Diabetes: An old friend revisited
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This is how we classity DM since

1998

Other Specific Types**

Stages Normoglycemia Hyperglycemia
Types Normal glucose regulation Impaired Glucose Tolerance : Diabetes Mellitus
or :
Impaired Fasting Glucose : Notinsulin  Insulin requiring  Insulin requiring
(Pre-Diabetes) : requiring for control for survival
Type 1*
Type 2

Gestational Diabetes **
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Etiologic classification of diabetes

1. Type 1 diabetes (B-cell destruction, usually leading to absolute insulin deficiency)

A
B.

Immune mediated
Idiopathic

IIl. Type 2 diabetes (may range from predominantly insulin resistance with relative
insulin deficiency to a predominantly secretory defect with insulin resistance)
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Il Other specific types
A.

Genetic defects of B-cell function
MODY 3 (Chromosome 12, HNF-1a)
MODY 1 (Chromosome 20, HNF-4c)
MODY 2 (Chromosome 7, glucokinase)
Other very rare forms of MODY (e.g., MODY 4: Chromosome 13, insulin promoter factor-1;
MODY 6: Chromosome 2, NeuroD1; MODY 7: Chromosome 9, carboxyl ester lipase)
Transient neonatal diabetes (most commonly ZAC/HYAMI imprinting defect on 6q24)
Permanent neonatal diabetes (most commonly KCNJ11 gene encoding Kir6.2
subunit of B-cell Karp channel)
. Mitochondrial DNA
Others
Genetic defects in insulin action
1. Type A insulin resistance
2. Leprechaunism
3. Rabson-Mendenhall syndrome
4. Lipoatrophic diabetes
5. Others
Diseases of the exocrine pancreas
1. Pancreatitis
2. Trauma/pancreatectomy
3. Neoplasia
4. Cystic fibrosis
5. Hemochromatosis
6. Fibrocalculous pancreatopathy
7. Others
Endocrinopathies
. Acromegaly
Cushing’s syndrome
Glucagonoma
Pheochromocytoma
Hyperthyroidism
Somatostatinoma
Aldosteronoma
Others
g or chemical induced
Vacor
Pentamidine
Nicotinic acid
Glucocorticoids
Thyroid hormone
Diazoxide
{-Adrenergic agonists
Thiazides
Dilantin
10. y-Interferon
11. Others
Infections
1. Congenital rubella
. Cytomegalovirus
. Others
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3.

L forms of i diated diabetes
1. Stiff-man syndrome

2. Anti-insulin receptor antibodies

3. Others

her genetic syndromes sometimes associated with diabetes
Down syndrome

Klinefelter syndrome

Turner syndrome

Wolfram syndrome

Friedreich ataxia

Huntington chorea

Laurence-Moon-Bied| syndrome

Myotonic dystrophy

Porphyria

10. Prader-Willi syndrome

11. Others
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IV. Gestational diabetes mellitus

Patients with any form of diabetes may require insulin treatment at some stage of their disease.

Such use of insulin does not, of itself, classify the patient.

American Diabetes Association Dia Care 2014;37:S81-S90
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How it works

e TlorT2?

* Autoantibodies against pancreatic islet B-cell antigens
» Age at diagnosis (younger for type 1 diabetes).

* LADA, a third subgroup

* Presence of glutamic acid decarboxylase antibodies
(GADA)

* Phenotypically indistinguishable from type 2 diabetes at
diagnosis, but becomes increasingly similar to T1

e MODY and neonatal diabetes

* Rare monogenic forms of diabetes
* Dx by gene sequencing



s it that simple?

* Overlap
e T1 with IR
e T2 with insulin deficiency

* LADA
e ? Aform of T2DM with fast destruction of b-cells
e ? a late manifestation of TIDM
e ? adistinct entity with its own genetic footprint

* |[IRvs. T2DM

e Role of b-cells function



Implications

e Patient education
* |nsulin deficient vs insulin resistant

* Choice of Rx

 Role of insulin

* Role of other agents including SGLT2-I, TZD, DPP4-I,
GLP1-a

* Rx reimbursement
* Consumables of self monitoring

* Insulin analogues
e Other anti-diabetic agents



—actors associated with different
forms
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SS Schwartz. Diabetes Care 2016



B-cells are the key

Polygenic
Monogenic
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The multiple pathophysiological abnormalities in

type 2 Diabetes: the Ominous Octet
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8. Colon)\biome

Abnorrnal micropiota;

9. ImMmune ‘?’

1. Pancreatic B-Cells
J B-Cell function
4 B-Cell mass

§ Insulin

FINAL COMMON

dysregulation/
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B-cell-centric Construct

B—Cell-Centric Construct: Egregious Eleven
The B-Cell is the FINAL COMMON DENOMINATOR of B-Cell Damage

7. Brain

Increased appetite

—— - Decreasgd morning
—_— 1* dopamine surge
- Increased sympathetic
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6. Liver

Increased
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production

5. Muscle
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Anti-diabetic treatment based on
the model

GLP-1 agonists )
4. Adipose

Pramlintide e 'l' T 6
Acl 11. Kidney A
SGLT-2 inhibitors I Metformin

SS Schwartz. Diabetes Care 2016
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Common processes at Work in all Target
(Vulnerable) Cells Implicated in Diabetes

Common processes at work in diabetes and its complications
Complications are cellular-based

/ Intracellular fuel excess ™
g . v | BE.-
s E N l § RO
R Oxidative stress / ROS > 338
o E E Polyol flux, PKC, hexosamine flux, AGE pathways E =
ge s ‘ v b
E ZE Induction of transcription factors Inflammation
=t @ | |
= o E
= E ~ “
EEP®O
m E -:—'. - »
€52 | A Gene % Epigenetic A
m E . Histone mod fications,
o S bl miRNAs, LncR NAS
3 DNA methylation Neurons,
_ renal cells,
Cell dysfunction hypertrophy, retinal cells,
o ypertrphy, endothelium,
proliferation, remodeling, apoptosis h
Pancreatic cardiomyocytes,
beta cells l ‘ vascular smooth muscle
Decreased insulin secretion; Cad pad retinopathy
exacerbated IR; met syndrome Neuropathy nephropathy

SS Schwartz et al. Trends in Endocrinology & Metabolism 2017



Implications

* The ideal treatment regimens should not be
potentially detrimental to the long-term integrity of
the b-cells.

* Any benefits associated with sulfonylureas and
glinides (including low cost) are not enduring and
are far outweighed by their attendant risks (and
associated treatment costs)

 When insulin therapy is needed, we suggest it be
incorporated as add-on therapy rather than as
substitution for noninsulin antidiabetes agents.



Novel subgroups of adult-onset
diabetes

* Based on 6 variables
 BMI
e Age at onset of diabetes
HbAlc
HOMAZ2-B

HOMAZ2-IR (based on C-peptide concentrations, which
performs better than insulin in patients with diabetes)

Presence or absence of GADA

E Ahlgvist et al. Lancet Diabetes Endocrinol, 2018



5 Clusters

* Cluster 1, severe autoimmune diabetes (SAID).

* early-onset disease, relatively low BMI, poor metabolic
control, insulin deficiency, and presence of GADA

 Cluster 2, severe insulin-deficient diabetes (SIDD)
* GADA negative but otherwise similar to cluster 1

 Cluster 3, severe insulin resistant diabetes (SIRD)
* Insulin resistance (high HOMAZ2-IR index) and high BMI.

 Cluster 4, mild obesity-related diabetes (MOD)
* Obesity but not insulin resistance

 Cluster 5, mild age-related diabetes (MARD)

* Older thanoloatients in other clusters, but only modest
metabolic derangements



(A) Distribution of All New Diabetics in Scania (ANDIS)
1.2% patients (n=8980) according to traditional classification.

- (B) Distribution of ANDIS patients (n=8980) according to k-
means clustering.

[ Type 1 diabetes
[ LADA
[ Type 2 diabetes

=

[ Clester 1 {SAID)
[ Clester 2 {(SIDD)
I Cluster 3 (SIRD)
O Choster 4 (MOD)
[ Chuster 5 (MARD)

E Ahlgvist et al. Lancet Diabetes Endocrinol, 2018



Variation of variables in different

subgroups
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Insulin
e
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Drivers of heterogeneity: Differences
in diabetes-associated genetic loci

e Avariant in the TCF7L2 gene (rs7903146), previously
associated with T2DM, was associated with severe
insulin deficient, obesity-related diabetes, and age-
related diabetes but not severe insulin-resistant

diabetes /\

EA/MEA MAF  Chsterl Chrster 2 Choster 3 hster 4 Chuster 5 p walue of
(SAMD: n=313) (SIDD; nefG76) (SIRD: n=603) MO0 n=727) (MARD: n=16.46) difference
amCrg
chsters -5
TEAL2 TnC .36 117 d0gr-1-40% 151 (1-33-0N01): 1-00#0-8B7-1-15) 138 1-23 156 1-41 |:'.-lﬂ-l-f.f.]: AT T
(reFeo3146) 0077 Pec 0L00S0 p=0-BE poCHI] pc0-0001

* Altered incretin signalling has been suggested as a
potential mechanism by which TCF7L2 variation
increases T2DM risk




Greater biologic precision regarding the underlying
disease allows for optimization of the clinical impact
of the available therapies in diabetes



Where are we in 20187

e Old classifications
e Simple and user friendly
 Have limitations

e Beta cell centric model

* More like a pathophysiological model, make sense for
pros

e Difficult for lay ppl to understand

* The novel subgroups
* Need further validation



Treating diabetes

* Those were the days...
* Metformin
* Daonil
* Insulin



The evolution...

------- ® Insulins
....... e Oral and non-insulin injectable agents | T ——— Monooomponent 5 Meglitinides s ‘Inoreting’
insulins repaglinide DPP4i  GLP-lra
Lente and e sitagliptin exenatide bd
ultralente insulins o me ?Biosynthetic L e :
ulpnonylureas human insulin rosiglitazone *SGLT2i
*Metformiin (withdrawn 2010), dapagliflozin
Short-* *AGI pioglitazone
Porcine acting acarbose . H Insulin
and bovine ?Premixed analogue ?Very long-acting  degludec
Faddiets,  insulin, diets, : biphasic insulins - analogue insulin
traditional traditional insulins e —
remedies remedies

In the 1930s Harold
Himsworth identified

The terms ‘type 1 and
‘type 2’ diabetes were
first used by John
Lister in 1951 — type 2
was associated with
insulin resistance

and obesity

“It was a depressing time to have diabetes
because the optimism of the 1920s

and 1930s had been dampened by the
recognition that those who had been
saved from an early death in coma were
now succumbing to blindness, kidney
failure and heart attacks.”

Good glycaemic
control reduces
morbidity & mortality

diabetes as insulin
sensitive or insensitive

THbAlc as near normal as
possible from diagnosis

*The TZD troglitazone was introduced
and withdrawn in the UK in 1997 due
to cases of idiosyncratic liver failure
elsewhere in the world

R Tattersall

AV Bailey et al. The Pharmaceutical J. 2017



Primary sites of action of anti-diabetic agents

Metformin?

) Muscle —
. . . L] /—/_\ «
Thiazolidinediones* =

Adipose

v

inhibitors? \ Sodium glucose
\ \\ \ transporter-2
R
\\ Pancreas inhibitors
A Insulin /
R Glucose Kidney
Intestines
GLP-1 a-glucosidase
agonists? Sulphonylureas and ¢ — inhibitors?

meglitinides?

1Adapted from Krentz A and Bailey C. Drugs 2005;65:358-411; 2Ahren B. Expert Opin Emerg Drugs 2008;3:593-607;
3Todd JF, et al. Diabet Med 2007;24:223-32; *Nattrass M, et al. Baillieres Best Pract Res Clin Endocrinol Metab 1999;13:309-29; >Jabbour S and Goldstein B. Int J Clin Pract
2008;62:1279-84.



1t’s been like this for quite some

time

Start with Monotherapy unless

Monatherapy Metfermin

Dual Therapy Metformin +

[Triple Therapy SRR

L

s Combination Injectable Therapy
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A1C in graster than or soual to 0%, Dlecd glucois @ greatsr than or sguai Lo 300
wr patierd i@ markedly symolomatic, tonilder Combination injetiable Therapy (Sog Fgure 523

EFFIEACY® high
HY PO EIFK I rhike
WEIGHT nautralfioro

SIDE EFFECTS
COETE low

1 ATE Earget mok achieyedl after approsd mateky T meenths of monotseraoy. proceed be 2-drag comibination fordles not
meant fo dgerete any meecific pratersncet — oo oo depergent om 3 wansby of pabent- & disease-specfic tactore):

Slfiactic acdosds

Sutonyiess  Thiazolidinedlans  OFS-dinhlster  SELTZ InMsler  GLRracester sgesist
EFFIEATY® kg high Interemealiabe Intererealate high
HE PG RIFE modarale rhk (LR I rhil Iaw rhl law riik
WEIGBHT gain gain nautral laaz laax
SIDE EFFECTS Fypeglacemia adama. HF fs A GL. o hyaratien, e [
CoATE* T (L) high high high

1 AIC targst nat achieyad aMar appresimataly § menthe of dusl therapy, procesd to T-gdeug combimat om (srdar mat
=aanl Lx gemels any dpeciie prafarancs m dne s daparsenl 2= @ vanaly of pabanl- & dnsasis-spaane facton):

Sulfanyluras = _ OFF-4 inhibitor = SGLTE inhibibar & GUP-1racaptor agaonat +
- U 5U U sU
# | DPP-t o | DFR-d o INEEN - DEE - T
e EGLT2A ar SGLT2H L SELT2A a DPP-4+ s BGLT2-
s GLPA-RA ar  GLE--EA o T o+ GLP--RA o T
o BEDGEE - BT o I

i ANC taeget nak achievesl after approsi mately T months of triple thesapy and patient (1) o7 oFd Combiratiee, move te
nxed medin or GLE-1 84, (33 on GLF-1RA, acd ouveal maling o (53 an opt rmalky tibrated Daca intubn, acd GLE-1 BA or
a sl Hetlormie Ueerapy should ba wlaitieel whils athae oril agents sy oe dscenlinued sh o =y idua
Datd To ave unhaceidardy Complan ar Cadily regireans (La, addeg a Tour Ly e rglky el e agant).

({See Figure B.2)

| Lifestyle Management |

Inaulin (Baaaly
highest
high rlsk
gain
hymaghysamia

high

Insulin (baaal &

& SR
L SELT2H
@ GLP-1-RA

ADA 2017



Antihyperglycemic Therapy in Adults with Type 2 Diabetes

At diagnosis, initiate lifestyle management, set AIC target, and initiate
pharmacologic therapy based on AIC:

—| AIC is less than 9%, consider Monotherapy. I

AIC is greater than or equal to 9%, consider Dual Therapy.

AIC is greater than or equal to 10%, blood glucose is greater than or equal to 300 mg/dL,
or patient is markedly symptomatic, table Therapy (See Figure 8.2).

Lifestyle Management + Metformin

Initiate metformin therapy if no contraindications* (See Table 8.1)

AIC at target Yes: - Monitor AIC every 3-6 months
::‘:‘23“::::::;” No: - Assess medication-taking behavior

- Consider Dual Therapy

Triple Therapy

Lifestyle Management + Metformin + Additional Agent

- Add agent proven to reduce major adverse
cardiovascular events and/or cardiovascular mortality
(see recommendations with * on p. S75 and Table 8.1)

ASCVD? Yes:

No: - Add second agent after consideration of drug-specific effects
and patient factors (See Table 8.1)

AIC at target Yes: - Monitor AIC every 3-6 months
after 3 months | — X .
of dual therapy? No: - Assess medication-taking behavior

- Consider Triple Therapy

Lifestyle Management + Metformin + Two Additional Agents

Add third agent based on drug-specific effects and patient factors# (See Table 8.1)

AIC at target Yes: - Monitor AIC every 3-6 months
after 3 months

of triple therapy? No: - Assess medication-taking behavior

- Consider Combination Injectable Therapy (See Figure 8.2)

©2018 by American Diabetes Association

(See Figure 8.2)

American Diabetes Association Dia Care 2018;41:S573-S85
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Initiate Basal Insulin

Combination injectable therapy for type 2 diabetes.

Usually with metformin +/- other noninsulin agent

Start: 10 U/day or 0.1-0.2 U/kg/day
Adjust: 10-15% or 2-4 units once or twice weekly to reach FBG target

For hypo: Determine & address cause; if no clear reason for hypo,
¥ dose by 4 units or 10-20%

If A1C not controlled, consider
combination injectable therapy

Add 1 rapid-acting

insulin injection before
largest meal

Start: 4 units, 0.1 U/kg, or 10%
basal dose. If A1C <8%, consider
¥ basal by same amount

Adjust:  dose by 1-2 units or
10-15% once or twice weekly
until SMBG target reached

For hypo: Determine and
address cause; if no clear reason
for hypo, ¥ corresponding dose
by 2-4 units or 10-20%

If A1C not controlled,
advance to basal-bolus

\

Add >2 rapid-acting

insulin injections before
meals (‘basal-bolus’)

Start: 4 units, 0.1U/kg, or 10%
basal dose/meal. If A1C <8%,
consider ¥ basal by same amount
Adjust: A dose(s) by 1-2 units or
10-15% once or twice weekly to
achieve SMBG target

For hypo: Determine and
address cause; if no clear reason
for hypo, ¥ corresponding dose
by 2-4 units or 10-20%

Add GLP-1RA

If not tolerated or AIC
target not reached,
change to 2 injection
insulin regimen

If goals not met, consider

-a¢— changing to alternative

insulin regimen

—h

If goals not met, consider

-@— changing to alternative

insulin regimen

.—>

L by 2-4 units or 10-20%

Change to premixed
insulin twice daily (before
breakfast and supper)

Start: Divide current basal dose
into % AM, %5 PM or %2 AM, %2 PM

Adjust: » dose by 1-2 units or
10-15% once or twice weekly
until SMBG target reached

For hypo: Determine and
address cause; if no clear reason
for hypo, ¥ corresponding dose

If A1C not controlled,
advance to 3rd injection

\

Change to premixed

analog insulin 3 times daily
(breakfast, lunch, supper)

Start: Add additional injection
before lunch

Adjust: 2 doses by 1-2 units or
10-15% once or twice weekly to
achieve SMBG target

For hypo: Determine and
address cause; if no clear reason
for hypo, ¥ corresponding dose
by 2-4 units or 10-20%

American Diabetes Association Dia Care 2018;41:S573-S85
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Table 8.1—Drug-specific and patient factors to consider when selecting antihyperglycemic treatment in adults with type 2 diabetes

Weight €V Effects Renal Effects
EMicReys |  Hypogliycemis Changs orls0 Additional Considerations
ASCVD O Frogression of DED Do /Lipe considerabons
High Mo Heutw] Petental Heutwa] Liawsr oral Meutral = Contralndicabed = Gastrombtestinal side effects comman
[Petential tar Rarey wilh #GFR <30 diarhea, nausea)
Molest Lass) = Poapnbal far 12 deficiency
Intermeciate Mo Lass Berefit: Benefit- High Oral Berefs: carachfioon, n |flazin: mat B FOn Black Bane: Fisk of
caraghfiozm, canaghflazin, empaglfazin recomimended with amputaten [canaglfiezing
ln-ntﬂi'mnf empagh ez #GFR <45
= Dapagliflazin mat = Hisk of bone fraciures
recommmended with teanaghflazin)
eGFR «B0; = DA sk all aguerits, mace in
cantralndicates with T
eGFR <31 B Genibourrary infections
= Empaghiios = Riskef volurme deplesian,
contrandicated with hypetensian
#GFR <30 = ALDL chollester]

High MNa Lass Fevtral Heutra High S0 Rerefit |i'lg|||| ee = Feraticle net irslicated = FivA Block Rax: fisk al thyreic
lisiseratcle, with eGP <40 Ccell wnor: (lirsghetide,
exenatoe exiended B Lisenatice: caubom with abighutide, dulaghstide, exenatide
refease eliFR <30 exiended release]

m pereaiid cisk of dde
effects in patients with = Gastroantestinal side effects
Barafit: reral impairment eamiman (nauies, vamilicg
liraglutide clarnheal
B Injection site reacton:
" TACLSE PRMCREANTS Fisk
Intermectate Mo Keitzal Fewtral Potential Risk: High Oral Bleitrall = fend dose acusiment = Pofental risk of acuie pancreatitis
samagliptn, resquired; can be used in B pint pain
alogliatn rena] impairment
Hign Mo Gain Petental Benefit: Increased Risk Lows Oral Meutral = Mo dese sdjustment = FO& Black Box: Congestie heart
pogdiames requined falee [pioghtazone, resiglitazene]
= Gererally et
meommanded in remal " Fluid retertion jedema; beart
mpaiment dise to fabure)
= Henaefi im NASH
m Risk of Do lraciure
= fladcer cancer (alaglitamene)
B S0 cholesterol {rosightazone]
High Yen Gain Feutral Meutal L Oral Meutral = Glyburide: net = FO& Special Warning en increased
recommended nisk of carc ovancular mortality
n  Ghpizide & glmenince: based on studies of an clder
initiate eanseratively te sullerrlurea (bedautamide)
avaed Fypoglyoemnia
Highest Wes Gain Feuiral Heutwa] Liawsr 50 Feistral m Lgwer iesuie dases = |njectian sie reactions
rgquinee with & = Higher ik of by poglyeesia wih
decrease in elGFR: birate hurnan ircullis (8PH o premieed
ik 5 per clinical response formulations) vs. anallags
ig a

*See ref. 31 for description of efficacy. tFDA approved for CVD benefit. OVD, cardiovascular disease; DKA, diabetic ketoacidosis; DKD, diabetic kidney disease; NASH, nonalcoholic steatohepatitis;
RAs, receptor agonists; 50, subcutaneous; T2DM, type 2 diabetes.




Metformin SuU Glinides Insulin

Effecton FG 000 +++ +++ + +++ + +++ ++ +4+++
Effecton PG +++ + ++ +++ + +++ +++ ++ +H++
Weight 0 0/ ¢ ++ ch +++ 0 N2 b ++++
Hypo 0 0 +++ ++ 0 0 0 0 +H++
monotherap
y
CV study - + + - + + + + +
CHD benefit - + - B + - + + -
Renal - - - - = . + 4 -
benefit
GI S/E + + - - ; + + ) -
Other S/E Lactic Oedema ? UT/GU

acidosis CHF pancreatitis  infection

B12 def Fracture DKA

? Ca Bladder

Cost ++ + + ++ ++ +++ ++++ +++ Variable
Experience  +++ ++++ ++++ ++ +++ +++ ++ ++ +H++




Approved GLP-1 agonists

Exenatide Liraglutide Exenatide Dulaglutide Lixisenatide Semaglutide
(Byetta) (Victoza, Saxenda)  (Bydureon) (Trulicity) (Lyxumia) (Ozempic)
o oY o Y Y O
-’ | -’ \-’

2005 2010 2012 2014 2016 2017



3-Point MACE Meta-analysis

Q test p-value = 0.28

1 pfeffer MA et al. N Engl J Med 2015; 373: 2247-2257
2 Marso SP et al. N Engl J Med 2016; 375:311-322
3 Marso SP et al. N Engl J Med 2016; 375: 1834-1844

o

»

%

Treatment
favoured

Placebo
favoured

TUse of MACE-4 primary composite endpoint
*
Excludes data from ELIXA

ﬁ/t:ld({/c;rug E};CE,EC; Hazard Ratio 95% Cl P value
0 0
1
ELixa /1 406/3034  399/3034 102 0.89,1.17 <0.01(NI)
lixisenatide vs. placebo  (13.4) (13.2) 0.81(S)
¢ (2)
LEADER oA 0.87 0.78,0.97 ‘8831(8(')‘”)
liraglutide vs. placebo (13.0) (14.9) '
(3)
SUSTAIN-6 108/1648  146/1649 0.74 0.58,0.95 <0.001 (NI)
semaglutide vs. placebo (6.6) 8.9) —_—l— - ’ 0.02(S)
EXSCEL®, ) 839/7356  905/7396 . 0.91 0.83.1.00 <0.001(NI)
exenatide vs. placebo (11.4) (12.2) 0.061(S)
% 1505/13672  1745/13717
Overa" (11.3) (12.7) - 0.88 0.81,0.95 0.002
Test fo:zh_e tzezr;/)genelty 05 15 NI = non-inferiority
- 0 . .

S = superiority




GLP-1 [7-36 amide]
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Figure 3. Potential mechanisms mediating a beneficial effect of glucagon-like peptide-1 (GLP-1) receptor agonists
on reducing cardiovascular events.

Effects of diabetes mellitus-related parameters (glycemic control, avoidance of [severe] hypoglycemia), cardiovascular risk
factors (body weight, blood pressure, lipoproteins/lipids), and interactions with GLP-1 receptors in the cardiovascular system
(potentially leading to improved endothelial function/vasodilation, improved cardiac function under conditions of coronary
ischemia, and anti-inflammatory/ anti-atherosclerotic effects) have to be considered. CV indicates cardiovascular.

Circulation. 2017;136:849-870.




GLP1-a and renal outcome

A Composite Renal Outcome:

- 100+ Y0 Harard ratic, 0.78 [95% CL 0.67-0.92)
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NEJM 2017



SGLT2i inhibits SGLT2 and removes excess glucose in
the urine independently of insulin

Dapagliflozin
Reduced glucose E_Crgnggf'.ﬁgzﬁ
reabsorption pagtijiozi

e i

# Glucose

Increased urinary
excretion of excess
glucose (~70 g/day,
corresponding to

280 kcal/day*)

Glucose
‘, SGLT2i filtration

* By inhibiting SGLT2, SGLT2i removes excess
glucose and associated calories

*Increases urinary volume by only ~1 additional void/day (~375 mL/day) in a 12-week
study of healthy subjects and patients with type 2 diabetes.

SGLT2=sodium-glucose co-transporter 2.

Dapagliflozin summary of product characteristics, 2014.



- Dapa low dose
- Dapa high dose
- Cana low dose
- Cana high dose
- Empa low dose
- Empa high dose
D Placebo

- DPP-4i comparator
D MET comparator
- SU comparator

Drug Des Devel Ther, 2014
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EMPA-REG: CV death, Ml and stroke with empagliflozin vs. placebo

99% with established CVD (MI, stroke, PAD)

Patients with event/analysed

Empagliflozin Placebo  HR (95% CI) p-value

3-point MACE 490/4687 282/2333 0.86 (0.74,0.99)* o 0.0382

CV death 172/4687 137/2333 0.62 (0.49,0.77) —— <0.0001

Non-fatal Ml 213/4687 121/2333 0.87 (0.70, 1.09) —— 0.2189

Non-fatal stroke 150/4687 60/2333 1.24 (0.92,1.67) —— 0.1638
0,55 0,50 1,00 2,60

Favours

o Favours placebo
empagliflozin

Zinman B, et al. New Engl J Med 2015; Sep 17 [Epub ahead of print]



ALL-CAUSE DEATH

Number # of Events HR
uS 143,264 250 e : 0.38
i
Norwa 25,050 364 HEH ] 0.55
’ AN 51%
Denmark 18,468 323 HiEH I 0.46 risk
: reduction
Sweden 18,378 317 == I 0.47
i
UK 10,462 80 a1 o073
i
Total 215,622 1334 <> 1 0.49 (P<0.001)
i
i
i

P-value for Favor SGLT2|<—I—> Favor OGLD
Hazard Ratio: 0.05 0. 25 0. 5 1.0 2.0

SGLT2i vs oGLD: <0.001

Heterogeneity p-value: 0.09



Treatment Dapagliflozin (n=22,830) Empagliflozin (n=4,687)  Canagliflozin (n=5,795) vs
vs other glucose lowering vs placebo (n=2,333) placebo (n=4,347)
drugs (n=68,490)

Age(years) 61 63 63

Mean follow-up 0.9 3.1 3.6
(years)

CVD at baseline 25 99 65.6

(%)

CV mortality 0.53 (0.40 - 0.71) 0.62 (0.49 - 0.77) 0.87 (0.72 - 1.06)
HR (95%Cl)

MACE 0.78 (0.69 - 0.87) 0.86 (0.74 - 0.99) 0.86 (0.75 - 0.97)
HR (95%Cl)

Heart Failure 0.70 (0.61 - 0.81) 0.65 (0.50 - 0.85) 0.67 (0.52 - 0.87)

HR (95%Cl)




SGLT2-1 and renal function

—&— Glimepiride
A ~#- Canagliflozin 100 mg
0 -@- Canagliflozin 300 mg
Mean change
& -1.7 mU/min/1.73 m?
S = v 78
£ E
g -3.0 mL/min/1.73 m?
= —
gE T 764
SE R
£ -51ml/min/173m* 4
= £
£ 744 -
= 4 Empagliflozin, 10 mg
-7 T T T T T 1 E 2
0 4 12 26 36 44 52 o
Week 72+ 3
? Empagliflozin, 25 mg
B Week 24 Week 52 Week 104 5
2.0 i i i = 704
s i s 3
€ B 10 i : i Meanchange from % Placebo
2 00 i . i baselineineGFR 2 63
N8 H i at week 104
Tg-10 i i
8§ X ~ ~!71DAPASmg
5 ; -2.0 H 238 PBO 66 | Ji | T T T T T T T T T T T T T
g 2 3.0 - e Baseline 4 12 28 52 66 80 94 108 122 136 150 164 178 192
© —9. [
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£ g —4.0 e !
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Glycosuria

Negative
caloric balance

¥ HbA1c

¥ Total body
fat mass

4 Uricosuria

\/

N

¥ Inflammation
¥ Glucose toxicity

¥ Plasma uric acid

v

¥ Epicardial fat

\

|

¥ Atherosclerosis

4 Cardiac
contractility

L .

¥ Inflammation
¥ Fibrosis

Cardiac & Renal Protection
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feedback (| volume ——
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Circulation 2016



What if

he has fatty liver?

Patient with
prediabetes or T2DM

abnormal

Rule out
other causes
of liver disease

Assessment of fibrosis
* MR elastography, or
 Transient elastography, or
* Fibrosis biomarker panels

ALT & US

Higher risk
normal

* Long-standing T2DM (>10 yrs)
* Evidence of steatosis*

* Alc28.5%

* Triglycerides 2250 mg/d|

* Genetic testing?*

l

“High risk
of fibrosis
Referral to hepatology

and consider liver
biopsy

. Lifestyle plus
pioglitazone
treatment

‘Definite
NASH

Intermediate
fibrosis risk

Referral to
hepatology

} Liver biopsy l

!

 / Lowrisk
of fibrosis

v

e N Periodic

Absence evaluation;
of NASH -
standard care




Treating diabetes in 2018

* Your old friend is nice
* They did a good job and gave you fond memories
* But they are the past

* When you make new friends
* Make sure they are...
* Powerful (in glycaemic control)
e Caring (Good for your heart)
* Protecting (Good for your kidney and other organs)



The evidence behind

* RCT is the gold standard
* PROACTIVE

* ADOPT

* TECOS

 SAVOUR

 CAROLINA

* EMPA-REG

 LEADER



RCT vs Real World Evidence

Variables RCTs RWE

Purpose Efficacy Effectiveness

Setting Experimental setting Real-world setting

Follow up Designed In actual practice

Treatment Fixed pattern Variable pattern

Study group Homogenous Heterogeneous

Attending physician Investigator Many practitioners
Comparator Placebo/selective alternative interventions Many alternative interventions

Patient monitoring

Continuous, per protocol

Changeable

HS Kim et al. J Korean Med Sci. 2018



Advantages and limitations of real-
world evidence compared with RCTs

Pros

Less time and cost consumption
shorten the duration of clinical research

* No period needed for
recruitment/enrollment

Presentation of the directionality for RCT

Research that cannot be done with RCT is
possible

Safe research on high-risk groups
Detection of less frequent side effects

Rapid access/easier information and data
retrieval

Prediction model or high-risk group
selection

Set a foundation on Al

Cons

Need massive amot of data for
correct analysis

Much time needed for data quality
management

Expertise for the analysis of big data

Lack of privacy/confidentiality/lost
data

Standardized research protocol
needs to be established before
research

* High possibility of bias

* Possible to interpret with bias or
incorrectly based on research results



CVD Real methodology

* Inclusion criteria
 New users of SGLT-2i or new users of other GLDs
e Established T2D
e >18 years old
e >1 year historical data prior to index date

 Exclusion criteria
* Type 1 or gestational diabetes

Study period
e 2012-2016 with a mean follow-up time of 225 days

Outcomes
* Heart failure events
* All-cause death
 Composite of heart failure events or death



Statistics

e Non-parsimonious propensity score developed in each
country to estimate the likelihood of initiating an
SGLT-2i

e Patients matched 1:1 by propensity score

e |In the matched cohort:
— Patients stratified by key-subgroups
— Event rates for heart failure, all-cause death and composite
were calculated

— Cox proportional hazards models used to estimate the
hazard ratios (HRs) and 95% confidence intervals (Cl) for all
outcomes, adjusted for baseline risk factors and treatments
e Meta-analysis used to pool hazard ratios from each
country and obtain summary weighted point estimates




Patient population

1,366,731

new users of SGLT-2 inhibitor or other GLD fulfilling

the eligibility criteria

v v
164,501 1,202,230
SGLT-2 inhibitor Other GLD

7% (11,423) excluded
during 1:1 match process

<__—_

1:1 propensity match

VL v

153,078 153,078

SGLT-2 inhibitor Other GLD

Final study population

87% (1,049,152) excluded
during 1:1 match process




EMPA-REG OUTCOME”®
Trial design

Randomized and
treated —
(n=7020)

Screening

(n=11531)

Empagliflozin 25 mg

(n=2342)

Study medication was given in addition to standard of care.
The trial was to continue until > 691 patients experienced an adjudicated primary outcome event.

Key inclusion criteria:
Adults with type 2 diabetes and established CVD
BMI <45 kg/m?; HbAlc 7-10%; eGFR >30 mL/min/1.73m? (MDRD)

CV, cardiovascular; BMI, body mass index; eGFR, estimated glomerular filtration rate;
MDRD, Modification of Diet in Renal Disease.
Zinman B et al. N Engl J Med 2015 20



Very stringent inclusion and
exclusion criteria

Table 1 Key inclusion criteria

Insufficient glycemic control High risk of cardiovascular events (21 of the following)

+ Drug-naive subjects: HbA,. =7.0% and <90% at -« History of myocardial infarction »2 months prior to informed consent

sCreeni
g + Bvidence of multi+essel CAD ie. in = 2 major coronary arteries or the left main coronary artery,
documented by any of the following:

« Subjects on background therapy: Hbb, . 27 0% Presence of significant stenosis: 250% luminal namowing during angiography (coronary or
and =10.0% at screening multi-slice computed tomogrphy)

Previous revascularization (percutaneous tansluminal coronary angioplasty £5tent or coronary
artery bypass graft =2 months prior to consent

The combination of revascularization in one major coronary artery and significant stenosis
(=50% luminal namowing) in another major coronary artery

- Bvidence of singlesvessel CAD, =50% luminal namowing during angiography (coronary or
multislice computed tomography) not subsequently successfully revascularized, with at least 1
of the following:

A positive non-invasive stress test for ischemia

Hospital discharge for unstable angina <12 months prior to consent
+ Unstable angina >2 months prior to consent with evidence of single- or multi-vessel CAD
- History of stroke (ischemic or hemorhagic) =2 months prior to consent
« Occlusive peripherml artery disease documented by any of the following:

Limb angioplasty, stenting, or bypass surgery

Limb or foot amputation due to droulatory insufficiency

Evidence of significant peripheral artery stenosis (>50% on angiography, or =509 or
hemaodynamically significant via nor-invasive methods ) in 1 limb

Ankle brachial index <0%in =1 ankle

CAD, coronary artery disease.

Zinman et al. Cardiovascular Diabetology 2014



Here is the list for exclusion
criteria

Uncontrolled hyperglycemia with glucose >240 mg/dL (>13.3 mmol/L) after an overnight fast during placebo run-in and confirmed by a second measurement
(not on the same dayy

Indication of liver disease, defined by serum levels of alanine amininotransferase, aspartate aminotransferase, or alkaline phosphatase above 3 x upper limit
of normal (ULN) during screening or run-in phase

Planned cardiac surgery or angioplasty within 3 months

Estimated glomerular filtration rate <30 ml/min/1.73m? (according to the Modification of Diet in Renal Disease equation) at screening or during run-in phase
Bariatric surgery within the past two years and other gastrointestinal surgeries that induce chronic malabsorption

Blood dyscrasias or any disorders causing hemolysis or unstable red blood cells e.g. malaria, babesiosis, hemolytic anemia)

Medical history of cancer (except for basal cell carcinoma) and/or treatment for cancer within the last 5 years

Contraindications to background therapy according to the local label

Treatment with anti-obesity drugs 3 months prior to informed consent or any other treatment at time of screening leading to unstable body weight (e.g.
surgery, aggressive diet regimen, etc.)

Treatment with systemic steroids at time of informed consent or change in dosage of thyroid hormones within 6 weeks prior to informed consent
Any uncontrolled endocrine disorder except T2DM

Pre-menopausal women (last menstruation <1 year prior to informed consent) who were nursing, pregnant, or of child-bearing potential and were not
practicing an acceptable method of birth control, or did not plan to continue using this method throughout the study, or did not agree to submit to periodic
pregnancy testing during the trial

- Acceptable methods of birth control include tubal ligation, transdermal patch, intrauterine devices/systems, oral, implantable or injectable contraceptives, sexual
abstinence, double barrier method, vasectomy of partner

Alcohol or drug abuse within 3 months of informed consent that would interfere with trial participation or any ongoing condition leading to decreased
compliance with study procedures or study drug intake

Intake of an investigational drug in another trial within 30 days prior to intake of study medication in this trial or participating in another trial involving an
investigational drug and/or follow-up

Any clinical condition that would jeopardize patient safety while participating in this clinical trial (in Canada, this included current genito-urinal infection or
genito-urinal infection within 2 weeks prior to informed consent)

Acute coronary syndrome, stroke, or transient ischemic attack within 2 months prior to informed consent

In South Africa: blood pressure >160/100 mmHg at screening



Be alert

* Too much information

* Understanding the strength and limitations of the
evidence



Glucose monitoring

* [t wasn’t that long ago that home blood glucose
monitoring wasn’t possible for people with diabetes.
The first forays into potential home meters began in the
late '60s and early '70s, but these machines were very
complex beasts that required multistep sequences to
obtain a reading that only yielded a very approximate
range. In the case of the first “Ames” meter, the user
had to match a strip to a color chart, but only after
applying a droplet of blood, waiting a precise 50
seconds, then washing off the blood droplet with warm
water. There was also a multistep process for preparing
the strip before that droplet of blood was applied.



What else do we have?

Google Smart Contact Lens

Google and Novartis partner to develop a smart contact lens to
monitor diabetic blood sugar via glucose in tears

The minimal model Subcutaneous comtinuous J sentto mobie pp
of glucose Kinetics. glucose monitoring
Bergman and Cobelli, /
AP, 1979, Minin{d
CGMS
1999. |
Backpack insulin and
glucagon pump;
Kadish, 1964,
Blood glucose meters and insulin
'1 pumps becoming smaller

19205 1960s 1970s | 1980s 1990
| Models of diabetes becoming

larger and more complex
Ames
reflectance First use of CSII:
meter |pkhlp e!ll..Bt Md
1, 1978; Tamborlane
ctal; NEJM., 1979,




The Dermal Abyss

* The idea is to incorporate biosensors in the skin

* Reading and picking up biomarkers from the body's
interstitial fluid

* The ink turns from green into brown when blood
glucose levels increases.

* Pilot trial by the UCSD School of Medicine, enrolling
50 adults aged 18 to 75 years with T1, T2, or other
causes DM into the ENGAGE pilot clinical trial

* Scheduled to conclude in June 2019.
* To go beyond wearables in future



What happened to this?

* Originally projected to be on the market by 2020,
excitement about the contact lens to measure
glucose levels from Novartis and Google has
waned. Why?



From the commentators

* Tears have proved not as reliable in measuring
glucose

* Prone to be impacted by external variables such as
the surrounding environment, temperature and
humidity



Old friend revigited

* Your old friend is
* Not as simple as you think (Novel classification)

e Getting more and more demanding (glycaemic control
and beyond)

* Puzzling you with different pieces of information (RCT vs
big data RWE)

* Getting more addicted to technology advances (The
fancy new glucose monitoring machines)



