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1. Pé xuat nhém Wc ché SGLT2 theo
cac khuyéen cao ADA 2021 va ESC 2021



PTD la mot trong 10 can bénh
gay t vong cao nhat trén toan thé gidi
World, 2016

Cardiovascular diseases
Cancers

Respiratory diseases
Diabetes

Lower respiratory infections
Dementia

Neonatal deaths

Diarrhoeal diseases

Road injuries

Liver disease

Source: IHME, Global Burden of Disease, Our World in Data




Nguyén nhan tu vong ¢ bn BDTD tip 2
chu yéu la tim mach?

Khac

Bénh
Tim

M@Ch Ung thu

Bénh than

Mean follow-up was 9.4 years for men and 9.8 years for women; N=709

1. International Diabetes Federation. IDF Diabetes Atlas. 7th edn. 2015. www.idf.org/diabetesatlas
(accessed June 2017);

2. Morrish NJ et al. Diabetologia 2001;44(Suppl. 2):514




Khi noi dén Pai thao duong Tip 2 nguaJi
ta lién tudng dén bién chi’ng Tim Mach.

Diabetic refinopathy

Heart domage

Osteoporosis
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SGLT2 INHIBITORS
Rock in All Types of Heart Failure!

cmeindia.in

In 1835, French chemists first isolated a substance known as phlorizin from the bark of apple
trees, and in 1886, German physician and early diabetes pioneer Joseph von Mering
demonstrated that the ingestion of high doses of phlorizin caused people to expel glucose in

their urine (glucosuria)....




SGLT2 inhibitors, also called Gliflozins

Glucose filtration | (180 g/day)

'

S1 segment of
proximal tubule

Glucose reabsorption

(180 g/day) 10%

S3 segment of
proximal tubule

(0 g/day) | Glucose excretion 23

Jre
Adapted from Ferrannini E, Solini A. Nat Rev Endocrinol. 2012;8:495-502. #’}g;‘iﬁ'




Renal glucose re-absorption in patients with diabetes!2

|

Filtered glucose
load > 180 g/day

v

SGLT, sodium glucose cotransporter.
1. Adapted from: Gerich JE. Diabet Med. 2010;27:136—142; 2. Bakris GL, et al. Kidney Int. 2009;75;1272-1277.
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When blood

~

glucose increases

above the
renal threshold

(~ 11 mmol/L), the

capacity of the
transporters is

exceeded, resulting
in urinary glucose

-

excretion

/




T
Urinary glucose excretion via SGLT2 inhibition?

load > 180 g/day
\/

{ Filtered glucose J

\

(""",’ N

SGLT2 inhibitors
reduce glucose
re-absorption
in the proximal

m ©
tubule, leading to

SGLT1 | urinary glucose

excretion* and
osmotic diuresis

SGLT, sodium glucose cotransporter. \ J

*Loss of ~ 80 g of glucose per day = 240 cal/day.
1. Bakris GL, et al. Kidney Int. 2009;75;1272-1277.




Mot s6 thong tin
lién quan SGLT va Uc ché SGLT
Hién dién SGLTs

SGLT Expressed in human tissues
SGLT1 Intestine, trachea, kidney, heart,
brain, testis, prostate
SGLT2 Kidney, brain, liver, thyroid,

muscle, heart

Ratios of activity between SGLT1 and SGLT2 may be helpful in defining
expression.

11



Thanh viéen nhom Gliflozin

1.Canagliflozin was the first SGLT2 inhibitor to be approved for use in the United States. It was approved
in March 2013, under the brand name Invokana and it was also marketed throughout the EU under the same
name.[221[23]

2.Dapagliflozin is the first SGLT2 inhibitor approved anywhere in the world by the EU in 2012.24] It was
approved for use in the United States under the brand name Farxiga by the Food and Drug Administration
in January 2014.12%1 the first oral treatment in combination with insulin to treat type 1 diabetes mellitus in
UK and EU.

3.Empaqliflozin, approved in the United States in August 2014, under the brand name Jardiance

by Boehringer Ingelheim.[28] Of the gliflozins, empagliflozin and tofogliflozin have the highest specificity
for SGLT2 inhibition.[X It is the only oral medicine for type 2 diabetes that has been shown to reduce the
risk of cardiovascular death.[27][needs update]

4.Ertugliflozin was approved in the United States under the brand name Steglatro in December 2017128
5.1pragliflozin, produced by the Japanese company Astellas Pharma Inc. under the brand name Suglat,
approved in Japan January 2014.[2°1(50]

6.Luseoqgliflozin was approved in Japan March 2014 under the brand name Lusefi and was developed by
Taisho Pharmaceutical.21

7.Remoqliflozin etabonate was commercially launched first in India by Glenmark in May 2019.
8.Sergliflozin etabonate discontinued after Phase Il trials.[22]

9.Sotagliflozin is a dual SGLT1/SGLT2 inhibitor in phase 11 trials under the brand name Zynquista.
Developed by Lexicon pharmaceuticals. It was planned to be the first oral treatment in combination with
insulin to treat type 1 diabetes mellitus.23] The Food and Drug Administration refused its approval for use
in combination with insulin for the treatment of type 1 diabetes.241[5]

10. Tofogliflozin was approved in Japan in March 2014, under the brand names Apleway and Deberza
developed by Sanofi and Kowa Pharmaceutical.[26]
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PHARMACOKINETIC PARAMETERS OF VARIOUS SGLT-2 INHIBITORS

Name of drug

Canagliflozin

Dapagliflozin

Empagliflozin

Ertugliflozin

Ipragliflozin
(50 mqg)

Luseogliflozin

Bioavailability

65% (300 mg
dose)

78%

90-97%
(mice); 89%
(dogs); 31%
(rats)

70-90%
90%

35.3% (male
rats); 58.2%
(female rats);
92.7% (male
dogs)

Tofogliflozin ( 97.50%

10 mg)

Protein
binding

99%

91%

86.20%

95%

96.30%

96.0-
96.3%

83%

tmax
(hours)

1-2

1-1.5

1.5

0.5-1.5

0.625+0.
354

0.75

SGLT2
t1/2 (hours) Cmax selectivity over
SGLT1
. 1096 ng/mL (100 mg
10.6 (100 mg dose);  4,cqy. 3480 ng/mL 250 fold
13.1 (300 mg dose) (300 mg dose)
79.6 ng/mL (5 mg
12.9 dose); 165.0 ng/mL 1200 fold
(10 mg dose)
. 259nmol/L (10 mg
13.2 (10 mg dose); | 4o ). 687nmol/L | 2500 fold
13.3h (25 mg dose) (25 mg dose)
11-17 268 ng/mL (15mg 5409 fold
dose)
15-16 (50 mg dose) 975 ng/mL 360 fold
9.24+0.928 119+27.0 ng/mL 1650 fold
6.8 489 ng/mL 2900 fold

Madaan, Tushar; Akhtar, Mohd.; Najmi, Abul Kalam (2016). "Sodium glucose Co Transporter 2 (SGLT2) inhibitors

: Current status and future perspective". European Journal of Pharmaceutical Sciences. 93: 244-252-

doi:10.1016/j.€jps.2016.08.025. PMID 27531551.
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FIRST-LINE Therapy is Metformin and Comprehensive Lifestyle (including weight management and physical activity) MO
THERAPEUTIC
INERTIA REASSESS
AND MODIFY
TREATMENT
REGULARLY
(3-6 MONTHS)

INDICATORS OF HI ISK OR ESTABLISHED ASC

CONSIDER INDEPENDENTLY OF BASELINE A1C,
INDIVIDUALIZED A1C TARGET, OR METFORMIN USE*
IF A1C ABOVE INDIVIDUALIZED TARGET PROCEED AS BELOW

+ASCVD/Indicators +HF
of High Risk

= Established ASCVD

= |ndicators of high
ASCVD risk (age =55
years with coronary,
carotid, or lower-exiremity
artery stenosis >50%,
of LVH)

Particularly HFrEF
(LVEF <45%)

SGLT2i with proven
benefit in this
population®&’

GLP-1

RA with

proven proven
CvD CvD

benefit’ benefit!

If A1C above target

If further intensification
is required or patient is
unable to tolerate GLP-1
RA and/or SGLT2i, choose
agents demonstrating
CV benefit and/or safety:

= For patients on a
GLP-1 RA, consider
adding SGLT2i with
proven CVD benefit
and vice versa’

= TZD?

= DPP-4i if not on
GLP-1 RA

= Basal insulin®

= SU*

. Proven CVD benefit means it has label indication of reducing CVD events
. Low dose may be better tolerated though less well studied for CVD effects
. Degludec or U-100 glargine have demonstrated CVD safety

. Choose later generation SU to lower risk of hypoglycemia;
glimepiride has shown similar CV safety to DPP-4i

. Be aware that SGLT2i labelling varies by region and individual agent
with regard to indicated level of eGFR for initiation and continued use

. Empaglifiozin, canagliflozin, and dapagliflozin have shown reduction
in HF and to reduce CKD progression in CVOTs. Ganagliflozin and
dapaglifiozin have primary renal outcome data. Dapaglifiozin and
empagliflozin have primary heart failure outcome data.

DKD and
Albuminuria®

A
PREFERABLY

SGLT2i with
primary evidence
of reducing CKD

progression

SGLT2i with
evidence of
reducing CKD
progression in
CVOTs*s#

OR

GLP-1 RA with
proven CVD
benefit! if SGLT2i
not tolerated or

contraindicated

For patients with T2D
and CKD*® (e.g., eGFR

cardiovascular events

GLP-1 SGLT2i
RA with with
proven proven
CvD CvD
benefit! benefit'’

COMPELLING NEED TO MINIMIZE
HYPOGLYCEMIA

GLP-1RA

SGLT2i

fAIC
above
target

target

fAIC
above
target

target

SGLT2i
OR
TZD

SGLT2i
OR

GLP-1 RA
OR
DPP-4i
OR
TZD

SGLT2i
OR
DPP-4i
OR
GLP-1 RA

If A1C above target

Continue with addition of other agents as outlined above

If A1C above target

<60 mL/min/1.73 m?) and
thus at increased risk of

Consider the addition of SU* OR basal insulin:

= Choose later generation SU with

lower risk of hypoglycemia

= Consider basal insulin with lower risk of hypoglycemia®

. Proven benefit means it has label indication of

reducing heart failure in this population

. Refer to Section 11: Microvascular Complications and Foot Care
. Degludec / glargine U-300 < glargine U-100 / detemir < NPH insulin

Semaglutide > liraglutide > dulaglutide > exenatide > lixisenatide

. If no specific comorbidities (i.e., no established GVD, low risk of

hypoglycemia, and lower priority to avoid weight gain
or no weight-related comorbidities)

. Consider country- and region-specific cost of drugs. In some

countries TZDs are relatively more expensive and DPP-4i are
relatively cheaper.

COMPELLING NEED TO
MINIMIZE WEIGHT GAIN OR
PROMOTE WEIGHT LOSS

COST IS A MAJOR
ISSUE"*

EITHER/
OR

GLP-1 RA with
good efficacy

] SGLT2i
for weight
loss™ If A1C above target

If A1C above target

GLP-1 RA with
good efficacy

LT2
SGLT2! for weight

loss™
If A1C above target

If A1C above target

Insulin therapy basal insulin
with lowest acquisition cost

If quadruple therapy required,
or SGLT2i and/or GLP-1 RA not OR
tolerated or contraindicated, use

regimen with lowest risk of
weight gain

Consider other therapies
based on cost
PREFERABLY

DPP-4i (if not on GLP-1 RA)
based on weight neutrality

If DPP-4i not tolerated or
contraindicated or patient already
on GLP-1 RA, cautious addition of:

« SU* « TZD? - Basal insulin

1 Actioned whenever these be: new clinical consit i regal of
glucose-lowering medications.

* Most patients enrolled in the relevant trials were on metformin at baseline as
glucose-lowering therapy.




ABLE 9.1 Drug-specific and patient factors to consider when selecting antihyperglycemic treatment in adults with type 2 diabetes

Metformin

SGLT-2 inhibitors

GLP-1 RAs

DPP-4 inhibitors

Thiazolidinediones

Sulfonylureas
(2nd generation)

Human
insulin

Insulin

Analogs

Hypoglycemia

Weight
change

CV effects

ASCVD

Oral/sQ

Renal effects

Progression of DKD

Dosing/use considerations*

Neutral
(potential for
modest loss)

Potential
benefit

Neutral

Contraindicated with eGFR
<30 mU/min/1.73 m’

Additional considerations

Gastrointestinal side effects common
(diarrhea, nausea)
Potential for B12 deficiency

Intermediate

Loss

Benefit:
empagliflozint,
canagliflozin

Benefit:
empagliflozint,
canagliflozin,
dapagliflozint

Benefit:
canagliflozins,
empagliflozin,
dapagliflozin

Renal dose adjustment
required (canagliflozin,
dapagliflozin, empagliflozin,
ertugliflozin)

Should be discontinued before any
scheduled surgery to avoid potential
risk for DKA

DKA risk (all agents, rare in T2D)

Risk of bone fractures (canagliflozin)
Genitourinary infections

Risk of volume depletion,
hypotension

TLDL cholesterol

Risk of Fournier’s gangrene

Neutral: exenatide
once weekly,
lixisenatide

Benefit: dulaglutidet,
liraglutidet,
semaglutidet

Neutral

5Q; oral
(semaglutide)

Benefit on renal end
points in CVOTs,
driven by albuminuria
outcomes: liraglutide,
semaglutide,
dulaglutide

Exenatide, lixisenatide:
avoid for eGFR
<30 mL/min/1.73 m*

No dose adjustment for
dulaglutide, liraglutide,
semaglutide

Caution when initiating or
increasing dose due to
potential risk of nausea,
vomiting, diarrhea, or
dehydration. Monitor renal
function in patients
reporting severe adverse Gl
reactions when initiating or
increasing dose of therapy.

FDA Black Box: Risk of thyroid C-cell
tumors in rodents; human relevance

not determined (liraglutide,
albiglutide, dulaglutide, exenatide
extended release, semaglutide)

Gl side effects common

(nausea, vomiting, diarrhea)

Injection site reactions

Pancreatitis has been reported in clinical
trials but causality has not been
established. Discontinue if pancreatitis is
suspected.

Intermediate

Neutral

Neutral

Potential risk:
saxagliptin

Neutral

Renal dose adjustment
required (sitagliptin,
saxagliptin, alogliptin);
can be used in renal
impairment

No dose adjustment
required for linagliptin

Pancreatitis has been reported in clinical
trials but causality has not been
established. Discontinue if pancreatitis is
suspected.

Joint pain

Potential benefit:
pioglitazone

Increased risk

Neutral

No dose adjustment
required

Generally not
recommended in renal
impairment due to
potential for

fluid retention

FDA Black Box: Congestive heart
failure (pioglitazone, rosiglitazone)
Fluid retention (edema; heart
failure)

Benefit in NASH

Risk of bone fractures

Bladder cancer (pioglitazone)

TLDL cholesterol (rosiglitazone)

Neutral

Neutral

Neutral

Glyburide: not
recommended

Glipizide and glimepiride:
initiate conservatively to
avoid hypoglycemia

FDA Special Warning on increased
risk of cardiovascular mortality
based on studies of an older
sulfonylurea (tolbutamide)

Highest

Neutral

Neutral

Low (SQ)

SQ;
inhaled

High

SQ

Neutral

Lower insulin doses
required with a
decrease in eGFR; titrate
per clinical response

Injection site reactions

Higher risk of hypoglycemia with
human insulin (NPH or premixed
formulations) vs. analogs




Két qua nghién ctvu nhém trc ché SGLT2

trén Két cuc Tim Mach & DTD tip 2

MACE

Established ASCVD
EMPA-REG OUTCOME
CANVAS
DECLARE-TIMI 58

FE model for ASCVD

Multiple risk factors
EMPA-REG OUTCOME

CANVAS
DECLARE-TIMI 58

FE model for MRF

—
—_—
-

No MRF patients

HR [95% CI]
0.86[0.74-0.99]
0.82[0.72-0.95]
0.90[0.79-1.02]

0.86 [0.80-0.93]

0.98[0.74-1.30]
1.01[0.86-1.20]

1.00 [0.87-1.16]

0 0.5

Favours treatment

1

1.5

Favours placebo

HHF
Established ASCVD
EMPA-REG OUTCOME
CANVAS
DECLARE-TIMI 58

FE model for ASCVD

Multiple risk factors
EMPA-REG OUTCOME

CANVAS

No MRF pa

tients

DECLARE-TIMI 58

FE model for MRF

i
—_—

=T e

HR [95% CI]
0.65[0.50-0.85]
0.68[0.51-0.90]
0.78[0.63-0.97]

0.71[0.62-0.82]

0.64[0.32-1.15]
0.64 [0.46-0.88]

0.64 [0.48-0.85]

0

0.5 1

Favours treatment

1.5

Favours placebo

ASCVD = atherosclerotic cardiovascular disease; CVD = cardiovascular disease; HHF = hospitalisation for heart failure; FE = fixed effects; MACE = major adverse cardiovascular events;
MRF = multiple risk factors; SGLT2 = sodium-glucose co-transporter 2; T20 = type 2 diabetes. Source: Zelniker et al. 20192 Reproduced with permission from Elsewvier.




TRIAL HF  (95%Cl)

EMPA-REG (0.50 - 0.85)

CANVAS (0.52 - 0.82)

DECLARE ' (0.61 - 0.88)

CREDENCE : (0.47 - 0.80)

VERTIS-CV (0.54 - 0.90)

DAPA-HF (0.59 - 0.83)
EMPEROR-R. (0.59 - 0.81)

SCORED (0.55 - 0.82)
SOLOIST-WHF : (0.49 - 0.83)

OVERALL ' P < 0.001 (0.60 - 0.74)

1 L 1 J

0.6 0.7 0.8 0.9 1.0 1.1 1.2
Favors SGLT-2i

Panh gia 9 thtr nghiém nhom e ché SGLT2
Suy tim trén bn ¢6 va khong DTD tip 2
Nhom Bn co va khong co Suy tim




ESC GUIDELINES
@ E S C European Heart Journal (2021) 00, 1—128

European Society doi:10.1093/eurheartj/ehab368
of Cardiology

2021 ESC Guidelines for the diagnhosis and
treatment of acute and chronic heart failure

Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association
(HFA) of the ESC

2.1 What is new
SGLT2.Inhibitors



Khuyén cao diéu trj suy tim & bénh nhan DTP

Recommendation Class® Level®

108,109,136



Khuyén cdo du phong tién phat suy tim &
bénh nhan DTD c6 cac nguy co’ gay khai phat

Recommendations Class® Level®?




Khuyén cao diéu tri @ bénh nhan Suy tim
( NYHA 1I-IV) v&i EF < 40%

Recommendations Class® Level’

An ACE-|is recommended for patients with HFrEF to reduce the risk of HF

hospitalzation and death," "

Abeta-blocker is recommended for patients with stable HFrEF to reduce the risk of

HF hospitaization and death, ™™
An MRA s recommended for patients with HFrEF to reduce the risk of HF hospitalization and death, 12 I

Dapagiflozin or empaglflozin are recommended for patients with HFrEF to reduce the risk
of HF hospitalization and death,"™"”

Sacubitril/valsartan is recommended as a replacement for an ACE-| in patients with HFrEF to reduce the risk of HF

hospitalization and death,”
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2 CO’ SO’ZnaO ADA 2021 & ESC 2021
| khuyeQ cao Ve vai tro bao vé tim
. mach cia nhém U'c ché SGLT?
.~ Trén benh nhan CO/Khong bTD



1.Uc ché SGLT2 & Bao vé Than

Hyperglycaemia :
Proximal Tubule

T Angiotensinogen T mRNA Renin

M ACE . y Proximal Tubule T Angiotensinogen
Growth

v \4

T Angloensm I 2 SGLT?2 expression ) Angloensm ]

A ¥ 4

T Albuminuria T Prox Reab Na T Tubular Reab Na

4

T ECV - BP

TRe [ d[Na],,, > TGFLRA X

v

N 1 T S|ng|e Nephron GFR

Progressive CKD




Diabetes Causes Glomerular Hypertension

f Na+/glucose co-transport
Glomerular pressuref

Afferent arteriole

SGLT2 ,
SGLT2 (n 2 m) t G

SGLT2

Glucose
T Efferent e :
arteriole PT: Proximal tubule
GL: Glomerulus
MD: Macula densa

Adapted from Cherney D et
Loop of Henle al. Circulation 2014;129:587

Renal hemodynamics under hyperglycemia

Adapted from: Cherney D et al. Circulation 2014;129:587



SGLT2.l Lowers Intra-Glomerular Pressure

Empagliflozin
blocks SGLT2

, Glomerular pressure‘
Afferent arteriole
ELT2
$ % ) | G
8

PT e Glucose
Efferent PT: Proximal tubule

GL: Glomerulus
MD: Macula densa

arteriole

Adapted from Cherney D et
Loop of Henle al. Circulation 2014;129:587

Renal hemodynamics with empagliflozin

Adapted from: Cherney D et al. Circulation 2014;129:587



afferent arteriola
vasoconstriction

Direct Renal Effects
‘ 1. Osmotic diuresis—> intestitial pressure
2. Reduction of oxigen consumption
3. Reduction of oxidative stress and inflammation
Na+/Cl 4. Reduction of intragolmerular ipertension

delivery

in macula Indirect Renal Effects

densa 3

1. Reduction of blood pressure
2. Reduction of body fat and body weight
3. Reduction of oxidative stress and

inflammation

4, Uricosuria
5. Reduction of plasma volume
6. Activation of AT2 type 2
7. Sympathetic system modulation
. Mostly due to glycosuria
-]
& . Mostly due to natriuresis
&
. .
Glycosuria
4 Na+ N
T Natriuria
e glucouse Osmotic diuresis
Uricosuria




2.Uc ché & SGLT2H¢ thong trao doi Natri—-Hydro

(Sodium-Hydrogen Exchanger-NHE)
NHE1 (tim) NHE3 (thén)

Hypertrophic signals
(Ang Il, ET-1, NE, GFs)

Plasma membrane

o
2

Calcineurin
CaMKlI Mitochondria

e 33#

Transcriptional factors

Nucleus

Hypertrophy
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Progression of heart failure

7N\

Cardiac hypertrophy, Renal sodium
injury, fibrosis retention
Norepinephrine ( .

“ . : NHE1 in heart
Angiotensin I and vasculature
Aldosterone
Neprilysin T
Adipokines . /( L= INEIgNgy

Impaired insulin Microvascular and
sensivity macrovascular
complications

Worsening glycemia

N

Progression of diabetes

Packer M. (2017) Activation and Inhibition of Sodium-Hydrogen Exchanger Is a
Mechanism That Links the Pathophysiology and Treatment of Diabetes Mellitus With
That of Heart Failure. Circulation. 2017 Oct 17;136(16):1548-1559.
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Blood pressure lowering
and natriuresis in diabetes

, Drugs for
Hypoglycemic T heart failure
drugs for diabetes
Inhibition of ACE inhibitors
GLP-1 agonists P Ml 29 LG ) ANG receptor blockers
DPP-4 inhibitors} > MR antagonists

Inhibition of Certain B-b'OCkers

SGLT2 inhibitors £ | NHE1 in heart Neprilysin inhibitors
and vasculature

|

Reduction in the risk of major
adverse heart failure outcomes

Packer M.(2017) Activation and Inhibition of Sodium-Hydrogen Exchanger Is a Mechanism
That Links the Pathophysiology and Treatment of Diabetes Mellitus With That of Heart
Failure. Circulation. 2017 Oct 17;136(16):1548-1559.
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3. UC CHE SGLT2 & ACE2

 Angiotensin-Converting Enzyme 2 (ACE2) la enzyme moi
duoc tim thay chil yéu ¢ tim va than.

 ACE2 tach mot du luong duy nhat tr Ang | chuyén Ang
1-9 thanh chat gidn mach Ang 1-7 va

e lam giam Ang Il , tdc nhan chinh cia RAS.
ACE2 c6 thé hoat dong theo cach diéu hoa ngugc vol
ACE, diéu chinh sy can bang giita co mach va thudc gidn
mach trong tim va than, va dong mot vai tro quan trong
trong viéc diéu hoa chirc nang tim mach va than



Protecting the Heart in Obesity:

Role of ACE2 and Its Partners
ACE2 =y ANG 1-7

S NSEIRL N

Pressure overload Post-Ml Diabetes
eg. Hypertension Remodeling Type 1 Type 2

\ \ v \

4 Cardiac hypertrophy 4Cell death 4 PKC activation 4 EAT inflammation
4 Dilated cardiomyapthy #MMP activation ~ ¥Akt / eNOS 4 ROS production
4 Cardiac fibrosis *Cardiac fibrosis  4ROS production 4 Myocardial lipotoxicity
4 PKC activation *Contractility 4 Inflammation v Adiponectin
4 MAPK activation fMAPK activation 4 Lipotoxicity 4 Cardiac metabolic
4 rROS production *rOS production 4MMP activation abnormality
4 Endothelial dysfunction (insulin resistance)

~\ /7

HEART FAILURE

Obesity

Rhian M. Touyz. (2016) Protecting the Heart in Obesity: Role of ACE2 and Its
Partners. DiabetesVolume 65, January 2016




Obesity
Diabetes
Metabolic |
syndrome
RAAS

Rhian M. Touyz. (2016) Protecting the Heart in Obesity: Role of ACE2 and Its Partners
DiabetesVolume 65, January 2016

Inflammed
epicardial
adipose

AdeOS

inflammation

Wnipieoidg

Insulin resistance
Inflammation
Steatosis

Lipotoxicity </

Cardiac remodeling
Diastolic dysfunction

Heart*ailure




3. Uc ché SGLT2 va Magnesium mau

Hypomagnesemia

(24)
(25) (26)

.

renal vascular endothelial chronic
calcification dysfunction inflammation

. n ’ ] AN : ~ . :
renal vascular systemic vascular renal interstitial
dysfunction dysfunction tubular injury

Renal Dysfunction

 1: Hypothesis of renal dysfunction due to hypomagnesemia.




U'c ché SGLT2I véi Kali va Magnesium mau

(chosun

SGLT2 inhiffitors

) ,____>< Decrease in serum glucose levels )

\ 4 v v

atrluresls
motic diure

SGLT2 4 Glucagon in insulin

sensitivity

Improvement

* Insulin

¥
Redistribution of K

agative volun
status

@ Glucose

tMg + Renal

reabsorption in hiaAnealm and Mg out
distal renal 9 A of the cells into
wasting
tubule extracellular space
Increased l l
aldosterone
oncentration

Net result: Mild increase in serum potassium and
K: Potassium

Mg: Magnesium

magnesium levels
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[s the Renoprotective Effect of SGLT2 Inhibitors due to their Beneficial
Effect on Hypomagnesemia?

Tatsuo Yanagawa’

Magnesium Deficiency is linked to Diabetes, || Mg Concentration Increases with SGLT2 Inhibitor
Hypertension and Cardiovascular Events Treatment

Is the Renoprotective Effect of SGLT2 Inhibitors also
related to Increase of the Serum Mg Concentration?

Conclusion

We would like to put forth the hypothesis that SGLT2 inhibitor
therapy suppresses risk of CV events and exerts a renoprotective effect
by improving the serum magnesium levels.




4. Uc ché SGLT2 va Leptin

Renal and Blood Pressure Effect of Leptin

‘?/— Obesity —\

Selective Leptin Endothelial
Resistance Dysfunction

T Leptin @

T Blood Pressure

SGLT2 inhibitors reduce the accumulation and inflammation of perivisceral adipose tissue, thus
minimizing the secretion of leptin and its paracrine actions on the heart and kidneys to promote
fibrosis. Such fibrosis probably contributes to the impairment of cardiac distensibility and
glomerular function that characterizes obesity-related HFpEF.

Milton Packer (2018) .Do sodium-glucose co-transporter-2 inhibitors prevent heart failure with a preserved
ejection fraction by counterbalancing the effects of leptin? A novel hypothesis .. 23 January 2018
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5.Uc ché SGLT2 va EPO

4 Na*/Glucose y e
reabsorption YN

¥ Metabolic demand I/
_ BONE MARROW
4 Na* distal tubule / 4 Erythrogenesis

™ Afferent arteriolar [~/ 4 Iron utilization
vasoconstriction / /1 Oxygen delivery

J Renal blood flow \
4 Renal pO, 4 Circulating

J Oxidative stress progenitor cells

4 Beta-hydroxybutyrate @@e N
mediated EPO

SGLT2 Increased
o . ﬁ
Inhibitor EPO

1 Afferent arteriolar
vasoconstriction

¥ Inflammation 4 Oxygen

e PO delivery
e J Left ventricular
mass

BRAIN
Neuroprotection




*PCT — proximal convoluted
tubule

**ATP — Adenosine tri-
phosphate

*¥**GLUT — Glucose transporter

SGLT2
Inhibition

Increased urinary Na+ and Glucose excretion

Reduced ATP
consumption in PCT
and relative hypoxia
in renal cortex

Reversion of

myofibroblasts to ~N
rythropoietin producing
fibroblasts \ )
Lipolysis

creased glucagon
vs insulin ratio

Reduced plasma
volume and
improved
endothelial
function

Diuresis

. Reduction in
ventricular

Reduction in blood
preload

pressure and
afterload

Improved

glycemic &
cTntroI

Increase in
haematocrit

© 2020 S Joshi

Increased Haematocrit Weight loss

N

\
T~
N
? \

Improved ventricular loading
conditions




Glycosuria and negative energy balance A

T O, consumption e — "
t CO, exhalation —> Fat utilization s . WEiht
AMPK pathway — ~ (. lipolysis =

! leptin expression -7 '
T adiponectin expression

‘ attenuatg S
inflammation —>

Reverse adipocyte-derived hormones

Polarize M2 macrophages —>

T B-cell-related factors — T B-cell proliferation
| B-cell apoptosis

Energy metabolism (ketone, fat, glucose)
Osmotic diuresis —> + Cardiac load ™~

! arterial stiffness— | plood {;ressure
Cardiomyocytes /

Cardiac remodeling

ardiovascula




Co ché cai thién chirc nang tim cdia &rc ché SGLT2

Potential Mechanisms

1. Stimulation of natriuresis

. Stimulation of osmotic diuresis

2
3. Cardiomyocyte Na*/H exchanger inhibition
4

. Increased myocardial energetics (via altered
myocardial substrate metabolism)

Sl

Reduction in left ventricular mass

6. Improved systolic and diastolic function

7. Improved cardiac filling conditions secondary
to reductions in preload and afterload

8. Increased circulating proangiogenic progenitor cells

9. Increased erythropoietin

10. Improved endothelial function

11. Reduction in myocardial CaM kinase Il activity

12. Improved myocardial autophagy

13. Inhibition of cardiac fibrosis

14. Increased cardiac output, HR, 0, consumption, coronary blood flow
mediated by increased levels of circulating glucagon

CaM indicates CaZ+/caImoduIin—dependent protein; HR, heart rate; SGLT-2, sodium-
glucose cotransporter-2.



Cap nhat tac dung
Nhom wre ché SGLT2 trén Tim Mach
bénh nhan co va khong DTD



Mot s6 co ché bao vé sém Tim-Than
cua Uc ché SGLT2

= International Journal of K\
- Molecular Sciences M D\Py

Review

Molecular Mechanisms of SGLT2 Inhibitor on
Cardiorenal Protection

Yi-Chou Hou 12, Cai-Mei Zheng 34°(0, Tzung-Hai Yen %70 and Kuo-Cheng Lu 5*

Int. J. Mol. Sci. 2020, 21, 7833; doi:10.3390/ijjms21217833



Rescue TGF

Adenosin

Net effects
V:\sf::i:l.a::on G F R * RV R * Vas:cf::\r:t:itction

W Effective renal plasma flow
W Filtration fraction

WV Whole kidney GFR

W Intra-glomerular pressure
A Pre-glomerular arteriolar
resistance

A Post-glomerular arteriolar
resistance

A Prostaglandin release

W Plasma nitric oxide

A Plasma angiotensin 1l

A Plamsa aldosterone

SGLT2i

Pap irng cha trc ché SGLT2 & giai doan s@m bénh nhan DTD tip 1

Hemodynamic responses to a SGLT2i in patients with early stage TIDM:



Impaired TGF

a

Afferent
Vasodilation

Macula
densa
&

sy

Pap rng cha trc ché SGLT2 & giai doan s@m bénh nhan DTD tip 2

APGs
Adenosin

Efferent
Vasodilation

Net effects
GFRWY RVR=

W Effective renal plasma flow
W Filtration fraction
W Single nephron GFR
W Intra-glomerular pressure
W Post-glomerular arteriolar
resistance
A Pre-glomerular
arteriolar resistance slightly
A Prostaglandin release
W Plasma nitric oxide
A Plasma angiotensin Il
A Plamsa aldosterone

SGLT2i

Hemodynamic responses to SGLT2i in patients with early stage T2DM:



SGLT2 inhibitors

WV Blood WV Insulin ¥ Anemia WV Uremic WV Kidney WV Na*
Glucose Resistance Toxins Stress Volume

WV Insulin WVinsulinemia WV RVLM & ~lnypothaIamus WV Activation
& Leptin Parvocellular PVN of VOLT

.

WV Activation of CB

Co ché ctia Uc ché SGLT2 vé gidm Hoat Tinh Giao Cam

Possible mechanisms of SGLT2 inhibitors on reducing sympathetic nervous activity (SNA)



WV CAMKII

 mi A Autophagy
Fibrosis /Mltophagy
t NCX WV Arrhythmia ¥ NLRP3
NHE1
¥ Hypertrophy gene WV Inflammasome
WV Fibrosis

Anti-inflammation A Insulin sensitivity

WV Arrhythmia

A Renal function
WV Uremictoxins

A\ SIRT1 activation

Adipokine regulation

A Energetics

A EPO (O, delivery) A FA & KB utilization
WV Interstitial fluid AN SCOT
A\ Uricosuric WV SNA

A Provascular
progenitor cells

Tac dung trwc tiép va gian tiép trén co tim chia U'c ché SGLT2
Direct (red) myocardial and indirect/systemic (blue) effects of SGLT2i:



Co’ ché bao vé chirc nang Tim cta Uc ché SGLT2

Differential Pathophysiological Mechanisms in
Heart Failure With a Reduced or Preserved
Ejection Fraction in Diabetes

(g JACC Milton Packer, MD. JACC Heart

Heart Failure Fail. 202 1;9(7):535-549.




Ro1 Loan cam bién vé dinh dudng

Type 2 Diabetes

|

Hyperinsulinemia, adipose tissue

expansion, accumulation of
/ glucose and lipid \
intermediates in cytosol
Signals Signals

activated by nutrient triggered by energy
deprivation surplus

1
Suppression of
autophagy, oxidative

stress, organellar

PGC-1a I P dysfunction, and

activation of
A7 o i mTORC1 |
FGE21 [

l

Accelerated development
of cardiomyopathy

Source: JACC @ 2021 American College of Cardiclogy Foundation




Gia ting hé thong trao doi Natri-Hydro (NHE)
Type 2 Diabetes

v N\

l NHE1

Cardiac injury Renal tubular sodium
Cardiomyopathy hyperreabsorption

Source: JACC @ 2021 American College of Cardiology Foundation



Cytokine viém tai cac to chirc mo

Figure | Leptin
Adiponectin
Resistin
_ Visfatin
Pulmonary : Omentin

adipose tissue . Chemerin
i | Epicardial

Periadventitial e adipose tissue = Leptin
adipose tissue S / Adiponectin
| Resistin
Perirenal | Subcutaneous Visfatin
adipose tissue | " adipose tissue = Apelin
Omentin

Bone marrow Chemerin

adipose tissue Visceral Leptun

adipose tissue  Adiponectin
Resistin
Visfatin
Apelin
Omentin
Chemerin




Tac dung Cytokine viém tai cac td chirc co’ tim

Type 2 Diabetes

Systemic adipose / \ Expansion and inflammation

tissue inflammation of epicardial adipose tissue

Coronary microcirculat | |
c?),fsfunction - C— Paracrine secretion of

\ proinflammatory adipocytokines

: : . Impaired LV distensibili
Microvascular rarefaction, myocardial 3 P : tity

: : : Heart failure with
inflammation and fibrosis oreserved ejection fraction

Source: JACC © 2021 American College of Cardiology Foundation




Co ché bao vé Tim Mach

SGLT2 |nHI!ltOl’S

Unrectilationiof Interference with Reduced mass and
's)i:tgin-l S sodium-hydrogen biological activity of
exchange in epicardial adipose
downstream effectors heart and kidneys fileia
. | \
Oxidative and Cardiomyocyte Inflammation-mediated
sspezggﬁémict;itr:gmrin;l injury microcirculatory dysfunction
dysfunction Sodiunl avidity and myoc’e;dlal fibrosis
Slowing of cardiopathic process

Reduced risk of serious heart failure events

Packer, M. J Am Coll Cardiol HF. 2021;9(8):535-549.

Source: JACC ® 2021 American College of Cardiology Foundation




U'c ché SGLT2 va nang lwong co tim
trén bn suy tim va BTD tip 2

So sanh Can bang Natri va Calci trong co tim khéng va BTP

Calcium influx

Cardiomyocyte cell membrane

Calcium efflux Sodlum balance

Healthy
heart

g T-tubule .
i 3

Calcium-induced
calcium release
ety

Mitochondria

2a: Can bang Natri va Calci trong
co tim trén nguoi binh thuong

'/K’
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Calcium efflux

1

Calcium influx 1
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)
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and oxidative stress

M Mitochondria
Delayed |

1
1
Impaired 1
| Relaxation !

Contraction

2b: M4t can bang Natri va Calci trong
co tim trén nguwoi suy tim va BTD tip 2



Cardiomyocyte cell membrane
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Sw thay doi vé nang lwong co’ tim ( myocardial energetics)
khi st dung trc ché SGLT2 trén bn suy tim va DTD tip 2
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Hearts of
Empagliflozin-Treated
Diabetics

Improved Cardiac

Energy Deprived
Function

Heart
ATP

100

% Change in Cardiac Energy
(ATP) Production
% Change in Cardiac Energy
(ATP) Production

Glucose Ketone Fatty acid Glycolysis Glucose Ketone Fatty acid Glycolysis
oxidation oxidation oxidation oxidation oxidation oxidation

Cardiac Energy (ATP) | Cardiac Energy (ATP)
Production Relative Production Re_latlve_
to Normal Hearts to Untreated Diabetic
Hearts




Potential direct myocardial effects of SGLT2;

I |

@ mitophagy/ |
J CAMKII S |

4 NLRP3
( 4\ inflammasome

function

improved T\ improved
renal /\ energetics

4 provascular NS

progenitor cells 1 EPO

Potential indirect * systemic effects of SGLT2;j




U'c ché SGLT2 va Tu thuce té bao ( Autophagy)

Improved by SGLT2 inhibitors Effect of SGLT2 inhibitors not established

Hyperglycaemia

Hypertension \ / Endothelial dysfunction

N\
Altered tubuloglomerular feedback N

«— Mitochondrial injury

Podocyte loss and albuminuria —, ]

Obesity or lipotoxicity — +«_ lubuar hypertrophy

Inflammation ~¥ | or growth factors
Hypoxia/;’ \ N\

Fibrosis Autophagy




Tw thuc té bao ( Autophagy)

.
« Cor ché “tw thwe” dé
Your body's way to cleanse itself M doi moi
AUTOPHAGY weio  “Aytophagy” 13 thuat ngl
is a biological process that removes body's Xl,Ja!éhp‘hal‘E !:[l,f tlepg ![_Iy Lap
accumulated toxins, and recycles damaged VOl a.n VO auto (IF) va
cell components. phageln (an, thwe). Co

ché "ty thwc” la mot co
ché co ban cua viec
Fh‘an huy, va tai ché cac
hanh phan cua té bao.
Cac té bao, "ty an” tirc
lam cho mat di va “tai
ché” tre tao ra cac thanh
phan cua chinh minh dée
doi maoi.

/é 4 %
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Prof. Yoshinori Ohsumi & Prof. Mariko Ohsumi

Prof. Yoshinori 0humi, from Institute of Innovative research, Tokyo
institute of Technology, who won the Nobel prize in Medicine, in 2016,
discovered the mechanisms of Autophagy

ATGS ATGS
Longevity
A therapeutic mix encompassing Pitavastatin, Ursolic acid, Maresin, DIM, Ursolic acid Lutein, Maresin,

Cholecalciferol, Catalpol, Isoliquiritigenin (PUMDULMCCI) promotes leanness, insulin sensitivity, motor
function and longevity through up regulation of ATG5 (Autophagy-related protein-5)

Pitavastatin, Ursolic acid, Maresin,
DIM, Ursolicacid Lutein, Maresin,
Cholecalciferol, Catalpol,
Isoliquiritigenin
(PUMDULMCCI)




Type 2 diabetes

I Intracellular / l \}Hyperinsulinemia\

glucose and lipids

Suppression of nutrient Impairment of
\’ and oxygen deprivation — autophagic flux
signaling l

Unfolded
proteins ¢

Worsening
mitochondria and

.L \L pernxijnmes \

Endoplasmic I Oxidative ¢ !I Inflammasome

| ‘I Dysfunctional glycemic control

reticulum stress stress activation

\ Cardiomyocyte dysfunction, /

inflammation and death

Cardiomyopathy



I Urinary &

calorie loss

amm

\_> Fasting-like paradigm

d

[ Avek] «<—T7 SIRTH

N S

Increased
autophagic flux

Gluconeogenesis

Fatty acid
oxidation

Ketogenesis

Decrease in

Y

SGLT2 Inhibitors

N

Hypoxia-like paradigm

N\

—]

HIF-2a.

Reduced inflammasome
activation and increased
mitochondrial stability

intracgzllular
sodium \/ \

N

\

Erythropoiesis

<\> Decreased

oxidative
stress

Amelioration of cellular stress,
dysfunction and death

<

Proposed conceptual framework to explain the molecular mechanisms underlying the effect

of SGLT2 inhibitors to reduce serious heart failure and adverse renal events.

The activation of nutrient and oxygen deprivation sensors is designated in pink, whereas the
clinical biomarkers of this activation (ketonemia and erythrocytosis) are highlighted in green.
AMPK indicates AMP-activated protein kinase; HIF-2a, hypoxia inducible factor isoform 2q;

SGLT2, sodium-glucose cotransporter 2; and SIRT1, sirtuin-1



SGLT2 inhibition

/ \ Erythrocytosis

Activation Ketonemia |  Activation T

of AMPK T of SIRT1

Activation
] ~—7 of HIF-2a

|—> Fasting transcriptional paradigm

e ™\

Antioxidant and Enhanced
anti-inflammatory effects autophagic flux

b

) ) Clearance of
Amglloratlon of damaged organelles
cardiomyopathy

and nephropathy

Induction of fasting transcriptional paradigm by SGLT2 inhibitors underlies their action to
reduce heart failure and serious adverse renal events.




_ SGLT2 inhibitors
Ketonemia

\ Mimicking of fasting and hypoxia

transcriptional paradigm

Erythrocytosis / !

Activation of hypoxia | | Activation of SIRT1 Reduction in
inducible factors and AMPK intracellular sodium

Ny S

Autophagic recycling of
cellular constituents and /_\

clearance of damaged Decreased cellular
organelles stress and
\ inflammasome activation

Cardioprotection /

Potential pathways mediating a cardioprotective effect of SGLT2 inhibitors. AMPK, (3) adenosine
5’ monophosphate-activated protein kinase; SIRT1, sirtuin-1.
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regulation

~ Suppression of
\ leptin secretion
/ by adipocytes

==

‘ Reduced
|

l.l serum leptin

(’." epicardial fat

.
.

.servier.com/

Novel mechanisms of
benefit in heart failure
with SGLT2 inhibition

Autophagy
Induction

Improved cardiac
ionic homeostasis

® Y

NHE-1 SGLT1
l inhibition inhibition

Increased glucagon
vs insulin ratio due
"to increased urinary

glucose excretion

el \’;‘:

\-\
B

Activation of
SIRT1 and AMPK,
HIF1,2alfa Reduced intracellular

sodium and restored

Improved myocardial
energetics

Increased catabolism
mimicking a state of
fasting due to
increased urinary
glucose excretion

Increased
ketone body
production

sodium-calcium exchanger

function
Autophagic l
. clearance of
Bﬁ(r ’}‘ e Q k’ /damaged

organelles

Alternate fuel instead
| of fatty acids and

\_/—/ glucose

Improved intracellular

- Wy calcium transients and
‘ cardiac contraction l

Reduced oxidative stress
and inflammation

/

Improved

cardiovascular -
health

N

-

Improved
cardiovascular
outcomes

’ —
- |

Increased ATP
production

Improved cardiac
work efficiency




COVID-19
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Viral factor

Membrane
glycoprotein (M)

RNA(genome)

Nucleocapsid
protein (N)

Hemagglutinin
esterase (HE)

EAryAVIra e CHoRAVIthNMII A ESYyMpIoms

Acute respiratory distress syndrome

Multi—organ dysfunction, Cytokine storm

Host factor

High risk factors

* Elderly

* Diabetes

* Hypertension

¢ Cardiovascular disease

* Cerebrovascular disease

* COPD, asthma

* Immunocompromised state
* Chronic kidney disease

* Chronic liver disease

* Severe obesity




Lung, kidney, heart

Organ injury

Angiotensinogen

Renin

Angiotensin |

ACE1

Angiotensin |l

|

AT2 receptor AT1 receptor

Pancreatic islet cells

Insulin deficiency

Angiotensin-(1-9)

ACE1

Angiotensin-(1-7)




Role of ACEZ2 in the pathogenesis of coronavirus diseases.

ACE?2 converts angiotensin | and angiotensin Il to angiotensin-(1-9) and
angiotensin-(1-7), respectively.

ACE2 is also expressed in the lung, kidney, heart and pancreas and acts as a
facilitator for CoV entry into cells.

Use of ACEI/ARBS increases angiotensin | levels and upregulates ACE2 gene
expression. This facilitates excess viral entry into host cells causing organ
injury and insulin deficiency, contributing to hyperglycaemia.

Upregulated ACE2 may convert angiotensin Il to angiotensin-(1-7). The latter
acts on the Mas1 receptor to trigger anti-inflammatory effects and inhibits the
AT1 receptor to cause vasodilation.

However, at least in ACEI users, angiotensin 11 levels will be low and the net
benefit of ACE2 upregulation is uncertain. CoV infection downregulates ACE2
expression, thereby reducing angiotensin-(1-7) levels, which reduces its anti-
inflammatory effects and potentially worsens organ vulnerability to infection.
AT, angiotensin; RBD, receptor binding domain
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The role of angiotensin-converting enzyme 2 (ACEZ2) on the cardiovascular system
and entry of SARS-CoV-2. ACE2 converts Ang | to Ang-(1-9) and Ang Il
(angiotensin 11) to Ang-(1-7), which acts on the Mas receptor (MasR) to lower blood
pressure through vasodilation but also to attenuate inflammation and fibrosis. ACE1
converts Ang I into Ang Il, which acts at the angiotensin Il type 1 receptor (AT1R) to
Increase blood pressure by inducing vasoconstriction, increasing kidney reabsorption
of sodium and water, and increasing oxidative stress to promote inflammation and
fibrosis. ACE2 also binds to and internalizes SARS-CoV-2 after priming by the serine
protease TMPRSS2 (transmembrane protease, serine-2). Shedding of membrane-
bound ACEZ2 by a disintegrin and metalloprotease 17 (ADAML17) results in the
occurrence of soluble ACE2, which can no longer mediate SARS-Cov-2 entry and
might even prevent such entry by keeping the virus in solution. AT1R (Ang Il type 1
receptor) upregulates ADAM17, and AT1R blockers (ARBs) would prevent this.
However, diminishing production of Ang Il with an ACE inhibitor or blocking Ang 11—
AT1R actions with an ARB can enhance the ACE2-Ang-(1-7)-MasR pathway, which
attenuates inflammation, fibrosis, and lung injury. Anti-diabetic medication increased
the expression of ACE2 in animal study. However, anti-diabetic medications that
enhance immune modulation and effectively control hyperglycemia may have a
beneficial effect on the outcomes of patients with COVID-19.



Exploring Sodium Glucose Co-Transporter-2 (SGLT2)
Inhibitors for Organ Protection in COVID-19

Viral replication and spread ] : Antiviral/Antiviral entry therapy
v v
[lnflammatory overdrive] [ Prothrombotic millieu ] I Antiinflammatory and antithrombotic strategies
[Organ damage] = Cell/Organ protection therapy

Drug repurposing New drugs

Organ/cell protection | SGLT2 inhibitors ?

Cell protection from Eculizumab Asunercept

immune aggression

\ 4

[Organ failure]

!

Death

Organ support/replacement

Pathogenic basis of current therapeutic approaches to COVID-19 and potential place of
SGLT2 inhibitors.

T. Clin. Med. 2020, 9, 2030



Improved cardiac bioenergetics
Inhibition of NHE1

Reduced cytokines, oxidative stress
Improved endothelial function

SGLT2 inhibitors

NADH  NAD+

ll Pyruvate €T lactate

Endothelitis [ Y . o —

Y

Reduced Insulin: Glucagon ratio
Lipolysis and Ketosis

Inhibition of NHE3 w2 H I TR
Restoration of TG feedback\A\r,s". );; S y

Schematic representation of the proposed pathophysiology of COVID-19 induced cardiac and
renal dysfunction induced by endothelitis and increased lactate production under conditions of
Impaired tissue oxygenation induced anaerobic glycolysis which leads to increased cellular entry
of H+along with lactate, leading to activation of the NHE, sodium accumulation and cell
oedema and destruction. SGLT2 inhibitors, apart from having beneficial effects on multiple
cardiovascular risk factors (diabetes, hypertension and obesity) which predispose to adverse
outcomes in COVID-19, may possibly have benefits in acute decompensated states by inhibiting
the NHE, decreasing lactate and improving endothelial function. MCT, Monocarboxy late
transporter (H+lactate symporter); TG, Tubuloglomerular feedback



Sodium-glucose co-transporter 2 inhibitors in COVID-19: meeting

at the crossroads between heart, diabetes and infectious diseases
Theocharis Koufakis' - Antonis N. Pavlidis? - Symeon Metallidis® - Kalliopi Kotsa'
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SGLT-2 inhibitors for COVID-19 — A miracle

waiting to happen or just another beat around
the bush?

Rationality of using dapagliflozin in COVID-19.

A. Reduced serum lactate level

1. Reduces oxygen consumption in tissues and channelizes glucose towards
the aerobic pathway, thus diminishing lactate production

2. Reduces lactate release from adipose tissue

3. Increased renal excretion of lactate

B. Inhibition of NHE

C. Organ protective effective (heart, vasculature, kidney)

D. Activation of alternative RAAS pathway by activating ACE2
E. Decreased proinflammatory cytokines

F. Glycemic control

Primary Care Diabetes 14 (2020) 564-565




Uc ché SGLT2

Possible Influence on the

Mechanism of Drug Action Course of COVID-19

inhibition of renal
glucose reuptake in
proximal renal tubes
increased expression of
ACE2 [79]

increased production of
angiotensin (1-7) [91]
reduction of
cardiovascular and
renal complications
[92,97]
anti-inflammatory
properties [92]
decreased production
of tumour necrosis
factor, IL-6, monocyte
chemoattractant
protein 1 [93,94]
decreased lactic
acidosis, influencing

the acid-base balance
inside a cell [95]

increased susceptibility

to the infection [79]
anti-oxidative and
anti-fibrotic

properties [91]
prevention of ARDS
development [91]
prevention of cell injury
during the

infection [95]

protection from the

severe course of the
disease [95]

Weronika Bielka, Agnieszka Przezak and Andrzej Pawlik * Therapy of Type 2
Diabetes in Patients with SARS-CoV-2 Infection. Int. J. Mol. Sci. 2021, 22, 7605



Patients

Uc ché& SGLT?2

Table 4. Putative Beneficial and Harmful Effects, and Clinical Outcomes of SGLT2 Inhibitors in Glycemic Control Among COVID-19

Putative beneficial effects

Putative harmful effects

Clinical outcomes

No applicable data

Owing to their pharmacological characteristics,
SGLT?2 inhibitors might cause adverse

effects in patients with COVID-19 and

so cannot be recommended [25].

People with diabetes should be encouraged to
continue medication prescribed for hypertension,
diabetes or dyslipidemia. Furthermore, patients
with diabetes and COVID-19 infection should
follow their usual antidiabetic treatment with

the exception of SGLT2 inhibitors [26].

Avoidance of diabetic ketoacidosis associated
with SGLT?2 inhibitors is of particular medical

importance during the COVID-19 pandemic [27].

A 52-year-old male with type 2 diabetes on empagliflozin
and no history of diabetic ketoacidosis (DKA) presented
with symptoms of COVID-19 as well as laboratory
findings consistent with euglycemic DKA. SGLT2
inhibitors should be held as early as possible in COVID-19
patients due to the risk of euglycemic DKA [28].

The patient of euglycemic DKA due to empagliflozin use
was Initially suspected to be a case of COVID-19 [29].



SGLT-2 inhibitors suppress
Glucose the action of SGLT-2

N . .
> Lost ‘n urine

L]
Increase urinary glucose excretion

Ll— SGLT-2 inhibitor

SGLT-2

[
° Reduce glucose reabsorption
SGLT2i COVID-19
1 Endothelial function J, Endothelial function
J Oxidative stress . 3 ™ Oxidative stress
J Inflammation Common meChan|SmS. 1 Inflammation
J Insulin/insulin resistance and glucose M Insulin resistance
SGLT2i improve: Morbidity/Mortality increased by:
Extravascular volume: pulmonary edema
* Hypertension . - * Hypertension
- Hyperglycemia/T2D Inflammation: Cytokines, e.g. IL-6 - Hyperglycemia/T2D
- HF - HF
« CKD « CKD
* Obesity « Obesity

Loss of glucose is balanced by increased endogenous glucose production. The new homeostasis
may be responsible for the favourable effects of dapagliflozin on the cardiovascular, renal and
immune functions. The effects on glucose control, including insulin demand, endothelial
function, oxidative stress, oxygen delivery capacity, congestion and inflammation are probably
most important to protect from worsening of organ function in hospitalized patients with
COVID-19 and medical history with risk factors, including hypertension, T2D, HF, CKD and
obesity. CKD, HF...



Dapagliflozin in Respiratory Failure in Patients with COVID-19
(DARE-19)

DARE-19 Trial
1250 Patients — 7 Countries — 95 Sites
. . North America: Western Europe:
Primary Outcome of Prevention: (o) cagta O . Ui 5
Organ Failure or Death from Any Cause & .
¢ Asia:
"j Mexico 118

< India 50

DARE-19 £469:; o1

DApagliflozin in REspiratory failure in patients with COVID-19 x*

3 Argentina 27

. 6209:
AstraZeneca§ %}% Salnt LUke,S ; v George Clinical %
Objectives Background and Rationale
* We hypothesized that dapaglifiozin may reduce the risk - Patients hospitalized with Covid-19 and cardiometabolic risk
of multi-organ failure and death, and improve recovery factors are at high risk for multi-organ failure and death

in patients that are hospitalized with Covid-19 and have

. L * There is a dearth of efficacious therapies that reduce the risk
cardiometabolic risk factors

of major clinical events, and large unmet clinical need for
additional treatment options

» SGLT2i provide organ protection in patients with chronic
cardiometabolic conditions (T2D, HF, CKD) and favorably
affect a number of pathophysiologic pathways disrupted

DARE 19 ““ during acute illness, such as Covid-19

*
DApoghforin I AEsgiratory ale I potients with COMDLTS z -
CKOD, chronic kidney disease; HF, heart failure; SGLT2i, sodium-glucose co-transporter-2 inhibitors; DA R E - 1 9 ﬂ.a e

T2D, type 2 diabetes. A




Dapagliflozin in Respiratory Failure in Patients with COVID-19
(DARE-19)

Patient Disposition

Dapaglifiozin (n=625) J

1273 Patients Screened J

l-ﬁ 23 patients did not qualify J

1250 Patients Randomized J
|

!
Placebo (n=625) J

i 69 patients
| discontinued dapagliflozin

617 (99%) Completed StudyJ

66 patients
discontinued placebo

620 (99%) Completed StudyJ

DARE-19 £369:

Time to Organ Failure or Death

Composite Kidney Endpoint

No.
Daj

Placebo 625 619 608 599 585 577 567 563 560 558 555

51 Hazard ratio, 0.74 (95% Cl, 0.50-1.07)
3
g 10
§ Placebo: 65 events (10.4%)
H
2 Dapaglifiozin: 48 events (7.7%)
3 s
3

0

0 3 6 9 12 15 18 21 24 27 30
Days since Randomization
. at Risk

paglifiozin 625 618 612 603 594 585 576 570 568 565 564

DARE-19 &

i paghfiazn in REsphatory ahure 1 patents wih COD-

All-cause Mortality

Cumulative Incidence (%)

No. at Risk
Dapaglifiozin
Placebo

5

Hazard ratio, 0.80 (95% Cl, 0.58-1.10)
p=0.168

Placebo: 86 events (13.8%)

Dapagliflozin: 70 events (11.2%)

625
625

3 6 9 12 15 18 21 24 27 30
Days since Randomization

610 579 567 559 554 551 548 548 547 546

e
601 570 555 546 538 537 536 535 535 534 " *
DARE-19 £469:

DipagHfiorinin REspiratcry (alure i pateets wih COV-19 ™

Cumulative Incidence (%)

No. at Risk
Dapaglifiozin
Placebo

Hazard ratio, 0.77 (95% Cl, 0.52-1.16)

Placebo: 54 events (8.6%)
Dapagliflozin: 41 events (6.6%)

0 v T d T ™ T ™
0 3 6 9 12 15 18 21 24 27 30
Days since Randomization
625 624 622 817 612 606 585 586 586 584 581
625 623 620 817 604 595 587 580 578
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Dapagliflozin in Respiratory Failure in Patients with COVID-19
(DARE-19)

Practice Implications

 DARE-19 - first trial that evaluated SGLT2i in patients with acute illness,
patient population with the highest risk ever tested with this class

« Given the lack of data, there were concerns that using SGLT2i in Covid-
19 could increase the risk of AKI and ketoacidosis

* This fueled recommendations from some groups to stop SGLT2i in
patients with Covid-19, even if they had conditions in which this class
has been proven to produce substantial benefits (T2D, HF)

* In DARE-19, rates of serious adverse events (including AKI) were
numerically lower with dapagliflozin than placebo, and only two non-
severe events of DKA were reported

«  Our results do not support discontinuation of SGLT2i in a setting of
Covid-19, as long as patients are monitored

L
< ¥
i ¥
AKI, acute kidney injury; CKD, chronic kidney disease; DKA, diabetic ketoacidosis; HF, heart failure; DA R E_ 1 9 %‘a 3
4
DApagliflozin in REspiratory failure in patients with COVID-19 x®

SGLT2i, sodium-glucose co-transporter-2 inhibitors; T2D, type 2 diabetes.
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