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Aims: To explore the treatment outcomes in adult patients with type 2 diabetes (T2D) enrolled

in the GetGoal trials of lixisenatide (LIXI), and the predictive effects of baseline characteristics

on outcomes.

Methods: This study was a pooled analysis of patient-level data from the LIXI GetGoal studies

comparing LIXI and placebo. Patients were divided into baseline therapy groups: those receiv-

ing oral antidiabetes drugs (OADs) at baseline (n = 2760) or those receiving basal insulin at

baseline (n = 1198).

Results: Compared with placebo, LIXI treatment led to significantly greater reductions in gly-

cated haemoglobin (HbA1c), and greater achievement of the composite endpoint of HbA1c

<7.0% (53 mmol/mol) with no symptomatic hypoglycaemia and no weight gain in either the

OAD (34% vs 18%; P < .0001) or the basal insulin groups (19% vs 10%; P < .0001). Treatment

with LIXI was associated with a greater percentage of patients experiencing a symptomatic

hypoglycaemic event compared with placebo in both the OAD (5% vs 3%; P = .0098) and basal

insulin groups (27% vs 17%; P < .0001). In assessing baseline factors that were predictors of

treatment outcomes, only baseline HbA1c and LIXI treatment were strong predictors of out-

comes in both the OAD and basal insulin groups. No other baseline characteristic had such a

large or consistent clinically relevant predictive effect across treatment outcomes.

Conclusions: The results from this study show that irrespective of baseline characteristics, LIXI

treatment, as an add-on to OAD or basal insulin therapy, is effective in reducing HbA1c and

achieving composite endpoints.
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1 | INTRODUCTION

Type 2 diabetes (T2D) is a progressive metabolic disease character-

ized by elevated blood glucose levels attributable to insufficient insu-

lin production and usually insulin resistance. Patients with early-stage

disease may achieve glycated haemoglobin (HbA1c) glycaemic control

targets (≤6.5% [48 mmol/mol; American Association of Clinical Endo-

crinologists] or <7.0% [53 mmol/mol; American Diabetes Associa-

tion]) through lifestyle modifications; however, as the disease

progresses, additional therapies, such as oral antidiabetes drugs

(OADs), glucagon-like peptide-1 (GLP-1) receptor agonists and insulin,

must often be added to maintain glycaemic control.1–4 Different

classes of agents vary in their effects on factors such as HbA1c, fast-

ing plasma glucose (FPG), postprandial plasma glucose (PPG), body

weight, insulin secretion and sensitivity, and potential for hypoglycae-

mia.1 Current recommendations for the choice of initial and add-on

therapies are therefore based on individual baseline patient charac-

teristics, such as glycaemic profile, weight and comorbidities.1–4

Lixisenatide (LIXI) is a once-daily glucagon-like peptide-1 recep-

tor agonist (GLP-1 RA) for the treatment of people with T2D that

was recently approved by the US Food and Drug Administration and

is also approved for use in several other countries. The GetGoal trial
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programme is a series of international, multicentre, phase III clinical

trials assessing the efficacy and safety of LIXI in adult patients with

T2D on a range of background therapies. Data from these trials

showed that LIXI as monotherapy or add-on therapy to OADs or

basal insulin significantly improved HbA1c levels and was associated

with pronounced PPG reductions, a low rate of hypoglycaemia, and

beneficial effects on weight.5–14 Ideally, it would be valuable to iden-

tify those patients who would most benefit from specific therapies,

allowing more targeted treatment approaches. Identifying patient

characteristics that are predictive of poorer outcomes may also allow

clinicians to identify patients who may benefit from alternative

approaches to meet their treatment goals, or additional support, in

order to attain their goals. The objective of the present study was to

explore the effects of baseline characteristics on end-of-treatment

outcomes in patients with T2D initiating LIXI in the GetGoal trials.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a pooled analysis of patient-level data from LIXI GetGoal stud-

ies conducted by Sanofi. The GetGoal studies were phase III, prospective,

randomized controlled trials of LIXI in adult patients with T2D. The stud-

ies included in the present analysis were the 24-week, placebo-controlled

GetGoal trials in patients not reaching glycaemic targets with either

OADs or basal insulin. Full details of the study methods in the eligible

GetGoal trials have been published elsewhere.5–10,12–14 Summaries of

the included trials, patient populations and any treatment adjustments

are given in Tables S1 and S2, Appendix S1. All of the included studies

were conducted according to Good Clinical Practice guidelines and the

principles of the Declaration of Helsinki. Common inclusion criteria

across the trials included duration of T2D ≥1 year and HbA1c levels of

7.0% to 10.0% (53-86 mmol/mol). Patient data were extracted from

the intention-to-treat study populations. Patients were required to

have both baseline and endpoint HbA1c measurements for inclusion

in the analysis. Baseline demographic and clinical characteristics col-

lected included age, height, weight, body mass index (BMI), sex,

HbA1c, FPG and PPG levels, PPG excursion, known duration of dia-

betes, OAD use and insulin use.

2.2 | Efficacy and safety endpoints

Efficacy and safety endpoints included change from baseline in

HbA1c, FPG and PPG levels, PPG excursion, patients achieving

HbA1c <7.0% (53 mmol/mol), incidence of severe hypoglycaemia and

symptomatic hypoglycaemia, and weight change. Severe hypoglycae-

mia was defined as a hypoglycaemic event requiring assistance.

Symptomatic hypoglycaemia was defined as confirmed blood glucose

<3.33 mmol/L (60 mg/dL) or hypoglycaemia with prompt recovery

after oral carbohydrate administration. The following composite end-

points were also evaluated: endpoint HbA1c levels <7.0% (53 mmol/

mol) with no weight gain (no weight gain was defined as change in

weight [endpoint – baseline weight] ≤ 0); endpoint HbA1c levels

<7.0% (53 mmol/mol) with no symptomatic hypoglycaemia; endpoint

HbA1c levels <7.0% (53 mmol/mol) with no weight gain and no

symptomatic hypoglycaemia.

2.3 | Statistical analysis

In these analyses, two distinct questions were addressed. Firstly, the

effects of LIXI or placebo treatment and the impact of baseline ther-

apy were investigated. Data were analysed by baseline therapy

(OADs or basal insulin) and treatment group (LIXI or placebo). Contin-

uous variables were assessed using count, mean � standard deviation

(s.d.) and median values. Safety and efficacy endpoints were assessed

descriptively. HbA1c change was assessed according to quartiles of

selected baseline factors. Composite endpoints were assessed using

number and percentage of patients achieving the combined endpoint;

P values were determined using a chi-squared test.

Secondly, predictors of patient responses to LIXI were investi-

gated. Predictor analyses were carried out using multivariable regres-

sion analyses to control for key patient characteristics and assess the

adjusted outcomes among patients with T2D treated with LIXI or pla-

cebo. Covariates in the regression analyses included baseline BMI,

age, sex, known duration of diabetes, insulin history, OAD history,

baseline FPG, PPG and HbA1c levels, baseline PPG excursions and

basal insulin dose. The effect of interaction between treatment and

baseline characteristics was also investigated. A sensitivity analysis

was carried out using a generalized linear model to further evaluate

the impact of LIXI vs placebo, after adjusting for baseline PPG level in

addition to the above-described default covariates.

No additional P value adjustment was carried out for multiple

comparisons. A P value of .05 was taken to indicate statistical signifi-

cance. All statistical analyses were carried out using SAS version 9.2

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

3 | RESULTS

3.1 | Patient baseline characteristics

Overall, pooled data for 2760 patients on baseline OAD therapy and

1198 on baseline basal insulin therapy were included in the analysis.

There were no significant differences in mean baseline age, BMI,

known duration of diabetes, and HbA1c levels between treatment

groups (LIXI and placebo) in each of the study arms (Table 1). Patients

in the basal insulin group tended to have a lower FPG and longer

known duration of diabetes compared with the OAD group (Table 1).

3.2 | Effect of treatment on outcomes

Results were generally consistent between the OAD and basal insulin

baseline therapy groups. Compared with placebo, LIXI was associated

with significantly improved glycaemic outcomes in patients receiving

either OADs or basal insulin. Decreases in HbA1c, PPG, PPG excur-

sion, weight and BMI from baseline were significantly greater in the

LIXI group compared with the placebo group in patients receiving

OADs and those receiving basal insulin (Table 2). Decreases in FPG

were significantly greater in the LIXI group compared with placebo in
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patients receiving OADs, but the difference was not significant for

those in the basal insulin group (Table 2).

The proportion of patients experiencing ≥1 symptomatic hypo-

glycaemic event was significantly higher with LIXI vs placebo in

patients treated with OADs or basal insulin (Table 2). The incidence

of severe hypoglycaemia was low in all groups. In all, 1 patient

(0.05%) in the OAD and LIXI group and 5 patients (0.75%) in the

basal insulin and LIXI group experienced ≥1 severe hypoglycaemic

event compared with no patients in any placebo group (P value not

significant for comparison between treatment groups).

Significantly more patients treated with LIXI met composite end-

points of HbA1c <7.0% (53 mmol/mol) with no weight gain and no

symptomatic hypoglycaemia compared with placebo (Table 2). This

was highly significant (P < .0001), both when LIXI was added to basal

insulin and to OADs.

3.3 | Predictors of outcomes

The change in HbA1c with LIXI or placebo was stratified by selected

baseline characteristics in both the OAD (Figure 1) and basal insulin

baseline therapy groups (Figure 2). Across strata, for all baseline charac-

teristics in both the OAD and basal insulin groups, LIXI led to a signifi-

cantly greater reduction in HbA1c than placebo (Figures 1 and 2). In the

OAD group, age, baseline BMI, known duration of diabetes and sex had

little effect on HbA1c change with either LIXI or placebo (Figure 1).

Those with higher baseline HbA1c levels had greater reductions in

HbA1c in both the LIXI and placebo groups, and those with higher PPG

levels appeared to have greater reductions in HbA1c in the LIXI group

(Figure 1). In the basal insulin group, baseline characteristics had a

greater impact on HbA1c change; patients with increasing age and

longer known duration of diabetes had a greater change in HbA1c with

LIXI and placebo treatment, and patients with a higher BMI had a

greater change in HbA1c in the placebo group (Figure 2). Those with

higher baseline HbA1c levels had greater reductions in HbA1c in the

LIXI and placebo groups, and those with higher baseline PPG levels had

greater reductions in HbA1c in the LIXI group (Figure 2).

Regression analysis identified LIXI treatment and baseline HbA1c as

strong predictors of a range of clinical endpoints (Table 3). Other baseline

characteristics were generally weaker and variable predictors of outcomes

(Table 3). LIXI treatment was a strong predictor of HbA1c change, PPG

change, weight change, symptomatic hypoglycaemia and achievement of

HbA1c <7.0% (53 mmol/mol) in both the OAD and basal insulin therapy

groups (Table 3), and a greater likelihood of achieving composite end-

points of HbA1c <7.0% (53 mmol/mol) without weight gain and/or symp-

tomatic hypoglycaemia compared with placebo (Table 3). Higher baseline

HbA1c predicted a greater reduction in HbA1c in both the OAD and basal

insulin groups (P < .0001 for both; Table 3). Lower baseline HbA1c

level was, however, a predictor of achieving HbA1c <7.0% (53 mmol/

TABLE 1 Patient demographics and baseline characteristics

Baseline OAD therapy Baseline basal insulin therapy

Characteristics LIXI N = 1828 Placebo N = 932 LIXI N = 665 Placebo N = 533

Age, n (%)

<35 years 40 (2) 24 (3) 10 (2) 10 (2)

35 to 44 years 190 (10) 86 (9) 62 (9) 52 (10)

45 to 54 years 563 (31) 267 (29) 167 (25) 128 (24)

55 to 64 years 731 (40) 358 (38) 275 (41) 222 (42)

65 to 74 years 273 (15) 176 (19) 129 (19) 108 (20)

≥75 years 31 (2) 21 (2) 22 (3) 13 (2)

Mean (s.d.) age, years 55.5 (9.6) 56.3 (10.0) 57.4 (9.8) 56.9 (10.1)

Sex: female, n (%) 958 (52) 478 (51) 359 (54) 265 (50)

Baseline BMI, n (%)

BMI <25 kg/m2 257 (14) 147 (16) 133 (20) 129 (24)

BMI 25 to <30 kg/m2 587 (32) 308 (33) 222 (34) 171 (32)

BMI 30 to <35 kg/m2 515 (28) 232 (25) 166 (25) 120 (23)

BMI ≥35 kg/m2 469 (26) 245 (26) 141 (21) 111 (21)

Mean (s.d.) HbA1c, % 8.12 (0.88) 8.05 (0.82) 8.15 (0.85) 8.10 (0.82)

Mean (s.d.) HbA1c, mmol/mol 65 (9.6) 64 (9.0) 66 (9.3) 65 (9.0)

Mean (s.d.) FPG, mmol/L 9.44 (2.22) 9.17 (2.13) 7.44 (2.34) 7.39 (2.33)

Mean (s.d.) FPG, mg/dL 170 (39.9) 165 (38.3) 134 (42.2) 133 (42.0)

Mean (s.d.) PPG1, mmol/L 16.28 (4.09) 16.67 (3.99) 15.61 (4.37) 15.22 (4.32)

Mean (s.d.) PPG1, mg/dL 293 (73.6) 300 (71.8) 281 (78.7) 274 (77.7)

Mean (s.d.) PPG excursion2, mmol/L NR NR 7.72 (3.89) 7.67 (3.99)

Mean (s.d.) PPG excursion2, mg/dL 139 (70.1) 138 (71.9)

Mean (s.d.) known duration of diabetes, years 7.3 (5.5) 7.6 (5.5) 11.8 (7.1) 11.4 (7.0)

NR, not reported; s.d., standard deviation.
1 Measured by standardized meal test.
2 2-h PPG levels minus plasma glucose levels 30 minutes before the standardized meal test.
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mol) or composite endpoints (HbA1c <7.0% [53 mmol/mol] with no

symptomatic hypoglycaemia and no weight gain) in both the OAD

and basal insulin baseline therapy groups (P < .0001 for all; Table 3).

Baseline HbA1c level was also a predictor of other clinical out-

comes including FPG change, PPG change, weight change and com-

posite endpoints, but was not a significant predictor of symptomatic

hypoglycaemia for either treatment group (P = .2196 and P = .5434

for the OAD and basal insulin groups, respectively). Baseline BMI,

baseline FPG level, baseline PPG level, baseline PPG excursion, age,

sex and known duration of diabetes were predictive for some end-

points, but this varied between the OAD and basal insulin groups and

tended to be small effects that were not clinically relevant (Table 3).

In additional regression analyses, age, sex and baseline BMI did not

show a significant interaction with LIXI or placebo treatment (P > .05 for

all in both the OAD and basal insulin baseline therapy groups). LIXI

resulted in a greater response compared with placebo across all cate-

gories; however, there was also a significant interaction between

treatment group and baseline HbA1c, showing that patients with

more elevated baseline HbA1c levels had a greater treatment effect

with LIXI.

4 | DISCUSSION

This pooled analysis shows that, compared with placebo, treatment

with the GLP-1 RA LIXI resulted in significant improvements in

clinically relevant endpoints in patients with T2D when added to

either OAD or basal insulin therapy, supporting the results shown in

the individual studies.5,6,8–10,12–14 Treatment with LIXI was also asso-

ciated with an increase in symptomatic, but not severe, hypoglycaemia

compared with placebo on a background of basal insulin or OADs.

Patients were significantly more likely to achieve the composite end-

point of HbA1c <7.0% (53 mmol/mol), no symptomatic hypoglycaemia

and no weight gain when LIXI was added to either OADs or basal insu-

lin, compared with placebo. This suggests that co-administration of

LIXI with basal insulin may help some patients to achieve treatment

goals without weight gain and without symptomatic hypoglycaemia,

which would be of value because insulin treatment is often associated

with an increase in weight and/or hypoglycaemia.

Treatment with LIXI and baseline HbA1c level were strong and

consistent predictors of clinical endpoints. No other patient baseline

characteristic investigated (age, BMI, sex, known duration of diabetes,

baseline FPG level, baseline PPG level or baseline PPG excursion) had

such large or consistent clinically relevant predictive effects on end-

points. LIXI led to a significantly greater reduction in HbA1c compared

with placebo, irrespective of a range of baseline characteristics (baseline

HbA1c, known duration of diabetes, sex, age, baseline PPG and baseline

BMI) or whether LIXI was added to OADs or basal insulin. These ana-

lyses also showed no interaction of LIXI or placebo with age, sex or

baseline BMI, in either the OAD or basal insulin group. Together these

results suggest that LIXI benefits a wide range of patients regardless of

their baseline characteristics or background therapy. However, LIXI

TABLE 2 Significance of assessed clinical outcomes in the LIXI and placebo groups across GetGoal programme (8 studies)

Endpoints

Baseline OAD therapy (5 studies) Baseline basal insulin therapy (3 studies)

LIXI (n = 1828)
Placebo
(n = 932) P LIXI (n = 665)

Placebo
(n = 533) P

Individual endpoints

Mean (s.d.) change in HbA1c, % −0.87 (0.95) −0.33 (0.93) <.0001 −0.68 (1.03) −0.19 (0.88) <.0001

Patients reaching HbA1c <7.0% (53 mmol/mol) at
EOT, n (%)

797 (44) 223 (24) <.0001 259 (39) 112 (21) <.0001

Mean (s.d.) change in FPG, mmol/L −1.00 (2.27) −0.22 (2.03) <.0001 −0.01 (2.86) 0.20 (2.73) .1996

Mean (s.d.) change in PPG1, mmol/L −5.76 (5.30) −0.86 (3.80) <.0001 −5.28 (5.82) −0.33 (4.26) <.0001

Mean (s.d.) change in PPG excursion2, mmol/L NR NR −4.69 (5.22) −0.23 (3.97) <.0001

Mean (s.d.) change in weight, kg −1.80 (3.19) −1.15 (2.94) <.0001 −0.71 (2.87) 0.30 (2.49) <.0001

Mean (s.d.) change in BMI, kg/m2 −0.66 (1.17) −0.43 (1.07) <.0001 −0.26 (1.05) 0.12 (0.91) <.0001

Patients experiencing ≥1 symptomatic
hypoglycaemic event3, n (%)

94 (5) 28 (3) .0098 182 (27) 91 (17) <.0001

Composite endpoints

Patients reaching HbA1c <7.0% (53 mmol/mol),
no weight gain at EOT (composite), n (%)

655 (36) 176 (19) <.0001 175 (26) 92 (17) .0002

Patients reaching HbA1c <7.0% (53 mmol/mol),
no symptomatic hypoglycaemia at EOT
(composite), n (%)

747 (41) 214 (23) <.0001 182 (27) 66 (12) <.0001

Patients reaching HbA1c <7.0% (53 mmol/mol),
no weight gain, no symptomatic hypoglycaemia at
EOT (composite), n (%)

613 (34) 170 (18) <.0001 123 (19) 52 (10) <.0001

EOT, end of treatment; NR, not reported; s.d., standard deviation.

Values set in bold represent significant P values of < .05.
1 Measured by standardized meal test.
2 2-h PPG levels minus plasma glucose levels 30 minutes prior to the standardized meal test.
3 <3.33 mmol/L (60 mg/dL).
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treatment was also shown to be a predictor of symptomatic hypogly-

caemia when added to either OADs or basal insulin.

Several studies of patients treated with GLP-1 RAs have investi-

gated the predictive effects of baseline factors on outcomes. As in

the present study, most of these studies indicated a significant corre-

lation between baseline HbA1c and change in HbA1c, so that

patients with higher baseline HbA1c levels had greater decreases in

HbA1c.15–20 Lower baseline HbA1c has been shown to be associated

with greater target HbA1c achievement,16 as was also shown in the

present analysis.

The reported predictive value of other variables for outcomes in

patients treated with GLP-1 RAs has been less consistent. For exam-

ple, baseline weight was shown to be a determinant of HbA1c

reduction in a study by Lapolla et al.,18 but baseline weight and BMI

were shown not to be predictive in other studies.15,17,19,20 In the

present study, baseline BMI had a minor, but significant, predictive

value for HbA1c reduction in the basal insulin but not the OAD

group; however, LIXI led to a significantly greater reduction in HbA1c

than placebo irrespective of baseline BMI. Some studies have shown

a correlation between weight change and baseline BMI15 or baseline

weight.18 In the present study, baseline BMI was not predictive of

weight change in patients treated with basal insulin, but had a small

predictive value for weight change in the OAD group (treatment esti-

mate 0.07 kg per 1 kg/m2 increase in BMI; P < .0001). A recent anal-

ysis showed that treatment with a GLP-1 RA improved glycaemic

parameters independently of weight change.21 Although the degree
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of improvement increased with increased weight loss, reductions in

median HbA1c and FPG were seen across all weight loss quartiles,

including the quartile with modest weight gain; however, the correla-

tion between change in weight and change in HbA1c was found to

be weak overall.21

Because one of the mechanisms of action of GLP-1 RAs is

increased insulin secretion, it has been postulated that the decline in

β-cell function seen over time in diabetes may act to limit the action

of GLP-1 RA. In our pooled analysis there was no evidence of smaller

changes in HbA1c with longer known duration of diabetes, and this

result is supported by many15,17,19 but not all18 other studies of GLP-

1 RAs in T2D. The lack of association between disease duration and

response to GLP-1 RAs may be attributable to improvements in β-cell

function, shown in human studies using markers of function such as

homeostasis model assessment (HOMA) score,22–24 or relate to pro-

tection of β-cell mass after treatment with GLP-1 RAs, which has

been shown in animals.25,26 The study that showed a relationship

between disease duration and diminished GLP-1 RA response pro-

posed that this may have been related to higher failure in β-cell func-

tion as a result of previous long-duration sulphonylurea use.18

Evidence suggests that the PPG reduction with LIXI is driven by slo-

wed gastric emptying and reduced postprandial insulin secretion,27,28

which may also explain why the efficacy of LIXI may be independent

of the duration of diabetes. However, as there were no direct
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FIGURE 2 HbA1c change from baseline in the LIXI and placebo treatment groups, stratified by A, baseline HbA1c; B, age; C, baseline BMI;

D, known duration of diabetes; E, sex and F, baseline PPG, in the GetGoal trials with baseline basal insulin therapy. *P < .05; **P < .01;
***P < .001 for placebo vs LIXI treatment. Error bars indicate standard errors.
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TABLE 3 Significant predictors of selected outcomes in the GetGoal phase III clinical programme

Baseline OAD therapy Baseline basal insulin therapy

Significant predictors Estimate (95% CI) P Estimate (95% CI) P

Change in HbA1c as an outcome, %

LIXI vs placebo −0.54 (−0.61, −0.47) <.0001 −0.45 (−0.57, −0.32) <.0001

Baseline HbA1c, per 1.0% −0.53 (−0.57, −0.48) <.0001 −0.31 (−0.41, −0.21) <.0001

Age, per year −0.01 (−0.01, −0.00) <.0001 −0.01 (−0.02, −0.01) .0012

Known duration of diabetes, per year 0.01 (0.00, 0.02) .0254 −0.01 (−0.02, −0.01) .0394

Female vs male 0.09 (0.02, 0.15) .0104 −0.05 (−0.17, 0.08) .4485

Baseline FPG, mg/dL 0.01 (0.00, 0.01) <.0001 0.01 (0.00, 0.01) .0226

Baseline PPG1, mg/dL NR NR −0.01 (−0.01, −0.01) <.0001

Baseline PPG excursion2, mg/dL NR NR 0.01 (0.01, 0.01) .0019

Change in FPG as an outcome, mg/dL

LIXI vs placebo −12.29 (−15.04, −9.54) <.0001 −4.33 (−9.49, 0.83) .0999

Baseline HbA1c, per 1.0% 2.02 (−0.24, 3.80) .0264 5.36 (1.25, 9.47) .0107

Age, per year −0.20 (−0.34, −0.05) .0079 −0.18 (−0.46, 0.10) .2132

Baseline BMI, per 1 kg/m2 0.39 (0.17, 0.60) .0005 0.34 (−0.11, 0.80) .1331

Known duration of diabetes, per year 0.09 (−0.21, 0.39) .5517 −0.67 (−1.15, −0.19) .0066

Female vs male −2.99 (−5.60, −0.37) .0253 −3.85 (−9.05, 1.35) .1466

Baseline FPG, mg/dL −0.52 (−0.56, −0.48) <.0001 −0.77 (−0.84, −0.69) <.0001

Change in PPG as an outcome (mg/dL)

LIXI vs placebo −88.28 (−100.38, −76.18) <.0001 −80.84 (−91.09, −70.60) <.0001

Baseline HbA1c, per 1.0% −16.42 (−24.25, −8.58) <.0001 11.47 (3.57, 19.36) .0045

Age, per year −0.83 (−1.47, −0.19) .0116 0.01 (−0.56, 0.57) .9865

Baseline BMI, per 1 kg/m2 1.65 (0.71, 2.59) .0006 0.52 (−0.35, 1.38) .2415

Baseline FPG, mg/dL −0.22 (−0.39, −0.04) .0180 0.16 (0.01, 0.31) .0419

Baseline PPG1, mg/dL NR NR −0.93 (−1.08, −0.78) <.0001

Baseline PPG excursion2, mg/dL NR NR 0.22 (0.07, 0.37) .0037

Change in weight as an outcome, kg

LIXI vs placebo −0.67 (−0.91, −0.43) <.0001 −0.96 (−1.34, −0.59) <.0001

Baseline HbA1c, per 1.0% 0.28 (0.12, 0.43) .0005 0.51 (0.21, 0.81) .0009

Age, per year −0.01 (−0.03, −0.01) .0288 −0.01 (−0.03, 0.01) .1709

Baseline BMI, per 1 kg/m2 −0.07 (−0.09, −0.05) <.0001 −0.02 (−0.06, 0.01) .1706

Baseline FPG, mg/dL −0.01 (−0.01, −0.01) <.0001 0.01 (−0.01, 0.01) .8730

Baseline PPG1, mg/dL NR NR −0.01 (−0.01, −0.01) .0148

Baseline PPG excursion2, mg/dL NR NR 0.01 (0.01, 0.01) .0303

Odds ratio (95% CI) P Odds ratio (95% CI) P

Symptomatic hypoglycaemia (<3.33 mmol/L [60 mg/dL]) as an outcome

LIXI vs placebo 1.91 (1.22, 3.00) .0050 2.03 (1.42, 2.90) <.0001

Known duration of diabetes, per year 1.03 (0.99, 1.07) .1193 1.04 (1.01, 1.07) .0183

Baseline FPG, mg/dL 0.99 (0.99, 1.00) .0019 0.99 (0.98, 0.99) <.0001

Baseline basal insulin dose/weight (U/kg) NR NR 2.59 (1.26, 5.31) .0095

Patients reaching HbA1c <7.0% (53 mmol/mol) at EOT as an outcome

LIXI vs placebo 3.37 (2.76, 4.11) <.0001 3.05 (2.18, 4.30) <.0001

Baseline HbA1c, per 1.0% 0.41 (0.35, 0.46) <.0001 0.30 (0.22, 0.40) <.0001

Age, per year 1.01 (1.00, 1.02) .0107 1.02 (1.00, 1.03) .0923

Baseline BMI, per 1 kg/m2 0.99 (0.97, 1.00) .0851 1.03 (1.00, 1.06) .0268

Known duration of diabetes, per year 0.97 (0.95, 0.99) .0021 1.04 (1.01, 1.07) .0185

Baseline FPG, mg/dL 0.99 (0.99, 0.99) <.0001 1.00 (0.99, 1.00) .2921

Baseline PPG, mg/dL NR NR 1.01 (1.00, 1.01) .0114

Baseline PPG excursion2, mg/dL NR NR 0.99 (0.99, 1.00) .0264
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measurements of β-cell function included in this analysis, it was not

possible to address the question of how patients with longer diabetes

duration and therefore low insulin reserves respond to LIXI.

A strength of the present analysis lies in the use of patient-level

data from prospective, randomized controlled trials that used standar-

dized treatment regimens and targets; however, despite pooling data

from 8 clinical trials that analysed the results from almost 4000

patients, validation of the findings in prospective studies or rando-

mized controlled trials is warranted. Finally, only studies of LIXI were

included in this analysis and, as such, applicability of the findings to

other GLP-1 RAs is unknown.

In conclusion, the results from this study show that LIXI treat-

ment as an add-on to OAD or basal insulin therapies is effective

in reducing HbA1c levels in patients regardless of their baseline

characteristics. The addition of LIXI to either OADs or basal insulin

also results in a higher proportion of patients achieving HbA1c

<7.0% (53 mmol/mol) without symptomatic hypoglycaemia or

weight gain.
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TABLE 3 Continued

Baseline OAD therapy Baseline basal insulin therapy

Significant predictors Estimate (95% CI) P Estimate (95% CI) P

Endpoint HbA1c <7.0% (53 mmol/mol) and no weight gain as an outcome

LIXI vs placebo 3.13 (2.54, 3.85) <.0001 2.63 (1.82, 3.80) <.0001

Baseline HbA1c, per 1.0% 0.40 (0.35, 0.46) <.0001 0.32 (0.24, 0.44) <.0001

Age, per year 1.02 (1.01, 1,03) <.0001 1.02 (1.00, 1.04) .0592

Baseline BMI (kg/m2) 1.00 (1.00, 1.02) .9784 1.03 (1.01, 1.06) 0.0381

Known duration of diabetes, per year 0.97 (0.95, 1.00) .0189 1.05 (1.02, 1.08) .0020

Baseline FPG, mg/dL 1.00 (0.99, 1.00) .0019 1.00 (0.99, 1.00) .6382

Endpoint HbA1c levels <7.0% (53 mmol/mol) and no symptomatic hypoglycaemia as an outcome

LIXI vs placebo 3.14 (2.57, 3.84) <.0001 2.09 (1.46, 3.00) <.0001

Baseline HbA1c, per 1.0% 0.41 (0.36, 0.47) <.0001 0.27 (0.20, 0.38) <.0001

Age, per year 1.01 (1.00, 1.02) .0207 1.02 (1.00, 1.04) .0205

Known duration of diabetes, per year 0.96 (0.94, 0.99) .0009 1.00 (0.97, 1.04) .8667

Baseline FPG, mg/dL 0.99 (0.99, 1.00) <.0001 1.00 (0.99, 1.01) .2577

Endpoint HbA1c <7.0% (53 mmol/mol), no symptomatic hypoglycaemia, no weight gain as an outcome

LIXI vs placebo 2.93 (2.37, 3.62) <.0001 2.27 (1.50, 3.44) .0001

Baseline HbA1c, per 1.0% 0.41 (0.36, 0.48) <.0001 0.28 (0.19, 0.40) <.0001

Age, per year 1.02 (1.01, 1.03) .0017 1.02 (1.01, 1.05) .0168

Known duration of diabetes, per year 0.97 (0.95, 1.00) .0101 1.00 (0.92, 1.10) .9286

Female vs male 0.89 (0.74, 1.07) .2008 1.56 (1.04, 2.35) .0319

Baseline FPG, mg/dL 1.00 (0.99, 1.00) .0139 1.00 (1.00, 1.01) .1759

CI, confidence interval; EOT, end of trial; NR, not reported.

For comparisons of categorical variables, the first listed variable is the reference.

Values set in bold represent significant P values of < .05.

Only data for significant predictors are shown. Predictors evaluated were: LIXI vs placebo; baseline HbA1c (per 1%); age (per year); baseline BMI (per
1 kg/m2); duration of diabetes (per year); female vs male; baseline FPG; baseline PPG; and baseline PPG excursion.
1 Measured by standardized meal test.
2 2-h PPG levels minus plasma glucose levels 30 minutes before the standardized meal test.

282 BLONDE ET AL.



Author contributions

L. B., P. C., and R. G. interpreted the data and critically reviewed the

manuscript. T. D. and E. N. developed the concept for this analysis,

interpreted the data and critically reviewed the manuscript. J. L. con-

ducted the analyses, interpreted the data and critically reviewed the

manuscript. All authors approved the final version for submission.

REFERENCES

1. Handelsman Y, Bloomgarden ZT, Grunberger G, et al. American asso-
ciation of clinical endocrinologists and american college of endocrinol-
ogy – clinical practice guidelines for developing a diabetes mellitus
comprehensive care plan – 2015. Endocr Pract. 2015;21:1-87.

2. Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus statement by
the American Association of Endocrinologists and American College of
Endocrinology on the comprehensive type 2 diabetes management algo-
rithm – 2016 executive summary. 2016. https://www.aace.com/sites/
all/files/diabetes-algorithm-executive-summary.pdf. Accessed Novem-
ber 9, 2016.

3. American Diabetes Association. Standards of medical care in diabetes––
2015. Diabetes Care 2015;38(suppl 1):S1–S93. http://www.diabetes.
teithe.gr/UsersFiles/entypa/STANDARDS OF MEDICAL CARE IN
DIABETES 2015.pdf. Accessed November 9, 2016.

4. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hypergly-
cemia in type 2 diabetes, 2015: a patient-centered approach: update
to a position statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes Care.
2015;38:140-149.

5. Ahrén B, Leguizamo Dimas A, Miossec P, Saubadu S, Aronson R. Effi-
cacy and safety of lixisenatide once-daily morning or evening injec-
tions in type 2 diabetes inadequately controlled on metformin
(GetGoal-M). Diabetes Care. 2013;36:2543-2550.

6. Riddle MC, Aronson R, Home P, et al. Adding once-daily lixisenatide
for type 2 diabetes inadequately controlled by established basal insu-
lin: a 24-week, randomized, placebo-controlled comparison (GetGoal-
L). Diabetes Care. 2013;36:2489-2496.

7. Fonseca VA, Alvarado-Ruiz R, Raccah D, et al. Efficacy and safety of
the once-daily GLP-1 receptor agonist lixisenatide in monotherapy: a
randomized, double-blind, placebo-controlled trial in patients with
type 2 diabetes (GetGoal-Mono). Diabetes Care. 2012;35:1225-1231.

8. Rosenstock J, Hanefeld M, Shamanna P, et al. Beneficial effects of
once-daily lixisenatide on overall and postprandial glycemic levels
without significant excess of hypoglycemia in type 2 diabetes inade-
quately controlled on a sulfonylurea with or without metformin
(GetGoal-S). J Diabetes Complications. 2014;28:386-392.

9. Pinget M, Goldenberg R, Niemoeller E, Muehlen-Bartmer I, Guo H,
Aronson R. Efficacy and safety of lixisenatide once daily versus pla-
cebo in type 2 diabetes insufficiently controlled on pioglitazone
(GetGoal-P). Diabetes Obes Metab. 2013;15:1000-1007.

10. Riddle MC, Forst T, Aronson R, et al. Adding once-daily lixisenatide
for type 2 diabetes inadequately controlled with newly initiated and
continuously titrated basal insulin glargine: a 24-week, randomized,
placebo-controlled study (GetGoal-Duo 1). Diabetes Care.
2013;36:2497-2503.

11. Rosenstock J, Raccah D, Korányi L, et al. Efficacy and safety of lixisena-
tide once daily versus exenatide twice daily in type 2 diabetes inade-
quately controlled on metformin: a 24-week, randomized, open-label,
active-controlled study (GetGoal-X). Diabetes Care. 2013;36:2945-2951.

12. Bolli GB, Munteanu M, Dotsenko S, et al. Efficacy and safety of lixisena-
tide once daily vs. placebo in people with type 2 diabetes insufficiently
controlled on metformin (GetGoal-F1). Diabet Med. 2014;31:176-184.

13. Yu Pan C, Han P, Liu X, et al. Lixisenatide treatment improves glycae-
mic control in Asian patients with type 2 diabetes mellitus inade-
quately controlled on metformin with or without sulfonylurea: a
randomized, double-blind, placebo-controlled, 24-week trial
(GetGoal-M-Asia). Diabetes Metab Res Rev. 2014;30:726-735.

14. Seino Y, Min KW, Niemoeller E, Takami A; EFC10887 GETGOAL-L
Asia Study Investigators. Randomized, double-blind, placebo-

controlled trial of the once-daily GLP-1 receptor agonist lixisenatide
in Asian patients with type 2 diabetes insufficiently controlled on
basal insulin with or without a sulfonylurea (GetGoal-L-Asia). Diabetes
Obes Metab. 2012;14:910-917.

15. Fadini GP, Simioni N, Frison V, et al. Independent glucose and
weight-reducing effects of Liraglutide in a real-world population of
type 2 diabetic outpatients. Acta Diabetol. 2013;50:943-949.

16. Preumont V, Hermans MP, Bergman M, Buysschaert M. Predictive fac-
tors associated with primary failure to exenatide and non goal attain-
ment in patients with type 2 diabetes. Acta Clin Belg. 2012;67:411-415.

17. Khan M, Ouyang J, Perkins K, Nair S, Joseph F. Determining predic-
tors of early response to exenatide in patients with type 2 diabetes
mellitus. J Diabetes Res. 2015;2015:162718.

18. Lapolla A, Frison V, Bettio M, et al. Correlation between baseline
characteristics and clinical outcomes in a large population of diabetes
patients treated with liraglutide in a real-world setting in Italy. Clin
Ther. 2015;37:574-584.

19. Song SO, Kim KJ, Lee B, Kang ES, Cha BS, Lee HC. Tolerability, effec-
tiveness and predictive parameters for the therapeutic usefulness of
exenatide in obese, Korean patients with type 2 diabetes. J Diabetes
Invest. 2014;5:554-562.

20. Anderson SL, Trujillo JM, McDermott M, Saseen JJ. Determining pre-
dictors of response to exenatide in type 2 diabetes. J Am Pharm
Assoc. 2012;52:466-471.

21. Blonde L, Pencek R, MacConell L. Association among weight change,
glycemic control, and markers of cardiovascular risk with exenatide
once weekly: a pooled analysis of patients with type 2 diabetes. Car-
diovasc Diabetol. 2015;14:12.

22. Fineman MS, Bicsak TA, Shen LZ, et al. Effect on glycemic control of
exenatide (synthetic exendin-4) additive to existing metformin and/or
sulfonylurea treatment in patients with type 2 diabetes. Diabetes
Care. 2003;26:2370-2377.

23. Vilsbøll T, Zdravkovic M, Le-Thi T, et al. Liraglutide, a long-acting
human glucagon-like peptide-1 analog, given as monotherapy signifi-
cantly improves glycemic control and lowers body weight without risk
of hypoglycemia in patients with type 2 diabetes. Diabetes Care.
2007;30:1608-1610.

24. Derosa G, Franzetti IG, Querci F, et al. Exenatide plus metformin
compared with metformin alone on β-cell function in patients with
type 2 diabetes. Diabet Med. 2012;29:1515-1523.

25. Rolin B, Larsen MO, Gotfredsen CF, et al. The long-acting GLP-1
derivative NN2211 ameliorates glycemia and increases beta-cell mass
in diabetic mice. Am J Physiol Endocrinol Metab. 2002;283:E745-E752.

26. Kwon DY, Kim YS, Ahn IS, et al. Exendin-4 potentiates insulinotropic action
partly via increasing beta-cell proliferation and neogenesis and decreasing
apoptosis in association with the attenuation of endoplasmic reticulum
stress in islets of diabetic rats. J Pharmacol Sci. 2009;111:361-371.

27. Ahrén B, Gautier JF, Berria R, StagerW, Aronson R, Bailey CJ. Pronounced
reduction of postprandial glucagon by lixisenatide: a meta-analysis of ran-
domized clinical trials. Diabetes Obes Metab. 2014;16:861-868.

28. Becker RH, Stechl J, Steinstraesser A, Golor G, Pellissier F. Lixisena-
tide reduces postprandial hyperglycaemia via gastrostatic and insuli-
notropic effects. Diabetes Metab Res Rev. 2015;31:610-618.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the sup-

porting information tab for this article.

How to cite this article: Blonde L, Chava P, Dex T, Lin J,

Nikonova EV and Goldenberg R. Predictors of outcomes in

patients with type 2 diabetes in the lixisenatide GetGoal

clinical trials, Diabetes Obes Metab, 2017;19(2):275–283.

BLONDE ET AL. 283

https://www.aace.com/sites/all/files/diabetes-algorithm-executive-summary.pdf
https://www.aace.com/sites/all/files/diabetes-algorithm-executive-summary.pdf
http://www.diabetes.teithe.gr/UsersFiles/entypa/STANDARDS OF MEDICAL CARE IN DIABETES 2015.pdf
http://www.diabetes.teithe.gr/UsersFiles/entypa/STANDARDS OF MEDICAL CARE IN DIABETES 2015.pdf
http://www.diabetes.teithe.gr/UsersFiles/entypa/STANDARDS OF MEDICAL CARE IN DIABETES 2015.pdf

	 Predictors of outcomes in patients with type 2 diabetes in the lixisenatide GetGoal clinical trials
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study design
	2.2  Efficacy and safety endpoints
	2.3  Statistical analysis

	3  RESULTS
	3.1  Patient baseline characteristics
	3.2  Effect of treatment on outcomes
	3.3  Predictors of outcomes

	4  DISCUSSION
	4  ACKNOWLEDGMENTS
	  Conflict of interest
	  Author contributions

	  REFERENCES


