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Dulaglutide is a once-weekly glucagon-like peptide-1 receptor agonist approved for the treat-

ment of type 2 diabetes (T2D). Integrated data from 9 phase II and III trials in people with T2D

(N = 6005) were used to evaluate the effects of dulaglutide on estimated glomerular filtration

rate (eGFR [Chronic Kidney Disease Epidemiology Collaboration]), urine albumin-to-creatinine

ratio (UACR) and kidney adverse events (AEs). No significant differences in eGFR were

observed during treatment for dulaglutide vs placebo, active comparators or insulin glargine

(mean � standard deviation values: dulaglutide vs placebo: 87.8 � 17.7 vs 88.2 � 17.9 mL/

min/1.73 m2, P = .075; dulaglutide vs active comparators: 89.9 � 16.7 vs 88.8 � 16.3 mL/

min/1.73 m2, P = .223; and dulaglutide vs insulin glargine: 85.9 � 18.2 vs 83.9 � 18.6 mL/

min/1.73 m2, P = .423). Lower UACR values were observed for dulaglutide vs placebo, active

comparators and insulin glargine (at 26 weeks, median [Q1-Q3] values were: dulaglutide vs pla-

cebo: 8.0 [4.4-20.4] vs 8.0 [4.4-23.9] mg/g, P = .023; dulaglutide vs active comparators: 8.0

[4.4-21.2] vs 8.9 [4.4-27.4] mg/g, P = .013; and dulaglutide vs insulin glargine: 8.9 [4.4-29.2] vs

12.4 [5.3-50.5] mg/g, P = .029). AEs reflecting potential acute renal failure were 3.4, 1.7 and

7.0 events/1000 patient-years for dulaglutide, active comparators and placebo, respectively. In

conclusion, dulaglutide treatment of clinical trial participants with T2D did not affect eGFR and

slightly decreased albuminuria.

KEYWORDS

clinical trial, diabetes complications, diabetic nephropathy, dulaglutide, GLP-1, type

2 diabetes

1 | INTRODUCTION

Type 2 diabetes (T2D) is the leading cause of chronic kidney disease

(CKD) worldwide.1,2 Patients with T2D and low kidney function have

limited treatment options because medications that are cleared by

the kidney (e.g. biguanides and some sulphonylureas) often require

dosage adjustments, and many are contraindicated.1–3 In addition,

patients with T2D and CKD are at a higher risk of hypoglycaemia

compared with patients with T2D because of decreased gluconeo-

genesis by the kidney as well as decreased clearance of insulin and of

some other diabetes medications.4 Diabetes medications not cleared

by the kidney and associated with a low risk of hypoglycaemia would

represent a clinically significant advance for patients with T2D

and CKD.

Dulaglutide is a once-weekly glucagon-like peptide-1 receptor

agonist (GLP-1 RA). In phase II and phase III registration studies, dula-

glutide was found to have superior glycaemic efficacy compared with

placebo, exenatide, insulin glargine, metformin and sitagliptin.5

Because of its large molecular size, dulaglutide is not cleared by the

kidney,5 but is presumably catabolized by proteolytic degradation. In

a phase I study, no clinically relevant change in the pharmacokinetics

of dulaglutide was observed in participants with low kidney

function.5

The primary objective of the present study was to evaluate the

effects of dulaglutide on kidney function and safety in patients

with T2D.

This study presents integrated data from 9 clinical trials

(ClinicalTrials.gov): NCT00630825; NCT00791479; NCT01001104;
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NCT01149421; NCT01064687; NCT00734474; NCT01075282;

NCT01191268; and NCT01126580.

2 | RESEARCH DESIGN AND METHODS

Integrated individual-level data from 6 completed phase II and III reg-

istration studies which evaluated dulaglutide doses of 0.75 and

1.5 mg, with treatment duration of at least 26 weeks, were used to

evaluate the effect of dulaglutide on kidney function (Table S1,

Appendix S1).5 In 2 studies, AWARD-1 and AWARD-5, after

26 weeks, participants receiving placebo were switched to dulaglu-

tide or sitagliptin, respectively.5 Data collected after the switch from

placebo to active treatment were not included in the analyses of

serum creatinine (sCr), estimated glomerular filtration rate (eGFR) and

urine albumin-to-creatinine ratio (UACR). The effects of dulaglutide

on sCr, eGFR and UACR were compared with: (1) placebo at

26 weeks (AWARD-1, AWARD-5, and a phase II ambulatory blood

pressure monitoring study)5; (2) all active comparators combined at

26, 52 and up to 104 weeks (AWARD 1-5: exenatide twice daily

[1 study], insulin glargine [2 studies], metformin [1 study], and sita-

gliptin [1 study]5; or (3) insulin glargine at 26 and 52 weeks

(AWARD-2 and AWARD-4).5 Dulaglutide was compared with insulin

glargine alone to avoid the confounding effects of similar drug classes

in the active comparator group (exenatide in AWARD-1 and sitaglip-

tin in AWARD-5).

Measurements of sCr, eGFR and UACR were performed by a

central laboratory. eGFR was calculated using sCr and the Chronic

Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.6

UACR was based on spot urine samples and was calculated as the

ratio of urinary albumin (mg) to urinary creatinine (g).

Three additional placebo-controlled phase II studies,5 which did

not evaluate both 0.75 and 1.5 mg dulaglutide doses (and were of

short treatment durations), were only included for the purpose of

identifying potential acute renal failure adverse events (AEs) through-

out the dulaglutide clinical development programme. These studies

were not included in the evaluation of kidney function because of

the short treatment period and the lack of both dulaglutide doses.

Details of the statistical analyses are presented in Appendix S1.

3 | RESULTS

3.1 | Demographics and baseline characteristics

A total of 6005 study participants received the study drug in the

9 completed phase II and III registration studies. At baseline, across

the 9 studies, 4.4% (n = 265) of participants had persistent eGFR

<60 mL/min/1.73 m2, 3% (n = 181) had persistent macroalbuminuria

(defined as UACR >300 mg/g), and 7.1% (n = 425) had eGFR

<60 mL/min/1.73 m2 and/or macroalbuminuria. The 6 studies used

to evaluate the effects of dulaglutide on kidney function included a

broad range of patients with T2D whose diabetes duration ranged

from 2.6 to 12.7 years (Table 1).

In the 3 placebo studies, proportions of participants who used

antihypertensive medications, angiotensin-converting enzyme (ACE)

inhibitors and angiotension receptor blockers (ARBs) were similar in

the placebo arm and the dulaglutide arm (placebo 69.9%, 43.5% and

20.6%; dulaglutide 67.5%, 41.8% and 19.5%, respectively; P = .299).

Across all 6 studies, 67.6% of participants receiving dulaglutide used

antihypertensive medications with 39.4% using ACE inhibitors and

20.5% using ARBs.

3.2 | Effects of dulaglutide on sCr, eGFR and UACR

In the 3 placebo-controlled studies, baseline sCr, eGFR and UACR

values for placebo and the all-dulaglutide (0.75 mg dose and 1.5 mg

dose groups combined) group were similar (Table S2, Appendix S1).

No significant difference was observed in sCr or eGFR between pla-

cebo and the all-dulaglutide group over 26 weeks of treatment

(Figure 1A,D). In response to treatment with dulaglutide or placebo

up to 26 weeks, UACR decreased slightly in both groups (Figure 1G).

The decrease in UACR was slightly greater in the dulaglutide group

compared with placebo (median percent change −16.7% vs −10.0%;

P = .043 [Table S2, Appendix S1]).

In the 5 phase III studies that evaluated dulaglutide vs active

comparator, baseline sCr and eGFR levels were comparable between

the all-dulaglutide and active comparator groups (Table S2, Appendix

S1). No significant difference was observed in sCr or eGFR between

the 2 groups with treatment up to 104 weeks (Figure 1B,E). Baseline

UACR was slightly higher in the active comparator group (Table S2,

Appendix S1 and Figure 1H). In response to treatment with dulaglu-

tide or active comparator up to 104 weeks, UACR tended to

decrease in both groups (Figure 1H). UACR levels were slightly lower

in the dulaglutide group compared with the active comparator group

(Figure 1H). At 26 weeks, median percent changes were −20.0% vs

−12.5%, respectively (Table S2, Appendix S1).

In the 2 phase III studies that evaluated dulaglutide vs insulin glar-

gine, baseline sCr and eGFR levels were similar in the all-dulaglutide

and insulin glargine groups (Table S2, Appendix S1). No significant dif-

ference was observed in sCr or eGFR between the 2 groups with

treatment up to 52 weeks (Figure 1C,F). Baseline UACR was slightly

higher in the insulin glargine group (Table S2, Appendix S1 and

Figure 1I). UACR levels tended to be lower in the dulaglutide group

compared with the insulin glargine group (Figure 1I and Table S2,

Appendix S1). At 26 weeks, median percent changes in UACR from

baseline were −20.0% for dulaglutide vs −9.4% for insulin glargine. At

52 weeks, the median percent decrease in UACR was −16.7% for

dulaglutide and −3.7% for insulin glargine (Table S2, Appendix S1).

3.3 | Proportions of participants with 30% or 40%
decline in eGFR

The number of participants who experienced a 30% or 40% decline

in eGFR over time was not significantly different for dulaglutide-

treated participants compared with placebo and all active compara-

tors combined (Table S3, Appendix S1); however, in comparison with

insulin glargine, there were significantly fewer dulaglutide-treated

participants who experienced a 40% decline in eGFR at any point
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during a 1-year treatment period (0.26% vs 1.25%; P = .012 [Table S3,

Appendix S1]).

3.4 | AEs reflecting potential acute renal failure

In the 9 completed phase II and III studies, 4006 received dulaglutide

(3531 patient-years), 703 received placebo (284 patient-years) and

1541 received active comparator (1722 patient-years). Some study

participants received placebo followed by dulaglutide (n = 121) or

sitagliptin (n = 124) and are included in the totals for each drug.5 AEs

reflecting potential acute renal failure (Table S4, Appendix S1) were

reported at rates of 3.4 (n = 12), 1.7 (n = 3) and 7.0 (n = 2) events

per 1000 patient-years of exposure for dulaglutide, active compara-

tors and placebo, respectively. Details regarding the 12 dulaglutide

participants who reported an AE reflecting potential acute renal fail-

ure are included in Appendix S1.

4 | DISCUSSION

Dulaglutide treatment in clinical trials for T2D did not affect eGFR,

was associated with a slight decrease in albuminuria, and was not

associated with an increase in AEs reflecting potential acute renal

failure. Several studies have also shown that treatment of patients

with T2D with other GLP-1 RAs did not alter sCr or eGFR7–9; how-

ever, post-marketing cases of pre-renal acute decreases in kidney

function have been reported with some GLP-1 RAs.10–12 This has

been attributed to volume depletion that may occur in patients who

experience excessive nausea, diarrhoea and vomiting.10–12 In patients

with low kidney function, treatment with GLP-1 RAs that are cleared

by the kidney may increase gastrointestinal AEs13 because of

increased exposure to the medication. Consequently, the renally

cleared GLP-1 RAs are not recommended to be used in patients with

severely reduced kidney function.14–16 Elevated rates of gastrointes-

tinal AEs in patients with low kidney function have also been

reported with other GLP-1 RAs that are not cleared by the kidney;7,17

therefore, it is recommended to use these medications with caution

when initiating or escalating doses in patients with renal

impairment.17,18

Dulaglutide exposure is not altered in patients with various

degrees of reduced kidney function.5 Although long-term treatment

with GLP-1 RAs did not alter eGFR in patients with T2D,7–9 contro-

versy exists regarding acute effects of GLP-1 RAs on renal

haemodynamics.19–21 The present data show that dulaglutide

TABLE 1 Summary of baseline demographics and renal characteristics in clinical trials of duration ≥26 weeks

Variable
AWARD-1 AWARD-2 AWARD-3 AWARD-4 AWARD-5 ABPM study
N = 976 N = 807 N = 807 N = 884 N = 1202 N = 755

Sex: female, n (%) 406 (41.6) 393 (48.7) 454 (56.3) 411 (46.5) 643 (53.5) 363 (48.1)

Mean (s.d.) age, years 55.7 (9.8) 56.7 (9.5) 55.6 (10.4) 59.4 (9.2) 54.1 (9.9) 56.5 (10.3)

Age <65 years, n (%) 820 (84.0) 646 (80.0) 664 (82.3) 641 (72.5) 1048 (87.2) 608 (80.5)

Ethnicity, n (%)

Not Hispanic or Latino 644 (66.0) 516 (63.9) 535 (66.3) 581 (65.7) 950 (79.0) 468 (62.0)

Hispanic or Latino 331 (33.9) 291 (36.1) 272 (33.7) 303 (34.3) 251 (20.9) 287 (38.0)

Unknown 1 (.1) 0 (0) 0 (0) 0 (0) 1 (<.1) 0 (0)

Race, n (%)

White 726 (74.4) 570 (70.6) 600 (74.3) 697 (78.8) 613 (51.0) 608 (80.5)

Asian 24 (2.5) 137 (17.0) 61 (7.6) 35 (4.0) 285 (23.7) 69 (9.1)

American-Indian or Alaska Native 135 (13.8) 89 (11.0) 85 (10.5) 46 (5.2) 1 (<.1) 2 (.3)

African-American 76 (7.8) 4 (.5) 53 (6.6) 85 (9.6) 50 (4.2) 66 (8.7)

Multiple or unknown1 12 (1.2) 7 (.9) 7 (.9) 20 (2.3) 252 (21.0) 9 (1.2)

Native Hawaiian or Other Pacific Islander 3 (.3) 0 (0) 1 (.1) 1 (.1) 1 (<.1) 1 (.1)

Mean (s.d.) BMI, kg/m2 33.2 (5.4) 31.6 (5.5) 33.3 (5.5) 32.5 (5.2) 31.3 (4.4) 33.0 (6.0)

Mean (s.d.) duration of diabetes, years 8.8 (5.6) 9.1 (6.0) 2.6 (1.8) 12.7 (7.0) 7.1 (5.1) 8.3 (5.9)

Mean (s.d.) HbA1c, % 8.1 (1.3) 8.1 (1.0) 7.6 (0.9) 8.5 (1.0) 8.1 (1.1) 7.9 (0.8)

UACR > 300 mg/g and/or eGFR <60 mL/min/1.73 m2, n
(%)2,3

50 (5.1) 37 (4.6) 50 (6.2) 132 (14.9) 53 (4.4) 69 (9.1)

Macroalbuminuria (UACR > 300 mg/g), n (%)4 23 (2.4) 28 (3.5) 20 (2.5) 52 (5.9) 30 (2.5) 24 (3.2)

eGFR <60 mL/min/1.73 m2, n (%)2,5 27 (2.8) 9 (1.1) 30 (3.7) 93 (10.5) 25 (2.1) 51 (6.8)

Abbreviations: ABPM, ambulatory blood pressure monitoring; BMI, body mass index; s.d., standard deviation.
1 Multiple or Unknown includes patients self-declared as Hispanic race in AWARD-5.
2 eGFR was calculated based on the CKD-EPI equation6 and serum creatinine value, using the highest measured value of eGFR (CKD-EPI).
3 Patients were included if they met criteria for either the UACR > 300 mg/g or eGFR (CKD-EPI) <60 mL/min/1.73 m2 group as shown in Footnotes
4 and 5 below.

4 Patients were included if UACR >300 mg/g at all measured timepoints during baseline.
5 Patients were included if eGFR (CKD-EPI) <60 mL/min/1.73 m2 at all measured timepoints during baseline.
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treatment of study participants with T2D did not alter eGFR com-

pared with placebo, all active comparators combined, or insulin glar-

gine. A small decline in eGFR of 1 to 3 mL/min/1.73 m2 was

observed in all treatment groups (treatment duration 26-

104 weeks), an expected finding based on normal ageing.22 eGFR

typically declines even more, ~2 to 4 mL/min/y, in patients with

T2D and diabetic kidney disease.22–24 In addition, proportions of

patients experiencing a decline in eGFR by 30% or 40% were gen-

erally similar for dulaglutide and placebo, active comparators or

insulin glargine, except that proportion of patients experiencing a

decline in eGFR by 40% was significantly lower with dulaglutide

compared with insulin glargine. In the dulaglutide studies, there

were very few patient reports of AEs potentially reflecting acute

renal failure and the rate of patients in the dulaglutide groups who

experienced these events was similar to the placebo and active

comparator groups, taking into account the duration of treatment

exposure. Only 2 events indicated typical acute renal failure;

1 attributable to sepsis and 1 to dehydration (Appendix S1). These

AE data, together with the eGFR data, indicate that dulaglutide is

not associated with an increased risk of acute renal failure.

A small decrease in UACR was observed in the dulaglutide group

compared with placebo, all active comparators combined and insulin

glargine, but the observed decrease was not of immediate clinical sig-

nificance. Nevertheless, the dulaglutide albuminuria-lowering effect,

similar to that of other GLP-1 RAs,25,26 suggests that treatment with

dulaglutide could exert long-term renoprotective effects. Preclinical

and early clinical data show that GLP-1 receptors are expressed in

the kidney and provide rationale that GLP-1 RAs may exert
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FIGURE 1 sCr, eGFR and UACR values for dulaglutide compared with placebo, all active comparators combined and insulin glargine. Plotted

values are mean (standard deviation) for sCr and eGFR and median and interquartile range (Q1-Q3) for UACR. All dulaglutide = 0.75 and 1.5 mg
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UACR values for dulaglutide compared with insulin glargine. P < .05 indicates a significant difference between dulaglutide compared with
placebo, active comparators or insulin glargine at the corresponding time point.
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renoprotective effects by decreasing albuminuria through GLP-1-

mediated anti-inflammatory effects, amelioration of oxidative stress

and vascular endothelium protection in the kidney.27–30 In addition,

GLP-1 is also involved in sodium and water homeostasis via stimula-

tion of natriuresis and diuresis,31–35 attributed to inhibition of

sodium-hydrogen exchange in the proximal tubule.36,37 Recent cardi-

ovascular outcomes studies showed a lower risk of new-onset per-

sistent macroalbuminuria with GLP-1 RAs liraglutide and

semaglutide.38,39 To determine the clinical significance of this

albuminuria-lowering signal, the effects of dulaglutide should be fur-

ther evaluated in patients with elevated UACR at baseline.

Limitations of the present study include the inclusion of a small

number of participants with low eGFR or high levels of albuminuria.

In addition, the studies included in the present analyses were not pro-

spectively designed to evaluate the effects of dulaglutide on kidney

function. The study’s strengths include the availability of individual-

level data at common timepoints from a large number of participants

with T2D, relatively long treatment periods, and the availability of

both placebo and active comparator data.

In conclusion, dulaglutide treatment of clinical trial participants

with T2D did not affect eGFR and slightly decreased albuminuria;

however, because of the limited clinical experience in patients with

severely reduced kidney function or end-stage renal disease, the US

label indicates that kidney function should be monitored in

dulaglutide-treated patients with renal impairment who experience

severe gastrointestinal side effects,40 and the European Union label

indicates that dulaglutide is not recommended in patients with

severely reduced kidney function.41 Effects of dulaglutide treatment

in patients with T2D and moderate or severe CKD are being prospec-

tively evaluated in the currently ongoing phase III AWARD-7 study

(clinicaltrials.gov NCT01621178).
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