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Study title	
A RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED, SEQUENTIAL DOSE ESCALATION STUDY OF THE SAFETY, TOLERABILITY, PHARMACODYNAMICS AND PHARMACOKINETICS OF SINGLE SUBCUTANEOUS DOSES OF HM11260C IN ADULT PATIENTS WITH TYPE 2 DIABETES MELLITUS

Study code
Sponsor code	:	10-HM11260C-201
EudraCT number	:	2010-019665-28

Sponsor
Hanmi Pharmaceutical Company Limited, 45, Bangi-dong, Songpa-gu, Seoul, Republic of Korea

Publication	:	None at time of writing this report

Study period	:	Date of first screening to last follow-up: 20 May 2010 – 22 April 2011

Clinical phase	:	Phase 2

Objectives
Primary	:	to evaluate the safety and tolerability profile of single escalating subcutaneous (sc) dose levels of HM11260C in adult patients with type 2 diabetes mellitus
Secondary	:	to evaluate the dose response relationship of single escalating sc dose levels of HM11260C on pharmacodynamic parameters including 24-h glucose profiles (including fasting and post‑prandial blood glucose), fasting fructosamine, C-peptide, fasting insulin, glucagon, lipids, gastric emptying, body weight, waist circumference, and a battery of safety laboratory parameters, incl. amylase, lipase, liver enzymes and hematologic parameters
	:	to evaluate the pharmacokinetic profiles of single dose levels of HM11260C
	:	to determine the pharmacologically active dose of HM11260C (based on fasting glucose) as defined by the dose that results in a mean reduction in fasting glucose of more than 30 mg/dL (1.66 mmol/L) or 20% reduction from baseline, whichever is greater
	:	to assess the immunogenicity (anti-HM11260C antibodies and anti-HM11260C neutralizing antibodies) of a single sc dose of HM11260C
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Methodology
Design	:	a Phase 2, first-in-patient, randomized, double-blind, placebo-controlled, sequential dose escalation study in 8 groups of 6 patients with type 2 diabetes mellitus each receiving a single sc injection of HM11260C or placebo (5 active and 1 placebo) after a wash-out period of 2 weeks for anti-diabetes drug(s). Escalation from one dose level to the next only took place after careful evaluation of the previous cohort and the corresponding cohort of the healthy volunteer study conducted in Korea; safety and tolerability data were reviewed on a weekly basis, and dose escalation from one dose level to the next only took place after at least 4 patients in the previous cohort had safely completed their Day 21.

Treatments 
The following treatments were administered:

Group 1	:	a single sc injection of 2 µg/kg HM11260C (n=5) or placebo (n=1) on Day 1
Group 2	:	a single sc injection of 4 µg/kg HM11260C (n=5) or placebo (n=1) on Day 1
Group 3	:	a single sc injection of 8 µg/kg HM11260C (n=5) or placebo (n=1) on Day 1
Group 4	:	a single sc injection of 14 µg/kg HM11260C (n=5) or placebo (n=1) on Day 1
Group 5	:	a single sc injection of 20 µg/kg HM11260C (n=5) or placebo (n=1) on Day 1
Group 6	:	a single sc injection of 40 µg/kg HM11260C (n=5) or placebo (n=1) on Day 1
Group 7	:	a single sc injection of 60 µg/kg HM11260C (n=5) or placebo (n=1) on Day 1
Group 8	:	a single sc injection of 100 µg/kg HM11260C (n=5) or placebo (n=1) on Day 1

On Day 1 of the study, study medication was administered sc in the abdomen in the supine position. The volume was maximally 3 mL for each sc injection. 

Procedures and assessments
Screening (Days -35 to -16)	:	informed consent, inclusion/exclusion criteria, demographics, medical history, drug and alcohol screen, pregnancy test (females only), HBsAg, anti‑HCV and anti‑HIV 1/2, follicle stimulating hormone (females only), clinical laboratory (including clinical chemistry, hematology and urinalysis), vital signs (including supine systolic and diastolic blood pressure, pulse rate and oral body temperature), 12‑lead electrocardiogram (ECG), physical examination, adverse events (AEs), and previous and concomitant medication
Admission (Day -2)	:	inclusion/exclusion criteria, drug and alcohol screen, clinical laboratory (including clinical chemistry, hematology and urinalysis), pregnancy test (females only), AEs, and previous and concomitant medication 
Follow-up (Day 82 ± 4)	:	clinical laboratory (including clinical chemistry, hematology and urinalysis), vital signs (including supine systolic and diastolic blood pressure, pulse rate and oral body temperature), 12-lead ECG, physical examination, blood sampling for immunogenicity (anti-HM11260C antibodies), AEs and concomitant medication
Observation period	:	one period in clinic from -41 h (Day -2) up to 168 h (Day 8) after drug administration, and from Days 13‑15, Days 20-22 and Days 27-29; ambulatory visits on Days 10, 35, 42 and 49
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	:	an ambulatory visit was scheduled on Day -15 for patients receiving hypoglycemic agents (such as sulphonylureas, acarbose, metformin etc.). These patients were discontinued from this treatment (starting on Day -14) and received dietary advice and explanation of the glucometer. They performed glucose measurements with a glucometer once a day, in the morning (while fasting) from Day ‑14 to discharge on Day 29, and on Day 35
Blood sampling	:	for pharmacokinetics (PK) of HM11260C in serum: at pre-dose and at 1, 2, 4, 8 and 12 h post-dose on Day 1, and once on Days 2, 4, 7, 10, 14, 21, 28, 35, 42 and 49
	:	for immunogenicity (anti-HM11260C antibodies): at pre‑dose, once on Days 28 and 49, and at follow-up
	:	for genotyping: pre-dose
Pharmacodynamic assessments	:	blood sampling for pharmacodynamics (PD) of glucose, insulin and C-peptide: 24-h profiles obtained at baseline (Day -1) and on Days 1, 4, 7 and 14: on these days standardized meals, including Ensure Plus® and a muffin as breakfast, were provided (time-points 24-h profile samples were: just following awakening, 5 minutes prior to breakfast, and 0.5, 1, 2 and 4 h after the start of each meal and in the evening prior to sleeping; 15 samples in total)
		additional blood sampling for PD of glucose: 24-h profiles obtained on Days 21 and 28: on these days standardized meals, including Ensure Plus® and a muffin as breakfast, were provided (time-points 24-h profile samples were: just following awakening, 5 minutes prior to breakfast, and 0.5, 1, 2 and 4 h after the start of each meal and in the evening prior to sleeping; 15 samples in total)
		blood sampling for PD of glucagon: 24-h profiles obtained at baseline (Day -1) and on Day 4: on these days standardized meals, including Ensure Plus® and a muffin as breakfast, were provided (time-points 24-h profile samples were: just following awakening, 5 minutes prior to breakfast, and 0.5, 1, 2 and 4 h after the start of each meal and in the evening prior to sleeping; 15 samples in total)
		blood sampling for PD of fructosamine and lipids (total cholesterol, high density lipoprotein [HDL], low density lipoprotein [LDL], very low density lipoprotein [VLDL], free fatty acids, triglycerides): before breakfast on Days -1, 21, 28, 35, 42 and 49
	:	visual analogue scale (VAS) for hunger, craving and fullness: once just before lunch on Days -1, 1, 4, 7, 14, 21 and 28 
	:	13C-octanoic acid meal and breath tests (gastric emptying): Days -1, 1 and 14: Breath tests twice pre-meal, 13C-octanoic acid meal (Expiroger muffin) (combined with Ensure Plus®) for breakfast. On Day 1, 13C-octanoic acid meal started 5 minutes after the start of dosing. Breath tests every 15 minutes until 5 h after the start of the meal
	:	body weight and waist circumference: once at baseline (Day -1) and once on Days 28 and 49; for Groups 6-8 also once on Day 14
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Safety assessments	:	AEs: from screening until completion of the follow‑up visit; vital signs (including supine systolic and diastolic blood pressure, pulse rate and oral body temperature), 12-lead ECG and clinical laboratory (including clinical chemistry, hematology and urinalysis): at screening, admission, once in the morning of Day -1 (12-lead ECG and vital signs only), once in the morning on Days 1 (pre-dose), 2, 4, 7, 14, 21 and 28, and at follow-up; glucose measurements with a glucometer (only for the diabetes patients taken off their hypoglycemic medication), once a day, in the morning (while fasting), from Day ‑14 to discharge on Day 29, and on Day 35
Bioanalysis	:	analysis of HM11260C in serum samples was performed 
	:	analysis of glucose, insulin, C-peptide, fructosamine and lipids (total cholesterol, HDL, LDL, VLDL, free fatty acids, triglycerides) samples was performed 
	:	analysis of glucagon samples was performed 
 	:	analysis of 13C‑breath tests (gastric emptying) was performed
	:	analysis of anti-HM11260C antibodies was performed 

Patients
	
	Safety
	Pharmacokinetics 
	Pharmacodynamics

	Planned
	48
	40
	48

	Included
	48
	40
	48

	Evaluable
	48
	40
	48*


*	Patient 014 (8 µg/kg) resumed his anti-diabetic medication from Day 10 onwards and was excluded from the PD population from Day 10 until Day 29 

Main criteria for inclusion
Age	:	18 - 75 years, inclusive
Body Mass Index	:	25 - 40 kg/m2, inclusive 
Patients	:	male and/or female patients with type 2 diabetes mellitus 

Study Medication
Active medication:				
Active substance	:	HM11260C
Activity	:	GLP-1R agonist (lowering of blood glucose level)
Indication	:	type 2 diabetes mellitus
Strength	:	bulk solution of 0.520 mg/mL (Groups 1-6) or 13 mg/mL (Groups 7-8)
Dosage form	:	sc injection (maximal dosing volume of 3 mL per injection)
Manufacturer	:	Hanmi Pharmaceutical Company Ltd
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Placebo	:	visually matching active medication
Activity	:	none
Indication	:	not applicable
Strength	: not applicable
Dosage form	:	sc injection (maximal dosing volume of 3 mL per injection)
Manufacturer	:	Hanmi Pharmaceutical Company Ltd

Criteria for evaluation 
Safety	:	AEs, vital signs, 12-lead ECG, clinical laboratory, immunogenicity and physical examination
Pharmacokinetics	:	serum concentrations of HM11260C and derived PK parameters 
Pharmacodynamics	:	glucose, insulin, C-peptide and glucagon concentrations, fructosamine and lipids (total cholesterol, HDL, LDL, VLDL, free fatty acids, triglycerides) concentrations,  VAS for hunger, craving and fullness, 13C-breath tests as a measure of gastric emptying, body weight and waist circumference

Statistical methods
Safety parameters	: descriptive statistics
Pharmacokinetic parameters	: descriptive statistics, statistical analysis for dose proportionality
Pharmacodynamic parameters	:	descriptive statistics, statistical comparison of active treatment versus placebo for the PD parameters (glucose, insulin and C-peptide)

Results 
Safety
A total of 181 treatment‑emergent AEs (TEAEs) were reported by 40 patients (83%). There were no deaths or serious AEs (SAEs) reported during the study and none of the reported TEAEs resulted in discontinuation of patients.  Most of the TEAEs were transient and resolved without sequelae. Three TEAEs were unresolved at the time of last follow-up (musculoskeletal stiffness for Patient 014 [Group 3], vitreous floaters for Patient 045 [Group 8] and catheter site pain for Patient 048 [Group 8]).

Overall, the most frequently reported TEAEs were gastrointestinal disorders (73 events reported by 27 patients [56%]) with mainly diarrhoea (17 events reported by 14 patients [29%]) and flatulence (11 events reported by 10 patients [21%]) reported within this category, and general disorders and administration site conditions (29 events by 19 patients [40%]) with mainly injection site pain (5 events reported by 5 patients [10%]) and catheter site pain (5 events reported by 4 patients [8%]) reported within this category.

Seventy-eight TEAEs reported by 24 patients (50%) were considered to be related to the study medication. The remainder of the TEAEs, 103 TEAEs, were considered not to be related to the study medication.

Overall, the most frequently reported drug-related TEAEs were diarrhoea (12 events), headache (10 events), flatulence (7 events), nausea (7 events), eructation (6 events), abdominal distension (6 events), abdominal pain (5 events) and injection site pain (5 events). All remaining drug-related TEAEs were reported only once, twice or 3 times. 
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Most TEAEs were of mild severity. A total of 22 TEAEs of moderate severity were reported. No severe TEAEs were reported. The moderate TEAEs that were considered to be related to the study medication (8 events reported by 5 patients [10%]) were reported by patients who received the higher dose levels from 20 up to 100 µg/kg HM11260C.
The number of reported (drug-related) TEAEs was higher for the subjects receiving the highest dose levels of 60 and 100 µg/kg HM11260C compared to the lower dose levels of HM11260C (from 2 up to 40 µg/kg) and placebo.

There were no findings of clinical relevance with respect to vital signs, clinical laboratory (including amylase, lipase, liver enzymes and hematologic parameters) and physical examination. All serum samples of all groups were negative for anti-HM11260C antibodies. No signs of arrhythmia or electrocardiographic changes due to QTc prolongation or conduction disorders were seen.

Pharmacokinetics 

Summary Statistics of Pharmacokinetic Parameters for HM1120C in Serum (Geometric Mean (%CV)[Min-Max])
	HM 11260C Treatment

	Cmax 
(ng/mL)

	tmax* 
(h)

	AUC(0-last)
(ng.h/mL)

	AUC(0-inf) 
(ng.h/mL)
	%AUCextra
	t1/2 
(h)
	CL/F
(mL/h/kg)
	Vz/F
(mL/kg)
	kel 
(/h)

	2 µg/kg
	10.4 (11)
	144.00
	2913 (19)
	#
	#
	#
	#
	#
	#

	
	9.22-12.1
	72.06-216.76
	2267-3615
	#
	#
	#
	#
	#
	#

	4 µg/kg
	25.7 (16)
	72.06
	7911 (12)
	9060 (12)
	11.1
	144 (10)
	0.441
	91.7
	0.00482

	
	22.7-33.0
	72.00-216.80
	6764-8930
	7670-10226
	8.9-12.7
	128-161
	0.391-0.521
	83.3-105
	0.00430-0.00540

	8 µg/kg
	45.1 (5)
	72.06
	16842 (11)
	17784 (11)
	5.1
	147 (19)
	0.437
	93.0
	0.00470

	
	42.6-48.6
	72.00-144.00
	15060-19502
	15954-20862
	3.1-6.5
	111-189
	0.383-0.501
	67.6-105
	0.00367-0.00622

	14 µg/kg
	80.3 (28)
	144.00
	27574 (12)
	28781 (12)
	4.0
	135 (8)
	0.486
	94.9
	0.00513

	
	56.1-120
	72.00-216.76
	23603-31870
	24687-33399
	2.2-5.6
	123-154
	0.419-0.567
	82.0-126
	0.00451-0.00565

	20 µg/kg
	102 (6)
	144.00
	40149 (10)
	41391 (10)
	2.9
	147 (6)
	0.476
	101
	0.00471

	
	96.0-111
	72.00-216.78
	35724-45428
	36573-46401
	2.1-4.5
	134-155
	0.431-0.516
	90.1-113
	0.00446-0.00519

	40 µg/kg
	202 (14)
	144.00
	78430 (13)
	79233 (13)
	1.0
	141 (10)
	0.505
	102
	0.00493

	
	176-234
	72.00-216.78
	64768-92310
	65374-93110
	0.8-1.3
	127-161
	0.430-0.612
	93.1-113
	0.00429-0.00544

	60 µg/kg
	349 (13)
	72.00
	129672 (6)
	130793 (6)
	0.8
	154 (9)
	0.459
	102
	0.00450

	
	296-415
	72.00-144.00
	121591-140308
	122334-141316
	0.6-1.6
	140-179
	0.425-0.490
	92.7-121
	0.00387-0.00496

	100 µg/kg
	643 (12)
	72.00
	270829 (13)
	275322 (14)
	1.5
	180 (12)
	0.363
	94.1
	0.00386

	
	530-726
	72.00-216.90
	216654-305637
	220214-311514
	0.9-2.7
	160-212
	0.321-0.454
	83.8-120
	0.00328-0.00434


*	For tmax the median is presented instead of geometric mean
#	For Group 1 (2 µg/kg) it was not possible to calculate t1/2 and therefore derived parameters could also not be calculated
Note: Cmax and AUC(0-last) and AUC(0-inf) were corrected for Patients 015 and 029, because they received an actual dose with >10% deviation of the planned dose
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Summary of Exploratory Dose-Proportionality Analysis for HM11260C in Serum
	Parameter
	Intercept estimate
	Slope

	
	
	Estimate
	95% confidence interval

	
	
	
	Lower
	Upper

	Cmax (ng/mL)
	1.70
	1.01
	0.97
	1.05

	AUC(0-last) (ng.h/mL)
	7.33
	1.10
	1.06
	1.14

	AUC(0-inf) (ng.h/mL)
	7.59
	1.04
	0.99
	1.08



For HM11260C, median tmax in serum ranged between 72 and 144 hours post-dose. Geometric mean t1/2 for HM11260C ranged between 135 and 180 hours and appeared to be constant over the dose range studied. 

Pharmacodynamics

Glucose, insulin and C-peptide
Fasting blood glucose levels (Cpre) for patients receiving placebo did not clearly change through time. Fasting blood glucose levels for patients receiving HM11260C at dose levels of 4 to 100 µg/kg were clearly lower on Days 4, 7 and 14 compared to Day -1 with the most pronounced effects seen on Day 7 and for the dose levels of 20 to 100 µg/kg. On this day mean blood glucose levels were below 7.0 mmol/L: 6.9, 6.4, 5.6 and 6.8 mmol/L for the 20, 40, 60 and 100 µg/kg HM11260C dose levels, respectively. For 60 µg/kg HM11260C fasting blood glucose levels were still low on Day 14 with a mean value of 6.5 mmol/L. These observations are confirmed by the mean level-time profiles for glucose which clearly show decreasing fasting blood glucose levels after single dose treatment with HM11260C at dose levels of 20 to 100 µg/kg. Fasting blood glucose levels for patients receiving HM11260C at dose levels of 20 to 100 µg/kg were clearly lower on Days 4, 7, 14 and 21 compared to placebo. This was also confirmed by statistical analysis of fasting glucose comparing HM11260C treatments with placebo.

During the nutrient challenge (Ensure Plus®) on Days 4, 7 and 14, post-prandial glucose levels were lower following HM11260C doses of 14 to 100 µg/kg compared to placebo and compared to the Day -1 values of each active treatment. This is confirmed by Emax and rAUC(0-4) values for glucose on these days. No obvious changes in glucose values during the nutrient challenge were observed on the other nutrient challenge days (Days 1, 21 and 28) and for the dose levels of 2 to 8 µg/kg HM11260C.

Based upon Emax and rAUC(0-4), during the nutrient challenge, insulin levels for the active treatments on Days 1, 4, 7 and 14 were higher compared to Day -1. Only for the 40, 60 and 100 µg/kg dose levels the insulin levels were lower on Day 4 compared to Day ‑1 and for the 14 µg/kg dose level the insulin levels were lower on Day 14 compared to Day ‑1.
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Based upon Emax and rAUC(0-4), during the nutrient challenge, C-peptide levels for the active treatments were generally higher on Days 1, 4, 7 and 14 compared to Day -1. Only for the 60 and 100 µg/kg dose levels the C-peptide levels were lower on Day 4 compared to Day ‑1.

Pharmacologically active dose:
One of the objectives of this study was to define a pharmacologically active dose of HM11260C that resulted in a mean reduction from baseline in fasting glucose of more than 30 mg/dL (1.66 mmol/L) or 20%, whichever was greater. The results from this study show that this target was met on Day 7 for the 20, 40, 60 and 100 µg/kg single dose levels, since the mean reduction in fasting glucose from baseline was 1.9 mmol/L (20%), 2.1 mmol/L (24.7%), 3.4 mmol/L (37.3%) and 2.7 mmol/L (28.9%), respectively. Seven days later, on Day 14, the target was still met for the highest dose levels of 60 and 100 µg/kg, with a mean reduction of 2.5 mmol/L (27.2%) and 2.0 mmol/L (21.6%), respectively. Based on the interpretation of the above-mentioned fasting blood glucose results, the 20, 40, 60 and 100 µg/kg dose levels are considered to be pharmacologically active doses in this study. 

Fructosamine
For the lower dose levels of HM11260C (2 µg/kg to 20 µg/kg) and placebo no clear differences were seen in fructosamine levels from Day -1 to Day 49. For the dose levels of 40 µg/kg to 100 µg/kg HM11260C the fructosamine levels were decreased on Day 21 with the largest decrease seen for the 100 µg/kg dose level. Thereafter, the fructosamine levels increased for the 40 and 100 µg/kg dose levels, but on Day 49 (the last sampling day) the fructosamine levels were still lower compared to Day -1. For the 60 µg/kg dose level the fructosamine levels did not change much and were still lower on Day 49 compared to Day -1.

Glucagon
For the lower dose levels of HM11260C (2 µg/kg to 20 µg/kg) and placebo no clear differences were seen in glucagon levels on Day 4 compared to Day -1. For the dose levels of 40 µg/kg to 100 µg/kg HM11260C, the glucagon levels were lower on Day 4 compared to Day -1.

Lipid profiles
No clear differences between the treatments, including placebo, could be seen for the mean cholesterol, HDL, LDL, VLDL, free fatty acids and triglycerides profiles. Only for the 4 µg/kg dose level the cholesterol and LDL cholesterol levels were decreased on Day 21 and remained decreased until Day 49.

VAS for hunger, craving and fullness
On Days 1, 4, 7, 14, 21 and 28 after dosing with HM11260C in the dose range of 4 µg/kg to 20 µg/kg, VAS scores did not appear to differ much from Day -1 or placebo. Only for the 2 µg/kg dose level patients appeared to be more hungry and have more desire to eat. On Day 4, VAS scores for patients receiving the higher dose levels of HM11260C (from 40 µg/kg to 100 µg/kg) were different from Day ‑1: patients appeared to be less hungry and more full and have less desire to eat. VAS scores for these patients had returned to baseline on Day 28.
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Gastric emptying
Based on change-from-baseline t1/2 values, gastric emptying was delayed on Day 14 following dosing with placebo and with HM11260C. Only for the 2 and 4 µg/kg HM11260C dose levels no delay was seen in gastric emptying. No clear difference was seen in gastric emptying between placebo and dose levels of HM11260C up to 60 µg/kg. Following dosing with 100 µg/kg HM11260C gastric emptying was more delayed compared to placebo.

Body weight and waist circumference
Mean body weight decreased slightly following the placebo treatment and all HM11260C treatments until Day 28 and a slight increase was seen in mean body weight on Day 49 for most dose levels of HM11260C. Slight increases and decreases in mean waist circumference were seen for all treatments. No obvious difference in change from baseline body weights and waist circumference were seen between the HM11260C and placebo treatments.
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