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TABLE1 Commonly used classes of non-insulin anti-hyperglycaemic agents

Diagbetes Obes Metab. 2018, 20(Suppl. 1):34-44.

Main side effects (less
Main anti- common/rare side

Drug class Commonly used agents  Mechanism of action hyperglycaemic effects  effects)

Biguanides Oral Metformin Activate hepatocyte and Reduce hepatic glucose  Abdominal discomfort;
enterocyte AMPK; output, improve insulin nausea; diarrhoea;
inhibit hepatocyte sensitivity, increase flatulence (lactic
mitochondrial gut glucose utilization acidosis) .
function, increase \OQ’\
GLP-1 secretion, alter 6\_0
intestinal microbiome 0‘\3\0

Sulphonylureas Oral Glibendamide/Glyburide, Close p-cell Karp channel Cause insulin secretion Ié}mgjyéa‘q{fuia, weight

Glidazide, Glimepiride, (glucose ind deg(,\a ?8\
Glipizide \\a (5\
Meglitinides Oral Mateglinide, Repaglinide  Close p-cell Kyrp channel Cause j sec Hypoglycaemia; weight
0@5& i dent) gain
Thiazolidinediones Oral Pioglitazone, Activate a family of a\aedm@r%hhn resistance Weight gain, oedema,
(Rosiglitazone) nuclear recesgt e( (increased fracture
{PPARS} O(\\‘ risk; increased bladder
d\ cancer risk)
DPP-4 inhibitors Oral Alogliptin, Linagliptin, uce -mediated Enhance insulin Generally well tolerated

GLP-1 receptor agonists

(GQ \\e(
‘,\“\\\QQ {\0e
0‘\09
w-Glucosidase inhibitors Oral
SGLT-2 inhibitors Oral

Saxagliptin, Si
Vlldagllptuo

P\gﬁ) (\Qv\(\

rg‘h\.de Dulaglutide,
xenatide, Liraglutide,
Lmisenatide.
Semaglutide

Acarbose, Miglital,
Voglibose

Canagliflozin,
Dapagliflozin,
Empagliflozin

e ﬁg@ ation of
e dogenous incretin

hormones

Activate GLP-1 receptor

Slow digestion of
complex
carbohydrates

Inhibit activity of glucose
transporter in proximal

tubule

synthesis/secretion
(glucose dependent),
suppress glucagon
secretion (glucose
dependent)

Enhance insulin
synthesis/secretion
(glucose dependent),
suppress glucagon
secretion (glucose
dependent), reduce
appetite

Reduce intestinal glucose
absorption

Increase renal glucose
excretion

Mausea (vomiting;
diarrhoea)

Diarrhoea; flatulence;
abdominal discomfort

Urinary tract/genital
infections
(ketoacidosis;
dehydration)

Abbreviations: AMPK, AMP-activated protein kinase; Karp channel, ATP-sensitive potassium channel; PPAR, peroxisome proliferator-activated receptors.
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Spectrum of gut hormones produced by enteroendocrine cells.

Apelin, Amylin
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Mechanisms through which DPP-4i lower blood glucose.

 Loss of glucoregulatory
response to DPP4i

WT  Glpir/- Gipr' Glp1r/:Gipr/-

Daniel J. Drucker Diabetes 2015;64:317-326

American
Diabetes
©2015 by American Diabetes Association . Association.
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Nonglycemic actions of GLP-1 on organs that express a functional GLP-1R.

GLP-1
Non-glycemic actions

Motility
Lipoprotein synthesis
Mucosal growth

Heart Rate
Cardioprotection
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Hormone  Receptor Effectof

wlp- Endocrine signalling DPP-4i
Local paracrine signalling GLP-1 o A e
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Diabetes Obes Metab. 2018;20:34-41.



Mouse gut Selective pharmacological inhibition of enteric DPP4
improves glucose control under both euglycemic and
insulin-resistant conditions
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Endothelial cell DPP4
Cleaves GIP and GLP-1 and
contributes to glucoregulation
in insulin-resistant states

cell DPP4
Cleaves GIP

No role in incretin
degradatlon or

Cell Metabolism 25, 152-165, January 10, 2017



Dpp4-- Dpp4Gut-- Dpp4EC-- Dpp4EC-- (BMT)

(Whole body KO) (KO in Villin* cells) (KO in Tie2* cells) (KO in Tie2* cells after

WT BM transplant)
e Endothelial Endothelial
cells # cells \O
/ O\Og\
— O : ‘06\
Enterocytes Hematopoietic . 0\'3
cells 6\ o \\-
\¢ A
Plasma DPP4 Undetectable No Decreased . \(@ sed
Activity change 50% 0\6" B 2%
,&6
22 2%
Intact GLP-1  Increased No \[n (6&% Increased
++++ change 7 \ S 44+ ++
S-’ @g?‘\(}\ (© 66
< O 5‘\9
O' . 2°
Intact GIP Increased QN\ ﬂ? Increased Increased
++++ \Nx% 0‘ %ange ++ +
X0 ef®
693‘3 (3\6\‘
& \‘QQ‘ (\06\‘6 Role in regulation of glucose metabolism?
c\
\a uglyc& YES
il B - B - B -
insulin YES YES
resistant e o e
conditions

Cell Metabolism 25, 152-165, January 10, 2017
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What Cellular Source of DPP4 is Important for
GLP-1 Cleavage and Control of Glycemia? g
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Kidney DPP4  Intestinal DPP4 Endathellalw\%t(g@et DPP4 Adipose Tissue  Hepatocyte DPP4
- Derived DFP4

Cleaves GLP-1 and GIP
Regulates Glucose



Cell Metab. 2019 Feb 5;29(2):320-334.e5.

VALIDATED MECHANISMS

EMERGING CONCEPTS

| GLUCOSE CONTROLI I INFLAMMATION I
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hepatocyte-derived
DPP4 are dispensable

for incretin cleavage and
glucose control

* Obesity-induced increases in plasma
DPP4 activity originate from hepatocytes
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regulate liver and adipose tissue

\ inflammation )




Effect of SITAGLIPTIN on obese subjects in
TECOS trial
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Green JB, Bethel MA, Armstrong PW, et al. Effect of sitagliptin on cardiovascular
outcomes in type 2 diabetes. N Engl J Med 2015;373:232-42



Efficacy of DPP-4 inhibitors in the clinical phase Il
programmes with at least 52 weeks duration
as add on therapy to metformin

‘\6‘
Qo
compared to sultonylureas X
o
2 & N8 N\
NGNG
TABLE 1 | Efficacy of DPP-4 inhibitors in the clinical phase Il programmes with at least 52 weeks duration as add on,{ \‘},}, t?c;@‘ﬁﬁmln compared to sulfonylureas.
\‘
Substance/study Observation Intervention Change in n [pﬂt{\a &91 n::@éh ? Change in body Hypoglycaemic
[References] time HbA1c \,‘3 d% pat.] weight episodes
[weeks] [%] d\) (\\1 [kg] [ pat]

Alogliptin 104 Alogliptin 12.5mg \®88 ga 8?4 456" —0.68 €= 1.4
Del Prato (23) Alogliptin 25 mg 0 48.5™ —-0.80 € 1.4

Glipizide =5mg e \C %XD 59 42.8 +0.95 23.2 €&
Linagliptin 104 Linagliptin @@h \g\(\'a —0.16 1551 30.0 -14 € 7.0
Gallwitz (24) Glim ;pq =1 @0‘ —0.36 35.0 +1.3 36.0 &
Saxagliptin 104 I|p{ @g\ —0.41 858 23.1 -15 € 3.5
Gike (25) ‘3\‘6 Gl R]@- o-20mg —0.35 22.7 +1.3 384 &
Sitagliptin (GQ% 6(8 itagliptin 100mg —0.54 1172 63.0 -1.6 €& 5.0
Seck (26) . \\‘3 Q . oe\\ Glipizide 5-20mg —-0.51 59.0 +0.7 340 &
Vildagliptin 05\\\ ?e( < 52 Vildagliptin 2 = 50mg —0.81 1007 30.0* +0.08 n.a
Filozof (27 ‘\6 Gliclazide <=320mg —0.85 32.0 +1.36
Vildagliptin 104 Vildagliptin 2 = 50mg —0.10 3118 37.0 —-0.3 2.0
Matthews (28] Glimepirde <=6mg —0.10 38.0 +1.2 18.0

Alogliptin (23] "p <= 0.007 vs. sulfonylurea (SU) {non inferiority shown), *p < 0.010 vs. SU [superority shown). Linagliptin (24) *p < 0.05 vs. SU (completfers, two-sided). Vildagliptin (27)
o= 0.257 vs. SU {non inferiority shown).

Gallwitz B (2019) Clinical Use of DPP-4 Inhibitors. Front. Endocrinol. 10:389.



Cardiovascular Actions and Clinical OQutcomes
With GLP-1RAs and DPP-4lIs
(10.1161/CIRCULATIONAHA.117.028136)
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TABLE 2 Cardiovascular safety outcome trials with dipeptidyl peptidase-4 (DPP-4) inhibitors

CV safety outcome trials

Meta-analysis of non-CV

Inhibitor Saxagliptin  Alogliptin Sitagliptin Linagliptin  Linagliptin  Vildagliptin DPP-4i trials
Trial name/study ~ SAVOR-TIMI°  EXAMINE™ TECOS™ CAROLINA™ CARMELINA™ No outcome Monami et al.™
trial planned \OQ'\

Comparator Placebo Placebo Placebo Glimepiride Placebo Piace
History of CVD (%) 78 100 (ACS) 100 34 57 6 &)\[C\g often an exdusion
eGFR <60 mL/ 146 29 9 (<50 mL/ 18 62 \\3\\ 5\6L ow (renal disease often an

min/1.73 m? (%) min/ Ae 6 \‘\@@ exclusion criterion)

1.73 m? S0 ,\d\\,@

Number 16 492 5380 14 671 6103 %?ﬂ\\a e o S 41 959
Follow-up (y) 21 15 30 Target ~ 866\)’% 085
Age (y) 65 61 66 @\ 1 6\5% 55
Diabetes duration 10 72 9.4 0@9\6 Q(e 15 5

(y) ?@ \@ o\
BMI (kg/m?) 31 28.7 6%\§&‘9 (\g\(\a 30 31.3 31
HbA1c (%) 8.0 8.0 @P O S 7.2 7.9 8.2
% on insulin 41 ‘3\‘@ 3o \‘6(%\ 23 0 58 n/a

% on Statin 78 Qa‘ '::rge\0 80 64 n/a n/a

% on Aspirin ?l‘a Q‘ (\GG 1 79 50 68 n/a

% on ACEI@@E 82? G( 82 a2 75 B1 n/a
oV everlYH) 1222 621 1690 Target 631  Target 611 495
MACE hazard ratio 1.00 0.96 098 Results Results 071

(95% CI) (0.89; 1.12) (upper, 1.16) (0.88, 1.09) expected expected

2018 2018

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; BMI, body mass index;
Cl, confidence interval; CV, cardiovascular; CVD, cardiovascular disease; DPP-4, dipeptidy| peptidase-4; eGFR, estimated glomerular filtration rate; MACE,
major adverse cardiovascular events.

Diabetes Obes Metab. 2018 20(Suppl. 1):34-44.



Placement of DPP-4 inhibitors into the treatment algorithm
according to the recommendations of the American (ADA)-

and European (EASD) Diabetes Associations s
e©
Metformin as first line therapy 6 0 6\0\
'3\
l l' \0\\6(\ 6\\6\

Established ASCVD or CKD No ASCVD or CKD '&@
OC'\ 6\\'0\\

| | S
M@ Je©
if minimizing riskc© 0
l hypogl 3815 36 N l l
If yes, DPP-4 inhibitor OB i -qai{&%ltﬂr If weight loss or l

3rd-line therap'l_.r if Hb, Nhe therap'f mlnlmlﬂng WEIEht

AP g, @P‘% S O{nr later) gain are important:
Q%" (S her 2nd-li DPP-4 inhibitor
\6 \‘6( SRR A5 : If costs are
e\6 agents: as 3rd-line therapy ‘
QQ(G‘Q e\\e‘ SGLT-2i, GLP-1RA,  in combination 'D"';I;':';t?";;b_
é\’<-\\‘ el \© TZD) with SGLT-2i, when 4-h 'lf" ioitor
O'\QQO 4 Combination DPP-  GLP-1RA is not ;: th-line
4 inhibitor with tolerated erapy after SU
GLP-1RA not Combination DPp-  2nd
recommended 4 inhibitor with TZD
GLP-1RA not
recommended

Gallwitz B (2019) Clinical Use of DPP-4 Inhibitors. Front. Endocrinol. 10:389.



TABLE3 Commonly used classes of anti-hyperglycaemic agents recommended for controlling glycaemia in patients with T2DM and kidney
disease (data taken from prescribing information, indications may vary by country)

Renal impairment

Diabetes Obes Metab. 2018, 20(Suppl. 1):34-44.

Mild (eGFR Moderate (eGFR =30
260 mL/min/  to <60 mL/min/ Severe (eGFR <30 mL/min/
Drug class 173 m? 173 m? 1.73 m?) ESRD on dialysis Comments
Biguanides Yes Yes, with dose No No Increased risk of lactic
reduction acidosis with dECI'QBQ\
Caution for eGFR GFR X0
<45 mL/min/ @ 6
173 m? \O
Sulphonylureas Yes Yes No (glibenclamide/glyburide; No {glnbenclamldefglybunde, ure to parent
glimepiride) glimepiride) @ metabolite
Yes with caution (gliclazide, Yes with caution é clamide/glyburide;
glipizide) glipizide) 0\6 \\6 glimepiride); increased risk
% of hypoglycaemia
Meglitinides Yes Yes Yes with caution ée@“% C Increased risk of
Dose reduction may he \)\ ose {‘a@&: on may be hypoglycaemia
required ired
Thiazolidine-  ‘Yes Yes Yes O\ G d\ No Increased risk of fluid
\ u
diones e?\ (3 retention and chronic
Q heart failure
DPP-4 Yes Yes, with dose &X\O& &@ se reductmn of  Yes, with dose reduction of  Dose reduction for renally
inhibitors reductio (saxagliptin, 50% (saxagliptin, eliminated DPP-4
hmglg\rﬁ 0 wdagllptm] or 75% vildagliptin) or 75% inhibitors based on drug
meng\o (alogliptin, sitagliptin) (alogliptin, sitagliptin) exposure, not safety or
\6 \‘e Linagliptin: no adjustment Linagliptin: no adjustment tolerability
GLP-1 Yes a(@ ‘g»s No, except liraglutide No Increased frequency/severity
receptor Q(GQ re with dose of Gl side effects; limited
agomsts \\ ‘a (\0 escalation for data in patients with eGFR
el exenatide b.i.d. <30 mL/min/1.73 m”
@k& sldase Yes Yes No No Not studied/limited data in
inhibitors patients with GFR
<30 mL/min
SGLT-2 Yes No No No Reduced glycaemic efficacy
inhibitors with declining GFR
Insulin Yes Yes Yes Yes Decreased clearance of

insulin; increased risk of
hypoglycaemia

Abbreviations: DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; GLP-1, glucagon-like peptide-1.



TABLE 4 Tolerability and efficacy of DPP-4 inhibitors in patients with T2DM and kidney disease. Doses of the renally eliminated individual inhibitors (saxagliptin, sitagliptin, vildagliptin) are used at the

recommended doses according to renal function

Study Diabetes % on insulin Baseline Confirmed hypoghycaemia
Referances Drug o curstion dustion Rensl status (aGFR) fmone- o HbA1c ;‘"]""‘1‘ Hywo- g <28 mmol/L or severe ﬂ“"“ ::f,i“?g“";""z]
[wlk) ¥) combination therapy) (%) requiring assistance (%) B
40 Sitagliptin - 423 -~54 ~10 Moderate (in 70%) or severe 0 7.8 ~0.8 62 14 -0.6 -39
(im 30%) ‘\ .
Glipizide ~0.6 17.0 28 +60g -33
# Sitagliptin 148 24 19 Severe (20 mL/min/1.73 m3 50 7.5 ~056 15 nr . ‘Oe\-\uf nr
Vildagliptin -054 16 6\0\ X
42 Vildagliptin 711 52 nr Moderate (~40 mL/min/ 71 7.9 ~0.6 26 16 (\6 \‘\oa‘\ nr =162
173 m?) N\ . 6\\'6
Placebo -02 17 \.,a\*& A -180
= Vildagliptin 128 52 mr Severe (~22 mL/min/ 81 7.6 ~0.8 18 \S 6 mr -1.98
173 m?) 00\ . d\\é\e‘
Placebo -0. é\\@ 17 2 S\ 47 -244
2 Saxagliptin 160 52 *10in  Entire cohort: moderate (in -~ ~75 83 \‘a. ea\@ 94 0.7 Mo meaningful
70% 54%), severe (in 25%) or 6\) \\] changes
ESRD (in 21%) e . 50(
Placebo \O\ 2 d\ -0.36 294 47 -m
= Saxagliptin 86 52 Sub-group: moderate e?\ (QQ =0.94 292 104
Placebo ?@0 5\ Q +0.19 381 71
43 Saxagliptin 40 52 Sub-group: severe wo . (\:a\e 7.9 -0.81 333 56
Placebo \ 3 g\ -049 174 0
= Saxagliptin 34 52 SUHru‘QNEk 84 -113 211 105
Placebo -099 250 50
a Limagliptim 133 52 =5 Q\Q% Lfmlnp’ a2 82 -0.71 632 (55.9% 4.4 -1.83 -0.8
Q I‘E asymptomatic)
Placebo % 4001 49.2(35.4% a6 -029  -22
Q
\\‘3 \Ge asymptomatic)
= Sitaglipti ‘a’% G 1}' ESRD on haemo- (in 68%) or 0O 7.9 -0.7 6.3 (1] -0.2 -
a O 5? peritoneal (in 32%)
0\ dialysis
Glipizide -0.9 10.8 7.7 +0.8 =
4 Vildagliptin 60 24 nr ESRD on haemodialysis 1] 6.7 -0.6 1] 1] 0 -
Control 0 0 1] v} -
7 Saxagliptin 82 24 nr ESRD on haemodialysis 22 6.5 -0.6 (1] (1] (1] -
Control -01 (1] (1] (1] -

Abbreviations: DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; nr, not reported; T2DM, type 2 diabetes mellitus.

Diabetes Obes Metab. 2018;20{Suppl. 1):34-46.



DUAL EFFECT OF DPP-4 INHIBITION?

DPP-4 inhibitors X 2 &
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Potential mechanisms for DPP-4
inhibitor-mediated effects on the kidney.

\O*
GO® o°
592
Tubular effects Renal haam gﬁ'l&t@% effects
Increased diuresis Modgs 5@%\ased GFR
Increased natriuresis Red \erular hyperfiltration
\4 2 @? :
SOV (\©
6\ =°
|nh[§§gw€n haficed
gﬁ@ogenous
Pg substrates
Al (DQ@LP -1, SDF-1a, others?)
o\ \0\16
(GQ e(e
gl 1€k factors Morphological effects
é)estl educed blood pressure Reduced glomerular sclerosis
Reduced inflammation Reduced tubulo-interstitial fibrosis
Modestly improved dyslipidaemia Reduced podocyte loss

Reduced oxidative stress

Diagbetes Obes Metab. 2018 20(Suppl. 1):34-44.



Acute and chronic changes in FENa in response to sitagliptin compared with placebo in
patients with type 2 diabetes.

A p=0.039 ' B p=0.012
83% W% \O
. o\0%
—-»— Baseline 0\6 Day 1
3- . \—\0— ay
- —-— 3Hr X 1 Month
= \‘\ ‘6\\6+ on
s 24 \6 2
] - O
(T 3] ‘\6\\
0 L T
placebo sitagliptin
\
C ?@0?’35
p=0.039 p=0.71 O"'. ’3\ p=0.43 p=0.012
ST 3
= 350 Pf) ot © 150
. c
2 300 3o ‘5\0 & 1251
.':: 250- ‘@\3 \ N1 @ placebo :’2 100+ @B placebo
< 2004 (eQ‘a \‘G(G 3 sitagliptin = 751 3 sitagliptin
e ) . z 5l
2 1504y Q((f»e T £
. ¥ 2) £
A T 0 T
@ 50+ Eo 254
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Immunoquantification of plasma SDF-1a in response to 1 month of sitagliptin administration
compared with placebo in patients with type 2 diabetes.
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Putative natriuretic mechanisms for DPP-4 inhibitors (DPP-4i).
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AMP = adenosine monophosphate; DPP = dipeptidyl peptidase.




Longitudinal medical resources and costs among type 2 diabetes patients participating in
the Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS).

1.50 4

Mean Number of Hospitalizations per Patient

1.25

Mean cumulative number of hospitalizations per patient Hospitalization rates and relative impact of sitagliptin
by treatment group on all-cause hospitalizations
\o
\OQ
Unan'.ijt,lstecla 0\ Ad ustecp
\

Duration of follow-up (y) N Sltaghptm e\@@e Relative rate P\.ﬁ;:\luep
@‘5
\6

SJ\
z2 13 700 d 723 0.9 0.54 (0.88-1.01) 07
\\% 2
,aa 6
225 ed\)\ 0(6*’ e‘%ﬁou 0.227 088 0.90(0.83-097) .01
e s
=33\ 7189 0.198 0.225 088 0.90(0.83-008 .02
N\
&éig\Q 4440 0,183 0.213 0.28 0.89(0.79-0.09) 03
\\\
zd 2641 0.188 0.215 0.28 0.89(0.77-1.02) A0

Lower hospitalization rates across time with sitagliptin slightly offset
sitagliptin treatment costs over 3 years in type 2 diabetes patients at
high risk for cardiovascular events
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CONCLUSIONI

Nuove ipotesi sul meccanismo d’azione dei DPP-4i 40
O
* 'inibizione della DPP-4 endoteliale spiega gli effetti rg@ﬁbohu

dei DPP-4i, mediati da GLP-1 \\aﬂad\@a\
* L’'aumento della DPP-4 correlato all’ obesg@,@@gw@ dal tessuto
epatico \)\aa\\a 2%

o
e La DPP-4 epatica e adlpoutarl@\e‘codmc/olta nella regolazione
dell’infiammazione d’org@ﬂ% o

. AItrl bersagll del @\Bé\c&ome SDF-1 potrebbero contribuire

o¥ ...the DPP4 inhibitors remain the best tolerated of any glucose-lowering
medications and, therefore, they should retain their position in the stepped
approached to diabetes therapy...
(Philip Home DIABETOLOGIA 2019)
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