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Abstract

Objective Linagliptin, a dipeptidyl peptidase-4 inhibitor, demonstrated cardiovascular and renal safety in type 2 diabetes
mellitus (T2DM) patients with established cardiovascular disease (CVD) with albuminuria and/or kidney disease in the
multinational CARMELINA® trial. We investigated the effects of linagliptin in Asian patients in CARMELINA®.
Methods T2DM patients with HbAlc 6.5-10.0% and established CVD with urinary albumin-to-creatinine ratio
(UACR) > 30 mg/g, and/or prevalent kidney disease (estimated glomerular filtration rate [eGFR] 15-< 45 ml/min/1.73 m?
or >45-75 with UACR > 200 mg/g), were randomized to linagliptin or placebo added to usual care. The primary endpoint
was time to first occurrence of cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke (3-point MACE).
Results Of the 6979 patients, 555 (8.0%) were Asians living in Asia. During a median follow-up of 2.2 years, 3-point MACE
occurred in 29/272 (10.7%) and 33/283 (11.7%) of linagliptin and placebo patients, respectively (hazard ratio [HR] 0.90;
95% confidence interval [CI] 0.55-1.48), consistent with the overall population (HR 1.02; 95% CI 0.89-1.17; P value for
treatment-by-region interaction: 0.3349). Similar neutrality in Asian patients was seen for other cardiorenal events including
the secondary kidney endpoint of death from renal failure, progression to end-stage kidney disease, or >40% eGFR decrease
(HR 0.96; 95% CI 0.58-1.59). Linagliptin was associated with a nominal decrease in the risk of hospitalization for heart
failure (HR 0.47; 95% CI 0.24-0.95). Overall in Asian patients, linagliptin had an adverse event rate similar to placebo,
consistent with the overall population.

Conclusions Linagliptin showed cardiovascular and renal safety in Asian patients with T2DM and established CVD with
albuminuria and/or kidney disease.

Keywords Diabetes mellitus, type 2 - Cardiovascular diseases - Renal insufficiency, chronic - Prescription drugs

Introduction

Type 2 diabetes mellitus (T2DM) is one of the leading
causes of cardiovascular disease (CVD) in Asia [1]. The
prevalence of T2DM in Asia has increased rapidly in recent
years, largely because of increases in obesity driven by
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lifestyle changes associated with rapid economic develop-
ment [2-6]. In 2017, it was estimated that 241 million of
the 425 million people globally with diabetes lived in the
Western Pacific and Southeast Asia regions, with China and
India together having 195 million people with diabetes [7].
Compared with their white counterparts, Asians with T2DM
generally have lower body mass index (BMI) and reduced
fB-cell function (especially East Asians), with many patients
requiring early insulin treatment [2, 3]. Kidney complica-
tions are also more common in Asians with T2DM than in
white patients [2, 3, 8]. Notably, the rate of increase in the
number of patients with end-stage kidney disease (ESKD)
requiring dialysis is higher in Asia than other regions [9].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13340-019-00412-x&domain=pdf
https://doi.org/10.1007/s13340-019-00412-x

N. Inagaki et al.

Linagliptin is a dipeptidyl peptidase-4 (DPP-4) inhibi-
tor indicated for improving glycemic control in adults with
T2DM. Unlike most other DPP-4 inhibitors, linagliptin is
excreted by non-renal pathways and consequently does not
require dose adjustment in patients with chronic kidney dis-
ease [10]. The glucose-lowering efficacy, safety, and toler-
ability of linagliptin in people with T2DM has been demon-
strated in several pivotal clinical trials, including dedicated
studies in patients from Asia [11-19].

In a multinational, placebo-controlled, cardiovascular
safety trial in T2DM patients with established CVD with
albuminuria and/or kidney disease (CARMELINA®), lina-
gliptin added to standard of care did not increase the risk of
major adverse cardiovascular events (MACE), as assessed
by the composite endpoint of cardiovascular death, non-fatal
myocardial infarction, or non-fatal stroke (3-point MACE)
[20]. Linagliptin also demonstrated long-term kidney safety,
with no increased risk for the key secondary composite end-
point of death due to renal failure, progression to ESKD,
or decrease of >40% in estimated glomerular filtration rate
(eGFR) [20]. Furthermore, the risk of hospitalization for
heart failure was not increased with linagliptin [21].

In addition to patients from other regions of the world,
the CARMELINA® trial also enrolled patients from sev-
eral Asian countries (Japan, China, South Korea, Taiwan
and Malaysia). Here, we report a subgroup analysis of
CARMELINA® investigating the cardiovascular and kid-
ney safety of linagliptin in Asian participants living in these
Asian countries.

Materials and methods
Study design

The design of the CARMELINA® trial has been described
in detail [20, 22]. Briefly, it was a randomized, double-blind,
placebo-controlled, event-driven clinical trial conducted in
27 countries between August 2013 and January 2018 in
accordance with the principles of the Declaration of Helsinki
and the Harmonized Tripartite Guideline for Good Clinical
Practice from the International Conference on Harmoniza-
tion, after approval by local authorities (ClinicalTrials.gov
Identifier, NCT01897532).

T2DM patients aged > 18 years (=20 years in Japan)
with glycated hemoglobin (HbAlc) levels of 6.5-10.0%
and BMI <45 kg/m? were eligible for inclusion. Patients
also had to have either established CVD (including his-
tory of myocardial infarction or stroke >2 or >3 months
before screening, respectively, and/or presence of coronary,
carotid or peripheral artery disease) together with albuminu-
ria (urinary albumin-to-creatinine ratio [UACR] > 30 mg/g
or equivalent), or established kidney disease as defined by
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an eGFR of 15-<45 ml/min/1.73 m? or eGFR >45-75 ml/
min/1.73 m* with UACR > 200 mg/g or equivalent. Partici-
pants could have been receiving either no glucose-lowering
background therapy or any therapy except DPP-4 inhibi-
tors, glucagon-like peptide-1 (GLP-1) receptor agonists, or
sodium-glucose co-transporter-2 (SGLT?2) inhibitors.

Participants were randomized to receive once-daily oral
treatment with linagliptin 5 mg (the licensed dose) or pla-
cebo. The primary endpoint was 3-point MACE. The key
secondary endpoint was a composite kidney outcome com-
prising death due to renal failure, progression to ESKD,
or sustained decrease in eGFR of >40%. Other prespeci-
fied cardiovascular and mortality endpoints included the
4-point MACE composite outcome (3-point MACE plus
hospitalization for unstable angina), hospitalization for
heart failure, and all-cause mortality. Additional prespeci-
fied endpoints included the following: death due to renal
failure or progression to ESKD; albuminuria progression
(change from normoalbuminuria [UACR <30 mg/g] to
microalbuminuria [UACR 30-300 mg/g] or macroalbumi-
nuria [UACR > 300 mg/g], or from microalbuminuria to
macroalbuminuria); a composite microvascular outcome
that included albuminuria progression, sustained ESKD,
sustained decrease in eGFR of > 50%, death due to renal
failure, and major ocular events; and change from baseline
in HbAlc and UACR. All-cause hospitalization was a post
hoc endpoint.

All cardiovascular and kidney outcomes were centrally
adjudicated by clinical events committees masked to treat-
ment assignment. Adverse events were reported by investi-
gators and classified using the Medical Dictionary for Regu-
latory Activities Version 20.1.

The trial was designed to continue until at least 611 par-
ticipants had an adjudication-confirmed 3-point MACE
event. Assuming a hazard ratio (HR) of 1.0, this provided
90% power to demonstrate non-inferiority of linagliptin ver-
sus placebo with the prespecified non-inferiority margin of
1.3 at a one-sided a-level of 2.5%.

Subgroup analysis of patients from Asia

The CARMELINA® trial included study sites in Japan,
China, South Korea, Taiwan, and Malaysia. The participants
were asked to self-identify their race, including Asian. For
the analysis reported here, we evaluated outcomes in par-
ticipants from Asian study sites who self-identified as being
of Asian race. We also evaluated outcomes in the subgroup
of East Asian participants (those from Japan, China, South
Korea, and Taiwan who self-identified as Asian).

We evaluated clinical outcomes, changes in metabolic,
clinical and laboratory parameters, and the incidence of
adverse events for all randomized patients treated with at
least one dose of study drug (the treated set). For clinical
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outcomes, treatment group differences were assessed
using Cox proportional hazards models with terms for
treatment group, geographic region, and treatment group
by region interaction, except for outcomes that included
hospitalization for heart failure, for which the models
additionally included a term for history of heart failure.
Changes from baseline in HbAlc, body weight, serum
cholesterol, blood pressure, and UACR were evaluated
within the Asian subset with either descriptive statis-
tics or using mixed models for repeated measures that
included terms for treatment, baseline value, week, treat-
ment-by-week interaction and baseline value-by-week
interaction. Adverse events were summarized within the
Asian subset with descriptive statistics.

Results
Baseline characteristics

Of the 6979 patients treated in the CARMELINA® trial,
555 participants in Asian countries identified themselves
as of Asian race, comprising 8.0% of the overall study
population. At baseline, the clinical and demographic
characteristics of the Asian participants were generally
similar between treatment groups (Table 1). Overall, the
population had a mean (SD) age of 65.3 (9.3) years, was
borderline obese by Asian standards [mean (SD) BMI
27.0 (4.3) kg/m?], and had long-standing T2DM [mean
(SD) duration: 14.3 (9.2) years] and moderate hyperglyce-
mia [mean (SD) HbAlc: 7.8% (0.97)]. Nearly all patients
(95.0%) were receiving background glucose-lowering
treatment, with more than half (54.1%) on insulin.

A total of 57.3% of patients had ischemic heart dis-
ease at baseline. More patients randomized to linagliptin
(12.5%) had a history of heart failure than those rand-
omized to placebo (7.4%); the overall incidence was 9.9%.
Mean (SD) systolic and diastolic blood pressure was
140.0 (18.1) and 76.4 (11.4) mm Hg, respectively, and
91.9% of patients had hypertension. A total of 96.4% of
patients were taking antihypertensives, including 77.5%
taking angiotensin-converting enzyme inhibitors or angio-
tensin receptor blockers (linagliptin: 82.4%; placebo:
72.8%). Mean (SD) eGFR was 51.7 (23.6) ml/min/1.73 m?
and median UACR was 269 mg/g (linagliptin: 299 mg/g;
placebo: 256 mg/g). At baseline, 368 (66.3%) patients had
eGFR < 60 ml/min/1.73 m2, 228 (41.1%) had microalbu-
minuria, and 269 (48.5%) had macroalbuminuria.

The median duration of treatment and observation was
2.0 years and 2.2 years, respectively.

Cardiovascular and mortality outcomes

In Asian patients, the primary outcome of 3-point MACE
occurred in 29 patients (10.7%) randomized to linagliptin
and 33 (11.7%) randomized to placebo (HR 0.90; 95% CI
0.55-1.48) (Fig. 1). The neutral effect of linagliptin on risk
of 3-point MACE was consistent with the overall trial popu-
lation (HR 1.02; 95% CI 0.89—1.17; P value for treatment-
by-region interaction: 0.3349). The 4-point MACE endpoint
occurred in 30 (11.0%) linagliptin patients and 36 (12.7%)
placebo patients (HR 0.84; 95% CI 0.52—1.37). Again, this
was consistent with the overall population (HR 1.00; 95%
CI 0.88-1.13; P value for treatment-by-region interaction:
0.2789) (Fig. 1).

Furthermore, linagliptin did not increase the risk for any
of the individual components of 3-point MACE or 4-point
MACE (Fig. 1). For cardiovascular death, the HR was 0.70
(95% CI 0.30-1.64) in Asian patients, compared with 0.96
(95% CI 0.81-1.14) in the overall population. For non-fatal
myocardial infarction, the HR was 0.87 (95% CI 0.45-1.69)
in Asian patients compared with 1.15 (95% CI 0.91-1.45) for
the overall population, whereas for non-fatal stroke the HR
was 0.60 (95% CI 0.22-1.66) and 0.88 (95% CI 0.63-1.23)
in Asian and overall patients, respectively. For all these end-
points, the P values for treatment-by-region interaction were
not significant (Fig. 1).

Death due to any cause (all-cause mortality) occurred
in 12 (4.4%) and 20 (7.1%) of Asian patients treated with
linagliptin or placebo, respectively (HR 0.61; 95% CI
0.30-1.25), consistent with the neutral effect of linagliptin
treatment on all-cause mortality in the overall trial popula-
tion (HR 0.98; 95% CI 0.84—1.13; P value for treatment-by-
region interaction: 0.4077).

In Asian patients, linagliptin treatment was associated
with a nominally reduced risk of hospitalization for heart
failure (HR 0.47; 95% CI 0.24-0.95; P value for treatment-
by-region interaction: 0.0368), the composite of hospitaliza-
tion for heart failure or all-cause mortality (HR 0.55; 95%
CI 0.32-0.95; P value for treatment-by-region interaction:
0.2191), and all-cause hospitalization (HR 0.74; 95% CI
0.57-0.96; P value for treatment-by-region interaction:
0.2182).

Figure 2 shows the time to first event for 3-point MACE,
cardiovascular death, hospitalization for heart failure, and
all-cause hospitalization.

In the 379 patients from East Asian countries, the inci-
dence of adverse cardiovascular events was comparable to
the wider Asian cohort as well as the overall trial popula-
tion (Supplementary Table S1). For example, the incidence
rate of 3-point MACE per 1000 patient-years was 42.1 and
56.2 with linagliptin and placebo, respectively, in East Asian
patients, compared with 49.3 and 54.8 with linagliptin and
placebo, respectively, in the wider Asian cohort, and 57.7
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Table 1 Baseline demographic
and clinical characteristics of
Asian patients

@ Springer

Characteristic Linagliptin (n=272) Placebo (n=283)
Age, years 65.1+9.22 65.5+9.40
Sex, n (%)

Male 201 (73.9) 199 (70.3)

Female 71 (26.1) 84 (29.7)
Race, n (%)

Asian 272 (100.0) 283 (100.0)
Smoking status, n (%)

Never smoker 139 (51.1) 138 (48.8)

Ex-smoker 97 (35.7) 97 (34.3)

Current smoker 36 (13.2) 48 (17.0)
History of heart failure, n (%) 34 (12.5) 21(7.4)
Ischemic heart disease, n (%) 160 (58.8) 158 (55.8)
History of hypertension, n (%) 249 (91.5) 261 (92.2)
Atrial fibrillation, n (%) 21(7.7) 19 (6.7)
eGFR (MDRD), ml/min/1.73 m? 52.6+23.9 50.9+23.4
eGFR (MDRD), n (%)
>90 ml/min/1.73 m? 19 (7.0) 22 (7.8)
> 60— <90 ml/min/1.73 m? 76 (27.9) 70 (24.7)
>45— <60 ml/min/1.73 m? 52 (19.1) 50 (17.7)
>30— <45 ml/min/1.73 m? 83 (30.5) 85 (30.0)
<30 ml/min/1.73 m? 42 (15.4) 56 (19.8)

UACR, mg/g, median (25th — 75th percentile)
UACR, n (%)
<30 mg/g
30—-300 mg/g
>300 mg/g
BMI, kg/m?
HbAlc, %
Fasting plasma glucose, mg/dI*
Diabetes duration, years
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Heart rate, beats per minute®
Total cholesterol, mg/d1°
LDL cholesterol, mg/dI®
HDL cholesterol, mg/d1°
Triglycerides, mg/d1°
Glucose-lowering therapy, n (%)
Insulin
Metformin
Sulfonylureas

Number of background glucose-lowering therapies, n (%)

1
2
3

>4

Antihypertensives, n (%)
ACE inhibitors or ARBs
Calcium antagonists
B-Blockers
Diuretics

299 (95-1420)

19 (7.0)
118 (43.4)
135 (49.6)
2724143
7.80+0.98
142.4+46.4
14.98+9.63
140.5+17.9
76.6+11.6
682+123
170.0+49.3
88.5+41.0
48.6+12.9
170.3 +104.3
257 (94.5)
147 (54.0)
137 (50.4)

98 (36.0)

105 (38.6)
116 (42.6)
32 (11.8)
4(1.5)
267 (98.2)
224 (82.4)
167 (61.4)
143 (52.6)
98 (36.0)

256 (60-1120)

39 (13.8)
110 (38.9)
134 (47.3)
26.8+4.3
7.81+0.97
140.0+46.5
13.70+8.82
139.6+18.2
76.2+11.1
67.6+10.7
169.2+36.7
88.3+31.6
50.1+14.7
157.5+92.5
270 (95.4)
153 (54.1)
134 (47.3)
105 (37.1)

116 (41.0)
113 (39.9)
30 (10.6)
62.1)
268 (94.7)
206 (72.8)
171 (60.4)
133 (47.0)
94 (33.2)
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Table 1 (continued) Characteristic

Linagliptin (n=272) Placebo (n=283)

Aspirin, n (%)
Statins, n (%)

169 (62.1)
231 (84.9)

175 (61.8)
224 (79.2)

Data are mean + SD for patients treated with > 1 dose of study medication unless otherwise specified

ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker, BMI body mass index, eGFR esti-
mated glomerular filtration rate, HbAIc glycated hemoglobin, HDL high-density lipoprotein, LDL low-
density lipoprotein, MDRD Modification of Diet in Renal Disease study equation, SD standard deviation,
UACR urinary albumin-to-creatinine ratio

“Data missing for 1 patient (linagliptin: n=1)

"Data missing for 17 patients (linagliptin: n=11; placebo: n=6)

“Data missing for 7 patients (linagliptin: n=4; placebo: n=3)

Linagliptin Placebo

P-value fortreatment

o s
nwith event/ Nanalyzed (%) HR (95% € HR (95% € by region interaction

3-point MACE 0.3349
Overall 434/3484 (12.4) 420/3485 (12.1) 1.02 (0.89-1.17) ——
Asian 29/272 (10.7) 33/283 (11.7) 0.90 (0.55-1.48) —_— et

4-point MACE 0.2789
Overall 463/3494 (13.3) 459/3485 (13.2) 1.00 (0.88-1.13) @
Asian 301272 (11.0) 367283 (12.7) 0.84 (0.52-1.37) e s

Fatal or non-fatal myocardial infarction 0.2723
Overall 165/3494 (4.7) 146/3485 (4.2) 1.12 (0.90-1.40) @
Asian 16272 (5.9) 197283 (6.7) 0.87 (0.45-1.69) —_——y

Non-fatal myocardial infarction 0.3314
Overall 156/3494 (4.5) 135/3485 (3.9) 1.15 (0.91-1.45) —Ho—
Asian 161272 (5.9) 19/283 (6.7) 0.87 (0.45-1.69) —

Fatal or non-fatal stroke 0.3251
Overall 81/3494 (2.3) 88/3485 (2.5) 0.91 (0.67-1.23) — e
Asian 61272 (2.2) 10/283 (3.5) 0.60 (0.22-1.66)

Non-fatal stroke 0.6857
Overall 65/3494 (1.9) 7373485 (2.1) 0.88 (0.63-1.23) — 1
Asian 61272 (2.2) 107283 (3.5) 0.60 (0.22-1.66)

CV death 0.8026
Overall 255/3494 (7.3) 264/3485 (7.6) 0.96 (0.81-1.14) —&—
Asian 91272 (3.3) 13/283 (4.6) 0.70 (0.30-1.64)

Non-CV death 0.4443
Overall 112/3494 (3.2) 109/3485 (3.1) 1.02(0.78-1.33) . et
Asian 3272 (1.1) 71283 (2.5) 0.44 (0.11-1.68)

All-cause mortality 0.4077
Overall 367/3494 (10.5) 37373485 (10.7) 0.98 (0.84-1.13) —a—
Asian 121272 (4.4) 20/283 (7.1) 0.61 (0.30-1.25) —_——1—

Hospitalization forheartfailure 0.0368
Overall 209/3494 (6.0) 22673485 (6.5) 0.90 (0.74-1.08) —@1
Asian 121272 (4.4) 231283 (8.1) 0.47 (0.24-0.95) —_————

i forheartfai CV death 0.3224

Overall 406/3494 (11.6) 422/3485 (12.1) 0.94 (0.82-1.08) = =l
Asian 19272 (7.0) 30/283 (10.6) 0.60 (0.34-1.06) e

Hospitalization for heartfailure or all-cause mortality 0.2191
Overall 499/3494 (14.3) 518/3485 (14.9) 0.95 (0.84-1.07) @
Asian 201272 (7.4) 35/283 (12.4) 0.55 (0.32-0.95) —_

italization for gi 0.7888

Overall 42/3494 (1.2) 48/3485 (1.4) 0.87 (0.57-1.31) ——1T—
Asian 2272 (0.7) 3283 (1.1) 0.68 (0.11-4.07)

All-cause hospitalization 0.2182
Overall 1157/3494 (33.1) 1213/3485 (34.8) 0.93 (0.85-1.00) @
Asian 98/272 (36.0) 130/283 (45.9) 0.74 (0.57-0.96) e ]

025 05 1 2 4

Favors linagliptin Favors placebo

Fig. 1 Cardiovascular outcomes and mortality in overall trial population and Asian patients. CI confidence interval, CV cardiovascular, HR haz-

ard ratio, MACE major adverse cardiovascular events

and 56.3 with linagliptin and placebo, respectively, in the
overall trial population.

Kidney outcomes

Death due to renal failure, progression to ESKD, or>40%
decrease in eGFR (the key secondary endpoint) occurred
in 29 (10.7%) and 31 (11.0%) Asian patients in the lina-
gliptin and placebo groups, respectively (HR 0.96; 95%
CI 0.58-1.59), consistent with the neutral treatment effect
in the overall population (P value for treatment-by-region
interaction: 0.8215) (Fig. 3). Time to first event of this key
secondary endpoint and the additional post hoc composite

endpoint of death due to renal failure, progression to ESKD,
or eGFR < 10 ml/min/1.73 m? are shown in Fig. 4. In the
overall trial population, albuminuria progression occurred
significantly less frequently in the linagliptin group than the
placebo group. Consistent with this, fewer Asian patients
experienced albuminuria progression with linagliptin
(40.1%) than with placebo (42.3%) (P value for treatment-
by-region interaction: 0.1685) (Fig. 3). Also consistent with
its treatment effect in the overall population, linagliptin did
not increase the risk of other kidney outcomes in Asian
patients, including the composite of death due to renal fail-
ure or progression to ESKD, the composite microvascular
outcome, or the composite ocular outcome (Fig. 3).
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Fig.2 Time to first cardiovas-
cular event or hospitalization
in Asian patients. Two-sided P
values. CI confidence interval,
HR hazard ratio, MACE major
adverse cardiovascular events
(cardiovascular death, non-fatal
myocardial infarction, non-fatal
stroke)
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a 3-point MACE

30 — Placebo — Linagliptin
HR0.90
(95% Cl 0.55-1.48)
s P=06741
€ 20
(3
3
£
3
% 10
=
©
[
0
0.0 05 1.0 15 20 25 30 35
No. of patients Years
Placebo (n) 283 271 263 204 151 113 70 21
Linagliptin (n) 272 266 256 190 149 108 76 23
b cardiovascular death
10 — Placebo — Linagliptin
HR0.70
(95% Cl 0.30-1.64)
s P=0.4162
€
o
3
£
3
2
c
]
o
[
0 —
0.0 05 1.0 15 20 25 30 35
No. of patients Years
Placebo (n) 283 279 275 21 159 17 72 23
Linagliptin (n) 272 272 268 198 155 115 82 26
C Hospitalization for heart failure
20 — Placebo — Linagliptin
HR0.47
(95% Cl 0.24-0.95)
g P=0.0359
€
@
3
E] 10
3
2
c
@
z —
0
0.0 05 1.0 15 20 25 3.0 35
No. of patients Years
Placebo (n) 283 270 264 201 149 110 66 23
Linagliptin (n) 272 266 260 192 150 109 7 25
d All-cause hospitalization
80 — Placebo — Linagliptin
HRO0.74
(95% Cl 0.57-0.96)
= 60 P=0.0234
€
o
>
@
s 40
3
2
c
= 20
g
[
0
0.0 05 1.0 15 20 25 3.0 35
No. of patients Years
Placebo (n) 283 236 205 148 99 68 32 10
Linagliptin (n) 272 240 209 150 103 72 46 14
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Linagliptin Placebo

P-value fortreatment

nwith event/ Nanalyzed (%) HR(95% O HRieE% Ol by region interaction
Death due to renal failure, pr to ESKD, or sustained decrease of 240% in eGFR 0.8215
Overal 327/3494 (9.4) 306/3485 (8.8) 1.04 (0.89-1.22) I
Asian 29/272 (10.7) 317283 (11.0) 0.96 (0.58-1.59) ——
Death due to renal failure or progression to ESKD 0.7487
Overall 136/3494 (3.9) 154/3485 (4.4) 0.87 (0.69-1.10) —
Asian 81272 (2.9) 5 14/283 (4.9) 0.58 (0.24-1.39)
Death due to renal failure, progressionto ESKD, or eGFR <10 mlI/min/1.73 m’ 0.6150
Overall 149/3494 (4.3) 172/3485 (4.9) 0.84 (0.67-1.05) —o—H
Asian 9;‘2722 3.3) 18/283 (6.4) 0.52 (0.24-1.17)
ing of inine witheGFR <60 mI/min1.73m 0.1922
Overall 156/3494 (4.4) 153/3485 (4.4) 0.97 (0.78-1.21) —&—
Asian 10272 (3.7) 207283 (7.1) 0.51(0.24-1.10) H
Albuminuria progression 0.1685
Overall 7632162 (35.3) 819/2129 (38.5) 0.86 (0.78-0.95) s &l
N Asian . 55/137 (40.1) 63/149 (42.3) 0.95 (0.66-1.36) ——
0.1706
Overall 78572160 (36.3) 84372129 (39.6) 0.86 (0.78-0.95) = 2
Asian N 57137 (41.6) 64/149 (43.0) 0.94 (0.66-1.34) —e—
Composite ocularendpoint 0.7901
Overall 36/3489 (1.0) 49/3484 (1.4) 0.73 (0.47-1.12) —
Asian 3R72(1.1) 71283 (2.5) 0.43 (0.11-1.68) C - v .
0.25 05 1 2 4

Fig.3 Kidney and microvascular outcomes in overall trial popula-
tion and Asian patients. “Death due to renal failure, sustained ESKD,
sustained decrease of >50% in eGFR, albuminuria progression, use
of retinal photocoagulation or intravitreal injections of an anti-VEGF
therapy for diabetic retinopathy, vitreous hemorrhage, or diabetes-

Fig.4 Time to first kidney event
in Asian patients. Two-sided P 30

Favors linagliptin Favors placebo

related blindness; PRetinal laser coagulation therapy or intravitreal
injection(s) of an anti-VEGF therapy for diabetic retinopathy, vitreous
hemorrhage, or diabetes-related blindness. CI confidence interval;
eGFR estimated glomerular filtration rate, ESKD end-stage kidney
disease, HR hazard ratio, VEGF vascular endothelial growth factor
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In the 379 patients from East Asian countries, the inci-
dence of adverse kidney events was comparable to the
wider Asian cohort as well as the overall trial population
(Supplementary Table S1). For example, the incidence
rate of the key secondary composite kidney endpoint per
1000 patient-years was 41.6 and 32.9 with linagliptin and

placebo, respectively, in East Asian patients, compared
with 54.2 and 55.7 with linagliptin and placebo, respec-
tively, in the wider Asian cohort, and 48.9 and 46.6 with
linagliptin and placebo, respectively, in the overall trial
population.
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Glycemic control

After 12 weeks of treatment of Asian patients, the adjusted
mean difference in HbAlc level with linagliptin compared
with placebo was —0.60% (95% CI —0.73 to —0.47). The
weighted average mean difference over the full study dura-
tion was —0.45% (95% CI —0.65 to —0.24) in favor of lina-
gliptin (Fig. 5). Over the course of the study, fewer patients
in the linagliptin group (30.5%) received additional glu-
cose-lowering therapies compared with the placebo group
(35.7%), including insulin (16.5% and 20.1%, respectively)
(Supplementary Table S2). There was no significant differ-
ence between treatment groups in the time to first initiation
of any glucose-lowering medication; however, there was a
trend towards delayed initiation or dose increase of insulin
in the linagliptin group (Supplementary Fig. S1).

Cardiovascular risk factors and medications

There was no difference in change over time in body weight,
cholesterol levels, or blood pressure with linagliptin com-
pared with placebo (Supplementary Fig. S2). Over the
course of the study, slightly fewer patients in the linagliptin
group received new antihypertensives or statins compared
with the placebo group (Supplementary Table S3). These
findings are consistent with the overall trial population [20].

Safety and tolerability

The adverse event profile of linagliptin in Asian patients
(Table 2) was consistent with the overall population [20].
Fewer linagliptin-treated Asian patients (77.9%) had an
adverse event compared with placebo-treated Asian patients
(84.8%). Similarly, fewer linagliptin patients had a serious
adverse event (39.0% vs 46.3%) or adverse event leading
to the discontinuation of study drug (7.0% vs 8.1%). The
incidence of hypoglycemia was also slightly lower with
linagliptin than placebo, including severe episodes (Fig. 6).

Fig.5 HbAIc over time in 85 -
Asian patients. *Baseline values
are descriptive; post-baseline
data from mixed model for
repeated measures. CI confi-
dence interval, HbA ¢ glycated
hemoglobin, SE standard error

HbA1c (%), adjusted® mean (SE)

Individual adverse events were also balanced between
treatment groups in Asian patients. Cancer was reported in
1.8% of patients in the linagliptin group and 2.5% of the pla-
cebo group. There was one case of pancreatic cancer in the
placebo group and none in the linagliptin group. No cases
of pemphigoid, pancreatitis, or skin lesions were reported
in Asian patients (Table 2), in contrast to the overall trial
population where there were numerical imbalances for pem-
phigoid (linagliptin: n="7 [0.2%]; placebo: n=0), adjudica-
tion-confirmed acute pancreatitis (linagliptin: n=9 [0.3%];
placebo: n=5 [0.1%]), and skin lesions (linagliptin: n=5
[0.2%]; placebo: n=1 [<0.1%)]) [20].

Discussion

This subgroup analysis of the multinational CARMELINA®
trial indicates that linagliptin did not increase the risk of
MACE in Asian T2DM patients with established CVD with
albuminuria and/or kidney disease. Furthermore, linagliptin
did not increase the risk of clinically relevant kidney com-
plications or heart failure. These findings are consistent with
the effects of linagliptin in the overall study population of
CARMELINA® [20, 21].

The baseline clinical and demographic characteristics of
Asian patients who participated in CARMELINA® show
that they were at high risk for adverse cardiovascular and
kidney events, as designed for the overall study. Compared
with the overall trial population, notable differences in the
Asian cohort included lower mean BMI (31 and 27 kg/
m?, respectively) and worse albuminuria (UACR 160 and
269 mg/g, respectively). There were also substantially fewer
Asian patients with heart failure at baseline (9.9% vs 27.0%
in the overall study population).

In 2008, the US Food and Drug Administration intro-
duced the requirement that new glucose-lowering drugs
must demonstrate cardiovascular safety; since then, more
than 15 large, multinational, cardiovascular outcomes trials

Mean difference (95% Cl) throughout study:
-0.45% (-0.65, -0.24)

Placebo

Linagliptin

65
0 12 36
Placebo (n) 279 279 264
Linagliptin () 269 267 259
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Table 2 Adverse events in

X . Adverse event®
Asian patients

Linagliptin (n=272) Placebo (n=283)

Any adverse event
Serious adverse event

Adverse event leading to discontinuation

Renal and urinary disorders’
Constipation®
Hypersensitivity reactions®
Cancer®
Colon cancer
Pancreatic cancer’

Gastric cancer

Pancreatitis (adjudication-confirmed)

Pemphigoid
Skin lesions®

212 (77.9) 240 (84.8)
106 (39.0) 131 (46.3)
19 (7.0) 23 (8.1)
16 (5.9) 13 (4.6)
15 (5.5) 19 (6.7)
11 (4.0) 16 (5.7)
5(1.8) 7(2.5)
1(0.4) 0

0 1(0.4)

0 0

0 0

0 0

0 0

Data are n (%) of patients treated with> 1 dose of study medication

MedDRA Version 20.1 was used to code adverse events

BlcMQ Boehringer Ingelheim customized MedDRA Query, MedDRA Medical Dictionary for Regulatory
Activities, SMQ standardized MedDRA query

“MedDRA preferred term unless otherwise specified

"Based on the narrow SMQ “acute renal failure”

“Based on the preferred terms “Constipation” and “Infrequent bowel movements”

4Based on the narrow SMQ “hypersensitivity”

“Based on SMQs “Malignant Tumors” and “Tumors of unspecified malignancy”

"Based on narrow BIcMQ “Pancreatic cancer”

£Based on the narrow SMQ “Severe cutaneous adverse reactions”

Fig.6 Incidence of hypoglyce- 100 4
mia in Asian patients. “Requir- 00 | = Placebo
ing the assistance of another u Linagliptin
person to actively administer 80 4
carbohydrate, glucagon or other 70 4
resuscitative actions ES
-~ 60 -
&
S 50 -
s
o 401 30.15 3286
30 - .
20 -
10 4
0 -

Any hypoglycemia

have been conducted [23, 24]. However, none of these have
been performed exclusively in Asian populations and few
subgroup analyses of Asian patients from these studies
have been reported. The SAVOR-TIMI 53, EXAMINE, and
TECOS cardiovascular outcomes trials of saxagliptin [25],
alogliptin [26], and sitagliptin [27], respectively, demon-
strated that these DPP-4 inhibitors do not increase the risk
for MACE; cardiovascular outcomes in the Asian patients
from these studies have not been reported. A similar car-
diovascular outcomes study of omarigliptin, a once-weekly

Plasma glucose <564 mg/d| Severe?

or severe?

DPP-4 inhibitor marketed mainly in Japan, was terminated
early but an informal analysis suggested no increased cardio-
vascular risk [28]. No robust data on cardiovascular safety
are available for other DPP-4 inhibitors marketed mostly in
Asia such as anagliptin, evogliptin, gemigliptin, teneliglip-
tin, and trelagliptin. Our analysis of CARMELINA® pro-
vides reassuring data on the cardiovascular and kidney safety
of linagliptin in Asian patients. Although linagliptin did not
reduce the risk of cardiovascular events, consistent with
its effects in the overall population, these individuals were
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receiving a high standard of care for CVD—as stipulated
by the study protocol—with most taking antihypertensives,
aspirin, and statins. Of note, however, the SGLT?2 inhibitor
empagliflozin was shown to reduce the risk of cardiovas-
cular events in Asian patients in a subgroup analysis of the
EMPA-REG OUTCOME trial, which had a similarly high
standard of care for CVD [29]. Given the cardiovascular
risk reductions seen with empagliflozin and other SGLT2
inhibitors, as well as certain GLP-1 receptor agonists, the
joint guidelines from the American Diabetes Association
and the European Association for the Study of Diabetes now
recommend that additional glucose-lowering therapy after
metformin in T2DM patients with established CVD should
be with such drugs that have cardiovascular benefit [30, 31].
Nevertheless, glucose-lowering treatments with proven car-
diovascular safety are still needed, as most patients require
multiple glucose-lowering drugs to achieve glycemic con-
trol. DPP-4 inhibitors are recognized by Chinese, Japanese,
and Indian clinical practice guidelines as effective glucose-
lowering drugs that do not increase risk for hypoglycemia
[32-34]. Our study provides evidence on the cardiovascular
and kidney safety of linagliptin in Asian patients.

The SAVOR-TIMI 53 trial showed a significantly
increased risk of hospitalization for heart failure with saxa-
gliptin [25]. Since then, there has been concern surrounding
a potential class risk for heart failure with DPP-4 inhibitors.
Our analysis of CARMELINA® is reassuring in this regard
as linagliptin was not associated with an increased risk for
heart failure in the overall population and, similarly, there
was a nominally reduced risk of hospitalization for heart
failure in Asian patients. Of note is the higher rate of heart
failure in the placebo group in Asia compared to the placebo
group of the overall study population, which could be related
to certain risk factors for heart failure being more prevalent
in the Asian subgroup (e.g., lower eGFR, more males and
higher use of thiazolidinediones). The heterogeneity across
regions in incidence of heart failure with linagliptin com-
pared to placebo (treatment-by-region interaction P value of
0.0368) is, therefore, interesting, with a nominally lower HR
in patients from Asia. However, given the many subgroup
analyses conducted, this finding should not be over-inter-
preted, and further investigations would be needed to inves-
tigate whether there is a true treatment effect—if established,
this could conceivably relate to the influence of pharmaco-
genetic factors [35] or the effect of adiposity differences on
DPP-4 activity [36], and thus levels of its substrate peptides
regulating cardiovascular functions.

CARMELINA® is unique among the cardiovascular
outcomes trials of DPP-4 inhibitors in that it was also
designed to evaluate kidney outcomes, and thus included
a substantial number of patients with diabetic kidney dis-
ease who typically are excluded from such studies. The
results indicate that linagliptin did not increase the risk
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of kidney complications in Asian patients, consistent
with the findings in the overall population. However, as
in the parent study, no benefit of linagliptin in reducing
hard kidney outcomes was observed, despite the body
of evidence from animal studies and small clinical trials
suggesting that this DPP-4 inhibitor and other members
of the drug class might have pleiotropic kidney benefits
[37]. As chronic kidney disease is a slowly progressive
condition, it is possible that the study was too short for
any benefit on renal outcomes to manifest. Nevertheless,
it is reassuring to note the trends toward risk reductions
for certain composite kidney endpoints, such as death due
to renal failure or progression of ESKD, and death due to
renal failure, progression of ESKD, or eGFR decreasing
to < 10 ml/min/1.73 m?. Experimental data for linaglip-
tin highlight that effects on tubulointerstitial fibrosis may
be one aspect by which linagliptin might confer kidney
effects [37]. Thus, it may be speculated that patients at
more advanced stages of kidney disease (e.g., lower GFR)
are a potential population that may warrant further studies
with hard kidney outcomes.

A modest benefit of linagliptin in reducing progression of
albuminuria (HR 0.86 [95% CI1 0.78, 0.95]) was seen in the
overall trial population of CARMELINA® [20]. The treat-
ment-by-region interaction P value of 0.1685 suggests that
the overall HR of 0.86 is applicable to all regions, including
Asia. This finding is consistent with the modest albuminuria-
lowering effects seen in previous studies of linagliptin [38]
and other DPP-4 inhibitors [39, 40], but its clinical relevance
has yet to be determined. Improved glycemic control may
also have contributed to albuminuria lowering, as there was
a small mean HbA 1c difference between the linagliptin and
placebo groups, despite the trial being designed to achieve
glycemic equipoise between treatment groups (investigators
were encouraged to optimize background glucose-lowering
medication in both groups according to local guidelines).

The safety and tolerability profile of linagliptin in Asian
patients in CARMELINA® was consistent with the overall
trial population [20] as well as previous shorter clinical tri-
als investigating its glycemic efficacy and safety in Asian
patients [11-19]. No new safety signals were identified in
this study. Although there were a small number of cases of
pancreatitis and pemphigoid in the overall trial population
that were imbalanced between treatment groups [20], none
of these occurred in Asian patients.

The strength of our study is that it provides evidence on
the cardiorenal safety of linagliptin in Asian patients from
a large, robustly controlled, randomized clinical trial. How-
ever, it is subject to the usual limitations of subgroup analy-
ses. The overall trial was not powered to detect differences in
treatment effects in subgroups. Furthermore, the trial dura-
tion may have been too short for long-term cardiovascular
and/or kidney benefit to manifest.
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Conclusion

Linagliptin demonstrated cardiovascular and renal safety
in Asian patients with T2DM in the CARMELINA® trial,
consistent with its effects in the overall study population.
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