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Aims: To compare the efficacy and safety of adding the glucagon-like peptide-1 receptor ago-

nist exenatide once weekly (QW) 2 mg or placebo among patients with type 2 diabetes who

were inadequately controlled despite titrated insulin glargine (IG) � metformin.

Methods: This multicentre, double-blind study (ClinicalTrials.gov identifier: NCT02229383) ran-

domized (1:1) patients with persistent hyperglycaemia after an 8-week titration phase (glycated

haemoglobin [HbA1c] 7.0%-10.5% [53-91 mmol/mol]) to exenatide QW or placebo. The pri-

mary endpoint was HbA1c change from baseline to week 28. Secondary endpoints included

body weight, 2-hour postprandial glucose, and mean daily IG dose.

Results: Of 464 randomized patients (mean: age, 58 years; HbA1c, 8.5% [69 mmol/mol]; diabe-

tes duration, 11.3 years), 91% completed 28 weeks. Exenatide QW + IG vs placebo + IG signif-

icantly reduced HbA1c (least-squares mean difference, −0.73% [−8.0 mmol/mol]; 95%

confidence interval, −0.93%, −0.53% [−10.2, −5.8 mmol/mol]; P < .001; final HbA1c, 7.55%

[59 mmol/mol] and 8.24% [67 mmol/mol], respectively); body weight (−1.50 kg; −2.17, −0.84;

P < .001); and 2-hour postprandial glucose (−1.52 mmol/L [−27.5 mg/dL]; −2.15, −0.90 [−38.7,

−16.2]; P < .001). Significantly more exenatide QW + IG-treated patients vs placebo + IG-

treated patients reached HbA1c <7.0% (<53 mmol/mol) (32.5% vs 7.4%; P < .001); daily IG

dose increased by 2 and 4 units, respectively. Gastrointestinal and injection-site adverse events

were more frequent with exenatide QW + IG (15.1% and 7.8%, respectively) than with pla-

cebo + IG (10.8% and 3.0%, respectively); hypoglycaemia incidence was similar between the

exenatide QW + IG (29.7%) and placebo + IG (29.0%) groups, with no major hypoglycaemic

events.

Conclusions: Among patients with inadequate glycaemic control, exenatide QW significantly

improved glucose control and decreased body weight, without increased hypoglycaemia or

unexpected safety findings.
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1 | INTRODUCTION

Type 2 diabetes mellitus (T2DM) is characterized by progressive

loss of pancreatic β-cell insulin secretory function, with associated

increases in hyperglycaemia and glucotoxicity.1,2 Therefore, most

patients with T2DM require multiple glucose-lowering agents over

time, preferably those with complementary mechanisms of

action.3,4 Recent guidelines recommend early use of basal insulin

as an option for patients with poor glycaemic control with oral

therapies.3–5
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When glycaemic targets are not achieved with basal insulin,

guidelines recommend uptitration of the basal insulin dose3–5 or, if

unsuccessful, intensification with additional therapies, including a

glucagon-like peptide-1 receptor agonist (GLP-1RA),3–5 prandial

insulin,3–5 sodium–glucose cotransporter-2 inhibitor (SGLT2i),4,5 or

dipeptidyl peptidase-4 inhibitor (DPP-4i).4 Among injectable options,

adding a GLP-1RA to basal insulin therapy offers several

advantages6–12 over progressive intensification with prandial insulin

up to 3 times daily.13–17 GLP-1RAs reduce hyperglycaemia through

differing and complementary mechanisms to exogenous insulin; they

stimulate endogenous insulin synthesis/secretion in a glucose-

dependent manner, inhibit glucagon secretion, increase satiety,

reduce food intake, and some slow gastric emptying.2 GLP-1RAs

achieve glycated haemoglobin (HbA1c) reductions similar to or

greater than those achieved with prandial insulin,18,19 with the addi-

tional benefits of weight loss and low hypoglycaemia risk.

Among patients with inadequate glycaemic control despite basal

insulin, real-world data indicate that treatment is often not intensi-

fied, either by continued uptitration of basal insulin or by addition of

prandial insulin.20,21 The reasons are multifactorial, including concerns

about hypoglycaemia and weight gain, requirement for frequent

blood glucose self-monitoring and clinic visits, and patient dislike of

multiple daily injections. Adding exenatide, the first in class GLP-1RA,

twice daily (BID) improves glycaemic control without increased hypo-

glycaemia or weight gain among patients with uncontrolled T2DM

receiving basal insulin.6 However, patients may wish to further

reduce injection burden by adding a once-weekly (QW) GLP-1RA22,23

or a fixed-ratio basal insulin and GLP-1RA combination.24,25 Exena-

tide QW, which has good gastrointestinal tolerability,26 probably

resulting from the gradual release of exenatide from biodegradable

microspheres,27 has not been previously studied in combination with

basal insulin.

This 28-week study investigated the efficacy and safety of add-

ing exenatide QW or placebo for patients with T2DM who were

inadequately controlled despite titrated basal insulin (insulin glargine

[IG]), with or without metformin.

2 | MATERIALS AND METHODS

2.1 | Study design and patients

DURATION-7 was a phase 3, randomized, double-blind, placebo-con-

trolled, parallel-group study (ClinicalTrials.gov identifier: NCT02229383)

conducted at 126 centres in 6 countries (Hungary, Poland, Romania, Slo-

vakia, South Africa and the USA) between September 2014 and August

2016. Eligible patients had T2DM and were ≥18 years of age and on a

stable regimen comprising IG ≥20 units/d for ≥6 weeks, in combination

with diet and exercise alone or with stable doses of metformin

≥1500 mg/d for >8 weeks � a sulphonylurea. Additional inclusion cri-

teria were HbA1c of 7.5% to 12.0% (59-108 mmol/mol) and fasting

plasma glucose (FPG) <15.6 mmol/L (<280 mg/dL) at screening, and

HbA1c of 7.0% to 10.5% (53-91 mmol/mol) at randomization. Complete

inclusion and exclusion criteria are provided online in Table S1 in

File S1.

The study included a screening visit, an 8-week IG titration

phase, a 28-week double-blind treatment phase, and a 10-week

safety follow-up period (Figure S1 in File S1). Patients continued prior

metformin use throughout the study, while sulphonylureas were dis-

continued at the start of IG titration, if applicable.

During both the IG titration and treatment periods, IG was

titrated according to the Initiate Insulin by Aggressive Titration and

Education (INITIATE) algorithm (FPG <4.0 mmol/L [<72 mg/dL], insu-

lin dose change −2 units; FPG 4.0 to 5.5 mmol/L [72–99 mg/dL],

dose unchanged; FPG 5.6 to 8.5 mmol/L [100-153 mg/dL], +2 units;

FPG >8.5 mmol/L [>153 mg/dL], +4 units [Table S2 in File S1]) to

achieve an FPG of 4.0 to 5.5 mmol/L (72-99 mg/dL) without hypo-

glycaemia.28 IG was administered at the same time each day, prefera-

bly at bedtime. Adjustments of the IG dose according to the

INITIATE algorithm could occur during scheduled visits at weeks −8,

−4 and −1 or between visits, either by the patient or the investigator,

based on the average of 3 consecutive FPG measurements. Investiga-

tors could deviate from the algorithm based on their clinical judg-

ment. Patients with an inclusive HbA1c of 7.0% to 10.5%

(53-91 mmol/mol) after the IG titration phase were eligible for

randomization.

All patients provided written informed consent. The study proto-

col was approved by institutional review boards at each site. The

study was conducted in accordance with the Declaration of Helsinki

and Good Clinical Practice guidelines.

2.2 | Randomization

Patients were randomized 1:1 to receive QW exenatide 2 mg or pla-

cebo injection in addition to their existing IG � metformin regimen.

Randomization was performed centrally via an interactive web sys-

tem and stratified by screening HbA1c of <9.0% or ≥9.0% (<75 or

≥75 mmol/mol) and prior sulphonylurea use. To ensure blinding,

patients, investigators, study-site personnel and sponsor personnel

did not have access to treatment codes or central laboratory FPG or

HbA1c results for post-randomization visits.

2.3 | Procedures

Before administration of study drugs, patients (or caregivers) were

instructed on product reconstitution and administration. Exenatide

QW or matching placebo with microspheres (provided by the study

sponsor) was self-administered QW by subcutaneous injection in

the abdomen, thigh or upper arm at any time of day, immediately

after dose preparation, using a single-dose syringe system. Stable

metformin use was continued throughout the study for patients

taking metformin at screening. During the study period, concomitant

non–glucose-lowering medications were allowed at the investiga-

tor's discretion. The IG dose was titrated using the INITIATE algo-

rithm (Table S2 in File S1) during both the IG titration and

treatment periods, with planned adjustments as necessary.

From week 12, patients with inadequate glycaemic control

received open-label rescue treatment with prandial insulin if FPG was

>15, >13.3 or >11.1 mmol/L (>270, >240 or >200 mg/dL) during
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weeks 12 to 18, 18 to 24 or 24 to 28, respectively. Rescued patients

remained in the study and continued receiving study medication.

A liquid meal tolerance test (MTT) was performed after >8-hour

fasting before visits at randomization and week 28 or at the early ter-

mination visit, using Ensure Plus (Abbott Nutrition, Abbott Park, Illi-

nois) or regional equivalent. Study medication was administered after

(randomization) or before the MTT (week 28 or early termination

visit).

Participants kept a study diary and recorded daily blood glucose

measurements, insulin use and hypoglycaemic episodes. Each visit

included counselling on diet/exercise, review of study diaries and

review of compliance by examining returned unused study

medication.

2.4 | Study endpoints

The primary endpoint was change in HbA1c from baseline to week

28. Secondary endpoints included change in body weight from base-

line to week 28; change in 2-hour postprandial glucose (PPG) after

the MTT at week 28; proportion of patients with HbA1c <7.0%

(<53 mmol/mol) at week 28; change in total mean daily IG dose from

baseline to week 28; proportion of patients with HbA1c <7.0%

(<53 mmol/mol) at week 28, with no body weight gain at week

28 and no major hypoglycaemia over the 28-week treatment period;

and change in systolic blood pressure (SBP) from baseline at

week 28.

Exploratory endpoints included changes in HbA1c and FPG at each

visit between baseline and week 28; change from baseline to week

28 in FPG, waist circumference, diastolic blood pressure (DBP) and

fasting lipids (total, low-density lipoprotein, high-density lipoprotein

[HDL] and non-HDL cholesterol, and triglycerides); and patient-

reported outcome measures including the Diabetes Treatment Satisfac-

tion Questionnaire, status version (DTSQ-s)29 and the Study to Help

Improve Early Evaluation and Management of Risk Factors Leading to

Diabetes Weight Questionnaire-9 (SHIELD-WQ-9)30 (Table S3 in File

S1). All reported outcome measures were prespecified, unless other-

wise noted in Table 2.

Safety endpoints included the incidence, duration and time

course of all spontaneously reported adverse events (AEs), including

hypoglycaemic episodes (protocol-defined classifications of major

[event resulting in loss of consciousness, seizure or coma, which

resolved after administration of glucagon or glucose, or that

required third-party assistance and was associated with glucose

<3.0 mmol/L (<54 mg/dL)], minor [non-major event with glucose

<3.0 mmol/L (<54 mg/dL)], or other [event not meeting criteria for

a major or minor event] [Table S4 in File S1]) and vital signs includ-

ing heart rate (measured as seated pulse). Clinical laboratory assess-

ments included routine chemistry and haematology measures,

urinalysis, serum calcitonin, serum creatinine, calculated creatinine

clearance (Cockcroft-Gault formula) and anti-exenatide antibodies.

Predefined cardiovascular AEs were adjudicated by an adjudication

committee of independent cardiologists blinded to study treatment

(Table S5 in File S1). For all study endpoints, change from baseline

was calculated from the last non-missing assessment before the first

dose of study drug at randomization.

2.5 | Statistical analyses

Primary and secondary efficacy variables were analysed in the

intention-to-treat (ITT) population, defined as all randomized patients

who received ≥1 dose of study drug with ≥1 post-baseline HbA1c

assessment. The primary endpoint was assessed using a mixed-

effects model for repeated measures (MMRM), with change in HbA1c

as the dependent variable; treatment, region, baseline HbA1c stratum

(<9.0% or ≥9.0% [<75 or ≥75 mmol/mol]), baseline sulphonylurea-use

stratum, week, and treatment-by-week interaction as fixed factors;

and baseline HbA1c as a continuous covariate. An unstructured

covariance structure was used to model within-patient errors.

Secondary and exploratory endpoints were analysed using MMRM

analyses or analysis of covariance (continuous variables) or a

Cochran–Mantel–Haenszel test stratified by baseline HbA1c stratum

and sulphonylurea-use stratum (categorical variables). All efficacy

analyses, with the exception of SBP, excluded measurements after

rescue therapy initiation or after premature discontinuation of study

treatment; SBP analyses included measurements after rescue therapy

initiation and excluded measurements after premature discontinua-

tion of study treatment.

Safety data were assessed in the safety analysis set, defined as

all randomized patients who received ≥1 dose of study drug, and

were summarized descriptively with all AEs coded using the Medical

Dictionary for Regulatory Activities version 19.0.

Sample size was calculated from previous studies of exenatide

QW, estimating an HbA1c reduction of −0.35% (−3.8 mmol/mol) for

exenatide QW vs placebo. To detect this difference with a standard

deviation (SD) of 1.1% (12.0 mmol/mol), 209 participants per group

were required for 90% power at a 2-sided significance level of 0.05

(see Supplementary Methods online for full description, File S1).

Hypothesis testing of primary and secondary efficacy endpoints

followed a serial gatekeeping procedure to control for family-wise

type I error rate (see Supplementary Methods online for a full

description of testing sequence, File S1). Superiority of exenatide

QW vs placebo was required at a 2-sided significance level of P < .05

for sequential testing to proceed. Once a hypothesis test failed, no

statistical significance could be claimed and P values were nominal

for the remaining endpoints in the sequence. Nominal P values were

reported for exploratory endpoints and were not adjusted for multi-

plicity. Statistical analyses were performed using SAS version 9.2

(SAS Institute, Inc., Cary, North Carolina).

3 | RESULTS

3.1 | Study population

Of 808 patients screened, 511 entered the 8-week IG titration phase

(Figure 1). After the IG titration phase, 464 patients were randomized

to treatment. Overall, 231 and 230 patients randomized to receive

exenatide QW and placebo, respectively, met ITT criteria and were

analysed for efficacy. The safety analysis set comprised 232 and

231 patients receiving exenatide QW and placebo, respectively.

Study completion rates were similar between groups (exenatide QW,

91.4%; placebo, 90.0%) (Figure 1).
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Demographics and baseline characteristics were similar between

treatment groups (Table 1). Before study entry, in addition to insulin,

most patients were treated with either metformin alone (51.6%) or

metformin and a sulphonylurea (31.0%), with the remainder receiving

a sulphonylurea alone (3.9%) or no additional glucose-lowering ther-

apy (13.4%) (Table 1).

Treatment compliance was high across groups, with 92.7% and

93.9% of exenatide QW-treated patients and placebo-treated

patients, respectively, using 80% to <120% of the dispensed study

medication.

3.2 | Efficacy

3.2.1 | Glycaemic control

At screening, mean HbA1c, FPG and daily IG dose were similar

between treatment groups (Table S6 in File S1). During the IG titra-

tion phase, the mean daily IG dose increased from 39 to 50 units/d

in the group subsequently randomized to exenatide QW and from

39 to 52 units/d in the group subsequently randomized to placebo;

FPG decreased from 10.0 to 8.2 mmol/L (179.8-147.5 mg/dL) and

from 9.8 to 8.1 mmol/L (176.8-146.5 mg/dL), respectively; and

HbA1c decreased from 9.1% to 8.5% (76-70 mmol/mol) in both

groups (Table S6 in File S1).

After randomization, exenatide QW was associated with a signifi-

cantly greater HbA1c reduction from baseline to week 28 vs placebo

(least-squares mean [LSM] difference, −0.73% [−8.0 mmol/mol]; 95%

confidence interval [CI], −0.93% to −0.53% [−10.2 to −5.8 mmol/

mol]; P < .001; final HbA1c, 7.55% [59 mmol/mol] and 8.24%

[67 mmol/mol], respectively) (Table 2). A significant between-group

difference was observed at week 4 and was maintained over the

treatment period (Table 2, Figure 2A). Significantly more exenatide

QW-treated patients vs placebo-treated patients achieved HbA1c

<7.0% (<53 mmol/mol) (32.5% vs 7.4%, respectively; P < .001)

(Table 2, Figure 2B).

Reductions in 2-hour PPG after an MTT were significantly

greater with exenatide QW vs placebo (LSM difference,

−1.52 mmol/L [−27.5 mg/dL]; 95% CI, −2.15 to −0.90 mmol/L [−38.7

to −16.2 mg/dL]; P < .001; final 2-hour PPG, 11.27 mmol/L

[202.8 mg/dL] and 12.72 mmol/L [228.9 mg/dL], respectively)

(Table 2, Figure 2C).

Screened

(N = 808)

Did not enter IG titration: 297 (36.8%)

293 (36.3%) Screen failure

1 (0.1%) Patient withdrawal

1 (0.1%) Study withdrawal criteria met

1 (0.1%) Incorrect insulin dose*

1 (0.1%) Unknown

Entered IG titration

(N = 511)

233 patients allocated to exenatide QW

Randomized*

(N = 464)

Not randomized: 48 (9.4%)

20 (3.9%) Patient withdrawal

11 (2.2%) Lost to follow-up

7 (1.4%) Screen failure

5 (1.0%) Other

4 (0.8%) Protocol deviation

1 (0.2%) Study withdrawal criteria met

232 patients exposed to exenatide QW

231 patients allocated to placebo

1 patient not treated

231 patients exposed to placebo

Withdrawn from study: 19 (8.2%)

7 (3.0%) Adverse event

5 (2.1%) Lost to follow-up

4 (1.7%) Patient decision

3 (1.3%) Other

213 (91.4%) completed study

ITT Population

231 included in ITT analysis

1 missing required efficacy assessment

Discontinued treatment: 21 (9.0%)

9 (3.9%) Adverse event

8 (3.4%) Other

4 (1.7%) Patient decision

211 (90.6%) completed treatment

Safety Analysis Set

Withdrawn from study: 23 (10.0%)

8 (3.5%) Other

7 (3.0%) Patient decision

4 (1.7%) Adverse event

3 (1.3%) Lost to follow-up

1 (0.4%) Death

208 (90.0%) completed study

230 included in ITT analysis

1 missing required efficacy assessment

Discontinued treatment: 24 (10.4%)

11 (4.8%) Other

8 (3.5%) Patient decision

4 (1.7%) Adverse event

1 (0.4%) Lost to follow-up

207 (89.6%) completed treatment

FIGURE 1 Patient disposition and study

flow. *One patient did not enter the IG
titration phase as the patient was not using
the IG dose necessary to be eligible for
randomization; however, the patient was
randomized and approved to continue in
the study. Abbreviations: IG, insulin
glargine; ITT, intention-to-treat; QW, once
weekly
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Exenatide QW also reduced FPG vs placebo (LSM difference,

−0.53 mmol/L [−9.5 mg/dL]; 95% CI, −0.99 to −0.06 mmol/L [−17.9

to −1.0 mg/dL]; nominal P = .028; final FPG, 7.43 mmol/L

[133.8 mg/dL] and 7.87 mmol/L [141.6 mg/dL], respectively) (Table 2,

Figure 2D). FPG reductions were apparent from week 2 (Figure 2D)

and were maintained over the 28-week treatment period. At week

28, exenatide QW was associated with a numerically larger decrease

in mean 6-point self-monitored blood glucose vs placebo at all points,

with the exception of before breakfast (Figure S2 in File S1).

No significant difference was observed between groups for

change in daily IG dose from baseline to week 28 (LSM difference,

−2.0 units; 95% CI, −4.1 to +0.1; nominal P = .068) (Table 2). In both

groups, there was a small increase from baseline in the daily IG dose

up to week 2, followed by stabilization through week 28 (Figure 2E).

Use of rescue therapy did not differ between the exenatide QW

and placebo groups (5 [2.2%] vs 4 [1.7%] patients, respectively; nomi-

nal P = .739) during the treatment period.

3.2.2 | Weight and other efficacy endpoints

Patients receiving exenatide QW had significantly greater reductions

in body weight from baseline to week 28 compared with those

receiving placebo (LSM difference, −1.50 kg; 95% CI, −2.17 to −0.84;

P < .001) (Table 2, Figure 2F). Reductions in body weight were appar-

ent from week 8 (Figure 2F) and were maintained over the 28-week

treatment period. A greater proportion of patients achieved ≥5%

body weight loss with exenatide QW than with placebo (6.9 percent-

age point difference; nominal P = .004) (Table 2). More patients

receiving exenatide QW vs placebo achieved HbA1c <7.0%

TABLE 1 Demographic and baseline characteristics in the intention-to-treat population

Characteristic Exenatide QW + IG (n = 231) Placebo + IG (n = 230) Total (N = 461)

Age, years 57.8 � 9.0 57.6 � 10.3 57.7 � 9.7

Age ≥65 years 50 (21.6) 58 (25.2) 108 (23.4)

Male 114 (49.4) 107 (46.5) 221 (47.9)

Race

White 205 (88.7) 196 (85.2) 401 (87.0)

Black 19 (8.2) 28 (12.2) 47 (10.2)

Asian 4 (1.7) 2 (0.9) 6 (1.3)

Other 3 (1.3) 4 (1.7) 7 (1.5)

Hispanic ethnicity 65 (28.1) 65 (28.3) 130 (28.2)

Body weight, kg 93.3 � 20.0 94.7 � 19.8 94.0 � 19.9

BMI, kg/m2 33.3 � 6.1 34.1 � 6.6 33.7 � 6.4

BMI group

<25 kg/m2 12 (5.2) 10 (4.3) 22 (4.8)

≥25 to <30 kg/m2 61 (26.4) 54 (23.5) 115 (24.9)

≥30 kg/m2 157 (68.0) 166 (72.2) 323 (70.1)

HbA1c at screening, % [mmol/mol] 9.09 � 1.08 9.08 � 1.11 9.09 � 1.09

[76 � 11.8] [76 � 12.1] [76 � 11.9]

HbA1c at baseline, % [mmol/mol] 8.53 � 0.91 8.53 � 0.92 8.53 � 0.91

[70 � 9.9] [70 � 10.1] [70 � 9.9]

HbA1c group

<8.0% [<64 mmol/mol] 71 (30.7) 76 (33.0) 147 (31.9)

≥8.0% to <9.0% [≥64 to <75 mmol/mol] 86 (37.2) 73 (31.7) 159 (34.5)

≥9.0% [≥75 mmol/mol] 74 (32.0) 81 (35.2) 155 (33.6)

Duration of diabetes, years 11.5 � 6.6 11.1 � 6.1 11.3 � 6.3

FPG, mmol/L [mg/dL] 8.2 � 3.1 8.1 � 2.6 8.2 � 2.9

[147.6 � 56.4] [146.6 � 47.3] [147.1 � 52.0]

Noninsulin glucose-lowering medications, pre-randomization

Metformin alone 121 (52.4) 117 (50.9) 238 (51.6)

Prior SU alone 8 (3.5) 10 (4.3) 18 (3.9)

Metformin + prior SU 73 (31.6) 70 (30.4) 143 (31.0)

None 29 (12.6) 33 (14.3) 62 (13.4)

IG dose, units/d 50.1 � 21.4 52.0 � 25.0 51.1 � 23.3

eGFR, mL/min/1.73 m2a 90.7 � 17.8 91.1 � 19.2 90.9 � 18.5

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; IG, insulin
glargine; QW, once weekly; SU, sulphonylurea. Data are mean � standard deviation or n (%).

a eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation.
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TABLE 2 Primary, secondary and exploratory efficacy endpoints of interest in the intention-to-treat population

Endpoint Exenatide QW + IG (n = 231) Placebo + IG (n = 230)
(Exenatide QW + IG) −
(placebo + IG)

Glycaemic control

HbA1c, % [mmol/mol]a

Baseline, mean � SD 8.51 � 0.92 [70 � 10.1] 8.50 � 0.90 [69 � 9.8]

Week 28, mean � SD 7.55 � 1.20 [59 � 13.1] 8.24 � 1.10 [67 � 12.0]

Change, LSM � SE (95% CI) −0.96 � 0.08 (−1.11, −0.80) −0.23 � 0.08 (−0.38, −0.07) −0.73 (−0.93, −0.53); P < .001

[−10.5 � 0.9 (−12.1, −8.7)] [−2.5 � 0.9 (−4.2, −0.8)] [−8.0 (−10.2, −5.8)]

Proportion of patients achieving HbA1c <7.0% (<53 mmol/mol)b

Number achieving goal (%) [95% CI] 75 (32.5) [26.4, 38.5] 17 (7.4) [4.0, 10.8] 25.1; P < .001

FPG, mmol/L [mg/dL]a

Baseline, mean � SD 8.22 � 3.12 [148.1 � 56.2] 7.99 � 2.52 [143.8 � 45.4]

Week 28, mean � SD 7.43 � 2.58 [133.8 � 46.4] 7.87 � 2.67 [141.6 � 48.1]

Change, LSM � SE (95% CI) −0.66 � 0.19 (−1.04, −0.28) −0.13 � 0.19 (−0.51, +0.25) −0.53 (−0.99, −0.06); P = .028c

[−11.9 � 3.5 (−18.7, −5.0)] [−2.4 � 3.5 (−9.2, +4.4)] [−9.5 (−17.9, −1.0)]

2-hour PPG, mmol/L [mg/dL]d

Baseline, mean � SD 13.06 � 3.49 [235.1 � 62.8] 12.97 � 3.55 [233.5 � 64.0]

Week 28, mean � SD 11.27 � 3.69 [202.8 � 66.3] 12.72 � 3.52 [228.9 � 63.3]

Change, LSM � SE (95% CI) −1.58 � 0.32 (−2.21, −0.96) −0.06 � 0.32 (−0.69, +0.58) −1.52 (−2.15, −0.90); P < .001

[−28.5 � 5.7 (−39.8, −17.3)] [−1.1 � 5.8 (−12.5, +10.4)] [−27.5 (−38.7, −16.2)]

IG dose, units/da

Baseline, mean � SD 50.4 � 21.5 51.0 � 24.4

Week 28, mean � SD 51.9 � 24.3 54.2 � 26.9

Change, LSM � SE (95% CI) +1.6 � 0.8 (+0.1, +3.1) +3.6 � 0.8 (+2.0, +5.1) −2.0 (−4.1, +0.1); P = .068

Weight and composite measures

Body weight, kga

Baseline, mean � SD 94.15 � 20.23 94.13 � 19.53

Week 28, mean � SD 93.06 � 19.97 94.53 � 19.95

Change, LSM � SE (95% CI) −1.04 � 0.26 (−1.54, −0.54) +0.46 � 0.25 (−0.03, +0.96) −1.50 (−2.17, −0.84); P < .001

Proportion of patients with ≥5% body weight lossb

Number achieving goal (%) [95% CI] 24 (10.4) [6.5, 14.3] 8 (3.5) [1.1, 5.9] 6.9; P = .004‡

Waist circumference, cm

Baseline, mean � SD 113.5 � 18.9 114.6 � 19.5

Week 28, mean � SD 113.0 � 18.6 112.1 � 17.3

Change, LSM � SE (95% CI)d −0.04 � 1.6 (−3.02, +2.95) −1.42 � 1.5 (−4.43, +1.59) 1.38 (−1.57, +4.33); P = .359c

Proportion of patients achieving HbA1c <7.0% (<53 mmol/mol) with no body weight gain at week 28 or major hypoglycaemia over 28 weeksb,e

Number achieving goal (%) [95% CI] 51 (22.1) [16.7, 27.4] 6 (2.6) [0.6, 4.7] 19.5; P < .001c

Cardiovascular risk factors

SBP, mm Hgf

Baseline, mean � SD 132.8 � 13.5 132.6 � 13.2

Week 28, mean � SD 130.9 � 14.4 132.6 � 12.9

Change, LSM � SE (95% CI) −2.6 � 0.9 (−4.4, −0.7) −0.7 � 0.9 (−2.6, +1.1) −1.8 (−4.0, +0.4); P = .105c

DBP, mm Hga

Baseline, mean � SD 76.6 � 8.7 78.1 � 8.4

Week 28, mean � SD 77.4 � 8.6 78.0 � 8.4

Change, LSM � SE (95% CI) +0.5 � 0.6 (−0.6, +1.7) +0.4 � 0.6 (−0.8, +1.5) +0.2 (−1.2, +1.6); P = .781c

Total cholesterol, mmol/Ld

Baseline, mean � SD 4.57 � 0.96 4.38 � 1.10

Week 28, mean � SD 4.58 � 1.08 4.48 � 1.16

Change, LSM � SE (95% CI) 0.00 � 0.08 (−0.16, +0.16) +0.05 � 0.08 (−0.11, +0.22) −0.05 (−0.21, +0.11); P = .521c

(Continues)
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(<53 mmol/mol) with no body weight gain and no major hypoglycae-

mia over the 28-week treatment period (22.1% vs 2.6%, respectively;

no hypothesis testing was performed because of the prespecified

hierarchical testing sequence; nominal P < .001) (Table 2, Figure 2B).

No significant differences were observed between exenatide QW

and placebo for change from baseline to week 28 in waist circumfer-

ence, DBP or fasting lipids (Table 2). There was a small numeric

decrease with exenatide QW (−2.6 mm Hg) vs placebo (−0.7 mm Hg)

in SBP (difference, −1.8 mm Hg; nominal P = .105).

3.2.3 | Patient-reported outcomes

Patients in both treatment groups reported improved treatment satis-

faction as assessed by DTSQ-s total score; the improvement was

greater with exenatide QW (Table S7 in File S1). At week 28, a

numerically greater proportion of patients receiving exenatide QW vs

placebo reported weight loss and improvement in all 9 areas assessed

by the SHIELD-WQ-9 (Table S7 in File S1).

3.3 | Safety and tolerability

Exenatide QW, in combination with titrated IG, was associated with

no unexpected safety findings (Table 3).

No major hypoglycaemic events were reported in either treat-

ment group (Table 3). Minor and “other” hypoglycaemic events,

respectively, were observed in 5.6% and 29.3% of patients receiving

exenatide QW and 5.6% and 27.7% of patients receiving placebo.

The most commonly reported AEs, other than hypoglycaemia,

with exenatide QW vs placebo were urinary tract infection, nausea,

diarrhoea and injection-site nodules (Table 3). Serious AEs were

reported in 4.7% and 4.8% of patients receiving exenatide QW and

placebo, respectively. One patient receiving placebo died in the con-

text of a severe pulmonary infection (specific cause of death

unknown), and no deaths were reported in the exenatide QW group.

More exenatide QW-treated patients reported gastrointestinal

AEs than patients receiving placebo (Table 3). Injection-site–related

AEs, none of which were severe, were reported by more patients

receiving exenatide QW than placebo. One exenatide QW-treated

patient with a history of chronic pancreatitis experienced an AE of

chronic pancreatitis. One acute kidney injury and 4 neoplasms

(1 squamous cell carcinoma and 3 benign) were reported with exena-

tide QW. Two benign neoplasms occurred with placebo.

More patients receiving exenatide QW discontinued treatment

because of an AE (n = 9 [3.9%], of which 4 [1.7%] were gastrointestinal

TABLE 2 (Continued)

Endpoint Exenatide QW + IG (n = 231) Placebo + IG (n = 230)
(Exenatide QW + IG) −
(placebo + IG)

LDL cholesterol, mmol/Ld

Baseline, mean � SD 2.52 � 0.86 2.34 � 0.94

Week 28, mean � SD 2.50 � 0.92 2.40 � 0.97

Change, LSM � SE (95% CI) −0.04 � 0.07 (−0.17, +0.09) 0.00 � 0.07 (−0.13, +0.14) −0.05 (−0.18, +0.10); P = .497c

HDL cholesterol, mmol/Ld

Baseline, mean � SD 1.24 � 0.33 1.25 � 0.33

Week 28, mean � SD 1.17 � 0.30 1.21 � 0.32

Change, LSM � SE (95% CI) −0.06 � 0.02 (−0.09, −0.02) −0.02 � 0.02 (−0.06, +0.02) −0.04 (−0.07, 0.00); P = .031c

Non-HDL cholesterol, mmol/Ld

Baseline, mean � SD 3.33 � 0.92 3.13 � 1.05

Week 28, mean � SD 3.40 � 1.08 3.27 � 1.12

Change, LSM � SE (95% CI) +0.06 � 0.08 (−0.10, +0.22) +0.08 � 0.08 (−0.09, +0.24) −0.02 (−0.17, +0.14); P = .845c

Triglycerides, mmol/Ld,g

Baseline, mean � SD 1.59 � 0.06 1.55 � 0.05

Week 28, mean � SD 1.74 � 0.07 1.68 � 0.06

Ratio, geometric LSM � SE (95% CI) +1.10 � 0.04 (+1.03, +1.18) +1.09 � 0.04 (+1.01, +1.17) +1.01 (−0.94, +1.09); P = .699c

Abbreviations: CI, confidence interval; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; HDL, high-density lipo-
protein; IG, insulin glargine; LDL, low-density lipoprotein; LSM, least-squares mean; MMRM, mixed-effects model for repeated measures; PPG, postpran-
dial glucose; QW, once weekly; SBP, systolic blood pressure; SD, standard deviation; SE, standard error. To convert cholesterol values from mmol/L to
mg/dL, multiply by 38.67; to convert triglycerides from mmol/L to mg/dL, multiply by 88.57. Geometric mean or geometric LSM was calculated by expo-
nentiating the mean or LSM value.

a MMRM analysis excluding measurements after initiation of rescue therapy or after premature discontinuation of study treatment.
b Cochran–Mantel–Haenszel analysis; missing data treated as non-responder.
c Nominal P value.
d Analysis of covariance excluding measurements after initiation of rescue therapy or after premature discontinuation of study treatment.
e A secondary endpoint. Not significant because of the testing hierarchy.
f MMRM analysis including measurements after initiation of rescue therapy and excluding measurements after premature discontinuation of study
treatment.

g The analysis of covariance model used log-transformed triglyceride values. The reported effect estimates were converted back to the original scale.
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FIGURE 2 A, Mean HbA1c from screening to week 28. B, Proportion of patients achieving HbA1c <7.0% (<53 mmol/mol) and HbA1c <7.0%

(<53 mmol/mol) without body weight gain at week 28 and without hypoglycaemia over 28 weeks. C, LSM change in 2-hour PPG from baseline
to week 28. D, Mean FPG from screening to week 28. E, Mean insulin dose from screening to week 28. F, LSM change in body weight from
screening to week 28. *Nominal P < .001 based on mixed-effects model for repeated measures analysis of change from baseline, including
treatment, region, baseline HbA1c stratum (<9.0% or ≥9.0% [<75 or ≥75 mmol/mol]), baseline sulphonylurea use stratum, week and treatment-
by-week interaction as fixed factors and baseline value as a covariate. †Screening visit (S) was a minimum of 7 days and a maximum of 14 days

before the week −8 visit. Values for HbA1c, FPG and IG dose are observed values at each time point. Error bars show mean � SE. These
analyses exclude measurements after initiation of rescue therapy or after premature discontinuation of study treatment. To convert 2-hour PPG
or FPG from mmol/L to mg/dL, multiply by 18. Abbreviations: FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; IG, insulin glargine;
LSM, least-squares mean; PPG, postprandial glucose; QW, once weekly; SE, standard error
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TABLE 3 AEs in the safety analysis set

AEs, n (%) Exenatide QW + IG (n = 232) Placebo + IG (n = 231)

Any AE 125 (53.9) 133 (57.6)

Any SAE 11 (4.7) 11 (4.8)

AEs leading to study withdrawal 7 (3.0) 5 (2.2)

SAEs leading to study withdrawal 1 (0.4) 1 (0.4)

Deaths 0 (0.0) 1 (0.4)

AEs occurring in ≥5% of patients in either treatment group

Urinary tract infection 18 (7.8) 15 (6.5)

Nausea 12 (5.2) 9 (3.9)

Increased blood creatine phosphokinase 5 (2.2) 13 (5.6)

Injection-site nodule 12 (5.2) 1 (0.4)

AEs of special interest

Hypoglycaemiaa

Major 0 (0.0) 0 (0.0)

Minor 13 (5.6) 13 (5.6)

Other 68 (29.3) 64 (27.7)

Confirmed, adjudicated cardiovascular events 0 (0.0) 3 (1.3)

Pancreatitis 1 (0.4) 0 (0.0)

Acute renal failure-related 1 (0.4) 0 (0.0)

Neoplasm-related 4 (1.7) 2 (0.9)

Seborrheic keratosis 2 (0.9) 0 (0.0)

Adrenal adenoma 0 (0.0) 1 (0.4)

Angiomyolipoma 1 (0.4) 0 (0.0)

Benign oesophageal neoplasm 0 (0.0) 1 (0.4)

Squamous cell carcinoma 1 (0.4) 0 (0.0)

Injection-site–related 18 (7.8) 7 (3.0)

Nodule 12 (5.2) 1 (0.4)

Pruritus 4 (1.7) 3 (1.3)

Erythema 3 (1.3) 0 (0.0)

Bruising 2 (0.9) 0 (0.0)

Induration 1 (0.4) 1 (0.4)

Swelling 2 (0.9) 0 (0.0)

Cellulitis 1 (0.4) 0 (0.0)

Hematoma 0 (0.0) 1 (0.4)

Haemorrhage 0 (0.0) 1 (0.4)

Inflammation 1 (0.4) 0 (0.0)

Gastrointestinal disorders 35 (15.1) 25 (10.8)

Nausea 12 (5.2) 9 (3.9)

Diarrhoea 11 (4.7) 8 (3.5)

Constipation 2 (0.9) 4 (1.7)

Dyspepsia 5 (2.2) 0 (0.0)

Abdominal discomfort 2 (0.9) 2 (0.9)

Flatulence 1 (0.4) 3 (1.3)

Vomiting 1 (0.4) 3 (1.3)

Abdominal distension 1 (0.4) 1 (0.4)

Abdominal mass 2 (0.9) 0 (0.0)

Abdominal pain upper 2 (0.9) 1 (0.4)

Eructation 2 (0.9) 0 (0.0)

Gastritis 1 (0.4) 1 (0.4)

Gastroesophageal reflux disease 2 (0.9) 0 (0.0)

Abdominal pain 1 (0.4) 0 (0.0)

Dental caries 0 (0.0) 1 (0.4)

(Continues)
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and 1 [0.4%] was an injection-site nodule) than patients receiving pla-

cebo (n = 4 [1.7%], of which 1 [0.4%] was gastrointestinal).

Heart rate increased from baseline to week 28 with exenatide

QW (mean change, 2.5 bpm) but remained unchanged in the placebo

group (0.2 bpm).

From baseline to week 28, mean estimated glomerular filtration

rate (calculated using the Chronic Kidney Disease Epidemiology Col-

laboration equation) decreased slightly in both groups (mean

[SD] change, −2.3 [10.9] and −0.6 [9.6] mL/min/1.73 m2 with exena-

tide QW and placebo, respectively). No meaningful changes were

observed for other laboratory parameters (Table S8 in File S1).

Most exenatide QW-treated patients (76.0%) developed anti-

exenatide antibodies at some point over the study period (Table S9 in File

S1). Clinically relevant HbA1c reductions occurred regardless of antibody

positivity/titre. Injection-site–related AEs were more common among

patients with anti-exenatide antibodies (7.3% vs 0.4% with negative anti-

body status), with most occurrences in the low-positive titre group.

4 | DISCUSSION

For patients with T2DM who were inadequately controlled despite

basal insulin � metformin, treatment options include uptitration of

the basal insulin dose or, if unsuccessful, the addition of another

injectable or oral (SGLT2i4,5 or DPP-4i4) drug.3–5 Injectable additions

include a BID, once-daily (QD), or QW GLP-1RA or prandial insulin

(starting QD and increasing progressively to 3 times a day).3–5 The

clinical benefits of adding a QW GLP-1RA (similar or better glycaemic

control, weight loss and fewer hypoglycaemic episodes vs prandial

insulin) to basal insulin make this combination an attractive

option.18,19

In the current study, exenatide QW + IG was well tolerated, sig-

nificantly improved a range of glycaemic measures, and reduced body

weight vs placebo + IG. These improvements were observed without

unexpected safety findings or increased hypoglycaemia vs placebo.

In the DURATION-7 study, injection-site–related AEs occurred in

both the exenatide QW + IG and placebo + IG groups. Other

sustained-release injectable drug formulations requiring in vivo degra-

dation are also associated with injection-site reactions,31 which might

explain the occurrence of these reactions in both treatment groups,

as both exenatide QW and placebo injections contained micro-

spheres. However, the greater frequency of injection-site–related

AEs with exenatide-containing microspheres compared with placebo-

containing microspheres observed in both the DURATION-7 and

DURATION-8 studies,32 especially among those with positive anti-

TABLE 3 (Continued)

AEs, n (%) Exenatide QW + IG (n = 232) Placebo + IG (n = 231)

Duodenal ulcer 1 (0.4) 0 (0.0)

Epigastric discomfort 0 (0.0) 1 (0.4)

Gastric polyps 0 (0.0) 1 (0.4)

Gastric ulcer 1 (0.4) 0 (0.0)

Gastrointestinal angiodysplasia 1 (0.4) 0 (0.0)

Haemorrhoids 1 (0.4) 0 (0.0)

Inguinal hernia 1 (0.4) 0 (0.0)

Large intestine polyp 1 (0.4) 0 (0.0)

Esophagitis 1 (0.4) 0 (0.0)

Pancreatitis chronic 1 (0.4) 0 (0.0)

Tooth disorder 0 (0.0) 1 (0.4)

Clinical laboratory parameters

Creatine phosphokinase, increased 5 (2.2) 13 (5.6)

γ-glutamyltransferase, increased 2 (0.9) 4 (1.7)

Alanine aminotransferase, increased 2 (0.9) 1 (0.4)

Lipase, increased 1 (0.4) 2 (0.9)

Hepatic enzyme, increased 2 (0.9) 0 (0.0)

Aspartate aminotransferase, increased 0 (0.0) 2 (0.9)

Glucose urine present 0 (0.0) 2 (0.9)

Uric acid, increased 0 (0.0) 2 (0.9)

Magnesium, decreased 1 (0.4) 0 (0.0)

Potassium, increased 1 (0.4) 0 (0.0)

Alkaline phosphatase, increased 0 (0.0) 1 (0.4)

Amylase, increased 0 (0.0) 1 (0.4)

Urea, increased 0 (0.0) 1 (0.4)

Abbreviations: AE, adverse event; IG, insulin glargine; QW, once weekly; SAE, serious adverse event.
a Definitions of hypoglycaemia: major, loss of consciousness, seizure or coma resolving after glucagon or glucose administration or any event that
required third-party assistance to resolve because of severe impairment in consciousness or behaviour, with glucose <3.0 mmol/L (<54 mg/dL); minor,
any non-major event with symptoms consistent with hypoglycaemia and glucose <3.0 mmol/L (<54 mg/dL); other, any event not meeting the criteria
for a major or minor event.
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exenatide antibody status, suggests that, for exenatide QW, both

in vivo degradation of microspheres and immune responses to exena-

tide contribute.

This study adds to evidence supporting the addition of a GLP-

1RA for patients with inadequate glycaemic control despite basal

insulin.3 Previous studies with the short-acting GLP-1RA exenatide

BID added to basal insulin6,8 demonstrated glycaemic improvements,

body weight loss and a low hypoglycaemia risk, as have studies with

the QD GLP-1RAs lixisenatide7,9,10 and liraglutide added to basal

insulin.11 Furthermore, fixed-ratio combinations of IG plus lixisenatide

(iGlarLixi) and insulin degludec plus liraglutide (IDegLira) significantly

decrease HbA1c and body weight, compared with their respective

basal insulin monocomponents, without increasing hypoglycaemia

risk.24,25 Fixed-ratio combinations may not be suitable for patients

requiring greater doses of basal insulin.

To date, 2 other studies (HARMONY-6 and AWARD-9) have

investigated the efficacy and safety of combining a QW GLP-1RA

with titrated basal IG22,23; however, caution is needed when making

between-study comparisons because of the differences in study

designs and populations. Consistent with the DURATION-7 study,

adding a QW GLP-1RA to basal insulin resulted in significant

improvements in glycaemic control and weight loss in both studies.

The HARMONY-6 study comprised a 4- to 8-week IG dose stan-

dardization/titration period, followed by a 52-week treatment

period.22 Despite recommendations of IG titration algorithms from

both the HARMONY-6 and DURATION-7 studies, these were not

consistently implemented in practice, as the mean IG dose increased

only modestly after randomization in both groups (by 6-7 units at

26 weeks in HARMONY-622 and 2-4 units in DURATION-7).

The AWARD-923 study compared the addition of QW dulaglu-

tide 1.5 mg or placebo to IG in patients with HbA1c of 7.0 to 10.5%

(53-91 mmol/mol).23 In the DURATION-7 study, patients were ran-

domized after IG titration had failed to lower HbA1c below 7.0%

(53 mmol/mol) following an increase in mean insulin doses from

screening to baseline of 39 to ~51 units, whereas IG dose titration

began after randomization in the AWARD-9 study, thus maximizing

the combined glucose-lowering actions of IG and dulaglutide.

While the DURATION-7, HARMONY-6 and AWARD-9 studies

reported reduced glycaemia and body weight among GLP-1RA-

treated patients, gastrointestinal AEs were higher with GLP-1RA

treatment in all 3 studies.22,23 In DURATION-7, nausea, diarrhoea

and vomiting occurred in 5.2%, 4.7% and 0.4% of exenatide QW-

treated patients and 3.9%, 3.5% and 1.3% of placebo-treated

patients, respectively. In HARMONY-6, nausea, diarrhoea and vomit-

ing occurred in 11.2%, 13.0% and 6.7% of albiglutide-treated patients

and 1.4%, 4.3% and 1.4% of lispro-treated patients, respectively.22 In

AWARD-9, these AEs occurred in 12.0%, 11.3% and 6.0% of

dulaglutide-treated patients and 1.3%, 4.0% and 0.0% of placebo-

treated patients, respectively.23

The DURATION-7 study has some limitations. Notably, IG titra-

tion was not strictly adhered to after randomization in all patients,

despite FPG values being above those specified in the INITIATE titra-

tion algorithm (4.0-5.5 mmol/L [72-99 mg/dL]).28 Suboptimal titration

was shown by smaller-than-expected increases in the IG dose, espe-

cially with placebo, despite elevated FPG levels. Had IG titration been

more aggressive, the relative difference in the IG dose with exenatide

QW vs placebo would be expected to have been larger. Although

results across studies are not directly comparable, HbA1c reduction

in the DURATION-7 study was similar to that in a separate study

evaluating exenatide BID added to titrated IG,6 whereas, in the

DURATION-5 study, HbA1c reduction was significantly greater with

exenatide QW vs exenatide BID.33 This seemingly inconsistent find-

ing regarding the glycaemic efficacy of exenatide QW vs BID is prob-

ably explained by suboptimal IG titration in the DURATION-7 study

vs the exenatide BID + IG study (mean IG difference, 2 vs 7 units,6

respectively) and by differences in study design (lack of an IG titration

phase before randomization in the exenatide BID + IG study).6

A similar suboptimal IG titration was observed in the

HARMONY-6 study,22 but also in other studies using various basal

insulins.34,35 This probably reflects real-world clinical practice, where

clinical inertia and concern about body weight gain and increased

hypoglycaemia with insulin uptitration may result in physician/patient

reluctance to adhere to strict algorithms.20,21

In summary, in patients with T2DM who were inadequately con-

trolled despite titrated IG � metformin, adding exenatide QW

improved glycaemic measures and reduced body weight without

major hypoglycaemia or unexpected safety findings. This suggests

that exenatide QW represents a well-tolerated treatment-

intensification option for patients with uncontrolled basal insulin-

treated T2DM.
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