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Effects of Liraglutide Versus Placebo on
Cardiovascular Events in Patients With Type 2
Diabetes Mellitus and Chronic Kidney Disease

Results From the LEADER Trial

BACKGROUND: LEADER trial (Liraglutide Effect and Action in Diabetes:
Evaluation of CV Outcome Results) results demonstrated cardiovascular benefits
for patients with type 2 diabetes mellitus at high cardiovascular risk on standard
of care randomized to liraglutide versus placebo. The effect of glucagon-like
peptide-1 receptor agonist liraglutide on cardiovascular events and all-cause
mortality in patients with type 2 diabetes mellitus and chronic kidney disease

is unknown. Liraglutide’s treatment effects in patients with and without kidney
disease were analyzed post hoc.

METHODS: Patients were randomized (1:1) to liraglutide or placebo, both in
addition to standard of care. These analyses assessed outcomes stratified by
baseline estimated glomerular filtration rate (eGFR; <60 versus =60 mL/min/1.73
m?) and baseline albuminuria. The primary outcome (composite of cardiovascular
death, nonfatal myocardial infarction, or nonfatal stroke) and secondary
outcomes, including all-cause mortality and individual components of the primary
composite outcome, were analyzed using Cox regression.

RESULTS: Overall, 2158 and 7182 patients had baseline eGFR <60 or =60 mL/
min/1.73 m?, respectively. In patients with eGFR <60 mL/min/1.73 m?, risk
reduction for the primary composite cardiovascular outcome with liraglutide

was greater (hazard ratio [HR], 0.69; 95% Cl, 0.57-0.85) versus those with

eGFR =60 mL/min/1.73 m? (HR, 0.94; 95% Cl, 0.83-1.07; interaction P=0.01).
There was no consistent effect modification with liraglutide across finer eGFR
subgroups (interaction P=0.13) and when analyzing eGFR as a continuous
variable (interaction P=0.61). Risk reductions in those with eGFR <60 versus =60
mL/min/1.73 m? were as follows: for nonfatal myocardial infarction, HR, 0.74;
95% Cl, 0.55-0.99 versus HR, 0.93; 95% Cl, 0.77-1.13; for nonfatal stroke, HR,
0.51; 95% Cl, 0.33-0.80 versus HR, 1.07; 95% Cl, 0.84-1.37; for cardiovascular
death, HR, 0.67; 95% Cl, 0.50-0.90 versus HR, 0.84; 95% Cl, 0.67-1.05; for all-
cause mortality, HR, 0.74; 95% Cl, 0.60-0.92 versus HR, 0.90; 95% Cl, 0.75-
1.07. Risk reduction for the primary composite cardiovascular outcome was not
different for those with versus without baseline albuminuria (HR, 0.83; 95% CI,
0.71-0.97; and HR, 0.92; 95% Cl, 0.79-1.07, respectively; interaction P=0.36).

CONCLUSIONS: Liraglutide added to standard of care reduced the risk for major
cardiovascular events and all-cause mortality in patients with type 2 diabetes
mellitus and chronic kidney disease. These results appear to apply across the
chronic kidney disease spectrum enrolled.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov/. Unique
identifier: NCT01179048.
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Clinical Perspective

What Is New?

¢ In this post hoc subgroup analysis of the LEADER
trial (Liraglutide Effect and Action in Diabetes: Eval-
uation of CV Outcome Results), liraglutide reduced
the risk of major adverse cardiovascular events
and all-cause mortality compared with placebo in
patients with chronic kidney disease (CKD) defined
as estimated glomerular filtration rate <60 mL/
min/1.73 m2.

e Liraglutide also reduced the risk of major adverse
cardiovascular events in patients with albuminuria,
defined as urinary albumin-to-creatinine ratio >30
mg/g (micro- and macroalbuminuria).

e The overall risk of adverse events did not differ
between liraglutide- and placebo-treated patients
either with or without CKD in the LEADER trial.

What Are the Clinical Implications?

e Liraglutide may be considered as a therapeutic
option for patients with type 2 diabetes mellitus
with or at high risk for atherosclerotic cardiovascu-
lar disease who also have CKD.

e The present results demonstrate that the results
of the LEADER trial on cardiovascular efficacy and
safety of liraglutide apply to patients with CKD,
which is clinically important given that those
patients with type 2 diabetes mellitus and CKD
have a high cardiovascular risk burden and few
options for antihyperglycemic therapies.

ney disease (CKD) are closely associated. Diabetic
kidney disease is the most common cause of CKD
and affects =40% of patients with T2DM." Patients with
diabetic kidney disease are at substantially increased
risk of cardiovascular (CV) morbidity and mortality,’ and
most die from CV disease before reaching end-stage
kidney disease or requiring renal replacement thera-
py.>* Low estimated glomerular filtration rate (eGFR)
or presence of albuminuria independently predict CV
outcomes such as CV death, myocardial infarction (M),
and stroke in patients with T2DM.%7 Current standard
CV treatment for these patients broadly aligns with cur-
rent guidelines for patients with normal kidney func-
tion. However, a beneficial effect shown in patients
with normal kidney function does not necessarily apply
to patients with CKD, for example, as has been seen
with statins in patients with advanced CKD .81
In previous landmark trials, intensive glycemic con-
trol limited the risk of microvascular complications of
T2DM" but did not demonstrate CV benefits.'? Results
from recent CV outcome trials with basal insulin™'* and
dipeptidyl peptidase-4 inhibitors'™"" ensured CV safety,

Type 2 diabetes mellitus (T2DM) and chronic kid-
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whereas CV benefits were reported for glucagon-like
peptide-1 receptor agonists’™®'® and sodium-glucose
cotransporter-2 (SGLT-2) inhibitors,?%2" thus suggesting
CV-protective effects at least partly independent of gly-
cemic control.

There are no dedicated controlled trials that have
examined interventions or medications to lower the
excessive CV risk of CKD in association with T2DM.
Subgroup analyses of the recent CV outcome trials in
T2DM with dipeptidyl peptidase-4 inhibitors'-17.22-24
and SGLT-2 inhibitors?%?'2> showed no different effects
of the antihyperglycemic medications on major CV out-
comes in those with and without CKD. Many antihyper-
glycemic medications exhibit altered pharmacokinetics
and pharmacodynamics when kidney function is re-
duced,?® which may potentially affect safety and effica-
cy. Furthermore, the dose of many of those medications
needs to be reduced in the presence of CKD, which
may affect their impact on CV disease. The metabolism
and elimination of liraglutide is mostly unaffected with
decreasing kidney function, and it has been approved
for use in patients with severe renal impairment with-
out dose adjustment.?’

The LEADER trial (Liraglutide Effect and Action in Di-
abetes: Evaluation of CV Outcome Results) reported a
reduced risk of CV outcomes, all-cause death, and renal
outcomes for patients with T2DM on standard of care
treated with liraglutide compared with placebo.™?® As
such, liraglutide is now approved to reduce the risk of
major adverse CV events in adults with T2DM and es-
tablished CV disease.?”

The aim of these analyses is to further examine the
effect of liraglutide versus placebo on CV and safety
outcomes in subgroups of patients with eGFR <60 mL/
min/1.73 m? versus =60 mL/min/1.73 m? and those
with micro- and macroalbuminuria versus those with-
out albuminuria. We hypothesized that the CV benefit
would remain evident in those subgroups with CKD.

METHODS
Design

The data analyzed for this publication are available from the
corresponding author on reasonable request. The trial design
and methods have been published previously.?® LEADER was a
multicenter, double-blind, placebo-controlled trial performed
at 410 sites in 32 countries. Patients with T2DM and a high
risk of CV disease were randomized 1:1 to liraglutide or pla-
cebo, both in addition to standard of care.'82°

Patients

Patients with T2DM and a glycohemoglobin (HbA, ) level
>7.0%, with no upper limit, were eligible if they were either
drug-naive or treated with oral antihyperglycemic agents or
insulin (human neutral protamine Hagedorn, long-acting ana-
logue, or premixed only). LEADER was designed to recruit a
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subgroup of =660 patients with an eGFR <60 mL/min/1.73
m?: %220 patients with severe renal impairment (eGFR <30
mL/min/1.73 m?) and =440 patients with moderate renal
impairment (CKD stage 3; eGFR 30-60 mL/min/1.73 m?).28

Other major inclusion criteria were either (1) =50 years
of age with =1 CV comorbidity, including prior Ml or stroke;
prior coronary, carotid, or peripheral arterial revascularization
or presence of >50% stenosis; documented coronary heart
disease; CKD =>stage 3; or chronic heart failure New York
Heart Association class II-lll; or (2) =60 years of age with >1
more CV risk factor, including micro- or macroalbuminuria,
hypertension and left ventricular hypertrophy, left ventricu-
lar systolic or diastolic dysfunction, or an ankle-brachial index
<0.9. Complete inclusion and exclusion criteria were pub-
lished in the original trial report.?®

CKD Subgroups

CKD subgroups in these analyses were prespecified based on
baseline eGFR (<60 and =60 mL/min/1.73 m?) and baseline
albuminuria (without albuminuria and micro- and macroalbu-
minuria [<30 mg/g versus =30 mg/g creatinine]) measured at
randomization. In addition to the main comparisons between
baseline eGFR subgroups and baseline albuminuria subgroups,
a comparison for the primary composite CV outcome and
expanded composite CV outcome was conducted between
a subgroup of patients of particular high renal risk, namely,
with both low eGFR and micro- and macroalbuminuria ver-
sus a subgroup of patients who had =1 of an eGFR =60 mL/
min/1.73 m? or normoalbuminuria. We also analyzed eGFR as
a continuous variable using a restricted cubic splines model.

Study Procedures

After a 2-week placebo run-in to establish injection adher-
ence, patients were randomized in a blinded manner 1:1 to
1.8 mg (or maximum tolerated dose) of liraglutide or match-
ing placebo once daily, in addition to standard of care. For
patients with suboptimal glucose control after randomization,
dose increase or initiation of any antihyperglycemic agents
(except glucagon-like peptide-1 receptor agonists, dipeptidyl
peptidase-4 inhibitors, or pramlintide) was permitted, and
investigators were directed to treat all patients to standard of
care according to guidelines.'®

Outcomes

The primary outcome was the time from randomization to
first occurrence of a composite CV outcome consisting of
CV death, nonfatal (including silent) MI, or nonfatal stroke.
Secondary time-to-event outcomes included an expanded
composite CV outcome (CV death, nonfatal MI, nonfatal
stroke, coronary revascularization, or hospitalization for
unstable angina pectoris or heart failure), CV death, all
strokes (fatal and nonfatal), all Mls (fatal and nonfatal), and
all-cause death. Other secondary outcomes included change
in HbA, , body weight, blood pressure, and low-density lipo-
protein cholesterol from baseline to 36 months. CV events
were adjudicated in a blinded manner by board-certified
cardiologist experts via an external contract research organi-
zation (ICON). Serious adverse events and predefined medi-
cal events of special interest (MESIs) were reported by the
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investigators or captured via prespecified searches among
all adverse events and laboratory results. A MESI was a pre-
defined event of scientific and medical concern, which can
be serious or nonserious, and not necessarily with a causal
relationship with the trial product.'®

Statistical Analysis

The statistical analysis plan for LEADER has been published
previously.?82° The required sample size was based on the pri-
mary composite CV outcome. All randomized patients were
included and contributed to each analysis from the time of
randomization until first occurrence of the analyzed outcome,
death, or end of follow-up, whichever came first. Between-
group comparisons of effectiveness and safety laboratory
assessments were performed at 36 months, the last trial visit
at which such assessments were made at the same time point
for the entire population. All the analyses were performed
at the nominal a level of 0.05 without correction for mul-
tiple hypothesis testing. Time-to-event analyses applied a Cox
proportional hazards model with treatment as a covariate.
For each outcome, the interaction between treatment group
and CKD subgroup was evaluated in a model adjusting for
baseline covariates, including sex, region, age, diabetes mel-
litus duration, race, ethnicity, CV risk (established disease ver-
sus risk factors only), antihyperglycemic therapy, body mass
index, and HbA, . An additional analysis of the primary out-
come considered continuous eGFR as a restricted cubic spline
function, and a test of interaction between this term and
treatment group was performed.

Ethics

The trial was approved by institutional review boards, and
all patients provided written informed consent. The trial was
conducted in accordance with the Declaration of Helsinki.

RESULTS

Patients

The disposition of trial participants has been published
previously.' Patient characteristics and demographics at
baseline by eGFR and albuminuria status are shown in
Table 1. Mean eGFR in patients with baseline eGFR <60
and =60 mL/min/1.73 m? (n=2158 and n=7182, respec-
tively) was 45.7+10.9 and 90.8+21.6 mL/min/1.73 m?,
respectively, with no differences between treatment
groups (Table 1). Those with eGFR <60 mL/min/1.73 m?
generally had a slightly higher usage of antihypertensive,
diuretic, and lipid-lowering medications as well as higher
prior insulin use compared with those with eGFR >60 mL/
min/1.73 m? (Table | in the online-only Data Supplement).

Primary Composite CV Outcome: Time to
First Major Adverse CV Events

The primary composite CV outcome (1302 events in
total) occurred in a lower proportion of patients tak-
ing liraglutide than placebo (15.4% versus 21.4%,
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Table 1. Patient Baseline Characteristics and Demographics by eGFR and Albuminuria Status
eGFR <60 mL/min/1.73 m? | eGFR 260 mL/min/1.73 m? | Micro/Macroalbuminuria Normoalbuminuria §
Parameter Liraglutide Placebo Liraglutide Placebo Liraglutide Placebo Liraglutide Placebo = E
N 1116 1042 3552 3630 1684 1738 2894 2821 g ;
Age, y (SD) 67.3(7.5) 67.3(7.5) 63.2 (6.9) 63.5(6.9) 64.5(7.2) 64.9(7.2) 64.0(7.2) 64.1(7.2) E E
Male sex, % 61.9 60.6 65.3 65.0 68.3 67.7 62.5 61.7 :;
Region, N (%) 2
Europe 332(29.7) 326 (31.3) 1307 (36.8) 1331(36.7) 536 (31.8) 533(30.7) 1066 (36.8) | 1092 (38.7)
North America 404 (36.2) 387 (37.1) 997 (28.1) 1059 (29.2) 512 (30.4) 571(32.9) 864 (29.9) | 832(29.5)
Asia 109 (9.8) 69 (6.6) 251 (7.1) 282 (7.8) 176 (10.5) 162 (9.3) 182 (6.3) 186 (6.6)
Rest of the world 271 (24.3) 260 (25.0) 997 (28.1) 958 (26.4) 460 (27.3) 472 (27.2) 782 (27.0) 711 (25.2)
Race, N (%)
White 847 (75.9) 786 (75.4) 2769 (78.0) | 2836 (78.1) | 1242(73.8) | 1269 (73.0) | 2306 (79.7) | 2266 (80.3)
Black 77 (6.9) 107 (10.3) 293 (8.2) 300 (8.3) 142 (8.4) 181 (10.4) 219 (7.6) 218(7.7)
Asian 135(12.1) 96 (9.2) 336 (9.5) 369 (10.2) 223(13.2) 209 (12.0) 244 (8.4) 247 (8.8)
Other 57 (5.1) 53(5.1) 154 (4.3) 125 (3.4) 77 (4.6) 79 (4.5) 125 (4.3) 90 (3.2)
Smoking, N (%)
Current 92 (8.2) 88 (8.4) 475 (13.4) 475 (13.1) 215(12.8) 253 (14.6) 339 (11.7) 297 (10.5)
Previous 492 (44.1) 501 (48.1) 1659 (46.7) 1688 (46.5) 788 (46.8) 825 (47.5) 1330 (46.0) | 1306 (46.3)
Never 532 (47.7) 453 (43.5) 1418(39.9) | 1467 (40.4) 681 (40.4) 660 (38.0) | 1225(42.3) | 1218 (43.2)
Prior stroke/MI, N (%) 416 (37.3) 387 (37.1) 1449 (40.8) | 1440 (39.7) 649 (38.5) 649 (37.3) | 1178(40.7) | 1136 (40.3)
History of MI, N (%) 325(29.1) 294 (28.2) 1139 (32.1) 1106 (30.5) 506 (30.0) 500 (28.8) 935 (32.3) 866 (30.7)
History of stroke, N (%) 138 (12.4) 127 (12.2) 408 (11.5) 430(11.8) 193 (11.5) 202 (11.6) 336 (11.6) 341 (12.1)
Diabetes mellitus duration, y (SD) 15.4(8.7) 14.9 (8.5) 12.0(7.5) 12.3(7.8) 14.2 (8.1) 14.3(8.3) 11.9(7.7) 11.9(7.7)
Hypertension, N (%) 1067 (95.6) 998 (95.8) 3194 (89.9) | 3252(89.6) | 1578(93.7) | 1624(93.4) | 2603 (89.9) | 2523 (89.4)
Body weight, kg (SD) 91.3(21.1) 91.5(21.8) 92.1(21.2) 91.6 (20.4) 91.0(22.1) 91.3(21.6) 92.4(20.6) | 91.6(20.1)
BMI, kg/m? (SD) 32.6 (6.4) 32.7 (6.6) 32.5(6.3) 32.4(6.2) 32.2(6.4) 32.3(6.3) 32.7(6.2) 32.5(6.2)
HbAk, % (SD) 8.7 (1.6) 8.6 (1.5) 8.7 (1.5) 8.7 (1.5) 9.1 (1.7) 8.9(1.6) 8.5(1.4) 8.5(1.4)
Creatinine, mg/dL (SD) 1.53(0.64) 1.52 (0.58) 0.83(0.18) 0.83(0.18) 1.13(0.61) 1.10(0.56) | 0.92(0.32) | 0.91(0.29)
eGFR, mL/min/1.73 m? (SD) 45.5(10.9) | 45.8(10.8) 91.1(21.5) 90.5(21.8) 74.0 (29.5) 75.0(28.9) | 83.8(25.5) | 84.0(25.5)
Normal (eGFR 290), N (%) 0(0.0) 0(0.0) 1620 (45.6) | 1655 (45.6) 475 (28.2) 509 (29.3) | 1112(38.4) | 1104 (39.1)
Mild impairment (eGFR 60-89), 0(0.0) 0(0.0) 1932 (54.4) | 1975 (54.4) 626 (37.2) 682 (39.2) | 1277 (44.1) | 1246 (44.2)
N (%)
Moderate impairment (eGFR 999 (89.5) 935 (89.7) 0(0.0) 0(0.0) 498 (29.6) 464 (26.7) 477 (16.5) 451 (16.0)
30-59), N (%)
Severe impairment (eGFR <30), 117 (10.5) 107 (10.3) 0(0.0) 0(0.0) 85 (5.0) 83 (4.8) 28(1.0) 20(0.7)
N (%)
UACR*, mg/g (q1; 93) 473 51.8 15.7 16.5 156.7 162.5 6.2 6.1
(7.8;236.8) | (8.0; 305.9) (4.4, 44.8) (4.3; 48.5) (53.7; 356.8) | (53.3;396.7) | (3.1;13.2) (3.0; 13.1)
Total cholesterol, mmol/L (SD) 4.4(1.2) 4.4(1.2) 4.4(1.2) 4.4(1.2) 45(1.2) 4.5(1.3) 4.4(1.1) 4.4(1.1)
LDL-C, mmol/L (SD) 2.3(1.0) 2.3(0.9) 2.3(0.9) 2.3(0.9) 2.4(1.0) 2.4(1.0) 2.3(0.9) 2.3(0.9)
SBP, mmHg (SD) 136.0(19.5) | 136.8(19.5) 135.9(17.2) | 135.7(17.1) | 140.6(18.7) | 139.9(19.2) | 133.2(16.6) | 133.5(16.2)
DBP, mmHg (SD) 74.7 (10.5) 75.5(10.6) 78.0(10.1) 77.4(10.0) 78.5(10.6) 77.7 (10.7) 76.5(10.1) 76.6 (9.7)
HR, bpm (SD) 71.6(11.6) | 71.7(11.8) 73.0(11.2) 72.8(11.3) 73.2(11.5) 73.0(11.7) | 72.3(11.2) | 72.3(11.2)

BMI indicates body mass index; bpm, beats per minute; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA

1!

glycohemoglobin; HR,

heart rate; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; SBP, systolic blood pressure; and UACR, urine albumin-to-creatinine ratio.
*UACR is geometric mean (q1; g3). Normoalbuminuria and micro/macroalbuminuria defined as <30 and =30 mg/g creatinine, respectively.

respectively, in those with eGFR <60 mL/min/1.73 m?,
and 12.3% versus 13.0%, respectively, in those with
eGFR 260 mL/min/1.73 m?). For the primary composite

CV outcome, the risk reduction observed with liraglu-
tide was greater in the subgroup of patients with eGFR
<60 mL/min/1.73 m? (hazard ratio [HR], 0.69; 95% Cl,
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0.57-0.85) than in those with eGFR >60 mL/min/1.73
m? (HR, 0.94; 95% Cl, 0.83-1.07; interaction P=0.01)
(Figure 1). However, examining treatment differences in
finer eGFR subgroups of 15 mL/min/1.73 m? intervals
revealed no consistent difference in the treatment effect
of liraglutide on the primary composite CV outcome
dependent on eGFR (interaction P=0.13) (Figure 2).
There was also no interaction of eGFR at baseline with
the treatment effect when eGFR was used as a continu-
ous variable (Figure | in the online-only Data Supple-
ment). Irrespective of treatment, the primary composite
CV outcome was more likely in patients with eGFR <60
mL/min/1.73 m? compared with eGFR =260 mL/min/1.73
m? (P<0.0001).

For micro- and macroalbuminuria and normoalbu-
minuria subgroups, the corresponding HRs for primary
and key secondary outcomes by baseline eGFR and time
to primary composite CV outcome in patients accord-
ing to baseline eGFR were 0.83 (95% Cl, 0.71-0.97)
and 0.92 (95% Cl, 0.79-1.07; interaction P=0.36), re-
spectively (Figure 1). Further analyses illustrating the ef-
fect of liraglutide versus placebo in finer subgroups of
eGFR and albuminuria and the time course for develop-
ment of CV events can be found in Figures Il through VI
in the online-only Data Supplement. A sensitivity analy-
sis of the primary composite CV outcome, taking into
account adjustment for baseline HbA, , body weight,
systolic blood pressure, and renin-angiotensin system
inhibitors, revealed similar results to the unadjusted re-
sults presented in this study (data not shown).

Individual Components of the Primary
Composite CV Outcome

The effects of liraglutide versus placebo were consistent
across the individual components of the primary CV out-
come. In the subgroup of patients with eGFR <60 mL/
min/1.73 m?, liraglutide reduced the risk of nonfatal Mi
compared with placebo (HR, 0.74; 95% Cl, 0.55-0.99)
compared with those with eGFR =60 mL/min/1.73 m?
(HR, 0.93; 95% ClI, 0.77-1.13; interaction P=0.19)
(Figure 1). A similar pattern was observed for nonfa-
tal stroke (HR, 0.51; 95% Cl, 0.33-0.80 and HR, 1.07,
95% Cl, 0.84-1.37; interaction P=0.004) and CV death
(HR, 0.67; 95% Cl, 0.50-0.90 and HR, 0.84; 95% Cl,
0.67-1.05; interaction P=0.24) for patients with eGFR
<60 mL/min/1.73 m? and =60 mL/min/1.73 m?, respec-
tively (Figure 1). The risk of nonfatal MI, nonfatal stroke,
and CV death was reduced with liraglutide compared
with placebo in both the micro- and macroalbuminuria
and normoalbuminuria subgroups (Figure 1).

Other Secondary Outcomes

All-cause death occurred less frequently with liraglu-
tide versus placebo, and that difference was numeri-
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cally greater in those with eGFR <60 mL/min (12.9%
versus 17.1%; HR, 0.74; 95% Cl, 0.60-0.92) than in
those with eGFR >60 mL/min (6.7% versus 7.4%; HR,
0.90; 95% Cl, 0.75-1.07; interaction P=0.19). Similarly,
a greater benefit of liraglutide in those with low eGFR
(Figure 1) was observed, particularly for the expanded
composite CV outcome (interaction P=0.02), for all
strokes (interaction P=0.01), and for all Mls (interaction
P=0.24).

Subgroups of Patients With Low eGFR
and Micro- and Macroalbuminuria

In the high-renal-risk subgroup of patients with
eGFR <60 mL/min/1.73 m? and micro- and macro-
albuminuria (n=1130), liraglutide reduced the risk
of the primary composite CV outcome compared
with placebo (HR, 0.63; 95% Cl, 0.49-0.82); a more
modest risk reduction was seen for those with ei-
ther eGFR =260 mL/min/1.73 m? or normoalbuminuria
(n=8007) (HR, 0.93; 95% Cl, 0.82-1.05; interaction
P=0.008).

Clinical Parameters

Declines in HbA, and body weight were consistently
greater with liraglutide versus placebo for all eGFR
and albuminuria subgroups. There was evidence of
interaction between treatment and baseline eGFR for
body weight (interaction P=0.01), with greater weight
loss associated with liraglutide treatment among pa-
tients with eGFR <60 mlL/min/1.73 m? (estimated
treatment difference, -2.92 kg; 95% Cl, -3.51 to
—2.33 compared with =2.07 kg; 95% Cl, -2.38 to
-1.76 for those with eGFR =60 mL/min/1.73 m?3).
Systolic blood pressure and low-density lipoprotein
cholesterol changes were slight and varied accord-
ing to baseline eGFR and albuminuria status. Patients
with eGFR =60 mL/min/1.73 m? achieved numerically
greater reductions in systolic blood pressure than
those with eGFR <60 mL/min/1.73 m? (interaction
P=0.12) (Figure 3).

Adverse Events

As expected, serious adverse events, MESIs, and severe
hypoglycemia were more common among patients
with eGFR <60 mL/min/1.73 m? compared with =60
mL/min/1.73 m2. In general, however, the proportion
of patients with serious adverse events and MESIs
was not increased with liraglutide treatment compared
with placebo, although fewer MESIs were reported with
placebo compared with liraglutide among those with
eGFR =60 mL/min/1.73 m? and among patients with
normoalbuminuria. Severe hypoglycemia was more
frequent with placebo compared with liraglutide in
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Liraglutide Placebo Hazard ratio Interaction o
Outcome N (%) ) [95%Cll  P-value g
Primary CV endpoint 608 (13.0) 694 (14.9) — 0.87 [0.78;0.97] E
eGFR <60 mL/min/1.73 m? 172 (15.4) 223 (21.4) —_—— 0.69 [0.57,0.85] 0.01 'E
eGFR 260 mL/min/1.73 m? 436 (12.3) 471 (13.0) ——— 0.94 [0.83;1.07] ! -
Micro/macroalbuminuria 277 (16.4) 338 (19.4) —_— 0.83[0.71;0.97] 0.36 m
Normoalbuminuria 318 (11.0) 335 (11.9) ———— 0.92[0.79;1.07] l"nl'l
=
Expanded CV endpoint 948 (20.3) 1062 (22.7) —— 0.88 [0.81;0.96] g
eGFR <60 mL/min/1.73 m? 262 (23.5) 317 (30.4) —_— 0.74 [0.63;0.88] 0.02 =o
eGFR 260 mL/min/1.73 m? 686 (19.3) 745 (20.5) —— 0.93 [0.84,1.04] :
Micro/macroalbuminuria 413 (24.5) 494 (28.4) —_— 0.84 [0.74;0.96] 0.31
Normoalbuminuria 516 (17.8) 541 (19.2) — = 0.92 [0.82;1.04] :
Non-fatal MI 281 (6.0) 317 (6.8) —ao—F 0.88 [0.75;1.03]
eGFR <60 mL/min/1.73 m? 77 (6.9) 95 (9.1) _ 074[0.55:099) o
eGFR 260 mL/min/1.73 m? 204 (5.7) 222 (6.1) —_— 0.93[0.77;1.13] :
Micro/macroalbuminuria 120 (7.1) 152 (8.7) —_— 0.80 [0.63;1.01] 0.18
Normoalbuminuria 159 (5.5) 155 (5.5) —_— 1.00 [0.80;1.24] :
Non-fatal stroke 159 (3.4) 177 (3.8) —_—— 0.89 [0.72;1.11]
eGFR <60 mL/min/1.73 m? 31(2.8) 55 (5.3) 0.51[0.33;0.80] 0.004
eGFR 260 mL/min/1.73 m? 128 (3.6) 122 (3.4) B S— 1.07[0.84;1.37]
Micro/macroalbuminuria 70 (4.2) 80 (4.6) —_— 0.89 [0.65;1.23] 0.82
Normoalbuminuria 86 (3.0) 89 (3.2) 0.94 [0.70;1.26]
CV death 219 (4.7) 278 (6.0) _— 0.78 [0.66;0.93]
eGFR <60 mL/min/1.73 m? 80(7.2) 109 (10.5) _— 067[050,090] o,
eGFR 260 mL/min/1.73 m? 139 (3.9) 169 (4.7) —_—— 0.84 [0.67;1.05] !
Micro/macroalbuminuria 111 (6.6) 156 (9.0) _— 0.72[0.57,0.92] 0.46
Normoalbuminuria 100 (3.5) 117 (4.1) —_— 0.83 [0.64;1.08] :
Coronary revascularization 405 (8.7) 441 (9.4) — 0.91 [0.80;1.04]
eGFR <60 mL/min/1.73 m? 86 (7.7) 96 (9.2) _— 0.82[061:1.10] o .
eGFR 260 mL/min/1.73 m? 319 (9.0) 345 (9.5) —_— 0.94 [0.81;1.09] :
Micro/macroalbuminuria 156 (9.3) 184 (10.6) —_— 0.86 [0.70;1.07] 0.48
Normoalbuminuria 246 (8.5) 251 (8.9) —_—— 0.95 [0.80;1.14] :
Hospitalization for heart failure 218 (4.7) 248 (5.3) —_— 0.87 [0.73;1.05]
eGFR <60 mL/min/1.73 m? 81(7.3) 103 (9.9) —_— 0.72 [0.54,0.96] 013
eGFR 260 mL/min/1.73 m? 137 (3.9) 145 (4.0) —_— 0.96 [0.76;1.21] i
Micro/macroalbuminuria 125 (7.4) 131(7.5) —_—— 0.97 [0.76;1.24) 027
Normoalbuminuria 89 (3.1) 109 (3.9) —_— 0.79 [0.60;1.05] ’
Hospitalization for unstable AP 122 (2.6) 124 (2.7) —_— 0.98 [0.76;1.26]
eGFR <60 mL/min/1.73 m? 23 (2.1) 26 (2.5) 0.82 [0.47;1.43] 047
eGFR 260 mL/min/1.73 m? 99 (2.8) 98 (2.7) —_———— 1.03 [0.78;1.36] :
Micro/macroalbuminuria 35(2.1) 49 (2.8) 0.73 [0.47;1.12] 011
Normoalbuminuria 86 (3.0) 74 (2.6) —f—— 1.13[0.83;1.54] :
All Mis 292 (6.3) 339 (7.3) —— 0.85[0.73;1.00]
eGFR <60 mL/min/1.73 m? 83(74) 103 (9.9) —_— 0.73 [0.55;0.98] 0.24
eGFR 260 mL/min/1.73 m? 209 (5.9) 236 (6.5) —_— 0.90 [0.75;1.08] :
Micro/macroalbuminuria 127 (7.5) 164 (9.4) —_— 0.78 [0.62;0.99] 022
Normoalbuminuria 162 (5.6) 165 (5.8) _— 0.95 [0.77;1.18] -
All strokes 173 (3.7) 199 (4.3) —_— 0.86 [0.71;1.06]
eGFR <60 mL/min/1.73 m? 38 (3.4) 65 (6.2) 0.53 [0.36,0.79] 0.01
eGFR 260 mL/min/1.73 m? 135 (3.8) 134 (3.7) _— 1.03[0.81;1.31] :
Micro/macroalbuminuria 78 (4.6) 95 (5.5) —_— 0.84 [0.62;1.13] 0.65
Normoalbuminuria 91 (3.1) 96 (3.4) —_— 0.92 [0.69;1.23]
All-cause death 381 (8.2) 447 (9.6) —_— 0.85 [0.74;0.97]
eGFR <60 mL/min/1.73 m? 144 (12.9) 178 (17.1) —_— 074[060:092] o
eGFR 260 mL/min/1.73 m? 237 (6.7) 269 (7.4) — 0.90[0.75;1.07] i
Micro/macroalbuminuria 192 (11.4) 245 (14.1) —_— 0.80 [0.66;0.96] 0.28
Normoalbuminuria 181 (6.3) 189 (6.7) —_— 0.93[0.76;1.14] i
. e Y 0.25 0.5 1 2
Overall  eGFR  Albuminuria P Hazard ratio [95% CI] -
status stalus - Favors liraglutide Favors placebo.

Figure 1. Hazard ratios between treatment groups for primary and key secondary outcomes by baseline eGFR and albuminuria groups.
Time-to-event analyses applied a Cox proportional-hazards model with treatment as a covariate. Primary composite CV outcome was a composite of nonfatal
stroke, nonfatal MI, or CV death. The expanded composite CV outcome was the same as the primary composite CV outcome plus coronary revascularization or
hospitalization for unstable AP or heart failure. AP indicates angina pectoris; CV, cardiovascular; eGFR, estimated glomerular filtration rate; MI, myocardial infarc-
tion; N, number of patients with an event; and %, proportion of patients with an event.

those with eGFR <60 mL/min/1.73 m? than =60 mL/  liraglutide over placebo (less hypoglycemia with lira-
min/1.73 m? (HR, 0.63; 95% Cl, 0.43-0.91 versus HR, glutide) was greater in the eGFR <60 mL/min/1.73 m?
0.81; 95% Cl, 0.59-1.12), and the relative benefit of  subgroup (Table 2).
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<

Liraglutide Placebo Hazard ratio Interaction
N (%) N (%) [95% ClI] P-value*

eGFR <30 mL/min/1.73 m? 25 (21.4) 26 (24.3) 0.89 [0.51;1.54]

eGFR 30 to <45 mL/min/1.73 m? 60 (18.2) 76 (25.7) _ 0.67 [0.48;0.94]

aGFR 45 to <60 mUmin/1 73 m? 87 (13.0) 121 (18.9) —_— 0.66[0.50.087] ..o
eGFR 80 to <75 mL/min/1.73 m? 135 (15.3) 146 (15.3) —_— 1.02 [0.80;1.28] )
eGFR 75 to <90 mL/min/1.73 m? 126 (12.0) 125(12.2) R 0.98 [0.76;1.25]

eGFR 290 mL/min/1.73 m? 175 (10.8) 200 (12.1) _— 0.88 [0.72;1.08]

0.25 05 1 2

Hazard ratio [95% CI]

<

>
- - >
Favors liraglutide Favors placebo

Figure 2. Hazard ratios between treatment groups for the primary composite CV outcome by baseline eGFR subgroups in all patients.

Time to first event is analyzed using Cox proportional hazards model with treatment, subgroup, and the interaction between treatment and subgroup as factors.
*P value is from the test statistic for testing the interaction between treatment and baseline eGFR-MDRD group. The primary composite CV outcome includes CV
death, nonfatal myocardial infarction, or nonfatal stroke. CV indicates cardiovascular; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in
Renal Disease; and N (%), number of patients with an event (proportion of patients within the subgroup with an event).

DISCUSSION

These analyses demonstrate that, in subgroups of pa-
tients with 72D, high CV risk, and CKD, including those
with low eGFR and/or elevated albuminuria, liraglutide
reduced the risk of major adverse CV events at least
as effectively as in subgroups without such risks. These
findings are important given that evidence consistently

shows that patients with diabetes and low eGFR or el-
evated albuminuria experience substantially greater CV
morbidity and mortality than those with diabetes mel-
litus and normal eGFR and albuminuria.>72%3! In addi-
tion, the armamentarium of antihyperglycemic medica-
tions is restricted in those with CKD.

The benefit of liraglutide in LEADER participants
with CKD was evident for the primary composite CV
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Figure 3. Change in HbA1c (A), body weight (B), SBP (C), and LDL cholesterol (D) at 36 months.
Interaction P between treatment and eGFR/albuminuria status at baseline was not significant, except for eGFR and weight (P=0.012). Changes are presented at 36
months (the last visit when all participants had their annual analysis of all laboratory results). eGFR indicates estimated glomerular filtration rate; ETD, estimated

treatment difference; HbA,
SBP, systolic blood pressure.
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glycohemoglobin; LDL, low-density lipoprotein; Micro/macro, microalbuminuria/macroalbuminuria; Normo, normalbuminuria; and
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Table 2. Safety of Liraglutide by eGFR and Albuminuria Status

Variable Treatment N % HR [95% ClI]
SAEs
According to baseline eGFR status
eGFR <60 mL/min/1.73 m? Liraglutide 653/1116 58.5 0.90[0.81-1.01]
Placebo 648/1042 62.2
eGFR 260 mL/min/1.73 m? Liraglutide 1667/3552 46.9 1.00[0.94-1.07]
Placebo 1706/3630 47.0
Interaction P between treatment and eGFR = 0.11
According to baseline albuminuria status
Micro/macroalbuminuria Liraglutide 945/1684 56.1 0.93[0.85-1.02]
Placebo 1016/1738 58.5
Normoalbuminuria Liraglutide 1334/2894 46.1 1.02 [0.95-1.11]
Placebo 1287/2821 45.6

Interaction P between treatment and albuminuria status=0.11

MESI
According to baseline eGFR status
eGFR <60 mL/min/1.73 m? Liraglutide 680/1116 60.9 0.98[0.88; 1.09]
Placebo 651/1042 62.5
eGFR =60 mL/min/1.73 m? Liraglutide 1698/3552 47.8 1.10[1.03; 1.18]
Placebo 1662/3630 45.8
Interaction P between treatment and eGFR = 0.07
According to baseline albuminuria status
Micro/macroalbuminuria Liraglutide 962/1684 57.1 0.98 [0.90; 1.07]
Placebo 1026/1738 59.0
Normoalbuminuria Liraglutide 1371/2894 47.4 1.16[1.08; 1.26]
Placebo 123072821 43.6
Interaction P between treatment and albuminuria status=0.004
Severe hypoglycemia
According to baseline eGFR status
eGFR <60 mL/min/1.73 m? Liraglutide 48/1116 4.3 0.63[0.43; 0.91]
Placebo 70/1042 6.7
eGFR 260 mL/min/1.73 m? Liraglutide 66/3552 1.9 0.81[0.59; 1.12]
Placebo 83/3630 2.3
Interaction P between treatment and eGFR = 0.30
According to baseline albuminuria status
Micro/macroalbuminuria Liraglutide 48/1684 29 0.57 [0.40; 0.82]
Placebo 85/1738 4.9
Normoalbuminuria Liraglutide 64/2894 2.2 0.99[0.70; 1.40]
Placebo 63/2821 2.2

Interaction P between treatment and albuminuria status=0.03

Time-to-event analyses applied a Cox proportional hazards model with treatment as a covariate. eGFR indicates estimated
glomerular filtration rate; HR, hazard ratio (liraglutide versus placebo unless otherwise stated); MESI, medical event of special
interest; N, number of patients with an event; and SAE, serious adverse event; and %, proportion of patients with an event.

outcome (M, stroke, and CV death) and also for the
expanded composite CV outcome (plus coronary re-
vascularization and hospitalization for unstable angina
or heart failure). For all components of the primary
and expanded composite CV outcome, and notably
for all-cause death, the estimated treatment effect of
liraglutide was numerically larger in those with eGFR

Circulation. 2018;138:2908-2918. DOI: 10.1161/CIRCULATIONAHA.118.036418

<60 mL/min/1.73 m2. When we subdivided eGFR and
albuminuria subgroups more finely, we could not de-
tect increasing benefits of liraglutide versus placebo
with advancing CKD (see Figure 2 and Figures Il and
lll'in the online-only Data Supplement). Those obser-
vations, however, are hampered by reduced statistical
power, particularly for the subgroup with eGFR <30 mL/
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min/1.73 m?, which included only 224 patients. Simi-
larly, when analyzing eGFR as a continuous variable,
no significant effect modification with liraglutide ver-
sus placebo on outcomes was observed. Again, those
analyses are limited by the power of the interaction test
and complexity of spline function (Figure | in the online-
only Data Supplement).

Because eGFR <60 mL/min/1.73 m? was defined in
the inclusion criteria of LEADER as equivalent to estab-
lished CV disease?® and the latter subgroup achieved
increased CV benefit compared with the subgroup
with high CV risk,'® we also analyzed here subgroups
with or without prior history of Ml or stroke (Figures
IV and V in the online-only Data Supplement). The
benefit of liraglutide versus placebo in those with
eGFR <60 mL/min/1.73 m? appeared to be numeri-
cally greater (compared with those who had eGFR
>60 mL/min/1.73 m?) in patients with and without
prior Ml or stroke (Figure IV in the online-only Data
Supplement).

There were no differences in the effectiveness of li-
raglutide in those with and without albuminuria. This
was true for the primary composite CV outcome, as
well as for the expanded composite CV outcome, all
Mis and all-cause death (interaction P not significant
for all outcomes). This pattern was not substantially
altered when subgroups of micro- and macroalbumin-
uria were considered separately or when subgroups
defined by both eGFR and albuminuria categories
were analyzed (Figures Il and Il in the online-only Data
Supplement).

The current analyses revealed no new safety is-
sues with liraglutide treatment in patients with CKD.
There were no indications that occurrence of seri-
ous adverse events was greater with liraglutide than
with placebo in either renal subgroup. It is already
known that liraglutide is associated with a lower
risk of hypoglycemia compared with placebo with
uneven addition of other antihyperglycemic medica-
tions. That difference, in absolute terms, appeared to
increase with lower eGFR, which is consistent with
previous results.?

Liraglutide had pronounced lowering effects on
HbA, and weight and slight lowering effects on systolic
blood pressure and low-density lipoprotein cholesterol.
Those effects did not appear to be different in those
with or without low eGFR or micro- and macroalbumin-
uria, whereas the modest blood pressure—lowering ef-
fect of liraglutide may be confined to those with normal
eGFR and normoalbuminuria. Liraglutide is not elimi-
nated by the kidney, and its pharmacokinetics appear
to be unchanged with decreasing eGFR.>* Therefore,
enhanced availability of the medication in CKD is un-
likely to play a role.

Post hoc data from the EMPA-REG OUTCOME trial
(Empagliflozin Cardiovascular Outcomeb Event Trial in
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Type 2 Diabetes Mellitus Patients) reported on effects
of the SGLT-2 inhibitor empaglifiozin versus placebo in
subgroups with low eGFR (30-60 mL/min/1.73 m?).34
Empagliflozin was as effective on CV outcomes and all-
cause death in those with as without diabetic kidney
disease. Similar findings of the SGLT-2 inhibitor cana-
gliflozin have recently been reported in a subpopulation
with baseline eGFR between 30 and 60 mL/min/1.73
m2.2' Empagliflozin is not indicated for use in patients
with an eGFR <45 mL/min/1.73 m?,3 and canagliflozin
is not recommended to be initiated in patients with an
eGFR <45 mL/min/1.73 m?3® because their antihyper-
glycemic action is blunted with low eGFR. However, the
latter restrictions may change in due course.

Given the proven CV benefit of liraglutide,?”3” updat-
ed guidelines such as those from the American Diabetes
Association® and recent commentaries suggest that li-
raglutide should be considered as a preferred second-
line option for the treatment of T2DM, particularly in
patients who have established CV disease or are at high
risk of developing CV disease.*® The aim is to achieve
glycemic targets as well as improve CV outcomes. Some
authors also recommend that patients with T2DM and
stage 3 CKD are particularly suited to liraglutide thera-
py.>® Our findings do not contradict this idea and sug-
gest that liraglutide may be beneficial in patients with
CKD. The latter is clinically important because patients
with diabetes mellitus and reduced eGFR have a high CV
burden but a substantially restricted list of antihypergly-
cemic agents because of increased risk of adverse events
(eg, metformin), less metabolic efficacy (eg, SGLT-2 in-
hibitors), or pharmacokinetics (eg, some sulfonylureas).

Some limitations must be considered when inter-
preting the current post hoc subgroup analyses. Such
analyses can only be hypothesis-forming, and those
hypotheses need to be examined in dedicated trials.
LEADER was powered to analyze the primary compos-
ite CV outcome in all patients. Thus, testing multiple
secondary CV outcomes in a subgroup analysis may be
susceptible to both a lack of power and issues related
to multiple comparisons; as such, significant results
may be chance findings.

In conclusion, these analyses show that in the con-
text of comprehensive standard of care, liraglutide
treatment of patients with T2DM and CKD at high CV
risk leads to a reduction in diverse CV outcomes and
all-cause mortality, in line with the overall results of the
trial. The benefits are evident in those with and without
CKD. The risk of adverse events observed with liraglu-
tide compared with placebo did not differ across those
with or without renal risks.
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