post-dose clinical assessment, the worst post-dose value across all visits will be used.
All physical examination results will be listed by subject and visit, including unscheduled visits. Listings will be sorted by site number, group, subject screening number, randomization number, test item, and visit. In addition, post-treatment abnormal test results considered clinically significant will be listed separately.
[bookmark: _Toc60852162][bookmark: _Toc216186587]12-lead ECG
Descriptive statistics for ECG parameters will be performed by treatment group and dose group at each scheduled visit, including number of subjects (including missing), mean, standard deviation, median, quartiles (Q1 and Q3), minimum, and maximum, and changes from baseline will be summarized by visit.
The overall ECG evaluation pre- and post-dose will be summarized in cross-tabulations, with the number and percentage of subjects calculated. For post-dose clinical assessment, the worst post-dose value across all visits will be used.
Post-dose ECG results will be described by visit according to the following categories: post-dose QTcF > 500 ms; post-dose change from baseline 30 < ΔQTcF ≤ 60 ms and ΔQTcF > 60 ms; quantitative description of ΔΔQTcF for each dose group. ΔQTcF is the change in QTcF from baseline at each visit, and ΔΔQTcF is the change in ΔQTcF for the treatment group at each visit relative to the ΔQTcF of the placebo group at the same visit.
All ECG results will be listed by subject and visit, including unscheduled visits. Listings will be sorted by site number, group, subject screening number, randomization number, test item, and visit. In addition, post-treatment abnormal test results considered clinically significant will be listed separately.
[bookmark: _Toc216186588]Pregnancy test
Descriptive statistics of qualitative pregnancy test results (female subjects) will be performed by treatment group and dose group at each scheduled visit, with the number and percentage of subjects calculated.
All pregnancy test results will be listed by subject and visit, including unscheduled visits. Listings will be sorted by site number, group, subject screening number, randomization number, test item, and visit.
[bookmark: _Toc216186589]Patient Health Questionnaire (PHQ)-9
Descriptive statistics of PHQ-9 total scores will be performed by treatment group and dose group at each scheduled visit, including number of subjects (including missing), mean, standard deviation, median, quartiles (Q1 and Q3), minimum, and maximum, and changes from baseline will be summarized by visit.
All PHQ-9 results will be listed by subject and visit. Listings will be sorted by site number, group, subject screening number, randomization number, test item, and visit.
[bookmark: _Toc216186590]Efficacy Analysis
All efficacy endpoints will be analyzed based on the FAS and PPS.
[bookmark: _Toc216186591]Primary efficacy analysis
[bookmark: _Toc107182512][bookmark: _Toc107182511][bookmark: _Toc107182495][bookmark: _Toc107182338][bookmark: _Toc107182498][bookmark: _Toc107182340][bookmark: _Toc107182339][bookmark: _Toc107182496][bookmark: _Toc107182341][bookmark: _Toc107182354][bookmark: _Toc107182342][bookmark: _Toc107182348][bookmark: _Toc107182355][bookmark: _Toc107182505][bookmark: _Toc107182499][bookmark: _Toc107182497]The primary efficacy estimand is defined as follows:
· Treatment (intervention): RAY1225 injection (all dose levels pooled) as the investigational drug group, and RAY1225 placebo as the control group.
· Population: Chinese adult subjects with type 2 diabetes mellitus (T2DM).
· Variable (or endpoint): change from baseline in HbA1c at Week 24 of treatment.
· Intercurrent events and handling strategies:
	Intercurrent event
	Handling strategy
	Note

	Premature discontinuation of treatment
	Treatment policy strategy. Subsequent visit data will continue to be collected regardless of whether the subject permanently discontinues treatment.
	Reflects clinical practice

	Salvage therapy
	Treatment policy strategy. Subsequent visit data will continue to be collected regardless of whether the subject receives salvage therapy.
	Reflects clinical practice

	Use of prohibited medications or therapies that may affect efficacy
	Treatment policy strategy. Subsequent visit data will continue to be collected regardless of whether the subject uses prohibited medications or therapies that may affect efficacy.
	Reflects clinical practice


· Population-level summary: the least squares means (LSM) of the change from baseline in HbA1c at Week 24 in each treatment group, and the LSM difference between treatment groups with two-sided 95% CI, will be estimated.
Superiority hypothesis for the primary efficacy endpoint:
Null hypothesis H0: μRAY1225 – μplacebo ≥ 0%
Alternative hypothesis H1: μRAY1225 – μplacebo < 0%
where μRAY1225 and μplacebo denote the mean change from baseline in HbA1c at Week 24 for RAY1225 and placebo, respectively.
A likelihood-based MMRM will be used to analyze the primary efficacy endpoint, change from baseline in HbA1c at Week 24. The fixed effects in the model will include treatment group, visit, treatment-by-visit interaction, diabetes mellitus treatment status (treatment-naive or treatment-experienced), and baseline HbA1c as a continuous covariate. An unstructured covariance matrix will be used as the within-subject covariance structure. If the model fails to converge, the following covariance structures will be tried in sequence: Heterogeneous Toeplitz/Heterogeneous First-order Autoregressive/Heterogeneous Compound Symmetric/Toeplitz/First-order Autoregressive/Compound Symmetric. This model will estimate the LSM difference (RAY1225 injection group – placebo group) in change from baseline at Week 24 and the corresponding two-sided 95% CI. All observed data will be used to perform descriptive statistics of HbA1c and change from baseline at each visit. Line charts of mean HbA1c over time and change from baseline in mean HbA1c over time will be plotted by group, and bar charts of changes from baseline in HbA1c (LS means) at Week 24 will be plotted by group.
The key SAS code for the MMRM model is as follows:
   proc mixed data=analysisdata;
      class usubjid RFactor1 treatment visit;
      model change = baseline RFactor1 treatment visit treatment*visit/ddfm=KR;
      repeated visit/ subject= usubjid type=un;
      lsmeans treatment*visit /diff cl; 
   run;
Note: "change" refers to the change from baseline in HbA1c at Week 24 of treatment; "baseline" refers to the baseline value of HbA1c; "RFactor1" refers to the randomization stratification factor "diabetes mellitus treatment status"; "treatment" refers to treatment group; "visit" refers to visit conducted.
Sensitivity analysis
1) LOCF analysis: For the primary estimand, based on the FAS, the last observation carried forward (LOCF) method will be used to impute missing data, and ANCOVA will be used for statistical analysis. The change from baseline in HbA1c after treatment will be used as the dependent variable; treatment group and diabetes mellitus treatment status (treatment-naive or treatment-experienced) will be included as fixed effects, and baseline HbA1c will be included as a covariate, in order to assess the robustness of the primary analysis results for the primary estimand.
2) MI + ANCOVA analysis: For the primary estimand, based on the FAS, missing data will be handled using multiple imputation (MI), and for each imputed complete dataset, the primary efficacy endpoint will be analyzed using the same ANCOVA model as in sensitivity analysis 1.
The specific steps for multiple imputation under the MAR assumption are as follows:
For non-monotone missing data, assume that the data follow a multivariate normal distribution and perform imputation using the Markov Chain Monte Carlo method. The SAS PROC MI procedure with MCMC CHAIN = MULTIPLE IMPUTE = MONOTONE will be used and repeated 50 times for correction.
After the above correction, the data will be converted to monotone missing data, and multiple imputation will be performed to generate complete datasets. Using PROC MI with the MONOTONE REG statement, the covariates for multiple imputation will include diabetes treatment status, baseline value, and post-baseline measurements at each planned visit, and missing values at each post-baseline visit will be imputed.
The complete datasets obtained after correction and multiple imputation will be used for statistical analysis, yielding 50 sets of statistics.
The 50 sets of statistics will be combined using PROC MIANALYZE to obtain combined statistics. These combined statistics will be used as the final statistics for analysis.
3) J2R (Jump to reference): It is assumed that, the mean efficacy trajectory of subjects in the investigational drug group is the same as that of the placebo group immediately after the subjects withdraw from the study. Based on the FAS, the J2R method will be used to perform multiple imputation for missing data, and for each imputed complete dataset, the primary efficacy endpoint will be analyzed using the same ANCOVA model as in sensitivity analysis 1, and the analysis results will be combined according to Rubin's rule.
4) Tipping point analysis: It is assumed that, the missing data after withdrawal in subjects in the investigational drug group differ on average by δ from their complete data, which is equivalent to imposing a certain degree of penalty on the imputed missing data. A series of δ values will be prespecified; the value of δ at which the conclusion is reversed will be defined as the tipping point. Based on the FAS, the tipping point analysis method will be used to perform multiple imputation for missing data, and for each imputed complete dataset, the primary efficacy endpoint will be analyzed using the same ANCOVA model as in sensitivity analysis 1, and the analysis results will be combined according to Rubin's rule.
5) MI + ANCOVA analysis 2 (data after intercurrent events handled as missing): Based on the FAS, all data collected after the occurrence of intercurrent events in a subject will be treated as missing, and then the same method as described in sensitivity analysis 2 above will be used for analysis.
6) MMRM analysis 2 (data after intercurrent events handled as missing): Based on the FAS, all data collected after the occurrence of intercurrent events in a subject will be treated as missing, and then the same method as described in the primary analysis above will be used for analysis.
Supplementary analysis
To assess the robustness of the primary endpoint analysis, the same data‑handling strategy and analysis model as those used for the FAS‑based analysis of the primary endpoint will be applied to the primary endpoint based on the PPS.
[bookmark: _Toc216186592]Secondary efficacy analysis
1) [bookmark: _Toc126522885][bookmark: _Toc125118613][bookmark: _Toc126444824][bookmark: _Toc126522886][bookmark: _Toc126533081][bookmark: _Toc126527474][bookmark: _Toc125118614][bookmark: _Toc125118244][bookmark: _Toc125118243][bookmark: _Toc126436589][bookmark: _Toc126522319][bookmark: _Toc125702909][bookmark: _Toc126436590][bookmark: _Toc126522318][bookmark: _Toc125118247][bookmark: _Toc125702913][bookmark: _Toc125118617][bookmark: _Toc126569449][bookmark: _Toc126522887][bookmark: _Toc126569446][bookmark: _Toc126444823][bookmark: _Toc126527473][bookmark: _Toc126533085][bookmark: _Toc125118616][bookmark: _Toc125702910][bookmark: _Toc125118245][bookmark: _Toc125118615][bookmark: _Toc126522888][bookmark: _Toc126569447][bookmark: _Toc126533082][bookmark: _Toc126444826][bookmark: _Toc125118246][bookmark: _Toc126522322][bookmark: _Toc126444827][bookmark: _Toc126522889][bookmark: _Toc125702911][bookmark: _Toc126569450][bookmark: _Toc126436593][bookmark: _Toc126569448][bookmark: _Toc126522320][bookmark: _Toc126522321][bookmark: _Toc126527476][bookmark: _Toc126533083][bookmark: _Toc126436592][bookmark: _Toc126444825][bookmark: _Toc126436591][bookmark: _Toc126527475][bookmark: _Toc126533084][bookmark: _Toc126527477][bookmark: _Toc125702912]The number and percentage of subjects who, at each post-baseline visit, achieve HbA1c < 7%, HbA1c ≤ 6.5%, HbA1c ≤ 5.7%, and body weight loss ≥ 5% with HbA1c < 7% will be summarized by group. The rates for each group and the 95% CI for the difference versus placebo will be calculated. Inter-group comparisons will be performed using the stratified Cochran-Mantel-Haenszel (CMH) chi-square test. The analysis method for the achievement rate of body weight targets post-treatment will be conducted in the same manner.
2) For secondary quantitative endpoints (fasting plasma glucose, blood lipids, body weight, blood pressure, etc., corresponding to secondary endpoints 3)–7) in Section 5.3.2), MMRM will be used, with baseline as a covariate, and visit and treatment group as fixed effects, to compare changes from baseline at each visit between treatment groups.
3) Other endpoint analyses:
For ALT, AST, GGT, uric acid, UPCR, and eGFR, the MMRM (with baseline as a covariate, and visit and treatment group as fixed effects) will be used to compare post-treatment changes from baseline at Weeks 12 and 24 between treatment groups.
For ALT, AST, GGT, blood lipids (including TG, TC, LDL-C, HDL-C, non-HDL-C, FFA), uric acid, UPCR, and blood pressure, the proportion of subjects whose abnormal baseline values return to normal at Week 24 of treatment will be summarized. The criteria for abnormal and normal values for the above endpoints are defined in the following table:
	Endpoint
	Abnormal
	Normal

	ALT
	>ULN
	≤ULN

	AST
	>ULN
	≤ULN

	GGT
	>ULN
	≤ULN

	TG
	>ULN
	≤ULN

	TC
	>ULN
	≤ULN

	LDL-C
	>ULN
	≤ULN

	HDL-C
	<ULN
	≥ULN

	non-HDL-C
	>ULN
	≤ULN

	FFA
	>ULN
	≤ULN

	Uric acid
	>ULN
	≤ULN

	UPCR
	>ULN
	≤ULN

	Systolic blood pressure
	>ULN
	≤ULN

	Diastolic blood pressure
	>ULN
	≤ULN


[bookmark: _Toc216186593]Subgroup analysis
For the primary efficacy endpoint, change from baseline in HbA1c at Week 24 of treatment, as well as change in body weight and percent change at Week 24 of treatment, will be described according to subgroup and treatment group, detailing pre- and post-treatment changes. Forest plots will be generated to illustrate changes within each subgroup. Subgroups will include the following:
· Age (< 65 years, ≥ 65 years)
· Sex (male, female)
· Baseline BMI (< 24 kg/m2, ≥ 24 to < 28 kg/m2, ≥ 28 to < 32.5 kg/m2, ≥ 32.5 kg/m2)
· Baseline HbA1c (< 8.5%, ≥ 8.5%)
· Duration of diabetes (≤ 5 years, > 5 to ≤ 10 years, > 10 years)
· Diabetes mellitus treatment status (treatment-naive/treatment-experienced)
[bookmark: _Toc216186594]Pharmacokinetic Analysis
Pharmacokinetic analyses of plasma RAY1225 and acetaminophen will be conducted by a testing facility designated by the sponsor. The drug concentrations in the plasma at each actual blood sampling point will be determined using the HPLC/MS/MS method, and the PK parameters of individual subjects and each dose group will be calculated by the non-compartmental model using WinNonlin (v8.3 or later).
Key PK data handling principles: a) PK parameters will be calculated based on actual sampling times and actual administered doses. b) Drug concentrations below the lower limit of quantification (BQL): for PK parameter calculation and plotting of individual c-t curves, values before Tmax will be set to 0 and values after Tmax will be treated as missing; however, for descriptive statistical analysis of plasma concentrations, values will be set to 0, and the number of BQL values at each time point will be reported; no adjustments will be made when listing plasma drug concentration values.
Plasma concentration analysis: Based on the PKCS, the number of subjects, arithmetic mean, standard deviation, coefficient of variation, median, quartile, minimum, maximum, geometric mean, and geometric coefficient of variation of plasma concentrations of RAY1225 and acetaminophen at each time point (counted separately according to the first and last doses of acetaminophen) will be calculated by dose group, and the mean and individual c-t curves and semi-logarithmic c-t curves will be plotted.
Subjects with out-of-window blood sampling time points will be listed in detail, and the deviation time, out-of-window time, and deviation percentage will be calculated as follows: 
Deviation time (min) = Actual sampling time (min) – Scheduled sampling time (min); 
Out-of-window time (min) = Absolute value of deviation time (min) – Allowable deviation (min); 
Deviation percentage (%) = Deviation time/Interval between scheduled blood sampling time and dosing time × 100%;
Analysis of PK parameters: Based on the PKPS, the PK parameters of RAY1225 and acetaminophen in each subject will be calculated using a non-compartmental model, and the number of subjects, arithmetic mean, standard deviation, coefficient of variation, quartiles, minimum, maximum, geometric mean, and geometric coefficient of variation of each PK parameter will be calculated.
Dose proportionality analysis: If the data permit, the power function model (lnPK = α + β × lnDose + Error) will be used to analyze the Cmax, ss, AUC0-τ, ss, and AUC0-∞ of RAY1225 after multiple doses, and the β value and its 95% CI will be calculated.
The linear relationship between the PK parameters and the administered dose will be determined according to the following intervals: (1 + ln(θL)/ln(r), 1 + ln(θH)/ln(r)). If the 95% CI for β is within this interval, dose proportionality is established. θL = 0.8, θH = 1.25, where r is the dosing range (e.g., if the minimum dose is 9 and the maximum dose is 15, r = 1.67).
Steady-state analysis: After the plasma concentrations before 3 consecutive target doses are normalized (i.e., divided by the plasma concentration before the last dose), linear regression will be performed. If the 95% CI of the regression slope includes 0, steady state is considered to be achieved.
Effect analysis of gastric emptying: Analyses for the placebo and RAY1225 groups will be performed separately. The natural log-transformed Cmax, AUC0-∞, and AUC0-t after 2 doses of acetaminophen will be analyzed using a linear mixed-effect model, and the geometric mean ratio (GMR) (administered/not administered) and its 90% CI will be calculated using the administration of the investigational drug (RAY1225) as fixed effect and the subject as random effect. Tmax and Tlag will be tested using nonparametric methods, and the Hodges-Lehmann estimates will be used to calculate the median difference and its 95% CI.
PK parameters (Cmax, AUC0-∞, AUC0-t) for acetaminophen will also be analyzed separately using linear mixed-effects models after log transformation, with treatment group, visit, and their interaction as fixed effects and subject as a random effect. Geometric mean ratios and 95% CIs for the investigational drug and placebo groups will be calculated. Tmax and Tlag will be assessed using nonparametric tests, and the Hodges-Lehmann estimates will be used to calculate the median difference and its 95% CI between the RAY1225 and placebo groups.
[bookmark: _Toc216186595]Immunogenicity Analysis
Based on the ADAS, the baseline data will be summarized by group: number of subjects with pre-existing antibodies, number of subjects positive for endogenous GLP-1 cross-reactivity, number of subjects positive for endogenous GIP cross-reactivity, and number of subjects positive for GLP-1 and GIP neutralizing antibodies; post-dose: number of subjects ADA positive, number of subjects TE-ADA positive, number of subjects TE-ADA negative, number of subjects GIP Nab positive, number of subjects GLP-1 Nab positive, number of subjects positive for endogenous GLP-1 cross-reactivity, and number of subjects positive for endogenous GIP cross-reactivity, all presented as number of subjects and percentage. TE-ADA-positive cases will be further characterized as treatment-boosted antibodies or treatment-induced antibodies. Titers of pre-existing antibodies, post-dose ADA-positive antibodies, and TE-ADA-positive antibodies will be summarized by group, using number of subjects, median, quartiles, minimum, and maximum.
The results at each visit and the cumulative first post-dose occurrence of ADA positivity, TE-ADA positivity, positivity for cross-reactivity with endogenous GLP-1 and GIP, and GLP-1 and GIP neutralizing antibody positivity will be summarized by group. For each visit, the titer range and distribution will be summarized, and titer-time curves will be plotted. For TE-ADA-positive subjects, the titer range and distribution at each visit will be summarized, and titer-time curves will be plotted. Histograms of the frequency distribution of the maximum titer in ADA-positive and TE-ADA-positive subjects post-dose will be plotted, and box plots of titer ranges at each visit will be plotted.
The relevant definitions are as follows:
Pre-existing antibodies: defined as ADA positivity pre-dose; treatment-emergent ADA (TE-ADA) positivity: includes treatment-boosted antibodies and treatment-induced antibodies. Treatment-boosted antibodies: pre-existing antibodies are present pre-dose, and the ADA titer increases to at least ≥ 4-fold relative to the pre-dose level at least once post-dose; treatment-induced antibodies: no pre-existing antibodies are present pre-dose, and ADA positivity is observed at least once only post-dose; TE-ADA negative: no treatment-induced or treatment-boosted anti-drug antibodies are detected in any post-dose samples.
For all subjects, the following will be calculated and listed separately: time to first onset of TE-ADA positivity, maximum post-dose ADA titer and titer range, fold-change from baseline in titer (maximum value and range), duration of TE-ADA, and time to seroreversion. In addition, the following will be listed: presence or absence of pre-existing antibodies (if present, titers will be listed), post-dose endogenous GLP-1 and GIP cross-reactive or Nab positivity/negativity, occurrence of hypersensitivity/injection site reactions (if present, specific terms will be listed), and change from baseline in HbA1c at Week 24 of treatment.
Immunogenicity-efficacy correlation analyses
For subgroups defined by post-dose ADA/TE-ADA/GIP Nab/GLP-1 Nab positivity or negativity, changes and percent changes from baseline in HbA1c and body weight at Week 24 of treatment will be described by group. In addition, scatter plots will be generated for all subjects to display the relationship between maximum post-dose titer and changes and percent changes from baseline in the primary endpoints (HbA1c and body weight) at Week 24 of treatment.
Immunogenicity-PK correlation analyses
For subgroups defined by post-dose ADA/TE-ADA/GIP Nab/GLP-1 Nab positivity or negativity, the primary PK parameters (Cmax, AUC, t1/2, CL/F, and V/F) in the Part B dose escalation group will be described by group.
Immunogenicity-safety correlation analyses
For subgroups defined by post-treatment ADA/TE-ADA/GIP Nab/GLP-1 Nab positivity or negativity, the incidence of hypersensitivity reactions and injection site reactions during the study will be described separately for the placebo group and RAY1225 groups, and the number and percentage of subjects with events will be calculated.
[bookmark: _Toc77670976][bookmark: _Toc77670977][bookmark: _Toc77670974][bookmark: _Toc77670980][bookmark: _Toc77670979][bookmark: _Toc77670982][bookmark: _Toc77670973][bookmark: _Toc77670975][bookmark: _Toc77670983][bookmark: _Toc77670981][bookmark: _Toc77670978][bookmark: _Toc216186596]INTERIM ANALYSIS
No formal interim analysis will be performed for this study. During the conduct of the study, if the principal investigator, the sponsor, and the statistical analysis unit consider that an interim analysis is needed, unblinding will be performed; this unblinding will not affect maintenance of blinding for other study cohorts that are still ongoing.
In Part B dose escalation study, at the predefined tolerability assessment timepoint for each dose escalation group, a safety review of all available safety and tolerability data will be performed (database lock is not required) to determine whether to proceed to the next dose level. After the end of the study in each dose group, the study team will analyze the obtained blinded PK data and determine the dose and dosage regimen for subsequent dose groups in combination with the safety results.
The investigator will participate in the above judgment and analysis. For the purpose of providing information, consultation, or decision-making, the clinical team may communicate with the sponsor on the open-label interim results.
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[bookmark: _Toc216186598]DESCRIPTION OF INCONSISTENCY WITH THE PROTOCOL
	Definition in study protocol
	Defined in SAP
	Reason for revision

	No such definition
	Added the definitions of ITT, PPS, PKCS, and PKPS, and modified the definition of FAS in Section 4
	Determined through discussion by the project team

	No such definition
	Added estimand and hypothesis testing, and added sensitivity analysis and supplementary analysis for the primary efficacy analysis in Section 6.4.1
	Determined through discussion by the project team per ICH E9 (R1)
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