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classes of drugs for type 2 diabetes (USA)
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classes of medicines for type 2 diabetes

e Gliclazide

* Nateglinide

e Detemir e Glibenclamide/glyburide Q\B‘é{%aglipi
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e Glargine e Glimepiride
e Degludec e Gliquidone
e Glipizide
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Healthy eating, weight control, increased physical activity
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If combination therapy that includes basal insulin has failed to achieve HbA1c target after 3-6 months,
proceed [0 a more complex insulin stralegy. usually in combination with 1-2 non-insulin agents:

Insulin®
(multiple daily doses)




typical patient
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the only evidence-based guideline

CLINICAL GUIDELINE ‘
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Oral Pharmacologic Treatment of Type 2 Dlabetes\qM@ﬂus {\eﬁhnlcal

Practice Guideline From the American Collgsgfe of P

|ans

Amir Qaseem, MD, PhD, MHA; Linda L. Humphrey, MD, MPH; Donna E. Sweet, \\%Ilssa Starkey @ d Paul Shekelle, MD, PhD, for

the Clinical Guidelines Committee of the American College of Physicians*

60

% 6\'

Description: The American College of Physicians (ACP) develope% 0 when ||festyl?nailﬁcatlons including diet, exercise, and weight

this guideline to present the evidence and provide clinical reqom®
mendations on the comparative effectiveness and safety e 2
diabetes medications. 6\6

Methods: This guideline is based on a syst evidence revievg@
evaluating literature published on this from 1966 t

April 2010 that was identified by usin DLINE (updateg\thxough
December 2010), EMBASE, an@& Cochrane Ce&&@ egister of
Controlled Trials. Searche e limited to En nguage publi-
cations. The chnlcal es evaluated f guideline included
all-cause mortali iovascular mo and mortality, cerebro-
vascular mor ?neuropathy pathy, and retinopathy. This
guideli des the evide recommendations by using the
Amersan College of Phyééins clinical practice guidelines grading

o® S
Recommeng§f@n 1: ACP recommends that dlinicians add oral
pharm ic therapy in patients diagnosed with type 2 diabetes

loss, hay, ed to adequately improve hyperglycemia (Grade:
stro%\éommendation' high-quality evidence).

G\ecommendatlon 2: ACP recommends that clinicians prescribe

monotherapy with metformin for initial pharmacologic therapy to
treat most patients with type 2 diabetes (Grade: strong recommen-
dation; high-quality evidence).

Recommendation 3: ACP recommends that clinicians add a second
agent to metformin to treat patients with persistent hyperglycemia
when lifestyle modifications and monotherapy with metformin fail
to control hyperglycemia (Grade: strong recommendation; high-
quality evidence).

Ann Intern Med. 2012;156:218-231.
For author affiliations, see end of text.

Wwww.annals.org
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HOW TO PERSONALIZE TREATMENT
OF TYPE 2 DIABETES

e glycemic phenotype and
pathogenesis of hyperglycemia

e weight e complications e ccompliance

- obesity e second — kidney
~ «hepatic» phase — incretin
e global deficiency
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4 Rules for metformin Rx

At least 2g daily
Run-in
For all patients with T2D

Attention to eGFR
Monitor if eGFR < 60 mL/min

b. Discontinue if eGFR < 30 mL/min

Discontinua (temp.) if procedures carry risk
of acuite renal failure (e.g. iodinated contrast
media)




T2D therapy: classes of drugs

e Detemir
e Glargine
e Degludec
e Lispro

e Aspart

e Glulisine
e NPH

e human
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¢ Gliclazide

¢ Glibenclamide/
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e Glipizide 6\)\’0
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e Pioglitazone
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which combination?

epersonal experience
ecfficacy

epathogenic therapy
emeta-analysis



which combination?

e 5 classes of drugs:

- sulphonylurea (and glinides)
— pioglitazone

—incretins {DPP-4- & GLP1-RA)
— acarkose

—insulin



which combination?

e 5 classes of medicines:

e number of combinations: 5 I

5 X4 * 3% 2 = 120

plus gliflozins 120 * 6 = 720



which combination?

epersonal experience
ecfficacy



effect on HbA1lc vs. placebo
meta-analysis of drug studies

pioglitazone —0— 5 (1705)
rosiglitazone —o— ‘11 (2828)
metformin —o— 7 (2194)
sulphonylureas —o— | 6 (1443)
repaglinide ——— 18 (2494)
nateglinide | . 8 (596)
acarbose || As . 4 (1423)
sitagliptin_l/ . a 4 (1423)
vildagliptin | @ 9 (1786)
exenatide & 5 (1229)

1 | . . | studies

-2 -1 0 0/0 1 (patients)

Bolen S. et al: Ann Intern Med 147:386, 2007

Amori RE et al: JAMA 298:194, 2007



which combination?

epersonal experience
o cfficacy
epathogenic therapy
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exenatide: add on metformin
effect on HbA1cC

9,5 9,5
9 9
8,5 I -2~ 8,5 ¢
% ., -
7,5 7,5
7 - Vs
. basal 30 weeks i basal 30 weeks

DeFronzo RA, et al. Diabetes Care 27:1092, 2005



Evidence for personalized therapy
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but then, which combination?

epersonal experience
o cfficacy

epathogeriic therapy
emeta-analysis



rosiglitazone:
the final meta-analysis for MI

RECORD Lo
ADOPT L@
DREAM =
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al| e —0— P|<O.|05
| | | | | | | ]

Nissen SE & Walski K: Arch Intern Med 170:1191, 2010
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BM]

BMJ 2013;346:13769 doi: 10.1136/bm;|.f3769 (Published 10 June 2013)

FDA panel ad\w%es ea,;sia‘\g restrictions on rosiglitazone

&
Miriam E Tu X0

Bethesda @SrylaQnd 6\0(\6

gﬁnml Food and L)n&e(dmlm\lmlmn advisory panel has voted infarction, or stroke: cardiovascular death: myocardial infarction:
. 6 to ease the L\}t um"un restriction on prescription of the stroke: and all causes of death—were significant.
0\ antidie lh‘ 1g rosiglitazone (marketed by GlaxoSmithKline

Panel members said that they were somewhat reassured by the
1\ Aw@Na), despite lingering concerns about its cardiovascular

readjudication, but they also expressed concern that the trial’s




Higher doses of SUs do not reduce
HbA1lc more than lower doses

Meta-analysis of head-to-head studies (N=911)

Lower Higher HbA, ¢
dose dose difference
Authors n (mq) (mq) (5% CI) % weight
Glii - C
Gold I I l e a - a n a yS I o) ———- 0.50 (-0.07, 1.07) 12.00
Gold —.— 0.20 (-0.37, 0.77) 12.00
Rose Y] 0.10 (-0.35, 0.55) 17.74
Rose a r e N : 0.00 (-0.44, 0.44) 18.15
Subt 0.16 (-0.08, 0.41 59.89
- ( )
Gli‘ CL) -~
Simc ev I e I l Ce S H— 0.00 (-0.50, 0.50)  14.96
Simc S -0.71 (-1.34,-0.08)  9.97
Simoiisuii et ar~ “uU SV, = -0.17 (-0.95, 0.61) 6.87
Stenman et als 36 ¢ 20 - 0.30 (-0.72, 1.32) 4.15
Stenman et al5 36 10 40 - 0.40 (-0.62, 1.42) 4.15
Subtotal (1222.9%, p=0.269) : -0.13 (-0.50, 0.25)  40.11
Overali-{12=13.9%, p=0.219} ? 0.05 (-0.17,0.26)  100.00
-1.5 0 15
Favours lower dose Favours higher dose

Pooled mean difference in HbAlc (high vs low dose): 0.05, 95% CI -0.17, 0.26

1. Hirst JA, et al. Diabetologia 2013;56:973-984. 2. Goldberg RB, et al. Diabetes

Care 1996;19:849-856. 3. Rosenstock J, et al. Diabetes Care 1996;19:1194-1199.
4. Simonson DC, et al. Diabetes Care 1997;20:597-606. 5. Stenman S, et al. Ann
Intern Med 1993;118:169-172



but then, which combination?

epersonal experience
o cfficacy




T2D therapy: classes of drugs
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classes of medicines for type 2 diabetes

e Gliclazide

* Nateglinide
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gliptin vs. glipizide

add-on to metformin

saxa + met
T
glipizide + met
0 6 12 18 24 30 38 46 52

weeks

Gobke B Int J Clin Pract. 64:1619; 2010
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SAVOR-TIMI: MACE cumulative incidence

12 | Hazard ratio, 1.00 (95% CI, 0.89-:1.12)
P<0.001 for non inferiority

91 blacebo

events
0f -

saxagliptin

63 ]

0 150 300 450 600 750 900

.y days
Scirica BM et al: NEJM 369:1317, 2013



EXAMINE: MACE cumulative incidence

24 -
] placebo
events
0/0 A alogliptin
6 L b e
\“‘\9‘
0 5 10 15 20 25 30

month
White WB et al. NEJM 369:1327; 2013 ontns



gliptins: pros & cons

pros
absence of hypoglycemia

no weight increase (decrease)
rare side effects

no effects on CV risk factors
no gastrointestirial side effects
no titration

cons
CGSt




classes of medicines for type 2 diabetes

e Gliclazide

* Nateglinide
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short and long-acting GLP-1R agonists

Short-acting Long-a@c&dﬁ\
GLP-1 RA GI,SEM RA

FPG reduction
PPG reduction
HbA1lc reduction

\o
Body weight reduction >
&°
m é@tw
Gastric empti e
%@

++

Compliance +




short and long-acting GLP-1 R As
24h plasma glucose profile

250 — =
. lixisenatide (bazal
T (bazal)

n
»
[
o
»
- .
. .
s .
- .
.

lixisenatide (day,28)

raglutide {day 28)
200 — (= t'}

plasma
glucose
mg/dl
150 —

0 1.5 3.5 4.5 6.5 8.5 10.5 12.5 14.5 24

hours
Kapitza C et al. Diabetes Obes Metab 15: 642-649, 2013



DURATION-6: change in HbAlg

a head to head comparison between Exe QW vs. tira QD

O_

-0.5- \\
A% \ B
\ —— 2

-2.0

exenatide QW (n=461)
liragiutide QRO{h=450)

weeks
Buse J, et al. Lancet 381:117, 2013



DURATION-6: incidence of adverse events

a head to head comparison between Exe QW vs. Lira QD

Exenatide QW Lraglutide QD
(N = 461) (N>=450)
Nausea 9.3 << - pAVN/
Diarrhea 6.1 <& 13.1
Vomiting 3.7 << 10.7
Dyspepsia 2.4 < 6.0
Headache 5.9 < 8.4
Nasopharyngjitis 6.7 = 7.1
Injecticn site hump 10.4 >>> 1.1

Treatment-emergent Adverse Events with Incidence 25%
In Either Treatment Group

Buse J, et al. Lancet 381:117, 2013



GLP1 R A: pros & cons

pros
absence of hypoglycemia
significant weight loss
reduced CV risk factors
easy titration

cons
gastrointestinal side effects (some less)
Injections

cost




classes of medicines for type 2 diabetes
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SU and repa: pros & cons

pros
rapid
cheap

cons
hypoglycemia!

rapid beta-celi railurs
weight gaini
increased CV risk
not indicated in CKD




classes of medicines for type 2 diabetes
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PROACTIVE: fatal/non fatal MI
(silent MI excluded)

Kaplan-Meier event rate

0.10- 2 e
- pioglitazone (65 /1230)
0.08+ — placebo (88/1215)
0.06-
0.04-
HR 959% CI p value
0.02-
pioglitazone vs 0.72 0.52, 0.045
placebo 0.99
0.0
N-atiisk: | 2445 2387 2337 2293 2245 2199 399(139)
") T T T T T T 1
0 6 12 18 24 30 36

Time from randomization (months)



PROACTIVE: Heart failure risk

a4 - placebo - ?
events pioglitazone r“/f
%

0 6 12 18 24 30 36

Erdmann E et al.: Diabetes Care 30:2773, 2007 months



pioglitazone: pros & cons

pros
secondary CV prevention
no hypoglycemia

cheap

cons
slow action

heart failuire ang fluid retention
significant weight gain
fractures




classes of medicines for type 2 diabetes
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acarbose: pros & cons

pros
not absorbed

no hypoglycemia
cheap

cons
poor efficacy
gastrointestinal side effects




classes of medicines for type 2 diabetes
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basal insulin: pros & cons

pros
most effective

cons
hypoglycemia! (szne less)

weight gain

injection

poor efiect on post-prandial glucose




classes of medicines for type 2 diabetes

e Gliclazide
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renal glucose
reabsorption

=
'.‘

P ot

seg. 1 of proximal tubule

SGLT-2

reabsorbs 95 % of glucose

seg. 3 of proximal tubule

SGLT-1

réabsorbs 5 % of glucose or
409%.0f remaining glucose

=

(\‘__I-_-l_



renal glucose flux

300 1

250 1

200

150 -

flux (mg/ml)

100 1

50

glycosuria

076 " 50 100 150 200 250 300
blood glucose (mg/dl)

Ferrannini E Diabetes 60:695, 2011



flux in glycosuria

300-

200

1004 21 :
>0 g/aay 150 g/day
g-kg-1-min-t 1,5 mg-kgt-min-t

4 U _ w




flux in glycosuria

300- the amount of glucose lost
in the urine depends
exclusively from:

200
1. gtycemia

. 2i°tenal function (eGFR)




dose response: SGLT-2 monotherapy
(drug-naive patients)

HbAlc 7-10% HbA1c >10%
placebo 2,5 mg 5 mg 10 mg

1,2

Ferrannini E Diabetes Care 33:2217, 2010



dose response: SGLT-2 monotherapy
(drug-naive patients)

HbA1lc 7-10% HbA1c >10%
placebo 2,5 mg 5 mg 10 mg 5 mg 10 mg
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gliflozin vs. glipizide in add on to met.
(met = 1.500 mg, dapa <10 mg, glipizide < 20 mg)

glipizide.="0.14%

dapagliglozin -0.32%

HbA1c (%)

=1.0

0 18 26 42 52 65 78 91 104

Nauck et al. DOM 16:1111, 2014 weeks



gliflozin as add on to insulin
HbA1c: dapagliflozin vs. placebg
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gliflozin as add on to insulin
Units of insulin: dapa vs. placebo
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gliflozin: effect on weight

weight
dapa glipizide

Nauck et al. DOM 16:1111, 2014

-3,5
Bolinder et al JCEM 97:1020, 2012



gliflozin vs. glipizide as add on to met
(met = 1.500 mg, dapa < 10 mg, glipizide < 20 mg)
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gliflozin: effect on BP and Uric Ac.

blood pressure uric:acid

dapa glipizide dape placebo
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Nauck et al. DOM 16:1111, 2014



familiar renal glycosuria
genetic forms - clinic aspects

presentation

glycosuria: 1-170 g die
completely asymptoniatic

blood

normal bloog giucose
no hypogiycemia ar nypovolemia

kidney / bladder

rd tubular dysfunction
normainistology and function

complications

No increased incidence of
— chronic kidney disease
— diabetes
— urinary tract infection

Santer R, et al. Clin J Am Soc Nephrol 5:133, 2010




gliflozins: pros & cons

pros
effective on all patients

no hypoglycemia

removes glucose toxicity

significant and persistent vieight loss
reduces blood pressure

cons
not effective with low eGFR
=) Infections




typical patient

Metformin

Gliptin

GLP-1 R.A.

Sulphonylurea or
Repaglinide

Pioglitazone

Acarbose

;sliflozin

Insuiinn (basal)




start with lifestyle improvement (unless severe hyperglycemia is present)

add on to HVDOS other CV risk Heart i G.I.
metformin ypP effects factors failure effects
6 .
not
GLP-1 R. A. 1A 1A indicated
in CKD
not @
SU (_)r_ indicated . S 03C
repaglinide in CKDQQ\

. O
pioglitazone 1A I@Xtures 2 medium
¢
& o
mfec.:ti;)ns -

Rare

1 to 5: grade of evidence
A to E: strength of recommendation




Take home messages

e There is no “one-size-fits-all” solution:
treatment needs to be individualized

e There is no strict evidence stiggesting
appropriateness of certaifi drugs for certain
patients

however

e There are well demonstrated pros and cons
for each drug

e .Our duty is to ponder each of them, and
match our patients with the best therapy for
each of them





