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Abstract 

Context: GLP-1 receptor agonists are an established therapy in patients with type 2 

diabetes; however, their role in type 1 diabetes remains to be determined. 

Objective: Determine efficacy and safety of once-weekly albiglutide 30mg (up-

titration to 50mg at week 6) versus placebo together with insulin in patients with new-

onset type 1 diabetes and residual insulin production. 

Design: 52-week, randomized, phase 2 study (NCT02284009).  

Methods: A prespecified Bayesian approach, incorporating placebo data from a prior 

study, allowed for 3:1 (albiglutide:placebo) randomization. The primary endpoint was 

52-week change from baseline in mixed meal tolerance test (MMTT) stimulated 2-

hour plasma C-peptide area under the curve (AUC). Secondary endpoints included 

metabolic measures and pharmacokinetics of albiglutide.  

Results: 12/17 (70.6%, placebo) and 40/50 (80.0%, albiglutide) patients completed 

the study. Within our study, mean (SD) change from baseline to week 52 in MMTT-

stimulated 2-hour plasma C-peptide AUC was −0.16 nmol/L (0.366) with placebo and 

−0.13 nmol/L (0.244) with albiglutide. For the primary Bayesian analysis (including 

prior study data) the posterior treatment difference (95% credible interval) was 

estimated at 0.12 nmol/L (0–0.24);the probability of a difference ≥0.2 nmol/L 

between treatments was low (0.097). A transient significant difference in maximum 

C-peptide was seen at week 28. Otherwise, no significant secondary endpoint 

differences were noted. . On-therapy adverse events were reported in 82.0% 

(albiglutide) and 76.5% (placebo) of patients.  
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Conclusion: In newly diagnosed patients with type 1 diabetes, albiglutide 30‒50 mg 

weekly for 1 year had no appreciable effect on preserving residual β-cell function 

versus placebo.  

 

Keywords: Type 1 diabetes mellitus, albiglutide, GLP-1 receptor agonist, insulin 
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Précis: Patients with new onset type 1 diabetes were treated with albiglutide for 1 

year. No significant effect on glycemic or metabolic parameters was observed. No 

new safety signals were noted. 
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Introduction 

Type 1 diabetes is a destructive autoimmune disease affecting pancreatic islet -

cells. Patients with type 1 diabetes progressively lose β-cell function, resulting in 

lifelong dependence on insulin. At clinical onset, some insulin secretory capacity is 

retained (1; 2). Since retention of β-cell function is associated with improved 

glycemic control and a reduced risk of hypoglycemia and end-organ diabetic 

complications, preserving β-cell function has become a therapeutic target of 

interventions (2-4). Interventional strategies, mainly immune-modifying therapies, 

aimed at abrogating β-cell destruction have been examined for preventing or 

reversing the natural course of disease, but none have shown a sustained benefit in 

retention of insulin production (preserving β-cell function) after a clinical diagnosis 

(5). A combination approach that includes immune-modifying agents, insulin, and β-

cell stimulatory agents has the potential to abrogate the type 1 diabetes disease 

process more successfully than single agents (6).  

The incretin glucagon-like peptide-1 (GLP-1) is a hormone secreted from intestinal 

entero-endocrine cells that regulates islet cell function, potentiates insulin secretion, 

and inhibits glucagon secretion after a meal (7). In animal models of diabetes, GLP-1 

promotes β-cell growth and survival and increases β-cell mass (7). These actions 

spurred the development of GLP-1–based therapeutics, and GLP-1 receptor 

agonists (GLP-1 RAs) are now an established class of agents for treatment of type 2 

diabetes (8; 9).  

The GLP-1 RA liraglutide has been investigated as an adjunct to insulin for 

improving glycemic control in patients with type 1 diabetes of varying duration. The 

addition of liraglutide resulted in better glycemic control, reduced insulin requirement, 
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and some degree of body weight loss, but increased rates of hypoglycemia and 

hyperglycemia with ketosis were observed. GLP-1 RAs are not licensed for use in 

type 1 diabetes (10; 11).  

Despite the limitations of use as adjunctive therapy uncovered in clinical trials, GLP-

1 RAs may still have therapeutic potential in type 1 diabetes. In vitro and animal data 

have suggested that GLP-1 RAs are effective in maintaining and even expanding β-

cell mass (7). Intervening with these agents at an early stage of type 1 diabetes, 

such as at clinical onset or even at the presymptomatic stage, may have beneficial 

effects in preserving β-cell mass (12). In the nonobese diabetic mouse model of 

autoimmune diabetes, GLP-1 RA enhanced β-cell recovery when administered with 

or without immune intervention (13; 14).  

Albiglutide is a once-weekly, long-acting GLP-1 RA with demonstrated efficacy and 

safety in type 2 diabetes (15). It has been shown to reduce the risk of major adverse 

cardiovascular events in patients with established cardiovascular disease (16). This 

study examined the effect of albiglutide therapy on endogenous insulin secretion in 

patients with newly diagnosed type 1 diabetes.  

Research Design and Methods 

Objective 

The primary study objective was to determine the effect of albiglutide versus placebo 

on endogenous insulin secretion, as measured by stimulated C-peptide, over 52 

weeks when added to standard of care in patients with new-onset type 1 diabetes . 

The stimulated 2-hour C-peptide area under the curve (AUC) measured under 

standardized conditions following a mixed meal challenge is a sensitive, well-
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accepted, and clinically validated measure of endogenous insulin secretion and β-

cell function (2; 17). Key secondary objectives were to assess the effect of albiglutide 

versus placebo on plasma glucagon concentration, glycemic control and variability, 

daily insulin requirement, body weight, and glycosylated hemoglobin A1c (HbA1c) 

responder and partial remission rates and to evaluate tolerability and safety, 

including hypoglycemia. 

 

Study Design and Participants 

This was a 52-week, phase 2, randomized, placebo-controlled, parallel group, 

double-blind, multicenter study in patients with newly diagnosed type 1 diabetes and 

residual insulin production. The study was conducted at 29 sites in Europe (Spain 

10, United Kingdom 9, Germany 4, France 3, and Italy 3) and consisted of an 8-week 

screening period, 52-week treatment period, and 12-week follow-up period (Figure 

1).  

The study enrolled patients aged 18 to 30 years with body mass index (BMI) ≤32.0 

kg/m2 (to avoid inclusion of patients with type 2 diabetes) and newly diagnosed type 

1 diabetes (4−8 weeks between diagnosis, defined as first insulin administration, and 

administration of the first dose of study drug). All patients received background 

insulin therapy or had required insulin therapy for ≥7 days from diagnosis and had 

residual pancreatic β-cell function as measured by a peak stimulated C-peptide level 

>0.20 nmol/L during the screening mixed meal tolerance test (MMTT) when fasting 

blood glucose levels were >70 mg/dL and ≤200 mg/dL (>3.9 mmol/L and ≤11.1 

mmol/L). Only patients using basal bolus insulin were eligible; all other insulin 

regimens and noninsulin antihyperglycemic therapies were disallowed. Additionally, 
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patients had to test positive for ≥1 autoantibody typically associated with type 1 

diabetes including antiglutamic acid decarboxylase, antityrosine phosphatase-like 

protein IA-2, or insulin autoantibody. All patients who agreed to participate in the 

study provided written informed consent. 

Patients in the current study were randomized in a 3:1 ratio to receive albiglutide 30 

mg once weekly (increasing to 50 mg at week 6 if the 30-mg dose was tolerated) or 

placebo once weekly. Historical placebo data from the DEFEND-1 study was 

incorporated into the current placebo group for the primary efficacy analysis. 

Albiglutide dose was derived from dosing studies for blood glucose lowering in an 

adult T2DM population (over a range of bodyweight), which overlaps with respect to 

body weight with that of the adult T1DM population. The dose in T1DM participants 

was to be up titrated from 30 mg to 50 mg, if the starting dose was tolerated, to 

ensure that the clinical exposures in albiglutide patients would be well within the 

therapeutic range and hence to maximise the chance of observing a treatment effect. 

Randomized treatment assignment was made via an interactive voice response 

system and was based on a sequestered fixed randomization schedule. Once a 

patient met eligibility criteria, study center personnel called the interactive voice 

response system to execute each randomization. Study treatment with albiglutide 

was blinded to patients, study personnel, and sponsor; doses of placebo matching 

those for albiglutide were used to preserve blinding. A treatment assignment could 

be unblinded in the case of an emergency or in the event of a serious adverse event 

(SAE).  
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Albiglutide or matching placebo was administered by subcutaneous injection 

(abdomen, thigh, or upper arm). Patients received insulin as prescribed by the 

investigator throughout the study (screening to follow-up visit). To ensure that C-

peptide changes over time were not confounded by suboptimal glycemia, basal and 

mealtime insulin doses were titrated according to protocol-defined algorithms (Tables 

1 and 2) and were based on self-measured plasma glucose profiles.  

The study was conducted in accordance with the International Conference on 

Harmonisation of Technical Requirements for Registration of Pharmaceuticals for 

Human Use (ICH) and Good Clinical Practice (GCP), all applicable patient privacy 

requirements, and the ethical principles outlined in the Declaration of Helsinki 2008. 

The study was approved by a national, regional, or investigational center ethics 

committee and followed applicable country-specific requirements for constitution of 

independent ethics committees.  

 

Assessments 

Efficacy assessments were made at baseline and at regular prespecified time points 

during treatment after the first dose and included plasma C-peptide AUC and 

maximum plasma concentration (weeks 16, 28, 52, and 64), plasma glucagon AUC 

(weeks 16, 28, 52, and 64), 72-hour blood continuous glucose monitoring (CGM) 

(weeks 28 and 52 only), and daily insulin use, HbA1c, and body weight (weeks 4, 8, 

16, 28, 40, 52, and 64).  

 

To measure C-peptide and glucagon, all patients underwent an MMTT with a 

standardized amount of a nutritional drink (Ensure, 6 mL per kg body weight up to a 
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maximum of 360 mL). Blood samples were taken 10 minutes before time 0, 

immediately before (time 0), and at 15, 30, 60, 90, and 120 minutes after drinking, 

and the AUC was calculated. The mean daily insulin dose was calculated as the 

mean of the patient’s daily insulin use over 3 consecutive days preceding a study 

visit. Weight-adjusted insulin dose was calculated as mean daily insulin units/kg/day 

(24-hour period). HbA1c was recorded at regular visits. CGM was performed in the 

week prior to a visit after a patient was fitted with a CGM monitor. HbA1c responders 

were defined as patients with HbA1c ≤7.0% (53 mmol/mol) and insulin dose <0.5 

units/kg/day. Partial remission was defined as insulin-dose adjusted HbA1c 

(calculated as % HbA1c + 4 x insulin dose [units/kg/24 hours]) ≤9.0% (11.7 

mmol/mol) (18).  

  

A population pharmacokinetic analysis was conducted to derive key pharmacokinetic 

parameters (clearance [CL/F], volume of distribution [V/F] and absorption rate [Ka]) 

of albiglutide in patients with type 1 diabetes. The analysis used a previous 

population pharmacokinetic model (19) in patients with type 2 diabetes that was 

developed as part of the clinical development program for albiglutide.  

Compliance was assessed for albiglutide (and matching placebo) at each study visit 

after the baseline visit through the end-of-treatment visit (week 52) inclusive. 

Patients were instructed to return all unused and used injector pens at each visit 

(except for week 2 where only used injector pens were returned) for assessments of 

compliance. 

 

Safety assessments included monitoring of adverse events (AEs), hypoglycemic and 

hyperglycemic events, clinical laboratory tests, vital signs, physical examination, and 
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electrocardiograms. Hypoglycemic events were classified as severe, documented 

symptomatic, asymptomatic, probable symptomatic, and pseudohypoglycemia 

(symptoms of hypoglycemia with plasma glucose concentration >70 mg/dL [>3.9 

mmol/L] but approaching that level) based on published guidelines (20). 

 

Statistical Analyses 

The study planned to randomly assign 68 patients to albiglutide or placebo using a 

3:1 ratio and assumed a 10% drop-out rate. Due to anticipated recruitment 

challenges, the study was specifically designed to reduce the number of required 

placebo-treated patients by utilizing a 3:1 (albiglutide:placebo) randomization ratio 

and a prospectively defined Bayesian analysis method which incorporated historical 

data from 53 age-matched (ie, aged 18‒30) placebo-treated patients from the 

DEFEND-1 study (21) in addition to the patients allocated to placebo in this study to 

increase the practicability and efficiency of the trial (ie, reduced sample size and 

increased precision of treatment estimates). DEFEND-1 had similar inclusion and 

exclusion criteria and a 52-week primary endpoint (with collection of stimulated C-

peptide data). Sample size calculations took into account historical data from the 53 

placebo-treated patients in the DEFEND-1 study (21) and used a Bayesian approach 

for power and minimal treatment difference evaluation. Power was calculated for the 

primary efficacy analysis. Depending on the degree to which historical data 

contribute to the placebo result of the current trial, at a 2-sided significance level of 

0.05, a sample size of 60 evaluable patients (45 albiglutide, 15 placebo) provides 

90% power to detect a treatment effect ranging from 0.19 nmol/L (using information 

from all 53 patients in DEFEND-1) to 0.30 nmol/L (not using any historical data).  
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The intent-to-treat population consisted of all randomized patients who received at 

least 1 dose of study medication and who had at least 1 postbaseline assessment for 

the primary endpoint. The safety population consisted of all patients who received at 

least 1 dose of study medication.  

 

The primary efficacy endpoint was the change from baseline in 2-hour MMTT plasma 

C-peptide AUC at week 52. The primary analysis was performed using a Bayesian 

analysis incorporating historical placebo data from the DEFEND-1 study (21) using a 

robust mixture prior, which allowed weighting of the historical DEFEND-1 placebo 

data to depend on its similarity to the albiglutide study data (22). A model for change 

from baseline in 2-hour MMTT C-peptide AUC was used to estimate and compare 

the albiglutide and placebo treatment effects at week 52. To control for potential 

confounding variables for subjects enrolled in this study, a repeated-measures model 

was fitted with change from baseline 2-hour MMTT plasma C-peptide AUC as a 

dependent variable and baseline 2-hour MMTT C-peptide AUC, age, and treatment 

group-by-visit interaction as independent variables. An estimate of the posterior 

treatment difference from placebo and 95% credible interval was derived from the 

Bayesian analysis and the probability of treatment difference ≥0.2 nmol/L (clinically 

relevant effect), ≥0.1 nmol/L (some clinically relevant effect), or ≥0.0 nmol/L (no 

effect) was determined. 

 

Secondary efficacy endpoints of change from baseline in maximum stimulated C-

peptide, plasma glucagon, % HbA1c, mean daily insulin use, body weight, and 72-

hour CGM endpoints at week 52 were analyzed using a mixed model repeated-

measures (MMRM) model. The percentage of HbA1c responders and of patients 
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achieving partial remission were analyzed using a nonparametric, covariance-

adjusted, extended Mantel-Haenszel test, adjusting for age category; the treatment 

group difference was presented as an odds ratio, together with associated 95% 

confidence interval (CI) and P value.  

 

Safety data were listed and summarized by treatment group.  

 

Results 

Description of Patients  

The study was conducted between October 10, 2014, and October 18, 2017. 

Because of slow recruitment, the study was stopped early after 67 of the planned 68 

patients were enrolled. Of 89 patients screened, 67 were randomized to receive 

albiglutide (n = 50) or placebo (n = 17). Twelve patients in the placebo group (70.6%) 

and 40 in the albiglutide group (80.0%) completed the study. The main reasons for 

study withdrawal were loss to follow-up (placebo, 3; albiglutide, 5) and withdrawal by 

patient (placebo, 1; albiglutide, 5); 1 patient in the placebo group withdrew due to an 

AE. The intent-to-treatpopulation consisted of 15 patients in the placebo group 

(88.2%) and 46 in the albiglutide group (92.0%); excluded patients had no 

postbaseline assessment of the primary endpoint.  

 

Forty-nine out of 50 patients completed week 6. Most albiglutide patients (45/49; 

91.8%) received the 50-mg dose at weeks 6 and 41 (83.7%) remained on this dose 

for the duration of the study. Most patients were exposed to treatment (albiglutide 

41/50 [82.0%] and placebo 12/17 [70.6%]) for >40 weeks. Mean overall treatment 

compliance was 97.8% in the placebo group and 98.3% in the albiglutide group. 
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Baseline demographic and clinical characteristics of the intent-to-treat population 

were similar between treatment groups (Table 3). The mean baseline HbA1c was 

7.27% (55.91 mmol/mol) and 7.30% (56.30 mmol/mol), the mean baseline C-peptide 

AUC was 0.59 nmol/L and 0.55 nmol/L, and mean body weight was 69.15 kg and 

66.04 kg in the placebo and albiglutide groups, respectively. Overall, patients 

received their first dose of study drug within a mean of 52.3 days of diagnosis.  

 

Primary Endpoint 

The median and mean (SD) change from baseline to week 52 in MMTT-stimulated 2-

hour plasma C-peptide AUC was similar between the placebo and albiglutide groups 

(median −0.14 nmol/L, mean −0.16 nmol/L [0.37] vs. median −0.12 nmol/L, mean 

−0.13 nmol/L [0.24]) (Table 4) in the current study. In the historical placebo group 

from the DEFEND-1 study, the mean change was −0.27, suggesting that the 

assumption that this placebo group was similar to that of the current trial might not 

hold true, and raising the question of the appropriateness of the Bayesian approach 

under the chosen robust mixture prior. For the primary Bayesian analysis, 

incorporating and assigning 50% weight to historical placebo data from DEFEND-1, 

the posterior treatment difference (95% credible interval) was estimated to be 0.12 

nmol/L (0−0.24). The probability of a treatment difference ≥0.2 nmol/L between 

albiglutide and placebo was low (0.097). Sensitivity analyses using 0% or 100% 

historical data confirmed the low probability of a treatment difference of ≥0.2 nmol/L 

(Table 5). Non-Bayesian sensitivity analysis of the primary endpoint that excluded 

the historical DEFEND-1 placebo data confirmed that there was no significant 

difference between the albiglutide and placebo groups at week 52 (Table 4). 
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Compared with the placebo group, mean (SD) C-peptide AUCs in the albiglutide 

group were similar at all time points albeit numerically higher at week 16 (0.63 [0.35] 

vs. 0.58 [0.38] nmol/L) and 28 (0.58 [0.37] vs. 0.46 [0.27] nmol/L), similar at week 52 

(0.45 [0.32] vs. 0.46 [0.40] nmol/L), and numerically lower at week 64 (0.33 [0.24] vs. 

0.40 [0.31] nmol/L) (Figure 2A).  

 

Secondary Endpoints 

Maximum C-peptide values at week 28 were statistically significantly greater in the 

albiglutide group (treatment difference for albiglutide vs. placebo was 0.27 nmol/L 

[95% CI, 0.08−0.45; P = 0.0051]) but this was not sustained to week 52 (Figure 2B).  

 

At week 52, no statistically significant differences were noted between the albiglutide 

and placebo groups for change from baseline in plasma glucagon AUC, HbA1c, 

mean daily insulin use/weight, time spent with plasma glucose levels ≤3.9, >3.9 to 

≤10, or >10 mmol/L, or body weight (Table 4). Mean glucagon AUC values were 

generally numerically lower for albiglutide compared with placebo over the course of 

the study (Figure 2C). Reduction in HbA1c was similar in both treatment groups 

throughout the study (Figure 3). Mean daily insulin use (units/kg/day), which was 

similar between the groups at baseline, was generally higher in the albiglutide group 

than in the placebo group from week 8 to week 64 (Figure 4). CGM over 72 hours 

revealed no differences between groups in change from baseline in time spent within 

3 plasma glucose ranges. In both groups, time spent with plasma glucose ≤3.9 or 

>10.0 mmol/L was higher at week 52 than at baseline (Figure 5). Mean body weight 

in the albiglutide group remained steady to week 28 (mean [SD] change from 
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baseline: –0.18 [3.2] kg) and then increased slightly through week 64 (mean [SD] 

change from baseline: 1.63 [3.8] kg) (Figure 6). The placebo group showed weight 

loss from week 8 (mean [SD]: 70.08 [14.1] kg) to week 28 (mean [SD]: 66.08 [11.8]) 

then weight gain after week 40 (mean [SD]: 66.08 [11.3] kg) to week 64 (mean [SD]: 

68.29 [11.5]; however, the mean weight at baseline was higher in the placebo group 

(69.2 vs 66.0 kg). The proportions of HbA1c responders (HbA1c ≤7% [53 mmol/mol] 

and mean daily insulin use <0.5 units/kg/day) and patients with partial remission 

status achieving insulin dose-adjusted HbA1c ≤9% were also similar between the 2 

groups at week 52 (Table 4). 

 

Hypoglycemia 

Significant hypoglycemia was recorded as severe, documented symptomatic, and 

asymptomatic in the intent-to-treat population. All patients reported at least 1 

significant hypoglycemic event during the study. From baseline to ≤ week 24, 0/15 

(0%) patients in the placebo group and 2/46 (4.3%) patients in the albiglutide group 

reported a severe hypoglycemic event; 12/15 (80%) patients in the placebo group 

and 43/46 (93.5%) patients in the albiglutide group reported a documented 

symptomatic hypoglycemic event; and 15/15 (100%) patients in the placebo group 

and 42/46 (91.3%) patients in the albiglutide group reported an asymptomatic 

hypoglycemic event. The number of severe, documented symptomatic, and 

asymptomatic hypoglycemic events, respectively, from week 24 to ≤ week 52 were 

0/13 (0%) in the placebo group and 0/45 (0%) in the albiglutide group, 11/13 (84.6%) 

in the placebo group and 32/45 (71.1%) in the albiglutide group, and 10/13 (76.9%) 

in the placebo group and 36/45 (80.0%) in the albiglutide group. 
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Population Pharmacokinetics 

The population pharmacokinetic analysis of albiglutide included 49 patients. The 

results showed that the final model was able to describe data in newly diagnosed 

type 1 diabetes with good precision. The population pharmacokinetic parameters of 

albiglutide in type 1 diabetes patients were 45.1 mL/h, 4830 mL, and 0.0122 h-1 for 

CL/F, V/F, and Ka respectively. Body weight and estimated glomerular filtration rate 

were significant covariates with respect to total clearance (CL/F). 

 

Safety 

An overview of AEs is provided in Table 6. More albiglutide-treated patients reported 

an on-therapy AE compared with placebo-treated patients (82% vs. 76%), with 

gastrointestinal AEs the most frequently reported on-therapy AEs in patients 

receiving albiglutide (Table 7), the latter being consistent with the known profile of 

albiglutide and other GLP-1 RAs when used in type 2 diabetes. On-therapy 

treatment-related AEs were twice as frequent among albiglutide patients (60%) than 

in the placebo group (29%), with the most frequent events being nausea (38% vs. 

18%) and diarrhea (20% vs. 12%) (Table 6).  

 

Two patients in the placebo group had on-therapy serious adverse events (SAEs) 

(urticaria and suicidal ideation), which resulted in discontinuation of study treatment. 

The urticaria was considered treatment related. In the albiglutide group, there was 1 

on-therapy SAE—a case of uterine leiomyoma. It was not considered to be treatment 

related. 
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Hypoglycemia was also reported as an AE of special interest in the safety population 

(Table 6). No hypoglycemic event was recorded as an on-therapy SAE or resulted in 

treatment discontinuation or study withdrawal.  

 

All injection-site reactions were reported in albiglutide-treated patients (14% vs. 0%). 

All events were mild or moderate in intensity. The majority were not considered 

related to study medication and all events resolved. 

 

Discussion 

To our knowledge, this is the largest study examining use of a long-acting GLP-1 RA 

in a well-characterized and homogeneous cohort of adult patients with newly 

diagnosed type 1 diabetes. The primary and key secondary efficacy endpoints failed 

to show any clinically or statistically significant treatment difference when comparing 

albiglutide with placebo over a period of 52 weeks. Differences between treatment 

groups with respect to change from baseline in C-peptide AUC did not reach the pre-

defined level of 0.2 nmol/L (which defined a positive treatment difference for our 

study) whether historical placebo data from DEFEND-1 was included in or omitted 

from these analyses. Based on the known profile of albiglutide used for type 2 

diabetes, no new safety signals were noted in the albiglutide group. Hypoglycemia, a 

well-documented side effect of insulin therapy, was similar in both treatment groups 

and was not affected by addition of albiglutide despite the apparently greater total 

daily dose of insulin used in albiglutide-treated patients. 

 

The finding that C-peptide AUC was numerically higher at weeks 16 and 28 and that 

the maximum stimulated C-peptide level was significantly higher at week 28 in the 
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albiglutide versus the placebo group suggests that albiglutide may be capable of 

increasing β-cell function soon after diagnosis up to week 28. Although purely 

speculative, one possible explanation is that with intensive insulin treatment and 

consequent reduced β-cell glucotoxicity, a healthier β-cell may respond better to a 

meal stimulus following albiglutide treatment (23). With continuation of the 

autoimmune process over time, most β-cells are destroyed, which may explain why 

albiglutide is not effective over a longer period. However, autoantibodies were only 

measured at screening, to ensure specificity of diagnosing type 1 diabetes, and not 

during the study or study follow-up.  

 

Both treatments were associated with lowering of HbA1c. The change from baseline 

in HbA1c was similar and virtually identical between the treatment groups throughout 

the study and CGM over 72 hours revealed no differences between groups. Mean 

daily insulin use (units/kg/day) was generally higher for albiglutide than placebo from 

week 8 through week 64 but did not reach statistical significance. 

 

The pharmacokinetic analysis confirmed that exposure to albiglutide is dependent on 

body weight. A similar CL/F of 51.6 mL/hour was observed in a previous population 

pharmacokinetic analysis in Japanese patients with type 2 diabetes with similar 

mean body weight (70.5 kg vs. 66.04 kg in the present study) (19).  

 

In patients with type 2 diabetes, GLP-1 RAs are commonly used in combination with 

insulin. The potential for GLP-1 RAs in lowering HbA1c, promoting weight loss, 

reducing insulin doses, and lowering hypoglycemia risk in patients with type 1 

diabetes has led to clinical trials of GLP-1 RAs in these patients. A meta-analysis of 
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GLP-1 RAs in patients with type 1 diabetes including studies of exenatide or 

liraglutide combined with insulin therapy found that GLP-1 RAs lowered HbA1c and 

weight, and reduced insulin dose (24). However, 3 studies were <6 months in 

duration and 5 of 7 trials were in patients with a duration of diabetes >18 years, 1 

study did not provide this information, and 1 study was in newly diagnosed patients. 

In the study in newly diagnosed patients, Kumar and colleagues assessed addition 

of exenatide or sitagliptin to insulin therapy in a 12-month, open-label trial, and found 

that the addition of either agent decreased insulin requirements but did not increase 

endogenous insulin (25). 

 

Two randomized, placebo-controlled, double-blind studies, which were not included 

in the meta-analysis, assessed liraglutide in patients with type 1 diabetes (10; 11). In 

both studies, liraglutide added to insulin treatment resulted in modest dose-

dependent reductions in HbA1c together with a reduced total daily insulin 

requirement, but was accompanied by increased rates of hypoglycemia and 

hyperglycemia with ketosis. The effect of GLP-1 RAs in patients with established 

type 1 diabetes may be related to adjunctive benefit rather than an effect on the 

natural history of worsening β-cell reserve in new-onset type 1 diabetes, as 

evaluated in the current study. The difference in efficacy between GLP-1 RAs in type 

1 diabetes could also be related to pharmacologic and/or pharmacokinetic 

differences.  

Our study has limitations. The placebo group from DEFEND-1 was used in the 

primary Bayesian analysis to allow for a 3:1 randomization of albiglutide:placebo. 

DEFEND-1 was a randomized, placebo-controlled, double-blind, multicenter study 

comparing otelixizumab, a chimeric monoclonal antibody that targets the CD3/T-cell 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article-abstract/doi/10.1210/clinem
/dgaa149/5812593 by H

elm
holtz Zentrum

 M
uenchen - C

entral Library user on 01 April 2020



Acc
ep

ted
 M

an
us

cri
pt

 

23 
 

receptor, with placebo in patients with newly diagnosed type 1 diabetes (21). The 

patient population (patients with newly diagnosed type 1 diabetes) and primary 

endpoint (change from baseline in 2-h C-peptide AUC from an MMTT at 52 weeks) 

were similar to those of the current trial. Differences between the placebo groups 

include slightly higher mean weight (72 kg vs. 69 kg) and BMI (23.5 kg/m2 vs. 22.6 

kg/m2), which could be indicative of a more slowly evolving diabetes. Patients in the 

placebo group for DEFEND-1 also had a higher mean baseline C-peptide AUC 

compared with placebo patients in the current study (0.68 nmol/L vs 0.62 nmol/L), 

suggesting that the assumption that this placebo group was similar to that of the 

current trial might not hold true and raising the question of the utility of the Bayesian 

approach. In the non-Bayesian analysis (excluding the DEFEND-1 placebo data), the 

treatment difference was smaller (0.04 nmol/L) than the Bayesian analysis (including 

the DEFEND-1 placebo data) (0.12 nmol/L). In either case, the treatment differences 

did not reach the predefined level of 0.2nmol/L, which defined a positive treatment 

difference for our study. Therefore,  the overall conclusion is not affected. The C-

peptide level may be a narrow target for observing treatment differences, and a 

composite endpoint (ie, beta score including fasting blood glucose, stimulated C‐

peptide, HbA1c, weight-adjusted daily insulin) may be more appropriate because C‐

peptide is influenced by the blood glucose level, creatinine level, and body weight 

(26). The placebo group may also have been too small to observe any between-

group differences. Additional limitations include the high withdrawal rate observed in 

the study, likely due to its long duration and intensive intervention. 
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Conclusions 

Albiglutide failed to show any clinically significant treatment difference compared with 

placebo for the primary and secondary efficacy endpoints in patients with newly 

diagnosed type 1 diabetes at one year. Albiglutide did not increase the risk of 

significant hypoglycemia, and no new safety signals were noted in patients with type 

1 diabetes. 
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Figure Legends 

Figure 1. Study design. 

aAlbiglutide: start 30 mg once weekly, increase to 50 mg once week 6 if lower dose 
is tolerated. 
bInsulin dose titration per protocol-defined algorithm. 
NOT1DM, new-onset type 1 diabetes melitus. 

 
 
Figure 2. C-peptide AUC (A) maximum stimulated C-peptide (B) and plasma 

glucagon AUC (C) over the duration of the study (intent-to-treat population). 

(A) 

P values from MMRM analysis of change from baseline in C-peptide AUC when 

comparing albiglutide to placebo were P = 0.3364 at week 16, P = 0.0286 at week 

28, P = 0.6505 at week 52, and P = 0.6375 at week 64. P value is from a 2-sided t-

test to test whether the difference of LS Means (albiglutide - placebo) is equal to 

zero. 

AUC, area under the curve; B, baseline; LS, least square; MMRM, mixed model repeated 
measures; MMTT, mixed meal tolerance test; SE, standard error. 
 
Note: Baseline is defined as the last nonmissing value with an assessment date on or before 
the first day of study medication. 
 
 

(B) 
P values from MMRM analysis of change from baseline in maximum stimulated C-
peptide when comparing albiglutide to placebo were P = 0.0051 at week 28 and P = 
0.3571 at week 52. P value is from a 2-sided t-test to test whether the difference of 
LS Means (albiglutide - placebo) is equal to zero. 
 
B, baseline; LS, least square; MMRM, mixed model repeated measures; MMTT, mixed meal 
tolerance test; SE, standard error. 
 
Note: Baseline is defined as the last nonmissing value with an assessment date on or before 
the first day of study medication. 

 
 
(C) 
P values from MMRM analysis of change from baseline in plasma glucagon AUC 
when comparing albiglutide to placebo were P = 0.3696 at week 28 and P = 0.7961 
at week 52. P value is from a 2-sided t-test to test whether the difference of LS 
Means (albiglutide - placebo) is equal to zero. 
 
AUC, area under the curve; B, baseline; LS, least square; MMRM, mixed model repeated 
measures; MMTT, mixed meal tolerance test; SE, standard error. 
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Note: Baseline is defined as the last nonmissing value with an assessment date on or before 
the first day of study medication. 
 

 
Figure 3. HbA1c (%) over the duration of the study (intent-to-treat population). 

P values from MMRM analysis of change from baseline in HbA1c when comparing 
albiglutide to placebo were P = 0.9204 at week 28 and P = 0.8198 at week 52. P 
value is from a 2-sided t-test to test whether the difference of LS Means (albiglutide - 
placebo) is equal to zero. 
 
B, baseline; LS, least square; MMRM, mixed model repeated measures; SE, standard error. 
 
Note: Baseline is defined as the last nonmissing value with an assessment date on or before 
the first day of study medication. 

 
 
Figure 4. Mean daily insulin use over the duration of the study (intent-to-treat 

population). 

P values from MMRM analysis of change from baseline in mean daily insulin use 
when comparing albiglutide to placebo were P = 0.3304 at week 28 and P = 0.2338 
at week 52. P value is from a 2-sided t-test to test whether the difference of LS 
Means (albiglutide – placebo) is equal to zero. 
 
B, baseline; LS, least square; MMRM, mixed model repeated measures; SE, standard error. 
 
Note: Baseline is defined as the last nonmissing value with an assessment date on or before 
the first day of study medication. 

 
 
Figure 5. Mean change from baseline in time spent with plasma glucose level 

≤3.9, >3.9 to ≤10.0, and >10.0 (72-hour CGM) at week 52 (intent-to-treat 

population). 

 

Figure 6. Mean body weight over the duration of the study (intent-to-treat 

population). 

P values from MMRM analysis of change from baseline in mean body weight when 
comparing albiglutide to placebo were P = 0.9684 at week 28 and P = 0.9349 at 
week 52. P value is from a 2-sided t-test to test whether the difference of LS Means 
(albiglutide – placebo) is equal to zero. 
 
B, baseline; LS, least square; MMRM, mixed model repeated measures; SE, standard error. 
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Note: Baseline is defined as the last nonmissing value with an assessment date on or before 
the first day of study medication. 
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Virgen de las Nieves Centro de Especialidades Licinio de la Fuente, Granada; 

Carolina López Cano, Hospital Universitari Arnau de Vilanova, Lleida; Enric 

Esmatjes, Hospital Clinic i Provincial, Barcelona; Carmen Fajardo Montañana, 

Hospital La Ribera de Alzira, Alzira/Valencia; Nuria Alonso Pedrol, Hospital Germans 

Trias i Pujol, Badalona; Eduard Montanya, Hospital de Bellvitge, Hospitalet de 

Llobregat; José Ramón Domínguez Escribano, Hospital de San Juan, San 

Juan/Alicante; Monica Marazuela, Universidad Autonoma de Madrid, Hospital 

Universitario La Princesa, Madrid; Mercedes Codina Marcet, Hospital Universitari 

Son Espases, Palma de Mallorca; United Kingdom: Tejpal Purewal, Royal 

Liverpool University Hospital, Liverpool; Mohammed Huda, Barts Health NHS Trust, 

London; Kamal Abouglila, University Hospital of North Durham, Durham; Praveen 

Partha, Darlington Memorial Hospital, Darlington; Colin Dayan, Cardiff University 

School of Medicine, Cardiff; Natasha Thorogood, Bristol Royal Infirmary, Bristol; 

Simon Heller, Northern General Hospital, Sheffield; Srikanth Bellary, Heart of 

England NHS Foundation Trust, Birmingham. Several other Principal Investigators 

participated; however, they did not respond to the request to be listed in time for 

submission.  
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Table 1. Titration Algorithm for Basal Insulin 

Before Breakfast Plasma Glucosea Adjustment of Basal Insulin 

mmol/L mg/dL U 

<3.1b <56b −4 

3.1–4.0 56–72 −2 

>4.0–5.5 >72–99 No adjustment 

>5.5–7.8 >99–140 +2 

>7.8 >140 +4 

aMean of 2 or more consecutive days of patient’s self-monitored plasma glucose values 

measured before breakfast in the previous 7 days. 

bInvestigator may defer adjustment if there is an obvious reason for the low value, such as a 

missed meal, or may interrupt or temporarily discontinue insulin if appropriate. 
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Table 2. Titration Algorithm for Meal-Time Insulin 

Plasma Glucose 4 or More Hours After the 

Preceding Meala,b 

Adjustment of Meal-Time 

Insulin 

mmol/L mg/dL Ub 

<3.9 without obvious 

explanation 

<70 without 

obvious explanation 

−1, −2c 

3.9–5.5 70–99 No adjustment 

5.6–7.7 100–139 +1 

7.8–9.9 140–179 +2 

≥10.0 ≥180 +3 

aIf basal dose is not optimal, following this algorithm may lead to overdosing. 

bMean of 2 or more consecutive days’ measurements over the previous 7 days. 

cAt the investigator’s discretion, a meal-time insulin dose may be suspended. 
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Table 3. Demographic and Baseline Clinical Characteristics (Intent-to-Treat 

Population) 

 DEFEND-1 Current Study 

 Placebo 

(N = 53) 

Placebo 

(N = 15) 

Albiglutide 

(N = 46) 

Age, years, mean (SD) 22.7 (4.00) 23.0 (3.96) 22.3 (3.50) 

Female sex, n (%) 20 (37.7) 6 (40.0) 21 (45.7) 

White race, n (%) 49 (92.5) 15 (100) 46 (100) 

Weight, kg, mean (SD) 72.05 (10.80) 69.15 (13.62) 66.04 (11.87) 

BMI, kg/m2, mean (SD) 23.52 (2.63) 22.62 (4.35) 22.26 (3.15) 

HbA1c, %, mean (SD) 7.18 (1.61) 7.27 (0.65) 7.30 (1.09) 

C-peptide AUC, nmol/L, mean 

(SD) 

0.68 (0.30) 0.59 (0.26) 0.55 (0.30) 

Maximum stimulated C-peptide 

AUC, nmol/L, mean (SD) 

0.97 (0.46) 0.86 (0.38) 0.82 (0.45) 

Time from diagnosis to first dose 

of study drug, days, mean (SD)  

72.6 (19.72) 51.0 (4.04) 52.8 (3.45) 

AUC, area under the curve; BMI, body mass index; HBA1c, glycosylated hemoglobin A1c; SD, standard 

deviation. 
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Table 4. Summary of Primary and Secondary Efficacy Endpoint Analyses at Week 

52 (intent-to-treat Population) 

 
 

Observed Mean 
Change From 

Baseline (SD) or 
Observed 
Proportion 

Model-Adjusted 
Change From Baseline 

Model-Based 
Treatment 
Difference 

 Placebo 
(N = 15) 

Albiglutide 
(N = 46) 

Placebo 
(N = 15) 

Albiglutide 
(N = 46) 

Difference 
(Albiglutide –

Placebo or 
Albiglutide:Placebo 

Odds Ratio) 

Primary 
endpoint 
(Bayesian 
analysis) 

Mean (SD) Posterior median (SD), 
95% Credible Interval 

Posterior treatment 
difference  

(95% credible 
interval) 

C-peptide AUC 
(nmoL/L) 

−0.16 
(0.37) 

n = 111 

−0.13 
(0.24) 

n = 402 

−0.25 
(0.04) 

(−0.32 to 
−0.17) 

−0.13 
(0.05) 

(−0.22 to 
−0.03) 

0.12 (0.00 to 0.24) 

Probability of 
treatment difference 
≥0.2 nmol/L: 0.097 

C-peptide AUC 
(nmol/L) from 
DEFEND-1 
placebo group 

−0.27 
(0.31) 

n = 533 

    

Primary 
endpoint (non-
Bayesian 
sensitivity 
analysis) 

Mean (SD) LS Mean (SE), 95% CI Difference of LS 
Mean (95% CI) 

C-peptide AUC 
(nmol/L) 

−0.16 
(0.37) 

n = 111 

−0.13 
(0.24) 

n = 402 

−0.16 
(0.07) 

(−0.31 to 
−0.02) 

−0.13 
(0.04) 

(−0.20 to 
−0.05) 

0.04 (−0.13 to 0.20) 

P = 0.6505 

Secondary endpoints 

Maximum 
stimulated C-
peptide (nmol/L) 

Mean (SD) LS Mean (SE), 95% CI Difference of LS 
Mean (95% CI) 

 −0.32 
(0.47) 

n = 11 

−0.18 
(0.38) 

n = 41 

−0.29 
(0.11) 

(−0.50 to 
−0.08) 

−0.18 
(0.06) 

(−0.29 to 
−0.06) 

0.11 (−0.13 to 0.35) 

P = 0.3571 
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Plasma 
glucagon AUC 
(ng/L) 

Mean (SD) LS Mean (SE), 95% CI Difference of LS 
Mean (95% CI) 

 
−0.31 

(16.00) 

n = 11 

4.66 
(13.63) 

n = 40 

2.46 
(3.64) 

(−4.86 to 
9.77) 

3.53 (1.89) 

(−0.27 to 
7.33) 

1.08 (−7.25 to 9.40) 

P = 0.7961 

Responder 
analysis 

n/N (%)   Odds ratio (95% CI) 

 HbA1c 
responders  

5/12 
(42%) 

20/41 
(49%) 

-- -- 1.30 (0.33 to 5.05) 

P = 0.6530 
 Partial 
remission status  

7/12 
(58%) 

29/41 
(71%) 

-- -- 1.94 (0.46 to 8.16) 

P = 0.4127 

HbA1c (%) Mean (SD) LS Mean (SE), 95% CI Difference of LS 
Mean (95% CI) 

 
−0.73 
(1.03) 

n = 12 

−0.59 
(1.65) 

n = 43 

−0.74 
(0.39) 

(−1.51 to 
0.04) 

−0.64 
(0.21) 

(−1.07 to 
−0.21) 

0.10 (−0.78 to 0.99) 

P = 0.8198 

Mean daily 
insulin dose 
(units/kg/d) 

Mean (SD) LS Mean (SE), 95% CI Difference of LS 
Mean (95% CI) 

 
0.04 

(0.12) 

n = 12 

0.11 (0.22) 

n = 41 

0.02 
(0.06) 

(−0.09 to 
0.13) 

0.10 (0.03) 

(0.04 to 
0.16) 

0.08 (−0.05 to 0.20) 

P = 0.2338 

72-h CGM: time 
(h/d) spent with 
plasma glucose 
level  

Mean (SD) 

 

LS Mean (SE), 95% CI Difference of LS 
Mean (95% CI) 

 ≤3.9 mmol/L 0.96 
(1.45) 

n = 10 

0.53 (2.00) 

n = 31 

 1.04 
(0.61) 

(−0.19 to 
2.27) 

 0.64 (0.34) 

(−0.06 to 
1.33) 

−0.41 (−1.81 to 1.00) 

P = 0.5593 

 >3.9 to ≤10 
mmol/L 

−3.11 
(5.30) 

n = 10 

−2.06 
(4.29) 

n = 31 

−2.60 
(1.45) 

(−5.53 to 
0.33) 

−2.25 
(0.81) 

(−3.89 to 
−0.61) 

0.35 (−3.00 to 3.69) 

P = 0.8345 

 >10 mmol/L 2.16 
(5.33) 

n = 10 

1.53 (4.35) 

n = 31 

1.86 
(1.44) 

(−1.06 to 
4.78) 

1.67 (0.81) 

(0.03 to 
3.32) 

−0.19 (−3.53 to 3.16) 

P = 0.9114 

Body weight (kg) Mean (SD) LS Mean (SE), 95% CI Difference of LS 
Mean (95% CI) 
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0.26 

(2.74) 

n = 12 

0.77 (3.50) 

n = 43 

0.82 
(0.96) 

(−1.10 to 
2.73) 

0.90 (0.52) 

(−0.14 to 
1.95) 

0.09 (−2.10 to 2.28) 

P = 0.9349 

AUC, area under the curve; CGM, continuous glucose monitoring; HbA1c, glycosylated hemoglobin 
A1c; SD, standard deviation.

1
Includes

 
patients in the placebo group within the current study with 

values at baseline and at week 52. Mean (SD) C-peptide AUC at baseline, 0.62 (0.29) mmol/L; week 
52, 0.46 (0.40) mmol/L.  
2
Includes

 
patients in the albiglutide group within the current study with values at baseline and at week 

52. 
 
Mean (SD) C-peptide AUC at baseline, 0.58 (0.30) mmol/L; week 52, 0.45 (0.32) mmol/L. 

3
Includes patients in the DEFEND-1 placebo group. Mean (SD) C-peptide AUC at baseline 0.68 (0.30) 

mmol/L; week 52, 0.46 (0.31) mmol/L. 
 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/advance-article-abstract/doi/10.1210/clinem
/dgaa149/5812593 by H

elm
holtz Zentrum

 M
uenchen - C

entral Library user on 01 April 2020



Acc
ep

ted
 M

an
us

cri
pt

 

41 
 

 

Table 5. Summary of Bayesian Sensitivity Analyses of Change From Baseline 

in Plasma C-Peptide AUC at Week 52 

 w = 0a w = 0.5b w = 1c 

Probability of treatment difference 

≥0.2 nmol/L 

0.048 0.097 0.095 

Probability of treatment difference 

≥0.1 nmol/L 

0.259 0.638 0.636 

Probability of treatment difference 

≥0 nmol/L 

0.646 0.978 0.978 

w, weighting. 

aAnalysis without historical placebo data. 

bPrimary analysis with 50% weight given to historical placebo data. 

cAnalysis with 100% weight given to historical placebo data. 
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Table 6. Summary of Adverse Events (Safety Population) 

 

 

Placebo (N = 17) 

n (%) 

Albiglutide (N = 50) 

n (%) 

Any AE (all treatment phases) 13 (76) 41 (82) 

On-therapy AE  13 (76) 41 (82) 

On-therapy treatment-related AE 5 (29) 30 (60) 

Nausea 3 (18) 19 (38) 

Diarrhea 2 (12) 10 (20) 

Vomiting 2 (12) 8 (16) 

On-therapy AE leading to 

treatment and/or study withdrawal 

2 (12) 0 (0) 

On-therapy serious AE 2 (12)  1 (2) 

Patient-reported hypoglycemia 

(on- and posttherapy)  

  

Any 17 (100) 50 (100) 

Severe 0 2 (4) 

Documented symptomatic 14 (82) 49 (98) 

Asymptomatic 17 (100) 45 (90) 

Probable symptomatic  5 (29) 8 (16) 
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Pseudohypoglycemia 1 (6) 14 (28) 

On-therapy AEs of special 

interest, n (%)  

  

Hypoglycemic events 17 (100) 50 (100) 

Gastrointestinal events 8 (47) 31 (62) 

Systemic allergic reactions 1 (6) 0  

Injection-site reactions 0 7 (14) 

Liver events 0 1 (2) 

AE, adverse event. 
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Table 7. On-Therapy Adverse Events Reported in ≥6% of Patients in Either 

Treatment Group (Safety Population) 

 Placebo (N = 17) 

n (%) 

Albiglutide (N = 50) 

n (%) 

Any adverse event  13 (76) 41 (82) 

Nausea 5 (29) 19 (38) 

Nasopharyngitis 5 (29) 13 (26) 

Diarrhea 2 (12) 13 (26) 

Vomiting 4 (24) 10 (20) 

Abdominal distension 0 7 (14) 

Abdominal pain 0 7 (14) 

Decreased appetite 1 (6) 6 (12) 

Headache 5 (29) 4 (8) 

Abdominal pain, upper 3 (18) 4 (8) 

Influenza 0 4 (8) 

Anemia 1 (6) 3 (6) 

Dyspepsia 0 3 (6) 

Gastroenteritis 0 3 (6) 

Injection-site erythema 0 3 (6) 
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Malaise 0 3 (6) 

Oropharyngeal pain 0 3 (6) 

Asthenia 2 (12) 1 (2) 

Folliculitis 2 (12) 0 

Lipodystrophy acquired 2 (12) 0 
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Figure 1 
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Figure 2A 
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Figure 2B 
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Figure 2C 
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Figure 3 
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Figure 4A 
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Figure 5 
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Figure 6A 
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