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®» Glucose produced by the kidney is primarily derived

from renal corfical cells, whereas glucose utilization

within the kidney is primarily by renal medullary cells.

» SGLT2 inhibitors are unigue as they target the fransport
of glucose In the kidney, preventing glucose
reapsorption and inducing glucosuria to lower plasma
glucose levels.

DeFronzo RA, . Nat Rev Nephrol.2017 13(1):11



Role of the kidneys in glucose hemostasis
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= Splay is the difference between urine threshold (the amount of a substance required in the kidneys before it
appears in the urine) and saturation or T,,; Or splay is the concentration difference between a substance's

m OX| mum rend | red bSO rpTIO N Vvs. A p pe arance | N Th eu r| ne. https://en.wikipedia.org/wiki/Splay_(physiology)#cite_note-EssentialsMedical-1



TABLE IV
Effect of insulin on T'mg and the ratio of glomerular filtration
rate (GFR) to Tmg
Tmg, mgm. per min. GFR/Tmg
Group Patient
Control{Insulin|] A |Control|Insulin A
Diabetic 1 415 352 | —63| 0.29.| 0.37 | 4+0.08
2 514 496 | —18| 0.28 | 0.32 | +0.04
3 402 361 —41| 0.26 | 0.29 | +0.03
4 377 314 —631| 0.30 0.36 | 4+0.06
5 619 539 | —80| 0.26 | 0.28 | +0.02
6 450 427 =23 0.31 0.29 —0.02
7 438 394 | —44| 0.27 | 0.32 | 40.05
8 271 197 | =74 | 0.34 | 0.41 | 40.07
9 419 401 —18 | 0.28 | 030 | 40.02
10 461 420 —41 | 0.26 0.27 | +0.01
11 495 445 | —50| 0.28 | 0.31 | +0.03
12 226 204 | =22 029 | 022 | —0.27
Average 424 379  —45 027 031  40.04
Non-Diabetic| 13 330 216 |—114| 044 | 0.57 | +0.13
14 372 396 | +24| 034 | 032 | —0.02
15 470 416 | —54| 032 | 035 | +0.03
16 402 404 +2| 036 | 0.36 | —0.00

J Clin Invest. 1951;30(2):125-129




» Generally SGLT2 inhibitors can induce

glucosuria by one of 3 mechanisms:

|.Lowering TmG;

.Reducing the threshold for glucosuriq;

3.Increasing splay.

DeFronzo RA, . Nat Rev Nephrol. 2017
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Empagliflozin
has the same
effect
(reduction of
TmG,

splay and
threshold)

Rate (mg/min)

Healthy Controls
Dapagliflozin

Type 2 Diabetes
Dapagliflozin

Plasma glucose (mmol/L)

Dapagliflozin reduced the

TmG and splay in both
groups. However, the most
significant effect of
dapagliflozin was a
reduction of the renal
threshold for glucose
excretion in type 2 diabetic

and control subjects

DeFronzo RA. Diabetes care. 2013



Sergliflozin reduced TmG without altering
threshold or splay in diabeftic rodents.
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Mechanism of improved glycemic control By
SGLT2 Inhibitors

» By Increasing the removal of plasma glucose by

augmenting glucose excretion.

»By ameliorating glucotoxicity, which leads 1o

Improved Insulin sensitivity in peripheral tissues
(iIncluding muscles) and enhanced  cell

function.

DeFronzo RA, . Nat Rev Nephrol. 2017



Effect of dapagliflozin on tissue sensifivity to insulin
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Effect of dapagliflozin on p-cell function
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Effect on extracellular fluid volume &
blood pressure

»SGLT2 inhibition is associated with mild negative
salt and water balance and a durable decrease In

extracellular fluid and plasma volumes.

The natriuretic effect of SGLT2 inhibition dissipates
after 2-3 days and sodium and fluid balance is
re-established, albeit with a ~7% reduction in

plasma volume.

DeFronzo RA, . Nat Rev Nephrol. 2017
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Effect on extracellular fluid volume & blood pressure

®»QOver a period of 6—~12 months other factors are
also likely conftribute to the sustained reduction
IN blood pressure:

1 .Weight |loss

Alferatfions in the renin— angiotensin—
aldosterone system (Via increase in Ang 1-7
through action of ACE-2) [Nat Rev Cardiol. 2014]

3.Reduced plasma uric acid levels
4.Decreased proteinurio

DeFronzo RA, . Nat Rev Nephrol. 2017



®» A growing body of evidence suggests

that SGLT2 inhibition might afford renadl

protection and prevent the development

of diabeftic nephropathy.
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Assessment of Kidney Function

—4— PBO —=— CANA 100 mg —e— CANA 300 mg
_ (n = 382) (n = 338) (n = 365)
Baseline 418.8 48.0 47.8
(ml/min/1.73 m2)
4 _

Mean change in
2 - T eGFR

—]— —1 0.7 ml/min/1.73 m?

—1.7 ml/min/1.73 m2
—2.2 ml/min/1.73 m2

baseline (ml/min/1.73 m¥)

Mean change (+5E) in eGFR from

0 6 18 26
Time point (weeks)

Changes in eGFR among all stage 3 CKD participants. PBO = Placebo; CANA =
canagliflozin; SE = standard error. Note: Data are reported regardless of rescue
medication and up to within 2 days after the last dose of study drug.
Yamout H. Am J Nephrol 2014;40:64—-74




®»The modest reduction in plasma volume following

iInitiation of SGLT inhibitor therapy is associated with

a small decline in GFR (~4-5 ml/min per 1.73m?2),
which tends to refurn to baseline within 6-12

months of inifiating therapy.

Yamout H. Am J Nephrol 2014;40:64—-74
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Normofiltration Group (13) Hyperfiltration Group (27)

Baseline EMPA PValue Baseline EMPA PValue

Renal hemodynamic function

Effective renal plasma flow 706+157 688+101 0.74 10514251 7484144 <0.01

Filtration fraction 0.195+0.024 0.196+0.019 0.95 0.185+0.046 0.192+0.032 0.40

Renal blood flow 11174240 11404154 0.79 16331430 11934227 <0.01

Renal vascular resistance 0.078+0.015 0.073+0.012 0.37 0.054+0.015 0.072+0.015 <0.01
Plasma biochemistry

Plasma angiotensin II, pmol/L 26+2.4 4.2+4.0 017 2.3+2.5 3.6+3.0 0.03

Plasma aldosterone, pmol/L 27 +4 47432 0.04 2948 50+43 0.03

Plasma renin activity, ng/mL/hr 0.317+0.281 0.368+0.389 0.36 0.328+0.273 0.356+0.241 0.61

Plasma nitric oxide, pmol/L 40423 42420 0.73 46+20 28423 <0.01

\ /

» Decrease in body weight, HBATC & daily Insulin intake, despite increase in carbohydrate intake

» Mild increase in HCT

» No change in urine Alb/Cr, serum Na, K, Ca, Mg, ClI, P, HCO3, EPO, liver enzymes, LDH, CK,
lipase, lipid profiles & uric acid.

\\ Cherney DIZI. Circulation. 2014;129:587-597




Canagliflozin slows the progression of e GFR decline in
atients with type 2 diabetes compared with glimepiride
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(A) Changes in eGFR in the canagliflozin and glimepiride treatment arms in the overall
population, and the rate of e GFR decline per year.

Lambers Heerspink HJ. J Am Soc Nephrol, 2017



Canagliflozin slows the progression of e GFR decline in
atients with type 2 diabetes compared with glimepiride
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Canagliflozin slows the progression of e GFR
decline in patients with type 2 diabetes
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No. of events / patients Favors Favors
Canagliflozin Glimepiride canagliflozin glimepiride Hazard ratio (95% Cl}) P value
Canagliflozin 100 mg)vs glimepiride
Ove on
30% eGFR decline 32/477 46/475 O 0.66 (0.42—1.04) 0.070
40% eGFR decline 71477 11/475 = < 0.61 (0.24-1.57) 0.30
30% eGFR decline
Uacr <30 mgl/g 25/403 29/400 @ 0.83 (0.49-1.43) 0.51
Uncr 230 mglg 7ira 17775 ¢ . &= 0.37 (0.15-0.90) 0.028
anaglifiozin 300 mgN/s glimepiride
Overa Ton
30% eGFR decline 43/477 46/475 —j— 0.93 (0.62—1.42) 0.75
40% eGFR decline 11/477 11/475 0.99 (0.42—2.29) 0.98
30% eGFR decline
Uacr <30 mg/g 31/400 29/400 9 1.05 (0.63-1.76) 0.85
Uncr 230 mglg 12177 17/75 o Y 0.69 (0.33—1.45) 0.33
0.2 0.5 0.81.0 1520 BI.U
Hazard ratio (95% CI)
Figure 2. eGFR decline =30% or =40% was generally less frequent with canaglifiozin compared with glimepiride.

\\ Lambers Heerspink HJ. J Am Soc Nephrol, 2017




EMPA-REG outcome

(Empagliflozin cardiovascular OQutcome
event trial in type 2 diabetes mellifus
paftients)

Wanner C, et al. N Engl J Med. 2016 Jun 14




Renal OQutcomes with Empagliflozin Over 3.2 Years
EMPA-REG RENAL (N=7020)

Empaglifiozin: n=4687 Placebo: n=2333

Hazard ratio (95% CI) P value
Incident or worsening nephropathy or —— )
CV death 0.61 (0.55-0.69) <0.001
Incident or worsening nephropathy . 0.61 (0.53-0.70) <0.001
Progression to macroalbuminuria —— 0.62 (0.54-0.72) <0.001
Doubling/of SCr + eGFR <45 R 0.56 (0.39-0.79) <0.001
Initiatigh of renal replacement . | 0.45 (0.21-0.97) 0.04
Doubling of SCr + e GFR <45, rendl
replacement therapy, or renal — = 0.54 (0.40-0.795) <0.001
djsease death
cident albuminuria* — 0.95 (0.87-1.04) 0.25
0.00 0.50 1.00 1.50
<€

Favors empagliflozin
Wanner C, et al. N Engl J Med. 2016 Jun 14



Renal OQutcomes with Empagliflozin Over 3.2 Years

Incident or Worsening
Nephropathy

Hazard ratic, 0.61 (95% CI, 0.53-0.70)
P=0.001

Cumulative Probability
of Event (%)

Placebo

T T T T T T T 1
] 12 18 24 30 36 42 48

Month

MNo. at Risk
Empagliflozin 4124 3994 3848 3669 3171 2279 1887 1219 290
Placebo 2061 1946 1836 1703 1433 1016 233 521 106

EMPA-REG RENAL (N=7020)

Post-hoc Renal
Composite Outcome*

Hazard ratio, 0.54 (95%: CI, 0.40-0.75)
P=0.001

Placebo

Empagliflozin

T T 1
36 42 48

T
24
Month

4645 4500 4377 4241 3729 2715 2280 1496
2323 2229 2146 2047 1771 1289 1079 680

‘- oubling of SCr + eGFR <45 mL/min/1.73 m?, initiation of renal replacement therapy, or death from renal disease

Wanner C, et al. N Engl J Med. 2016 Jun 14
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Wanner C, et al. N Engl J Med. 2016 Jun 14



Patients with established chronic kidney disease

(CKD) at baseline:

Empagliflozin reduced the risk of:

» CV death by 29% vs. placebo (HR 0.71, 95% CI1 0.52-0.98)
» All<cause mortality by 24% (HR 0.76, 95% CIl 0.59-0.99)

Hospitalization for heart failure by 39% (HR 0.61, 95% CI 0.42-
0.87)

» All-cause hospitalization by 19% (HR 0.81, 95% CI 0.72-0.92)

Zinman B, et al. N Engl J Med. 2015



Empaglifiozin: n=4687

Primary composite endpoint*
econdary composite endpointt

Death from any cause

tal or nonfatal Ml

spitajization for HF

Hospitalization for HF or CV death —

Favors empagliflozin

Clinical Outcomes with Empaglitlozin
EMPA-REG OUTCOME Pooled Analysis (N=7020)

Placebo: n=2333

Hazard ratio (95% Cl)

0.86 (0.74-0.99)
0.89 (0.78-1.01
0.68 (0.57-0.82
0.62 (0.49-0.77
0.87 (0.70-1.09
0.65 (0.50-0.85

)
)
)
)
)
0.66 (0.55-0.79)

Zinman B, et al.N Engl J Med. 2015

P value
0.04
0.08

<0.001

<0.001
0.23

0.002

<0.001

*CV death, nonfatal Ml (excluding silent Ml), or nonfatal stroke; TCV death, nonfatal Ml (excluding silent Ml), nonfatal stroke, and hospitalization
for unstable angina.



1 Blood pressure
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Potential mechanisms for the beneficial effect of
empagliflozin on cardiovascular outcomes

DeFronzo RA, . Nat Rev Nephrol.2017 13(1):11



Major Adverse Effects

» Genital mycofic infection which occurs in 7-8% of women and
1-2% of men, primarily uncircumcised males

= A small, statistically insignificant increase in urinary tract
Infections and cases of urosepsis have also been reported

» Reduced infravascular volume (hypotension, reduced GFR)
»/Hyperkalaemia with canagliflozin but not others

» Hypoglycaemia is uncommon unless SGLT2 inhibitors are used
with sulfonylureas or insulin

® Rare cases of ketoacidosis
= FDA warning also about toe amputations with canagliflozin

DeFronzo RA, . Nat Rev Nephrol.2017 13(1):11



Conclusions

. SGLT2 inhibitors effectively reduce HbATc directly by promoting glucosuria and indirectly by

reducing glucotoxicity

Improved B-cell function and enhanced insulin sensitivity

Decrease body weight

Decrease in blood pressure

A reduction in intraglomerular pressure and normalization of hyperfiltration
Effective in preventing and/or slowing the progression of diabetic nephropathy

significant reduction in the risk of worsening or incident nephropathy among patients with
T2DM at high cardiovascular risk.

. The reduction in a composite of cardiovascular events, including cardiovascular mortality,

and hospitalizations for heart failure with empagliflozin

. A good safety profile

Because of their uniqgue mechanism of action on the kidney, they can be used as an inifial
therapy in drug-naive patients with T2DM or as an add-on therapy to any other antidiabetic
agent, including insulin.

Combination with ACE-|I or ARBs should be considered to prevent the adverse effects
associated with Ang increase






» Are the EMPA-REG OUTCOME resulfs generalizable or a class effecte

All three approved SGLT2 inhibifors have similar effects on HbAlc, blood pressure,
body weight, and other metabolic and haemodynamic parameters.

Using a predictive model, dapagliflozin has been projected to reduce the risk of
myocardial infarction, cardiovascular death, and all-cause death over a period of
20 years;

» however, only the resulfs of CANVAS-R and DECLARE will defermine whether
canagliflozin and dapagliflozin also reduce cardiovascular events.

In the meantime, evidence-based medicine dictates that empagliflozin should be
SGLT2 inhibifor of choice for patients at high cardiovascular risk who are similar
o those in the EMPA-REG OUTCOME study.

No data are available to defermine whether any of the three FDA-approved SGLT2
inhibitors will have a cardiovascular or renal protective effect in patients with T2DM
without a high risk cardiovascular profile.

Consequently, physicians should feel comfortable using any approved SGTL2
inhibifor in these patients, since these agents reduce HbAlc, blood pressure, and
body weight to a similar exfent.
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