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Aims: The MARLINA-T2D study (ClinicalTrials.gov, NCT01792518) was designed to investigate

the glycaemic and renal effects of linagliptin added to standard-of-care in individuals with type

2 diabetes and albuminuria.

Methods: A total of 360 individuals with type 2 diabetes, HbA1c 6.5% to 10.0% (48–86 mmol/

mol), estimated glomerular filtration rate (eGFR) ≥30 mL/min/1.73 m2 and urinary albumin-to-

creatinine ratio (UACR) 30–3000 mg/g despite single agent renin-angiotensin-system blockade

were randomized to double-blind linagliptin (n = 182) or placebo (n = 178) for 24 weeks. The

primary and key secondary endpoints were change from baseline in HbA1c at week 24 and

time-weighted average of percentage change from baseline in UACR over 24 weeks,

respectively.

Results: Baseline mean HbA1c and geometric mean (gMean) UACR were 7.8% � 0.9%

(62.2 � 9.6 mmol/mol) and 126 mg/g, respectively; 73.7% and 20.3% of participants had

microalbuminuria or macroalbuminuria, respectively. After 24 weeks, the placebo-adjusted

mean change in HbA1c from baseline was −0.60% (−6.6 mmol/mol) (95% confidence interval

[CI], −0.78 to −0.43 [−8.5 to −4.7 mmol/mol]; P < .0001). The placebo-adjusted gMean for

time-weighted average of percentage change in UACR from baseline was −6.0% (95% CI,

−15.0 to 3.0; P = .1954). The adverse-event profile, including renal safety and change in eGFR,

was similar between the linagliptin and placebo groups.

Conclusions: In individuals at early stages of diabetic kidney disease, linagliptin significantly

improved glycaemic control but did not significantly lower albuminuria. There was no signifi-

cant change in placebo-adjusted eGFR. Detection of clinically relevant renal effects of linaglip-

tin may require longer treatment, as its main experimental effects in animal studies have been

to reduce interstitial fibrosis rather than alter glomerular haemodynamics.
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1 | INTRODUCTION

Approximately 35% to 40% of individuals with type 2 diabetes also

have chronic kidney disease (CKD),1,2 defined as albuminuria and/or

reduced glomerular filtration rate (GFR). These individuals account for

most of the excess risk of premature death seen in the overall type

2 diabetes population.3 Moreover, each renal marker independently

predicts the risk of CKD progression, as well as adverse cardiovascu-

lar outcomes.4–10 The current standard of care for individuals with

type 2 diabetes and CKD includes individualized glycaemic control

and single agent renin-angiotensin-aldosterone system (RAAS) block-

ade with either angiotensin-converting enzyme (ACE) inhibitors or

angiotensin II receptor blockers (ARBs).11,12 However, individuals

with residual albuminuria despite treatment with RAAS blockers still

remain at substantial risk for cardio-renal morbidity and mortality.13

This high residual risk is driving the search for novel therapies to treat

diabetic kidney disease.

Dipeptidyl peptidase-4 (DPP-4) inhibitors are now embedded in

the therapeutic armamentarium as suitable options for managing

hyperglycaemia in individuals with type 2 diabetes across the full

range of CKD stages.14 DPP-4 is expressed in many tissues and

organs, with the highest levels found in the kidney.15 Several pre-

clinical studies have suggested that targeting kidney DPP-4 with the

high-affinity inhibitor linagliptin may have direct (ie, non-glycaemic)

renoprotective effects.16–19 The hypothesis of a direct renal effect

of linagliptin was further supported by a pooled analysis of 4 pivotal

phase 3 clinical trials. Herein, treatment with linagliptin for

24 weeks was associated with a statistically significant and clinically

relevant 28% reduction in albuminuria compared with placebo in

type 2 diabetes patients with renal dysfunction who were already

receiving ACE inhibitors or ARBs; this effect appeared to be inde-

pendent of the concomitant improvements in glycaemic control.20

Furthermore, a pooled analysis of 13 randomized clinical trials found

that linagliptin treatment of up to 12 to 76 weeks was associated

with a statistically significant and clinically relevant 16% reduction

in the risk of progression of CKD.21 Based on these observations,

2 independent hypotheses were advanced: first, linagliptin may

acutely reduce glomerular damage, thus reducing prevalent albumi-

nuria; second, linagliptin may slow the progression of CKD over the

long term.

Two prospective, randomized, controlled studies have been

initiated to evaluate these hypotheses: the Efficacy, Safety and Modi-

fication of Albuminuria in Type 2 Diabetes Subjects with Renal Dis-

ease with LINAgliptin (MARLINA-T2D) study to investigate potential

short-term albuminuria-lowering effects of linagliptin; and the CArdi-

ovascular and Renal Microvascular OutcomE Study With LINAgliptin

in Patients With Type 2 Diabetes Mellitus (CARMELINA) study to

evaluate putative long-term effects of linagliptin on slowing progres-

sion of CKD. MARLINA-T2D was designed to investigate the glycae-

mic and renal effects of linagliptin in individuals with type 2 diabetes

and residual albuminuria despite single RAAS blockade. Here, the

main findings from this study are reported.

2 | METHODS

2.1 | Study design and participants

The design and methodology of MARLINA-T2D has been previously

reported in detail.22 MARLINA-T2D was a 24-week, randomized,

double-blind, placebo-controlled, phase 3b clinical trial conducted at

approximately 80 clinical centres in 12 countries: Canada, Denmark,

Finland, France, Germany, Japan, the Philippines, South Korea, Spain,

Taiwan, the USA and Vietnam (ClinicalTrials.gov, number

NCT01792518). The study protocol was approved by independent

ethics committees (IECs)/institutional review boards (IRBs) at each

participating centre, and the study was conducted according to the

principles of the Declaration of Helsinki and the ICH Harmonised Tri-

partite Guidelines for Good Clinical Practice.

Eligible individuals were aged 18–80 years with type 2 diabetes,

glycated haemoglobin (HbA1c) 6.5% to 10.0% (48-86 mmol/mol),

body-mass index (BMI) ≤40 kg/m2 and estimated glomerular filtration

rate (eGFR) ≥30 mL/min/1.73 m2, based on the Modification of Diet

in Renal Disease (MDRD) study equation. To participate in the study,
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individuals were also required to be either treatment-naive or receiv-

ing ≤2 oral glucose-lowering drugs (metformin, sulphonylureas, megli-

tinides or alpha-glucosidase inhibitors) and/or basal insulin.

To meet the criteria for renal dysfunction, individuals had to have

a urinary albumin-to-creatinine ratio (UACR) between 30 and

3000 mg/g, or albuminuria >30 mg/L of urine or >30 μg/min clearly

documented in the previous 12 months or detected at screening;

albuminuria had then to be confirmed with a geometric mean

(gMean) UACR value between 30 and 3000 mg/g from 3 consecutive

first-void morning urine samples collected 14 to 16 days before ran-

domization. In addition, each individual was required to be receiving a

stable dose of an ACE inhibitor or an ARB but not both (dual or triple

blockade of the RAAS was not permitted); additional antihypertensive

agents other than RAAS inhibitors were permitted. All antihyperten-

sive agents had to have been administered at the same dose for at

least the 10 preceding weeks.

The main exclusion criteria were fasting blood glucose >240 mg/

dL (>13.3 mmol/L), history of non-diabetic kidney disease, renal trans-

plant, presence of urinary tract infection, mean arterial blood pres-

sure >110 mm Hg and/or a cardiovascular event within the previous

3 months; full exclusion criteria have been reported previously.22 All

individuals provided written informed consent prior to participation.

2.2 | Procedures and endpoints

Following a 2-week placebo run-in period, eligible individuals were

randomized 1:1 to receive double-blind, once-daily oral treatment

with linagliptin 5 mg or placebo for 24 weeks. Randomization was

stratified by HbA1c value at screening (<8.5% vs ≥8.5% [<69 mmol/

mol vs ≥69 mmol/mol]) and gMean of the UACR values measured on

the 3 consecutive days leading into the start of placebo run-in

(<300 mg/g vs ≥300 mg/g) and used a block size of 4. The computer-

generated randomization sequence was generated by the study spon-

sor, and was concealed using a central interactive voice and web

response system. Throughout the study, UACR was measured at each

visit from 3 morning samples that had been collected on the day of

the visit and the 2 preceding days.

The primary efficacy endpoint was change in HbA1c from baseline

to week 24, where baseline was defined as the last observation prior

to administration of the randomized study drug. The key secondary

efficacy endpoint was the time-weighted average of percentage

change from baseline in UACR over the 24 weeks of treatment, where

baseline was the gMean of the UACR generated from up to 6 individual

measurements at the start and end of the placebo run-in period. For

each of the time points where UACR was assessed during the treat-

ment period, the percentage change from baseline was calculated. The

area under the curve (AUC) was then computed for each participant

using a trapeze formula by summing the ratios (gMean of UACR mea-

sures from each visit/gMean of UACR measures from previous visit)

over all days (from first dose of study drug until the scheduled visit

date) and dividing by the number of days on treatment at the visit

date. AUC per participant was then normalized to 1 day.

Following amendment of the study protocol, the secondary

safety endpoint was designated as change from baseline in eGFR

after 24 weeks of treatment, as assessed by the Chronic Kidney

Disease Epidemiology Collaboration (CKD-EPI) cystatin C equation.

This amendment was approved by all IECs/IRBs and was made prior

to study completion and unblinding. Additional safety endpoints

included the incidence and intensity of reported adverse events,

which were categorized using the Medical Dictionary for Regulatory

Activities (MedDRA), version 18.1. Investigator-reported hypoglycae-

mia was defined as an episode of documented blood glucose

≤70 mg/dL (≤3.9 mmol/L) or an episode requiring another person to

administer carbohydrate, glucagon or other resuscitative assistance

irrespective of a glucose measurement (severe hypoglycaemia). Sus-

pected cardiovascular events were adjudicated by a blinded, external

clinical event committee (CEC) comprised of academic cardiologists

and neurologists. Similarly, suspected pancreatitis was adjudicated by

an external expert CEC. Clinical laboratory measurements were per-

formed by a central laboratory (Quintiles Laboratories).

2.3 | Statistical analyses

The required sample size (350 participants, 175 per treatment arm)

was calculated as previously described,22 and was intended to provide

99% power to detect a significant difference (α = 0.05, two-sided),

assuming a 0.6% (6.6 mmol/mol) difference, in change in HbA1c from

baseline after 24 weeks between treatment groups and 87% power to

detect a treatment ratio of 0.79 in the ratio of UACR change from

baseline.22 The primary and key secondary endpoints were tested in a

hierarchical manner. The primary glycaemic endpoint was analysed

with a mixed-effects model for repeated measures (MMRM) using

observed cases, excluding values after glycaemic rescue medication

(OC) in the full analysis set (FAS) (all randomized participants who

received at least 1 dose of study drug, underwent baseline HbA1c and

UACR measurements and at least 1 on-treatment HbA1c or UACR

measurement). The MMRM included baseline HbA1c, baseline log10

(UACR), baseline HbA1c by visit and baseline log10 (UACR) by visit as

linear covariates and treatment, visit and visit by treatment interaction

as fixed classification effects. Similar MMRM models were fitted for

subgroup analyses (Table S1). The percentage of participants with

baseline HbA1c ≥7.0% who achieved HbA1c <7.0% at week 24 was

analysed post hoc using a logistic regression model in which treatment

was a factor and continuous baseline HbA1c and continuous baseline

log10 (UACR) were covariates.

The key secondary endpoint was evaluated using an analysis of

covariance (ANCOVA) of data from the FAS, with baseline HbA1c

and baseline log10 (UACR) as linear covariates and treatment as a

fixed classification effect; the last-observation-carried-forward

(LOCF) approach was used to replace missing data (including values

obtained after glycaemic rescue therapy was started). Because of

their non-normal distribution, UACR data were log10-transformed

prior to ANCOVA analyses. Similar ANCOVA models were performed

for subgroup analyses, including a post hoc analysis by background

therapy at baseline (ACE inhibitors or ARBs) (Table S2).

The odds of achieving a clinically relevant UACR response with

linagliptin compared with placebo at week 24 were analysed post hoc

using a logistic regression model. In this analysis, the linagliptin and pla-

cebo groups were compared for the proportion of participants with a

UACR response at week 24, defined as a reduction in UACR of >20%
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at week 24 relative to baseline, vs those with no UACR response,

defined as no change or an increase in UACR at week 24 compared to

baseline. This analysis was performed on the FAS and included eligible

participants with a UACR value at week 24, irrespective of introduction

of glycaemic rescue therapy (OC-ROC). The logistic regression model

contained treatment as a factor and continuous baseline HbA1c and

continuous baseline log10 (UACR) as covariates.

Safety analyses were generally performed using descriptive sum-

maries of adverse events in the treated set (all randomized partici-

pants who received at least 1 dose of study drug). Change from

baseline in eGFR (CKD-EPI, cystatin C) in the treated set was ana-

lysed using the MMRM for the primary endpoint, with baseline eGFR

and baseline eGFR by visit as additional terms.

3 | RESULTS

A total of 360 participants were randomized to linagliptin (n = 182) or

placebo (n = 178) and comprised the treated set. The FAS consisted of

180 participants in the linagliptin-treated group and 174 in the

placebo-treated group. Participant disposition is shown in Figure S1.

Baseline demographic and clinical characteristics were generally

similar between treatment groups (Table 1). Overall, participants had

a mean � standard deviation (SD) age of 60.6 � 9.6 years, BMI of

28.4 � 4.9 kg/m2 and HbA1c of 7.8% � 0.9% (62.2 � 9.6 mmol/

mol); 63.6% were male, and most were Asian (66.4%) or White

(30.3%). Most participants (73.7%) had microalbuminuria (UACR 30-

300 mg/g) and preserved kidney function (eGFR ≥60 mL/min/

1.73 m2) (80.0%). All participants were receiving background therapy

with either an ACE inhibitor (33.3%) or an ARB (66.7%).

3.1 | Efficacy

The adjusted mean � standard error (SE) difference between linaglip-

tin and placebo in change from baseline in HbA1c after 24 weeks

was −0.60% (95% confidence interval [CI], −0.78 to −0.43

[−6.6 mmol/mol, 95% CI, −8.5 to −4.7]; P < .0001) (Figure 1A). The

reduction in HbA1c from baseline was consistently larger in the lina-

gliptin group than in the placebo group over time (Figure 1B) and

across subgroups (Figure 1C, Figure S2). For participants with

HbA1c ≥7.0% at baseline, HbA1c <7.0% at week 24 was achieved by

significantly more individuals in the linagliptin group than in the pla-

cebo group: 36.2% and 9.3%, respectively (odds ratio, 6.16 [95% CI,

3.13 to 12.15]; P < .0001).

The time-weighted average of percentage change from baseline in

UACR over 24 weeks was −11.0% (95% CI, −16.8 to −4.7) with linaglip-

tin and −5.1% (95% CI, −11.4 to 1.6) with placebo, a treatment differ-

ence of −6.0% (95% CI, −15.0 to 3.0; P = .1954) (Figure 2A). UACR was

reduced from baseline over time to a numerically greater extent in the

linagliptin group than in the placebo group (Figure 2B). The time-

weighted average of percentage change from baseline in UACR at week

24 for linagliptin compared with placebo was broadly similar across par-

ticipant subgroups (Figure 2C, Figure S3). Post hoc analysis revealed no

significant difference in change from baseline in UACR between partici-

pants receiving either an ACE inhibitor or ARB as background therapy:

placebo-corrected adjusted gMean ratios of −14% (95% CI, −28 to 1)

and −2% (95% CI, −13 to 10), respectively (P = .1935 for interaction). An

additional post hoc analysis comparing clinically relevant UACR

responses between the linagliptin and placebo groups suggested that

participants treated with linagliptin were approximately 70% more likely

to achieve a meaningful response (>20% decrease in UACR at week

24 relative to baseline) than to show no response (odds ratio, 1.67 [95%

CI, 1.04 to 2.68]; P = .0351) (Figure 3).

3.2 | Tolerability

A summary of adverse events is shown in Table S3. Adverse events

were reported by 107 participants in both the linagliptin and placebo

groups (58.8% and 60.1%, respectively), but few were deemed by

investigators to be related to the study drug (13 [7.1%] and 11 [6.2%]

participants, respectively). Adverse events leading to discontinuation

of the study drug occurred in 3 linagliptin-treated participants (1.6%)

and in 2 placebo-treated participants (1.1%). Serious adverse events

occurred in 17 participants treated with linagliptin and in 8 receiving

placebo (9.3% and 4.5%, respectively); these included 2 deaths in the

linagliptin group (1.1%) and 1 death in the placebo group (0.6%). Seri-

ous adverse events reported in linagliptin-treated participants were

related to different acute and chronic medical conditions rather than

any single condition.

Investigator-reported hypoglycaemia occurred in 24 linagliptin-

treated participants (13.2%) and in 10 participants receiving placebo

(5.6%), mostly in those receiving concomitant treatment with a sul-

phonylurea or insulin (Table S3); however, no severe hypoglycaemic

episodes occurred. Apart from hypoglycaemia, the most common

individual adverse events associated with linagliptin treatment were

nasopharyngitis (7.1% and 5.6% of the linagliptin and placebo groups,

respectively), hyperglycaemia (4.9% and 4.5%, respectively) and

hyperuricaemia (4.4% and 1.7%, respectively) (Table S3).

CEC-confirmed cardiovascular events occurred in 3 linagliptin-

treated participants (1.6%) and in no participants receiving placebo.

CEC-confirmed pancreatitis occurred in 1 linagliptin-treated partici-

pant (0.5%) and in 2 participants receiving placebo (1.1%). No cases

of pancreatic cancer occurred in either treatment group. No partici-

pant was hospitalized for heart failure.

No new cases of end-stage kidney disease occurred during the

study. Adjusted mean � SE difference in change from baseline in eGFR

(CKD-EPI, cystatin C) at week 24 between the linagliptin and placebo

groups was −2.63 � 2.70 mL/min/1.73 m2 (P = .3306). There was also

no significant difference in mean change in eGFR between the linaglip-

tin and placebo groups at weeks 6, 12 and 18 (Figure S4).

Ambulatory blood pressure monitoring at baseline and week

24 indicated that blood pressure remained stable during treatment,

with no significant difference in mean change between the linagliptin

and placebo groups.23

4 | DISCUSSION

In the MARLINA-T2D study reported here, linagliptin significantly

improved glycaemic control in type 2 diabetes patients with prevalent
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TABLE 1 Baseline demographic and clinical characteristics in the treated set

Linagliptin Placebo
(n = 182) (n = 178)

Age, years 61.0 � 10.0 60.1 � 9.3

Male, n (%) 116 (63.7) 113 (63.5)

Race, n (%)

Asian 117 (64.3) 122 (68.5)

White 56 (30.8) 53 (29.8)

Black/African-American 8 (4.4) 3 (1.7)

Hawaiian/Pacific Islander 1 (0.5) 0 (0.0)

BMI, kg/m2 28.3 � 4.8 28.6 � 4.9

Weight, kg 78.1 � 18.6 77.9 � 19.3

HbA1ca, % (mmol/mol) 7.82 � 0.87 (62.0 � 9.5) 7.86 � 0.89 (62.5 � 9.7)

Time since diagnosis of diabetesa, n (%)

≤1 year 11 (6.1) 7 (4.0)

>1 to 5 years 25 (13.9) 40 (23.0)

>5 to 10 years 47 (26.1) 56 (32.2)

>10 years 97 (53.9) 71 (40.8)

Systolic blood pressurea, mm Hg 135.2 � 13.9 134.4 � 13.8

Diastolic blood pressurea, mm Hg 77.3 � 9.1 78.5 � 8.3

eGFR (MDRD), mL/min/1.73 m2 75.4 � 23.9 72.4 � 24.4

eGFR (CKD–EPI, cystatin C), mL/min/1.73 m2 102.8 � 49.7 94.4 � 43.3

eGFR (CKD–EPI, cystatin C), mL/min/1.73 m2, n (%)

≥90 98 (53.8) 88 (49.4)

60 to <90 54 (29.7) 48 (27.0)

30 to <60 25 (13.7) 39 (21.9)

<30 5 (2.7) 3 (1.7)

UACRa, mg/g, gMean � gCV 120.8 � 152.9 131.9 � 166.6

UACRa, mg/g, n (%)

<30 11 (6.1)b 10 (5.7)b

30 to <300 134 (74.4) 127 (73.0)

≥300 35 (19.4) 37 (21.3)

Oral antidiabetes monotherapya, n (%) 64 (35.6) 65 (37.4)

Metformin 59 (32.8) 62 (35.6)

Oral antidiabetes combination therapy without
insulina, n (%)

42 (23.3) 47 (27.0)

Insulina, n (%) 64 (35.6) 48 (27.6)

Statins 109 (59.9) 107 (60.1)

Antihypertensive therapy, n (%) 182 (100.0) 178 (100.0)

ARBs 120 (65.9) 120 (67.4)

Calcium antagonists 79 (43.4) 88 (49.4)

ACE inhibitors 62 (34.1) 58 (32.6)

Diuretics 52 (28.6) 54 (30.3)

β-blockers 40 (22.0) 47 (26.4)

Other 11 (6.0) 15 (8.4)

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; BMI, body mass index; CKD-EPI, Chronic Kidney Disease Epi-
demiology Collaboration; eGFR, estimated glomerular filtration rate; FAS, full analysis set; gCV, geometric coefficient of variation; gMean, geometric
mean; HbA1c, glycated haemoglobin; MDRD, modification of diet in renal disease; SD, standard deviation; UACR, urinary albumin-to-creatinine ratio.

Data are presented as mean � SD unless otherwise stated.
a FAS (linagliptin, n = 180; placebo, n = 174).
b Baseline UACR values were defined as the gMean of samples taken on 3 consecutive days immediately before the placebo run-in and the day before
randomization; these patients were eligible based on having UACR >30 mg/g at screening and gMean UACR >30 mg/g for samples taken on 3 consecu-
tive days immediately before the placebo run-in.
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renal microvascular complications who were receiving current stand-

ard of care for diabetic kidney disease, including ACE inhibitors or

ARBs. The glycaemic effects and safety of linagliptin were consistent

with previous phase 3 studies of this DPP-4 inhibitor in individuals

with renal impairment.24,25 However, the albuminuria-lowering effect

of linagliptin over this short-term treatment period (24 weeks) was

not significant.

The discord between the magnitude of the albuminuria-lowering

effect of linagliptin in MARLINA-T2D (<10%) compared with that

seen in a pooled analysis of clinical data (28%)20 may have occurred

by chance or may reflect the limitations of the latter type of study.

Differences in the characteristics of the study populations and back-

ground treatment regimens between the previous pooled analysis

and MARLINA-T2D might explain, at least in part, the divergent
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findings. Two-thirds of individuals in the pooled analysis were receiv-

ing ACE inhibitors with approximately only one-third receiving ARBs,

whereas the opposite was the case in MARLINA-T2D. In addition,

White patients comprised approximately 70% of the study population

of the pooled analysis, with approximately only 25% being Asians,

whereas MARLINA-T2D recruited approximately 66% Asians and

30% Whites. Also, most participants in this trial had modestly ele-

vated UACR levels, where it is possible that the effects might be less,

while power in the higher albuminuria subgroup was low and further

impacted by high levels of variability. Importantly, UACR was

assessed robustly in MARLINA-T2D (3 samples collected over 3 con-

secutive days per visit), compared with the pooled analysis (spot urine

samples at each visit).

The hypothesis that linagliptin may have nonglycaemic renal

effects is based on several lines of evidence. DPP-4, also known as

T-cell activation antigen CD26, is a ubiquitous glycoprotein with ser-

ine exopeptidase activity that exists in both circulating soluble and

membrane-bound forms, with the highest levels for the latter found

in the kidney.15 Since the soluble form is believed to exert mainly

the anti-hyperglycaemic effects of DPP-4 inhibitors, recent research

has now focused also on the role of the highly expressed,

membrane-bound form of DPP-4 found in the kidney. In the healthy

human kidney, DPP-4 appears to be expressed mainly in the tubular

compartment, localized at the apical brush boarder of proximal tubu-

lar cells.26 Intriguingly, DPP-4 was observed to be expressed also in

glomeruli when individuals developed CKD, suggesting local adaptive
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mechanisms.27,28 In addition, preclinical studies have suggested that

linagliptin and other DPP-4 inhibitors may have beneficial pleotropic

effects on the kidney, as reviewed by Groop et al.22 Moreover, the

improvement in nephropathy and albuminuria observed with the

GLP-1 receptor agonists liraglutide in the LEADER study29 and

semaglutide in the SUSTAIN-6 trial30 suggests at least some involve-

ment of GLP-1 receptor signalling in mediating the renal effects of

DPP-4 inhibitors.

The MARLINA-T2D results suggest, however, that linagliptin may

have a more modest acute albuminuria-lowering effect in patients

receiving stable RAAS blockade; this was smaller than anticipated

based on the pooled analysis. Regardless, these findings do not sug-

gest that linagliptin could impact on kidney function in type 2 diabetes

patients through mechanisms associated with reducing albuminuria.

In general, it is likely that ubiquitous albuminuria-lowering effects

over the short term may be achieved only by haemodynamic inter-

ventions that actively lower glomerular pressure, such as RAAS block-

ers and, possibly, SGLT2 inhibitors such as empagliflozin,31

dapagliflozin32 or canagliflozin.33 The small mean reduction in albumi-

nuria (−5.1%) in the placebo group probably reflects regression to the

mean, given the absence of meaningful changes in blood pressure,

kidney function and long-term glycaemia in this group.

Nevertheless, post hoc analysis of data from MARLINA-T2D

suggests that linagliptin may lower albuminuria to a meaningful

extent (>20% in our judgement) in some patients; this cut-off was

based on a meta-analysis of clinical trials reporting renal outcomes

which found that an overall reduction in albuminuria of 19.2% was

associated with a statistically significant 17% reduction in the rela-

tive risk of end-stage renal disease (95% CI, 11.4 to 34.2).34 This

meta-analysis also suggested a significant linear correlation between

the magnitude of drug-induced albuminuria reduction and the mag-

nitude of drug effect on risk of end-stage renal disease.34 As albu-

minuria may be caused by several different pathophysiological

mechanisms, including endothelial dysfunction, podocyte damage

and mesangial proliferation,35 responding participants in MARLINA-

T2D may have had one of these underlying pathways activated and

targeted by linagliptin.

Recent experimental data point towards linagliptin having anti-

inflammatory,36,37 anti-oxidant38 and anti-fibrotic effects.16–19 Nota-

bly, several studies reported a potential non-enzymatic, direct effect

of linagliptin in the kidney. Linagliptin, by interfering with renal

protein–protein interactions of the abundant tubular DPP-4 protein,

down-regulated pro-fibrotic pathways and was associated with signif-

icant alleviation of tubulo-interstitial fibrosis.16–19 These changes

would not necessarily be expected to result in lower levels of albumi-

nuria, and the studies suggest that any renoprotective effect of lina-

gliptin might be more likely to prevent progression of CKD over the

long term than to have the short-term UACR-alleviating effects that

MARLINA-T2D was designed to investigate. This hypothesis is fur-

ther supported by studies comparing linagliptin and RAAS blockers in

diabetic and non-diabetic animal models of CKD. Results revealed an

apparent dissociation between reduction of urinary albumin excretion

and reduction of renal oxidative stress, inflammation and fibro-

sis.19,27,39 For example, reduction in kidney fibrosis, a morphological

biomarker that is closely correlated to clinical outcome, is much more

pronounced in linagliptin-treated CKD models as compared to the

effects of RAAS blockade. Other studies have likewise revealed non-

albuminuric renoprotective effects of linagliptin.16,40–42 Although this

hypothesis is intriguing, further research is clearly needed to fully elu-

cidate the renal biology and pathophysiology of DPP-4.

Taken together, these preclinical and clinical study results under-

line the need for analysis of biomarkers in MARLINA-T2D to provide

information about the effects of linagliptin on kidney fibrosis and oxi-

dative stress. Definition of renal markers for responding patients in

this study (eg, biomarkers of activated fibrosis and/or inflammation)

could potentially identify personalized treatment opportunities for

future research.

The MARLINA-T2D study has certain strengths and limitations. It

is the first randomized clinical study designed to robustly investigate

the effects of a DPP-4 inhibitor, or any incretin therapy, on markers

of diabetic kidney disease. As a well-controlled study, it has high

internal validity for inferring the effects of treatment. However, its

external validity (generalizability) is limited by the nature of the parti-

cipants studied (ie, those with early diabetic kidney disease) and it is
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not known whether the findings can be extrapolated to individuals

with more advanced diabetic kidney disease. Of note in this regard,

in the SAVOR-TIMI 53 cardiovascular safety study of saxagliptin,

albuminuria decreased more in participants with lower baseline eGFR:

−19, −105 and −245 mg/g in those with eGFR >50, 30 to 50 and

<30 mL/min, respectively.43 This suggests a possibility that the

MARLINA-T2D study population contained too few individuals with

advanced CKD to fully unmask the anti-albuminuric effect of linaglip-

tin. Finally, and importantly, MARLINA-T2D assessed a surrogate

endpoint rather than actual renal outcomes.

In conclusion, the MARLINA-T2D study found that linagliptin

improved glycaemic control in individuals with type 2 diabetes and

early stages of diabetic kidney disease but did not significantly ame-

liorate acute glomerular damage overall, as estimated using the surro-

gate endpoint of albuminuria; albeit, significantly more participants in

the linagliptin group than in the placebo group experienced a mean-

ingful improvement in albuminuria. The long-term effect of linagliptin

on hard renal outcomes remains to be determined in the ongoing

CARMELINA study.
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