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Diabetes guidelines have evolved from a focus on glucose control towards
CV disease risk management
Jan 2016

Jan 2017

Glucose lowering

Consider empagliflozin
or liraglutide to reduce mortality
(Level B)

Incorporate an agent proven to
reduce CV events and CV mortality
(Level A)

“…empagliflozin or liraglutide should
be considered as shown to reduce CV
and all-cause mortality when added to
standard care”2

“…incorporate an agent proven to reduce
major adverse CV events and CV
mortality (currently empagliflozin and
liraglutide)”3

“SGLT2 inhibitors
provide insulin-independent
glucose lowering…These agents
provide modest weight loss and
blood pressure reduction”1
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SGLT2, sodium-glucose co-transporter-2
1. American Diabetes Association. Diabetes Care 2016;39:S1; 2. American Diabetes Association. Diabetes Care 2017;40:S1;
3. American Diabetes Association. Diabetes Care 2018;41:S1

Jan 2018

↓hyperglycemia

↓ CVD

Drugs

↓↑ CVD ??

GLP-1 RA
DPP-IV inh
Sulfonylurea

TZD

SGLT2 inh

Metformin

Recommendations in the ADA Standards of Medical Care in Diabetes 2019
represent a major paradigm shift in the treatment of T2D

Choice of second-line
therapy is now based on
the presence of
established ASCVD or
CKD, followed by
glycaemic efficacy,
safety, need for
weight loss and cost
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ADA, American Diabetes Association; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease;
CVOT, cardiovascular outcomes trial; DPP-4i, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 receptor agonist;
HbA1c, glycated haemoglobin; HF, heart failure; SGLT2i, sodium-glucose co-transporter-2 inhibitor; SU, sulphonylurea
American Diabetes Association. Diabetes Care 2019;42:S1
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DPP-4 inhibitors provide an effective way to treat T2D1–3

Food intake

Pancreas

Glucose-dependent
insulin secretion

Increases glucose
utilisation
by muscle and
adipose tissue

β-cells

α-cells

Decreases hepatic
glucose release
improving overall
glucose control

Glucose-dependent
glucagon suppression

Active
GLP-1 (7-36)
Intestine
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DPP-4 inhibitors are known to have clinically
relevant effect on HbA1c, a very low risk for
hypoglycaemia and are generally associated
with a favourable safety and tolerability profile3

DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; HbA1c, glycated haemoglobin
Adapted from 1. Drucker DJ. Expert Opin Invest Drugs 2003;12:87; 2. Ahrén B. Curr Diab Rep 2003;3:365;
3. Capuano A et al. Drug Design Dev Ther 2013;7:989

DPP-4

Inactive
GLP-1 (9-36)
amide

2 amino acids
cleaved from
amino terminus

DPP-4is represent a common add-on treatment choice
They are featured in international guidelines and are familiar to primary care physicians

⃝
✓Little or no hypoglycaemia
DPP-4is

⃝
✓Weight neutral

⃝
✓Safety profile (including CV) similar to placebo*
⃝
✓No timing or dosing issues
⃝
✓Easy compliance
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*Potential risk with regards to hospitalisation for heart failure with saxagliptin and alogliptin1
DPP-4i, dipeptidyl peptidase-4 inhibitor
Adapted from: ADA. Diabetes Care 2019;42:S1; Cahn A et al. Expert Opin Emerg Drugs 2016;21:409; Farr AM et al. Adv Ther 2014;31:1287
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Chemical structures of marketed DPP-4is
Peptidomimetic* DPP-4is1

Non-peptidomimetic DPP-4is2

DPP-4is mimicking dipeptides

DPP-4is directly binding to active site of enzyme
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Indicates peptide-like structure
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*Small protein-like chain designed to mimic a peptide
DPP-4i, dipeptidyl peptidase-4 inhibitor; MW, molecular weight
Adapted from: 1. Deacon CF. Diabetes Obes Metab 2011;13:7; 2. Berger JP et al. Endocrinol Diab Metab 2018;1:e00002
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• Linagliptin belongs to the small molecule class
(MW: 473 Da) and is much smaller than the DPP-4
enzyme (MW: 85,400 Da)1
• Based on the chemical structure of linagliptin and
the DPP-4 enzyme, it fits perfectly into the active
centre of the enzyme2

DPP-4 enzyme activity, % control

Linagliptin has the highest DPP-4 inhibition potency compared with
other DPP-4is
120
Linagliptin
Alogliptin
Sitagliptin
Saxagliptin
Vildagliptin
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Highest potency of linagliptin in
inhibiting DPP-4 enzyme activity
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*Concentration of compound needed to inhibit 50% of DPP-4 activity, i.e. the lower the IC50, the higher the potency to inhibit DPP-4 activity
DPP-4, dipeptidyl peptidase-4; DPP-4i, dipeptidyl peptidase-4 inhibitor; IC50, half maximal inhibitory concentration
Adapted from: Thomas L et al. J Pharmacol Exp Ther 2008;325:175

Mean IC50* [nM]
Linagliptin

1

Alogliptin

24

Sitagliptin

19

Saxagliptin

50

Vildagliptin

62

The high selectivity of Linagliptin for DPP-4 might minimise the likelihood
of off-target effects
In vitro fold selectivity for DPP-4 vs other enzymes with a similar conformation1
Inhibitor

QPP/DPP-2

PEP

FAPα*

DPP-8

DPP-9

Sitagliptin

>5550

>5550

>5550

>2660

>5550

Vildagliptin

>100,000

60,000

285

270

32

Saxagliptin

>50,000

N/R

>4000

390

77

Alogliptin

>14,000

>14,000

>14,000

>14,000

>14,000

Linagliptin

>100,000

>100,000

89

40,000

>10,000

!
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Some studies have suggested that DPP-8 and DPP-9 may be implicated in
preclinical toxicities and suppression of T-cell activation and proliferation2,3

*FAPα is not generally present in normal adult tissue; the extent of in vivo FAPα inhibition with the therapeutic dose of linagliptin in humans has not been reported
DPP, dipeptidyl peptidase; FAPα, fibroblast activation protein α; N/R, not reported; PEP, prolyl endopeptidase; QPP, quiescent cell proline dipeptidase
1. Deacon CF. Diabetes Obes Metab 2011;13:7; 2. Lankas GR et al. Diabetes 2005;54:2988; 3. Reinhold D et al. Clin Chem Lab Med 2009;47:268

The pharmacokinetic profile of Linagliptin is different from that of other
DPP-4is
Absorption:

Metabolism:

Tablet intake: 5 mg qd,
independent of food
Absolute bioavailability:
~30%, with or without food
~95% bound to plasma proteins
(in essence, DPP-4)*

Excretion:†
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80% of orally administered
linagliptin is excreted via
the bile and gut

~10%
(inactive)
metabolite

~5% of orally administered
linagliptin is excreted via
the kidneys

*Protein binding is concentration-dependent: 99% at 1 nmol/l to 75–89% at ≥30 nmol/l; †At steady state. Note that the label statement describes single-dose
analyses that do not add up to 100% (a common effect for this type of analysis); following administration of an oral [14C]-linagliptin dose to healthy patients, ~85%
of the administered radioactivity is eliminated via the enterohepatic system (80%) or urine (5%) within 4 days of dosing
DPP-4, dipeptidyl peptidase-4; DPP-4i, dipeptidyl peptidase-4 inhibitor
Boehringer Ingelheim and Eli Lilly. Trajenta® (linagliptin) summary of product characteristics. 2018

~90%
transferred
unchanged
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Linagliptin demonstrates efficacy across a broad range of diabetes
therapies
Adjusted mean HbA1c change from baseline, placebo-corrected

Adjusted mean change
in HbA1c (%) vs placebo

Monotherapy

0

International*1

Met
ineligible†2

Triple
combination

Dual combination
Japan‡3

Add-on
to Met*4

Add-on
to SU†5

Add-on
to Pio*6

-0.47

-0.51

Insulin

Add-on to
Add-on to
*7
Met + SU basal insulin*8

-0.2
-0.4
-0.6
-0.8

-0.69

-0.60

-0.64

-0.62

-0.65

8.2

8.3

-0.87

-1.0

p<0.0001 for all studies versus baseline
Mean baseline
HbA1c (%)
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8.0

8.1

8.1

8.1

8.6

8.6

Treatment duration: *24 weeks. †18 weeks. ‡12 weeks
HbA1c, glycated haemoglobin; Met, metformin; Pio, pioglitazone; SU, sulphonylurea
1. Del Prato S et al. Diabetes Obes Metab 2011;13:258; 2. Barnett AH et al. Diabetes Obes Metab 2012;14:1145; 3. Kawamori R et al. Diabetes Obes Metab
2012;14:348; 4. Taskinen MR et al. Diabetes Obes Metab 2011;13:65; 5. Lewin AJ et al. Clin Ther 2012;34:1909; 6. Gomis R et al. Diabetes Obes Metab 2011;13:653;
7. Owens DR et al. Diabetic Med 2011;28:1352; 8. Yki-Järvinen H et al. Diabetes Care 2013;36:3875

Linagliptin provides proven efficacy for your patients with T2D
Adjusted mean HbA1c change from baseline at 24 weeks in patients with baseline HbA1c ≥8%*

Adjusted mean change in
HbA1c from baseline (%)

0

Placebo

Linagliptin

0.8%

-0.4

placebo-corrected
reduction

-1.0

p<0.0001

-1.2
-2.0
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n

101

287

Mean baseline
HbA1c (%)

9.4

9.4

*Pooled analysis of three 24-week phase III, randomised, placebo-controlled, parallel-group studies, in 2258 patients who received oral linagliptin
(5 mg/day) or placebo as monotherapy, added-on to metformin, or added-on to metformin plus sulphonylurea; FAS (LOCF).
Model includes continuous baseline HbA1c and treatment
FAS, full analysis set; HbA1c, glycated haemoglobin; LOCF, last observation carried forward
Del Prato S et al. J Diab Compl 2013;27:274

Linagliptin provides proven efficacy regardless of time since diagnosis
Adjusted mean HbA1c change from BL at Week 24 by time since diagnosis, placebo-corrected*,†
(Mean baseline HbA1c: 8.1%, N=2224)

Adjusted mean change in
HbA1c (%) vs placebo at Week 24

≤1 years

>1 to ≤5 years

>5 years

0
-0.2
-0.4
-0.6
-0.8

-0.54
p<0.0001

-0.61

-0.68

p<0.0001
p<0.0001
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*Pre-specified subgroup analysis on pooled data from three pivotal phase III, randomised, placebo-controlled trials: treatment in monotherapy, add-on to
metformin and add-on to metformin plus sulphonylurea. p-values for between-group differences (vs placebo); †ANCOVA adjusted for continuous HbA1c, BMI group,
washout phase, treatment group, study, age group, sex, time since diagnosis of diabetes, race and age × treatment or T2D × treatment interactions
BL, baseline; BMI, body mass index; HbA1c, glycated haemoglobin
Patel S et al. EASD 2011, Poster P832

Linagliptin provides proven efficacy regardless of patient age
Adjusted mean HbA1c change from baseline at Week 24 by age, placebo-corrected*†
(Mean baseline HbA1c: 8.1%, N=2224)1
Adjusted mean change
in HbA1c (%) vs placebo at
Week 24

≤50 years

22

51 to <65 years

65 to <75 years

≥75 years‡

0
-0.2
-0.4
-0.6
-0.8

-0.59
p<0.0001

-1.0

-0.68
p<0.0001

-0.60
p<0.0001

-0.77
p=0.0013

Lina

Pbo

Lina

Pbo

Lina

Pbo

Lina

Pbo

n

388

162

834

300

342

123

60

15

Mean baseline
HbA1c (%)

8.1

8.2

8.1

8.0

8.0

8.0

8.0

7.9

*Pre-specified subgroup analysis on pooled data from three pivotal phase III, randomised, placebo-controlled trials: treatment in monotherapy, add-on to
metformin and add-on to metformin plus sulphonylurea. p-values for between-group differences (vs placebo); †ANCOVA adjusted for continuous HbA1c, BMI group,
washout phase, treatment group, study, age group, sex, time since diagnosis of diabetes, race and age × treatment or T2D × treatment interactions; ‡Linagliptin
should be used with caution when treating patients aged >80 years, as experience in this patient group is limited 2
BMI, body mass index; HbA1c, glycated haemoglobin; Lina, linagliptin; Pbo, placebo
1. Del Prato S et al. Nutr Metab Cardiovasc Dis 2016;26:886; 2. Boehringer Ingelheim and Eli Lilly. Trajenta® (linagliptin) summary of product characteristics. 2018

The long-term glucose-lowering efficacy of Linagliptin is comparable with
that of glimepiride
Adjusted* change from baseline HbA1c over time (baseline HbA1c: 7.24%)
7.5

Mean HbA1c over time, % (SE)

Linagliptin + metformin (n=233)
Glimepiride + metformin (n=271)

7.0

-0.6%
at 104
weeks

6.5

6.0
0

23

4

8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 100 104
Treatment duration (weeks)

*Model includes treatment, baseline HbA1c and number of prior glucose-lowering therapies
HbA1c, glycated haemoglobin
Gallwitz B et al. Lancet 2012;380:475

The efficacy of Linagliptin remain consistent across all stages of kidney
function
Adjusted mean HbA1c change from baseline versus placebo by degree of kidney function
Normal

CKD3a
CKD3b

CKD2

CKD4‒5

Linagliptin 5 mg qd
RCT2,3
at 52 weeks

Adjusted mean
change in HbA1c (%)

Pooled analysis of three phase III trials1 at 24 weeks

n
Mean baseline
HbA1c (%)

24

-0.63

-0.67

-0.53

-0.72

p<0.0001

p<0.0001

p<0.01

p<0.0001

870

620

68

68

8.1

8.0

8.2

8.2

CKD, chronic kidney disease; HbA1c, glycated haemoglobin; RCT, randomised controlled trial
1. Groop PH et al. Diabetes Obes Metab 2014;16:560; 2. McGill JB et al. Diabetes Care 2013;36:237;
3. Boehringer Ingelheim and Eli Lilly. Trajenta® (linagliptin) Summary of product characteristics. 2018

The glucose-lowering efficacy of Linagliptin is similar to that of other
members of the DPP-4 inhibitor class
Meta-analysis of 83 RCTs comparing the efficacy of DPP-4 inhibitors in patients with T2D

Weighted mean HbA1c change
from baseline (95% CrI)

0

Alogliptin

Saxagliptin

-0.74*

-0.61*

Sitagliptin

Vildagliptin

-0.75*

-0.67*

-0.2
-0.4
-0.6
-0.8
-1
-1.2

25

Linagliptin

-0.74*

*Statistically significant versus comparator: monotherapy versus placebo, DPP-4i plus metformin versus metformin, DPP-4i plus SU versus SU, DPP-4i plus
metformin plus SU versus metformin plus SU, DPP-4i plus pioglitazone versus pioglitazone, DPP-4i plus insulin versus insulin, pioglitazone versus pioglitazone, DPP4i plus insulin versus insulin.
CrI, credible interval; DPP-4i, dipeptidylpeptidase-4 inhibitor; RCT, randomised controlled trial; SU, sulphonylurea
Craddy P et al. Diabetes Ther 2014;5:1

With Linagliptin, more patients achieve target HbA1c levels without
hypoglycaemic events* or weight gain compared with glimepiride†
80

76%

Proportion of patients, %

76%
60

54%
Proportion of patients achieving
HbA1c target <7% after 2 years:
• Without hypoglycaemic events
• Without weight gain

40

20

0
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Proportion of patients achieving
HbA1c target <7% after 2 years

23%
Glimepiride +
metformin
(n=271)

OR (95% CI):
3.86 (2.63, 5.68)
p<0.0001

Linagliptin +
metformin
(n=233)

*As defined by the American Diabetes Association Workgroup on Hypoglycemia2; †Study performed using a free combination of linagliptin and metformin
1. Gallwitz B et al. Lancet 2012;380:475; 2. American Diabetes Association Workgroup on Hypoglycemia. Diabetes Care 2005;28:1245

The efficacy and safety profile of Linagliptin is consistent across a broad
range of patients with T2D
Age

Liver
function

Disease
duration

mg

5

once
daily

Ethnicity

Background
T2D therapy

Independent of:

BMI

27

BMI, body mass index
Boehringer Ingelheim and Eli Lilly. Trajenta® (linagliptin) summary of product characteristics. 2018

Kidney
function
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Linagliptin can be administered once daily

High affinity

High selectivity

Linagliptin

Tight binding
High potency
Long duration of action
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Boehringer Ingelheim and Eli Lilly. Trajenta® (linagliptin) Summary of product characteristics. 2018

Linagliptin is the DPP-4i with the lowest kidney excretion rate*1–5

87% Sitagliptin
85% Vildagliptin

76% Alogliptin

Dose adjustment required in patients with
kidney impairment and/or drug-related
kidney monitoring

75% Saxagliptin

5%

Linagliptin

30

No requirement for additional
drug-related kidney function monitoring

*Including metabolites and unchanged drug; excretion after single-dose administration of 14C-labelled drug
DPP-4i, dipeptidyl peptidase-4 inhibitor
1. Boehringer Ingelheim and Eli Lilly. Trajenta® (linagliptin) summary of product characteristics. 2018; 2 Merck. Januvia® (sitagliptin) summary of product
characteristics. 2018; 3. Novartis Galvus® (vildagliptin) summary of product characteristics. 2018; 4. AstraZeneca. Onglyza® (saxagliptin) summary of product
characteristics. 2018; 5. Takeda. Vipidia® (alogliptin) summary of product characteristics. 2018

Linagliptin: the first approved DPP-4i that does not require dose reduction
based on kidney function
Required DPP-4i doses with declining kidney function, as defined by prescribing information1–5

eGFR

CKD1

CKD2

CKD3a

CKD3b

CKD4

ESKD

≥90 ml/min/1.73m2

<90 to ≥60
ml/min/1.73m2

<60 to ≥45
ml/min/1.73m2

<45 to ≥30
ml/min/1.73m2

<30 to ≥15
ml/min/1.73m2

<15 ml/min/1.73m2

Linagliptin1

5 mg qd
Sitagliptin2
100 mg qd

50 mg qd

25 mg qd

Saxagliptin*3
2.5 or 5 mg qd

2.5 mg qd

Vildagliptin4
50 mg bid

50 mg qd

Alogliptin‡5
25 mg qd

12.5 mg qd

6.25 mg qd

When kidney function declines, no need for DPP-4i dose adjustment with Trajenta®1
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*Saxagliptin recommended daily dose is 2.5 mg or 5 mg qd; †Alogliptin prescribing information kidney impairment expressed in CrCl, ml/min.
bid, twice-daily; CrCl, creatinine clearance; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; qd,
once-daily
1. Boehringer Ingelheim and Eli Lilly. Trajenta® (linagliptin) summary of product characteristics. 2018; 2 Merck. Januvia® (sitagliptin) summary of product
characteristics. 2018; 3. AstraZeneca. Onglyza® (saxagliptin) summary of product characteristics. 2018; 4. Novartis Galvus® (vildagliptin) summary of product
characteristics. 2018; 5. Takeda. Vipidia® (alogliptin) summary of product characteristics. 2018

Linagliptin helps simplify the management of T2D
DPP-4i inhibition potency
(mean IC50)1
Reduces HbA1c2–7

CV outcomes trials8–12
Proven CV safety profile9–12
(in large outcome trial)
Proven kidney safety profile9
(in large outcome trial)
No increased risk of
hospitalisation for heart failure9–13
(in large outcome trial)
Always one dose, once daily2–6
Available as single-pill combination
with an SGLT2i14–16
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Linagliptin

Sitagliptin

Saxagliptin

Alogliptin

Vildagliptin

1 nM

19 nM

50 nM

24 nM

62 nM

✓

✓

✓

✓

✓

2

1

1

1

0

✓
✓

✓
?

✓
?

✓
?

?
?

✓

✓

X

See note*

?

✓
✓

X
✓

X
✓

X
X

X
X

*Incidence of hospitalisation for heart failure increased in patients receiving alogliptin in the EXAMINE CV outcome trial, prompting the FDA to accordingly include a warning in the Nesina® US Prescribing Information. However, it
should be noted that the increased incidence of hospitalisation for heart failure was numerical only and was not statistically significant13,17
DPP-4i, dipeptidyl peptidase-4 inhibitor; HbA1c, glycated haemoglobin; IC50, half maximal inhibitory concentration; SGLT2i, sodium-glucose co-transporter-2 inhibitor
1. Thomas L et al. J Pharmacol Exp Ther 2008;325:175; 2. Boehringer Ingelheim and Eli Lilly. Trajenta® (linagliptin) summary of product characteristics. 2018; 3. Merck. Januvia® (sitagliptin) summary of product characteristics. 2018; 4.
AstraZeneca. Onglyza® (saxagliptin) summary of product characteristics. 2018; 5. Novartis Galvus® (vildagliptin) summary of product characteristics. 2018; 6. Takeda. Vipidia® (alogliptin) summary of product characteristics. 2018; 7.
Del Prato S et al. J Diab Compl 2013;27:274; 8. Marx N et al. Diab Vasc Dis Res 2015;12:164; 9. Rosenstock J et al. JAMA 2019;321:69; 10. Scirica BM et al. N Engl J Med 2013;369:1317; 11. White WB et al. N Engl J Med 2013;369:1327;
12. Green JB et al. N Engl J Med 2015;373:232; 13. Zannad F et al. Lancet 2015;385:2067; 14. Boehringer Ingelheim and Eli Lilly. Glyxambi® (empagliflozin + linagliptin) summary of product characteristics. 2018; 15. Merck. Steglujan®
(ertugliflozin + sitagliptin) summary of product characteristics. 2018; 16. AstraZeneca. Qtern® (dapagliflozin + saxagliptin) summary of product characteristics. 2018; 17. Takeda. Nesina® (alogliptin) Prescribing Information. 2016
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