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Abstract

Aim: To assess the efficacy, safety and tolerability of cotadutide in patients with type

2 diabetes mellitus and chronic kidney disease.

Materials and Methods: In this phase 2a study (NCT03550378), patients with body

mass index 25-45 kg/m2, estimated glomerular filtration rate 30-59 ml/min/1.73 m2

and type 2 diabetes [glycated haemoglobin 6.5-10.5% (48-91 mmol/mol)] controlled

with insulin and/or oral therapy combination, were randomized 1:1 to once-daily sub-

cutaneous cotadutide (50-300 μg) or placebo for 32 days. The primary endpoint was

plasma glucose concentration assessed using a mixed-meal tolerance test.

Results: Participants receiving cotadutide (n = 21) had significant reductions in the

mixed-meal tolerance test area under the glucose concentration-time curve (–26.71%

vs. +3.68%, p < .001), more time in target glucose range on continuous glucose
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monitoring (+14.79% vs. –21.23%, p = .001) and significant reductions in absolute

bodyweight (–3.41 kg vs. –0.13 kg, p < .001) versus placebo (n = 20). In patients with

baseline micro- or macroalbuminuria (n = 18), urinary albumin-to-creatinine ratios

decreased by 51% at day 32 with cotadutide versus placebo (p = .0504). No statisti-

cally significant difference was observed in mean change in estimated glomerular fil-

tration rate between treatments. Mild/moderate adverse events occurred in 71.4%

of participants receiving cotadutide and 35.0% receiving placebo.

Conclusions: We established the efficacy of cotadutide in this patient population,

with significantly improved postprandial glucose control and reduced bodyweight

versus placebo. Reductions in urinary albumin-to-creatinine ratios suggest potential

benefits of cotadutide on kidney function, supporting further evaluation in larger, lon-

ger-term clinical trials.

1 | INTRODUCTION

Type 2 diabetes mellitus is the leading cause of chronic kidney disease

(CKD),1,2 which affects up to 40% of patients with type 2 diabetes. The

development of CKD in patients with type 2 diabetes is multifactorial,

with hyperglycaemia, hypertension and obesity each playing significant

roles.3 Type 2 diabetes with CKD increases the risk of major adverse car-

diovascular events and all-cause mortality,4 placing a high burden on

health care services, as well as individuals and their carers.1 CKD leads to

progressive decline in renal function, with approximately one-third of

patients with type 2 diabetes developing microalbuminuria within

15 years of initial diagnosis.5 Furthermore, the UK Prospective Diabetes

Study showed that from the time of diagnosis of type 2 diabetes, 2.0% of

patients progress to microalbuminuria, 2.8% to macroalbuminuria and

2.3% to end-stage kidney disease per year.6

Data-driven cluster analyses of adult-onset type 2 diabetes have

established a subgroup of patients with a two to three times greater risk

of developing diabetic kidney disease compared with other subgroups.

Phenotypic characteristics included severe insulin resistance and a greater

prevalence of non-alcoholic fatty liver disease (NAFLD) compared with

other subgroups.7 This, and other recent evidence linking incidence and

severity of NAFLD and CKD,8 suggests some shared pathogenetic mech-

anisms underlying liver and kidney injury, and potentially shared thera-

peutic targets9-11; therapies effective at improving insulin sensitivity and

NAFLD may also be beneficial in CKD. However, no treatments that

simultaneously address liver and kidney dysfunction, and the underlying

metabolic syndrome, are currently available.

Treatments for type 2 diabetes and CKD are frequently limited by

restrictions on use in patients with renal impairment, therefore a large

unmet need exists for this group. Controlling blood glucose, bodyweight

and blood pressure are the cornerstones of disease management.12 More

recently, sodium-glucose cotransporter-2 inhibitors, established treat-

ments for type 2 diabetes, have shown benefit beyond glucose lowering

in delaying progression of renal disease in individuals with,13 and without,

type 2 diabetes.14 This has prompted changes in guidelines to direct

treatment with this class of drugs to patients with type 2 diabetes and

CKD.15 Similarly, glucagon-like peptide-1 receptor agonists (GLP-1 RAs),

approved treatments for type 2 diabetes and obesity, have been shown

to delay progression to macroalbuminuria in patients with type 2 diabe-

tes, including in subsets of patients with estimated glomerular filtration

rate (eGFR) <60 ml/min/1.73 m2.2,16,17 However, the effect of GLP-1

RAs on progression to end-stage kidney disease has not been fully inves-

tigated in patients with CKD.18,19 A large phase 3 trial (NCT03819153)

of the GLP-1 RA semaglutide is underway to evaluate whether it can

delay progression of renal disease in type 2 diabetes.

Cotadutide (MEDI0382) is a balanced GLP-1 and glucagon recep-

tor dual agonist, with a ratio of approximately 5:1 GLP-1 to glucagon

activity. This balance of agonistic activity at each receptor is designed

to leverage benefits of dual agonism on liver health and bodyweight

loss, and to offset glucagon receptor-driven increases in hepatic glu-

cose production.20 Indeed, cotadutide showed robust glucose-lower-

ing and bodyweight loss effects in patients with type 2 diabetes.21

Cotadutide is under development for the treatment of non-alcoholic

steatohepatitis and type 2 diabetes with CKD. Beneficial liver-specific

effects of cotadutide have been attributed to glucagon receptor sig-

naling.22,23 Cotadutide has been shown to promote a reduction in

liver glycogen after short-term treatment, providing suggestive evi-

dence of target engagement of the glucagon receptor in the liver.24

Larger improvements in lipid and liver parameters have been shown

with cotadutide versus liraglutide.21 Both the liver and kidney have

high levels of glucagon receptor expression, and glucagon acts directly

and indirectly to influence GFR.25 The aim of this study was to investi-

gate the efficacy, safety and tolerability of cotadutide in patients with

type 2 diabetes and CKD, including those treated with insulin therapy.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a randomized, double-blind, placebo-controlled, phase 2a

study to evaluate the efficacy, safety and tolerability of 50-300 μg
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cotadutide in patients with type 2 diabetes and CKD. The primary

objective was to assess the effect of cotadutide on postprandial glu-

cose control, measured by a standardized mixed-meal tolerance test

(MMTT). Secondary objectives were to characterize the safety profile

of cotadutide, assess the effects of cotadutide on additional measures

of glycaemic control and bodyweight, and characterize the pharmaco-

kinetics (PK) profile and immunogenicity of cotadutide. The explor-

atory objectives were to evaluate the effect of cotadutide on renal

biomarkers and albuminuria.

2.2 | Ethics

This study is registered on ClinicalTrials.gov (NCT03550378) and was

conducted in accordance with the principles of the Declaration of Hel-

sinki, the International Council for Harmonization Guidance for Good

Clinical Practice and with any applicable laws and conditions required

by relevant regulatory authorities. The study protocol and informed

consent documents were approved by the relevant Independent

Ethics Committee. All participants provided written informed consent

before study entry.

2.3 | Patients

Eligible participants were aged 18-84 years, overweight or obese

(body mass index 25-45 kg/m2) with CKD (eGFR 30-59 ml/min/

1.73 m2) and diagnosed with type 2 diabetes with glucose control

managed with any insulin and/or oral therapy combination (except

GLP-1 RAs) where no significant dose changes (>50%) had occurred

within 3 months before screening. Participants had glycated

haemoglobin (HbA1c) of 6.5-10.5% (48-91 mmol/mol) and stage 3

CKD; 40% of patients were required to have eGFR 30-44 ml/min/

1.73 m2 and 40% were required to have eGFR 45-59 ml/min/

1.73 m2, to ensure a balance between the stage 3A and 3B CKD sub-

groups. At least 50% of participants should have been taking insulin at

a total daily dose of ≥20 units, to enable the study of patients on

established, high-dose insulin therapy. Patients with renal transplant,

acute/subacute renal function deterioration, or significant hepatic dis-

ease were excluded. See https://clinicaltrials.gov/ct2/show/

NCT03550378 for full eligibility criteria.

2.4 | Study design and interventions

Participants were randomized 1:1 to receive subcutaneous cotadutide

or placebo in the morning. Randomization was stratified by insulin

dose (≥20 vs. <20 units per day). Participants in the cotadutide group

received 50 μg once daily for 4 days,100 μg for 7 days, 200 μg for

7 days and then 300 μg for 14 days. Patients in the placebo group

received once-daily subcutaneous injections for 32 days (Figure 1).

A standardized MMTT [Ensure Plus (Abbott Nutrition, Maiden-

head, UK) nutritional supplement containing fat, carbohydrate and

protein] was used to assess change in plasma glucose area under the

curve (AUC) from baseline to day 32 of treatment. Further details are

provided in the Appendix S1.

F IGURE 1 Study design. Abbreviations: ABPM, ambulatory blood pressure monitoring; CGM, continuous glucose monitoring; n, number of
subjects
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2.5 | Endpoints

The primary efficacy endpoint was the percentage change in MMTT

plasma glucose AUC from baseline to day 32. Secondary safety and

tolerability endpoints included incidence of adverse events (AEs) and

serious AEs (SAEs), changes from baseline in vital signs, blood pres-

sure, electrocardiogram, 24-h pulse rate, bioimpedance spectroscopy

to evaluate fluid balance and clinical laboratory test results. Secondary

efficacy endpoints included change from baseline in HbA1c, fasting

plasma glucose, percentage of time spent within target interstitial glu-

cose range (70-180 mg/dl or 3.9-10 mmol/L) over a 7-day period at

baseline to the final week of treatment and percentage and absolute

change in bodyweight. PK parameters and titre of anti-drug antibody

(ADA) were additional secondary endpoints. Exploratory endpoints

included change from baseline in mean UACR and eGFR, and percent-

age change and change in total daily insulin dose.

Post hoc analyses included changes in plasma and urinary renal

biomarkers, and inflammatory biomarkers (Table S1) from baseline to

day 32. Lithium clearance was calculated as a surrogate of proximal

tubule sodium excretion using plasma and urine creatinine and lithium

levels.

2.6 | Statistical analyses

The sample size was chosen to provide >85% power to detect 18.1%

difference between treatment arms for the primary efficacy endpoint,

with a two-sided significance level of 0.1, assuming a standard devia-

tion (SD) of 20%.

All efficacy analyses were performed on the intent-to-treat popu-

lation, unless otherwise specified. Safety analyses were performed on

the as-treated population.

Continuous endpoints were analysed using an analysis of covariance

model, with treatment as a fixed factor and baseline as a covariate.

Change in percentage of time spent within target interstitial glucose

range was analysed using a Wilcoxon rank-sum test. Percentage change

and change in total daily insulin dose was analysed using a two-sample t-

test (unequal variance with Satterthwaite approximation). Descriptive sta-

tistics were generated for analysis for clinical laboratory parameters, vital

signs, electrocardiogram, PK and immunogenicity. Change in UACR was

analysed using a t-test with unequal variance.

3 | RESULTS

3.1 | Patients

Of 101 patients screened across seven sites in the UK and Germany

between 29 June 2018 and 4 February 2019, 41 patients were

enrolled. Overall, 21 and 20 patients were randomized to receive

cotadutide and placebo, respectively. Twenty-eight participants were

on ≥20 units per day of insulin (14 per treatment arm) with or without

additional oral treatment, two were receiving <20 units per day and

oral treatment (one per treatment arm) and 11 oral treatment only

(five in the placebo group and six in the cotadutide group) (Table 1).

Four participants (9.8%) did not complete treatment; three dis-

continued treatment because of an AE (one in the placebo group and

two in the cotadutide group) and one did not complete the study

because of death (cotadutide group). All participants completed the

study, except for the participant who died. Further details are pro-

vided in the Appendix S1.

3.2 | Efficacy

3.2.1 | Glycaemic endpoints

The primary objective of the study was met, with a significant reduc-

tion in the least-squares (LS) mean MMTT plasma glucose AUC0�4h

from baseline to day 32 in the cotadutide group versus placebo (–

26.71% vs. +3.68%, p < .001; Figure 2A). A larger but non-significant

reduction in LS mean fasting plasma glucose from baseline to day 32

was observed in the cotadutide group versus placebo [–19.55 mg/dl

(1.09 mmol/L) vs. +0.60 mg/dl (0.03 mmol/L), p = .089]. There was a

significant decline in LS mean 7-day continuous glucose monitoring

average blood glucose concentrations from baseline to the last week

of treatment (day 32) in the cotadutide group versus placebo [–

41.37 mg/dl (90% CI: –58.06, –24.67) or 2.3 mmol/L vs. +6.52 mg/dl

(90% CI: –12.00, 25.02) or +0.4 mmol/L, p = .003; Figure 2B].

Participants receiving cotadutide had a significantly greater LS mean

increase from baseline to day 32 in the percentage of time spent within tar-

get range (70-180 mg/dl or 3.9-10 mmol/L) over a 7-day period versus pla-

cebo (+14.79% vs. –21.23%, p = .001; Figure 2C). Cotadutide was

associated with a progressively increasing mean percentage of time spent

within the target range over a 7-day period (baseline: 59.02% vs. 57.58%

for placebo; 100 μg: 75.82% vs. 48.57%; 200 μg: 78.69% vs. 54.99%;

300 μg: 78.18% vs. 40.66%). Over the entire dosing period, participants

receiving cotadutide spent significantly less time in hyperglycaemia (glucose

>180 mg/dl or 10 mmol/L) versus placebo (10.50% vs. 37.39%, p = .001;

Figure 2C).

A significant reduction in LS mean HbA1c from baseline to day

32 was observed in the cotadutide group versus placebo (–0.65% vs.

+0.01%, p < .001).

For participants on insulin ≥20 units per day, median reductions in total

daily insulin dose in the cotadutide group were significantly larger than they

were for the placebo group [–37.0% (–100, 33%) vs. 0.0% (–35, 40%),

p = .012; Figure 2D]. The median absolute change in dose from baseline to

day 32 was –16.0 units per day (range: –194, 20 units per day) in the

cotadutide group and 0.0 units per day (range: –46, 24 units per day) in the

placebo group, but the difference was not significant (p= .073).

3.2.2 | Bodyweight endpoints

Cotadutide was associated with a significant LS mean reduction in

absolute and percentage bodyweight from baseline to day 33 versus

4 PARKER ET AL.



placebo [cotadutide, –3.41 kg (90% CI: –4.2, –2.62), –3.69% (90% CI:

–4.55, –2.83); placebo, –0.13 kg (90% CI: –0.9, 0.64), –0.21% (90%

CI: –1.05, 0.62) p < .001] (Figure 2E).

3.2.3 | Renal and cardiovascular endpoints

Mean UACR was lower in the cotadutide group than in the placebo

group from day 19 to 32 and for 8 days into follow-up. There was a

reduction in LS mean UACR from baseline to day 33 in the cotadutide

group versus placebo (–7.65% vs. 5.43%) but the difference was not

significant (Table S2). In a subgroup of patients with baseline micro-

or macroalbuminuria (n = 18), UACR was non-significantly reduced by

51% (90% CI: 27.7%, 88.4%) at day 32 with cotadutide versus placebo

(p = .0504; Figure 2F). No significant correlation was found between

change in HbA1c and percentage change in UACR in this subgroup

(p = .604, R = 0.04), supporting that this effect was independent of

glucose control.

No statistically significant difference was observed in the LS

mean change in eGFR between treatment arms [cotadutide, 1.17 ml/

min/1.73 m2 (90% CI: –1.29, 3.62); placebo, –1.10 ml/min/1.73 m2

(90% CI: –3.43, 1.23), p = .268]. Similarly, there were no clinically

meaningful differences between treatment arms in terms of changes

in body water volume or intracellular or extracellular fluid volume.

In post hoc analyses, cotadutide was associated with a larger reduc-

tion in N-terminal pro-brain natriuretic peptide (n = 17; –79.73 ng/L)

from baseline to day 32 than placebo (n = 19; –9.42 ng/L; p = .04;

Table S2). Increases in LS mean supine blood pressure from baseline to

day 32 were observed, but the changes were not clinically significant

and were greater in the placebo group (systolic, cotadutide vs. placebo,

1.44 mmHg vs. 8.69 mmHg, p = .144; diastolic, 0.57 vs. 3.40 mmHg,

p = .421). Increases from baseline to day 32 in LS mean heart rate were

14.13 and 3.14 beats per minute in the cotadutide and placebo groups,

respectively (p < .001).

3.2.4 | Post hoc analyses of renal biomarkers

Serum ammonia was reduced from baseline to day 32 in the

cotadutide group (n = 17; –29.53 mmol/L) versus placebo (n = 19;

TABLE 1 Patient demographics and baseline characteristics

Cotadutide (n = 21) Placebo (n = 20) Total (N = 41)

Age, years ± SD 71.1 ± 7.4 70.9 ± 4.7 71.0 ± 6.1

Sex, n (%)

Female 9 (42.9) 11 (55.0) 20 (48.8)

Male 12 (57.1) 9 (45.0) 21 (51.2)

Weight, kg; mean ± SD 94.7 ± 17.6 91.6 ± 15.8 93.2 ± 16.6

Height, cm; mean ± SD 170.5 ± 9.8 167.0 ± 10.0 168.8 ± 10.0

BMI, kg/m2; mean ± SD 32.4 ± 4.1 32.9 ± 5.5 32.7 ± 4.8

eGFR, ml/min/1.73 m2; mean ± SD 44.7 ± 8.7 47.6 ± 8.8 46.1 ± 8.8

HbA1c

%, mean ± SD 7.85 ± 0.7 7.88 ± 1.3 7.87 ± 1.0

mmol/mol, mean ± SD 62 ± 7.7 63 ± 14.2 64 ± 10.9

Fasting plasma glucose

mg/dl, mean ± SD 166.6 ± 26.9 177.9 ± 50.7 172.1 ± 40.2

mmol/L, mean ± SD 9.3 ± 1.5 9.9 ± 2.8 9.6 ± 2.2

Duration of type 2 diabetes, years; mean ± SD 16.3 ± 8.5 15.9 ± 7.2 16.1 ± 7.8

Insulin dose, n (%)

≥20 units per day 14 (66.7) 14 (70.0) 28 (68.3)

<20 units per day 7 (33.3) 6 (30.0) 13 (31.7)

Other concomitant medications, n (%)

Metformin 11 (52.4) 9 (45.0) 20 (48.8)

Sulphonylureas/glitinides 6 (28.6) 5 (25.0) 11 (26.8)

SGLT2i 4 (19.0) 2 (10.0) 6 (14.6)

DPP4i 2 (9.5) 3 (15.0) 5 (12.2)

ACEi/A2RB 16 (76.2) 16 (80.0) 32 (78.0)

Abbreviations: A2RB, angiotensin II receptor blocker; ACEi, angiotensin-converting enzyme inhibitor; BMI, body mass index; DPP4i, dipeptidyl-peptidase 4

inhibitor; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; SD, standard deviation; SGLT2i, sodium-glucose cotransporter 2

inhibitor.
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+1.88 mmol/L; p = .155; Table S2). There were also small reductions

in urinary fractional lithium excretion (FELi; day 1, mean ± SD 13.82%

± 12.46%; day 32, 11.82% ± 5.48%) and lithium clearance (day 1,

mean ± SD 6.40 ± 5.01 ml/min; day 32, 5.85 ± 2.51 ml/min) in the

cotadutide group that were not observed in the placebo group

(Table S3).

There were no significant changes in other plasma or urinary

inflammatory (pH, interleukin-18, monocyte chemoattractant pro-

tein, tumour necrosis factor receptor 1/2) or kidney injury (blood

urea nitrogen, uric acid, renin, aldosterone, kidney-injury marker-1)

biomarkers in either treatment arm from day 1 to day 32

(Table S2).

3.3 | Safety and tolerability

The majority of participants experienced at least one treatment-emer-

gent AE (TEAE), with the incidence higher in the cotadutide group

F IGURE 2 Primary and secondary endpoints. (A) Percentage change in MMTT plasma glucose AUC4h from baseline to day 32. (B) 15-minute
mean CGM over time. (C) Proportion of time spent in target interstitial glucose range across 32 days of dosing. (D) Change from baseline to end
of dosing in daily insulin dose in participants receiving insulin ≥20 units per day, according to baseline HbA1c (n = 14 in each treatment arm).
(E) Percentage change in bodyweight from baseline to day 32 and over 38 days follow-up. (F) Mean percentage change in UACR over time in
subgroup of patients with baseline micro- or macroalbuminuria (n = 18). Abbreviations: AUC, area under the curve; CGM, continuous glucose
monitoring; HbA1c, glycated haemoglobin; MMTT, mixed-meal tolerance test; SE, standard error; UACR, urinary albumin-to-creatinine ratio
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(95.2%) than in the placebo group (65.0%) (Table 2). Similarly, TEAEs

related to the investigational product were more prevalent in the

cotadutide group (71.4%) than in the placebo group (35.0%).

Two SAEs were recorded in each treatment arm. One participant

treated with insulin in the cotadutide group experienced an SAE of

diabetic ketoacidosis in association with a serious infection (cholecys-

titis) and presumed cessation of insulin therapy that resulted in death.

The event was deemed related to cotadutide by the investigator

because an association could not be ruled out. No clear indication of a

relationship to cotadutide was identified by the sponsor. An additional

participant in the cotadutide group experienced an SAE of hyperten-

sive crisis secondary to inadequate postoperative analgesia 8 days

after their last dose. This was considered not related to cotadutide by

the investigator. Two participants in the placebo group experienced

SAEs of carotid artery stenosis and syncope; both were assessed as

not related to the investigational product.

Most TEAEs were mild or moderate (grade 1 or 2) in severity,

with an approximately equal number of participants experiencing a

grade ≥3 AE across the two treatment arms. Three participants (one

in the placebo group and two in the cotadutide group) experienced a

TEAE that led to study discontinuation.

The most common TEAEs in the cotadutide group were gastroin-

testinal disorders, infections and infestations, and metabolism and

nutrition disorders. TEAEs reported in more than 15% of participants

in the cotadutide group were nausea (42.9%), vomiting (28.6%), diar-

rhoea (23.8%) and dyspepsia (23.8%); nausea was the only TEAE

reported in more than 15% of participants in the placebo

group (20.0%).

There were no recorded AEs of severe hypoglycaemia. Continuous

glucose monitoring showed an initial small statistically significant increase

in time spent in level 2 (clinically significant) hypoglycaemia (glucose range

<54 mg/dl or <3.0 mmol/L). This abated through insulin dose reduction

as dosing progressed. Over the entire dosing period, those receiving

cotadutide spent numerically more time in hypoglycaemia (glucose range

<70 mg/dl or <3.9 mmol/L) than those receiving placebo (6.07% vs.

2.73%, p = .061; Figure 2C) and significantly more time in clinically signif-

icant hypoglycaemia (2.01% vs. 0.66%, p = .010).

3.3.1 | Clinical chemistry endpoints

There were no clinically meaningful trends or shifts from baseline in

serum chemistry in the cotadutide or placebo treatment arms, includ-

ing no change in eGFR from baseline to day 32 in the cotadutide

group. There were also no clinically meaningful changes in urinalysis

results (Table S4).

3.4 | Pharmacokinetics and immunogenicity

Repeat daily administration of cotadutide 50-300 μg showed linear

increased exposure at Ctrough. Two participants, both in the cotadutide

TABLE 2 Summary of safety events

Cotadutide (n = 21) Placebo (n = 20) Overall (N = 41)

Treatment-emergent adverse event, n (%)

Any 20 (95.2) 13 (65.0) 33 (80.5)

Any related to cotadutide 15 (71.4) 7 (35.0) 22 (53.7)

Serious (no. patients) 2 (9.5) 2 (10.0) 4 (9.8)

Serious related to cotadutide 1 (4.8) 0 1 (2.4)

Grade ≥3 severity

Leading to death (no. patients) 1 (4.8) 0 1 (2.4)

Leading to study discontinuation (no. patients) 2 (9.5) 1 (5.0) 3 (7.3)

Occurring in ≥15% patients

Diarrhoea 5 (23.8) 0 5 (12.2)

Dyspepsia 5 (23.8) 1 (5.0) 6 (14.6)

Nausea 9 (42.9) 4 (20.0) 13 (31.7)

Vomiting 6 (28.6) 1 (5.0) 7 (17.1)

Occurring in <15% patients

Flatulence 2 (9.5) 0 2 (4.9)

Nasopharyngitis 3 (14.3) 2 (10.0) 5 (12.2)

Decreased appetite 3 (14.3) 0 3 (7.3)

Hypoglycaemiaa 3 (14.3) 1 (5.0) 4 (9.8)

Dizziness 2 (9.5) 1 (5.0) 3 (7.3)

Headache 2 (9.5) 2 (10.0) 4 (9.8)

aClinically significant hypoglycaemia defined as a capillary or venous plasma glucose of <54 mg/dl (3.0 mmol/L).
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group, were ADA-positive post-baseline. No participants had a treat-

ment-boosted ADA response.

4 | DISCUSSION

In adults with type 2 diabetes and CKD, cotadutide showed significant

improvements in postprandial glucose control. This was also accompa-

nied by significant reductions in bodyweight and HbA1c. The results

are consistent with the efficacy of other GLP-1 RAs.26,27 In patients

receiving insulin, reductions in plasma glucose with cotadutide were

achieved alongside significant reductions in daily total insulin dose. In

these patients, cotadutide led to a small increase in time spent in

hypoglycaemia at initiation; however, this was abated through insulin

dose reduction. Cotadutide had an acceptable tolerability profile com-

parable with previously observed tolerability in patients with type 2

diabetes but without CKD,21,28 and to other GLP-1 RAs.29,30

Patients receiving cotadutide had a 51% reduction in UACR not

observed in those receiving placebo, which may suggest cotadutide

being beneficial in terms of long-term renal outcomes in patients with

CKD and more pronounced albuminuria. This supports findings from

cardiovascular outcome trials of other GLP-1 RAs in subsets of

patients with type 2 diabetes and CKD, in which the placebo-

corrected UACR reduction observed in patients with type 2 diabetes

with and without albuminuria ranged 18-26% across 1-4 years of

treatment.31,32 While direct benchmarking is challenging, the magni-

tude of UACR reduction with cotadutide observed here suggests that

combining GLP-1 receptor and glucagon receptor agonism has the

potential to drive additional benefit in this disease setting compared

with GLP-1 receptor agonism alone. In this small, short-term substudy,

reductions in UACR did not correlate significantly with HbA1c.

Changes in glucose control have been shown to influence UACR in

some, but not all, studies of GLP-1 RAs.33,34

GLP-1 receptors are expressed in the renal vasculature35 and

there is debate as to whether expression is also observed in proximal

tubular cells.36 Glucagon receptors are widely distributed in the kid-

ney, which is second only to the liver in density of glucagon receptor

expression.25 Glucagon receptor expression is significantly

upregulated in the kidney and in infiltrating leucocyte B cells in

patients with type 2 diabetes and proteinuria, compared with those

without proteinuria.37 Furthermore, elevated glucagon levels have

been observed in patients with diabetes and in those with CKD.25 In

addition to its anti-hyperglycaemic effects, GLP-1 has been shown in

clinical38 and non-clinical35,39 studies to promote vasodilation of the

renal afferent arteriole via nitric oxide and prostaglandin E, respec-

tively, thereby increasing GFR and natriuresis. Glucagon has also been

shown to play a role in vasodilation. In a study of the effect of gluca-

gon and GLP-1 on vasodilation in isolated rat thoracic aorta, vasodila-

tion by glucagon was mediated by both the glucagon and GLP-1

receptors, and GLP-1 vasodilation was partly mediated by the gluca-

gon receptor.40 Another study in isolated rat heart found that gluca-

gon affected ischaemic vasodilation via nitric oxide and histamine.41

In the kidney, glucagon plays a key role in sodium, potassium,

magnesium and calcium homeostasis, and is associated with renal

vasodilation and increases in GFR.25,40,42,43 Despite the known effects

of GLP-1 and glucagon on natriuresis, there was no evidence for

depletion of intra- or extracellular fluid volume in patients treated

with cotadutide. Analysis of renal biomarkers in this study did not

reveal any changes in inflammatory or kidney injury markers over

32 days of dosing; this could potentially indicate that the impact on

UACR reduction in the short term is primarily mediated by vascular

changes, although these results will need to be confirmed in larger,

longer-term clinical studies.

Lithium clearance as a surrogate for proximal tubular sodium

excretion did not show evidence of increased natriuresis, suggesting

bodyweight and blood pressure changes were not the result of water

loss. Similarly, measures of renin and aldosterone did not provide con-

clusive insights into changes in the renin-angiotensin system in

patients receiving cotadutide. However, most patients were on a

renin-angiotensin-aldosterone system inhibitor among other antihy-

pertensives, and sodium content in the diet was not controlled, pre-

cluding the ability to draw meaningful conclusions on measures of

sodium handling by the kidney following treatment with cotadutide.

Limitations of this study include its short duration, as well as the

small number of participants receiving active treatment and of those

with albuminuria included in the substudy. Evaluation of the longer-

term benefits and risks of cotadutide in the renal population awaits

larger and longer studies. Another limitation is that a greater propor-

tion of participants in the placebo group had eGFR in the 45-59 ml/

min/1.73 m2 range than in the cotadutide group, which had an

approximately equal distribution of patients in the eGFR subgroups. In

addition, a slightly higher proportion of patients in the cotadutide

group (n = 4, 19%) than in the placebo group (n = 2, 10%) were on

sodium-glucose cotransporter-2 inhibitors. Finally, because cotadutide

is a dual agonist of GLP-1 and glucagon receptors, and in the absence

of a monoagonist comparator arm such as liraglutide or semaglutide, it

was not possible in this study to separate out their potential synergis-

tic effects, and longer-term randomized controlled trials are needed to

examine the independent effect of glucagon.

In conclusion, cotadutide led to improvements in glycaemic con-

trol and weight loss in patients with type 2 diabetes and CKD, and fur-

ther showed the potential to reduce albuminuria. Based on the

growing evidence of the shared pathogenetic mechanisms underlying

type 2 diabetes, NAFLD/non-alcoholic steatohepatitis and CKD, and

the enhanced insulin sensitivity, improved glycaemic control, reduc-

tion in bodyweight and improved lipid and hepatic biomarkers in

obese patients with type 2 diabetes,21,23,28 cotadutide may be a

potentially beneficial therapy in patients with CKD and type 2 diabe-

tes. Further evaluation in larger, longer-term clinical studies is

warranted.
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