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Learning Objectives

Understand the importance of assessing cardiovascular and renal
risk factors in patients with diabetes

Review the cardiovascular outcome trials (CVOT) and renal
outcome trials for select glucagon like peptide 1 receptor agonist
(GLP-1) and sodium-glucose cotransporter-2 (SGLT2) inhibitors

Select the appropriate antihyperglycemic agents for cardiovascular
and renal risk factors

Know the classes of antihyperglycemic agents, mechanism of
iction, benefits and side effects of these agents




Cardiovascular Risk Factors

Atherosclerotic cardiovascular disease (ASCVD) defined as
coronary heart disease (CHD), cerebrovascular disease, or

peripheral arterial disease is the leading cause of morbidity
and mortality for individuals with diabetes

Heart failure with preserved ejection fraction (HFpEF) or

reduced ejection fraction (HFrEF) is twofold higher in patients
with diabetes.




Risk of CKD progression, frequency of visits, and referral to nephrology according to glomerular
filtration rate (GFR) and albuminuria.

Albuminurla categorles
Description and range
CKD is classified based on: Al A2 A3
¢ Cause (C)
“GFR (G) N | to mildl Moderatel
 Albuminuria (A) *incressed | st Sovorely Increased
<30 mg/g 30-299 mglg 2300 mg/g
<3 mg/mmol 3-29 mg/mmol 230 mg/mmol
G1 Normal to high 280
G2 Mildly decreased 60-89
GFRcategories | G3a [ MIALI0 BOUERIEN | 4559
(mLU/minA.73m?)
Description and
range Modoerately to
G3b | ceverely decreased | 0¥
G4 Severely decreased 15-29
G5 Kidney fallure <15
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Cardiovascular Outcomes Trials: A Brief History

e 2008 FDA guidance mandating assessment of CV
safety of all antihyperglycemic agents in RCTs

— Designed as noninferiority studies to demonstrate
study drug was not associated with more MACE than
placebo

* Some study designs tested for superiority if noninferiority
criteria were met

— Primary endpoint: composite of cardiovascular death,
nonfatal MI, and nonfatal stroke

 Some primary endpoints included additional components

IACE = major adverse cardiovascular events; RCTs, randomized controlled trials.

Guidance for industry: evaluating cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes.
vww.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm071627.pdf.
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GLP-1 RAs and CV Risk Baseline

Characteristics

ELIXA LEADER SUSTAIN 6 REWIND
Drug tested Lisixenatide Liraglutide Semaglutide Dulaglutide
Dose 20 pg/d 18 mg/d 0.50r 1.5 mg/wk
1 mg/wk
N 6068 9340 3297 9901
Mean age, years 60 64 65 66
Percent women 31 36 39 46
Percent prior < 100 81 59 31 >
CVvD

Mean BMI, kg/m? 30 33 31
Mean HbA1c, % 77 8.7 8.7
Primary outcome MACE® or MACE? MACE® MACE®

unstable

angina
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REWIND Study/ Dulaglutide

TRULICITY CV OUTCOME TRIAL

PRIMARY MACE 3 RESULT CV OUTCOMES

() Dulaglutide significantly reduced the risk of Major

o
\\,/

CUMULATIVE INCIDENCE PER 100

PATIENTS
oo

Adverse Cardiovascular Events (MACE 3: CV death,
non-fatal Ml or non-fatal stroke) by 12% vs. placebo

p-Value: 0.026
Hazard Ratio (95% Cl): 0.88 (0.79, 0.99) PLACEBO

DULAGLUTIDE

0 1 2 3 4 5 6
YEARS OF EXPOSURE

f:] Consistent effect across three components of MACE,

greatest difference observed in Nonfatal Stroke

Hazard Ratio

95% Cl)
MACE-3 Composite —— 0.88

Primary Endpoint 073029
0.76

Nonfatal Stroke ® (0.61-0.95)
0.91

CV Death o 0.78 - 1.06)
0.96

Nonfatal Ml o (0.79-1.16)
0.90

All Death ¢ ) (0.80 - 1.01)

0.6 0.8 1 1.2

Note: Hazard Ratio and its Cl and p-value obtained from Cox Proportional Hazards Regression Model with treatment as a fixed effect. Favors Dulaglutide Favors PIacats

Gerstein et al. Lancet2019.
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LEADER: Study design

Liraglutide 0.6-1.8 mg OD + standard of care

Safety follow-up

Placebo + standard of care }- Safety follow-up
} 2 weeks t Minimum duration 3.5 years t 30 days >
: o Maximum 5 years
Screening  Randomization (1:1) - . End of treatment
Double-blind Minimum 611 primary events

Key inclusion criteria Key exclusion criteria

® T2DM, HbA,, 27.0% ¢ T1IDM

¢ Antidiabetic drug naive; OADs and/or basal/premix insulin ¢ Use of GLP-1RAs, DPP-4i, pramlintide, or rapid-acting
* Age 250 years and established CV disease or chronic renal insulin

failure ¢ Familial or personal history of MEN-2 or MTC

or
* Age 260 years and risk factors for CV disease

N Engl J Med 2016; 375:311-322



LEADER (Liraglutide CVOT):

* Primary outcome CV death, non-fatal myocardial infarction, or non-fatal stroke

13% RRR in CVOT (P=0.01)

()
=2

Patients with an event (%)
=)

(=]

NNT= 66 over 3 yrs.

Placebo

.
=
-
-

-
-
-

Lo Liraglutide

- HR: 0.87

- 95% CI (0.78 - 0.97)

p<0.001 for non-inferiority
p=0.01 for superiority

0 6 12

Patients at risk
Liraglutide 4668 4593 4496
Placebo 4672 4568 4473

18 24 30 36 42 48 54
Time from randomization (months)

4400 4280 472 4072 3982 1662 424
4352 4237 4123 4010 3914 1543 407

UW Medicine



LEADER: Time to first renal event

* Macroalbuminuria, doubling of serum creatinine, ESRD, renal death

10+

.....
-----
-

-------------- Liraglutide

------------ ‘ HR: 0.78
95% Cl (0.67-0.92)

Patients with an event (%)

p=0.003

0 6 12 18 24 30 36 4 48 54
Patients at risk Time since randomization (months)
Liraglutide 4668 4635 4561 4492 4400 4304 4210 4114 1632 454
Placebo 4672 4643 4540 4428 4316 4196 4094 3990 1613 433

N Engl J Med 2016; 375:311-322 L]\\] MCdiCiI]C



EMPA-REG: Trial Desig clacebo

N EnglJ Med 2015; 373:2117-2128

(h=2333)

Randomised and Empagliflozin 10 mg

$§%§3 (n=2345)

Screening
(n=11531)

Empagliflozin 25 mg
(N=2342)

All patients had known cardiovascular disease

Study medication was given in addition to standard of care

Treatment assignment double masked.

The trial was to continue until at least 691 patients experienced an adjudicated
primary outcome event
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EMPA-REG: CV Death, MI, and Stroke

Patients with event/analysed

Empagliflozin Placebo HR (95% ClI) p-value
3-point MACE 490/4687 282/2333 0.86 (0.74,0.99)* 0.0382
——
172/4687 137/2333 0.62 0.49,0.77 <0.0001
CV death / / ( ) .
Non-fatal Ml 213/4687 121/2333 0.87 (0.70,1.09) o— 0.2189
Non-fatal stroke 150/4687 60/2333 1.24 (0.92,1.67) N S — 0.1638
38% RRR
Cardiovascular Mortality: . . ‘
0.2 0.50 1.00 2.00
NNT = 45 < >
Favours empagliflozin Favours placebo

Cox regression analysis. MACE, Major Adverse Cardiovascular Event;
HR, hazard ratio; CV, cardiovascular; MI, myocardial infarction
*95.02% ClI
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Hospitalization for Heart Failure

7 =
HR 0.65 Placebo
N (95% C10.50, 0.85)
p=0.0017
— 54
82
b
[ 44
> oa N
o Empagliflozin
ES
2 3 NNT=35
C
0
5 2 over 3yrs
a
14
04
1 1 l ) 1 I 1 1 1
0 é 12 18 24 30 36 42 48
) Months
Mo of pafients
Empaglifiozin 4587 4614 4523 4427 3088 2950 2487 14634 395
Placebo 2333 2271 2226 2173 1932 1424 1202 775 158
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Canagliflozin and Renal Outcomes in Type 2 Diabetes and
Nephropathy (CREDENCE)

95.4
B Canagliflozin . . . o
g % Placebo 722 ADA guidelines: SGLT2 inhibitors for
z the prevention of kidney failure,
i cardiovascular events or both in
8 patients with an eGFR >30
§ mL/min/1.73 m2
i **Especially with severely increased
albuminuria
(mL!r:ﬁI’?nmz) 260 40-<60 <45
rodu:lll)::!l(j;;’;i:rs) 17 =72 -52

FIGURE 1: Estimated number of primary events (doubling of serum creatinine, ESKD or cardiovascular or kidney-related death) prevented
per 1000 patients treated over 2.6 years in the CREDENCE trial by baseline ¢GFR. *Absolute risk reductions estimated as the number of events
prevented per 1000 patients treated over 2.6 years.

Neuen BL et al. Nephrol Dial Transplant. 2020;35(Suppl 1) i48—i55.
Perkovic V, et al. N EnglJ Med. 2019 Jun 13;380(24):2295-2306
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Credence study

Subgroup

Primary composite outcome of ESKD,
doubling of serum creatinine,
or renal or CV death

Screening estimated GFR
30 to <45 ml/min/1.73 m?
45 to <60 ml/min/1.73 m2
60 to <90 ml/min/1.73 m?
Baseline UACR
<1000

>1000
Renal-specific composite outcome
of ESKD, doubling of serum
creatinine, or renal death

Screening estimated GFR
30 to <45 ml/min/1.73 m?2
45 to <60 ml/min/1.73 m?
60 to <90 ml/min/1.73 m?
Baseline UACR
<1000
>1000

119/657
56/640
70/905

69/1185
176/1017

85/657
33/640
35/905

29/1185
124/1017

no. of patients/total no.

153/656
102/639
85/904

88/1163
252/1036

115/656
66/639
43/904

31/1163
193/1036

P Value for
Hazard Ratio (95% Cl) Interaction
events/1000 patient-yr
E 0.11
72.2 95.4 = 0.75 (0.59-0.95)
33.4 63.1 —eo— | 0.52 (0.38-0.72)
29.9 36.5 — — 0.82 (0.60-1.12)
' 0.49
22,0 28.8 — - 0.76 (0.55-1.04)
69.6 100.8 F 4 0.67 (0.55-0.81)
E 0.18
51.6 71.7 I—Q—l 0.71 (0.53-0.94)
19.7 40.8 |—e—— | 0.47 (0.31-0.72)
14.9 18.5 }—0—-—{ 0.81 (0.52-1.26)
] 0.16
9.2 10.2 |—0—~—| 0.90 (0.54-1.50)
49.1 772 e+ | 0.61 (0.49-0.76)
025 0.50 1.00 200 400
Canagliflozin Placebo
Better Better

Canagliflozin Placebo Canagliflozin Placebo
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Dapagliflozin in Patients with Heart Failure and
Reduced Ejection Fraction With and Without DM

Primary Composite Outcome

CV Death/HF hospitalization/Urgent HF visit

- 30
=
- HR 0.74 (0.65, 0.85)
= 25-  P=0.00001
= NNT = 21 N
8 204 T -
I o
o e T S
g T e e Dapagliflozin
g | T e
> 1004 et et
E | e e
3 | e
5 R
o ="
I I I I I I I I I
0] 3 6 9 12 15 18 21 24
Months since Randomization
Number at Risk
Dapagliflozin 2373 2305 2221 2147 2002 1560 1146 612 210
Placebo 2371 2258 2163 2075 1917 1478 1096 593 210
Theq, —
Adapted from McMurray JJV et al. As presented during ESC Congress 2019, Hot Line Session 1. Med]_ca,l’s Change-

N Engl J Med 2019; 381:1995-
2008
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Effect of GLP-1 Agonists

; GLP-1 :

Myocardial effects Systemic effects

GLP-1 . GLP-1
GLP-IR - Liver

GLP-1R

00

‘ Myocardial arteries

Vasodilation Adipose tissue
Pancreas
| v v J
GLP-1R Improvement of glucose Weight loss
metabolism
Inflammatory cells
/"~ CAMP — PKA GLP-1R
Myocardium
| J
v v
Increased Improved
viability energetic
efficiency i Vascular system
Micrsesud Shigose Reduced blovod pressure Reduced at:erosderotic
uptake Decreased Inflammation

lesions

Preservation of cardiac function and structure
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Effect of SGLT2i

l Hyperinsulinemia
+ Hyperleptinemia §

lSympathetic .
outflow to > ’ + Volume overload
the heart e 7 + Wall stress
b : :
7 , Fibrosis
lSympathetic
outflow to
! Sympathetic vessels

outflow to \
kidneys

| Tubulointerstitial Correction of fluidretention
burden \

TVascular compliance
and reactivity

! Natriuretic peptides

— N1
]
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GLP-1 receptor agonists GLP-1 receptor agonist/
basal insulin fixed-dose
combinations

Pen devices c "’
for injection .i
i3
Hy 8
i
4 h
Drug name:
Generic Exenatide bid Liusenatide Liraglutide Exenatide once weekly. Dulalqutide  Abiglutide Semaagiutide Ideqlira 1GlarLix
Pen for single multiple multiphe multiple single single single single multiphe multiple multiple
or multiple use?
Pen for pre-deter- single single vanable single single single single single vanable, varnable,
mined single dose/ (06,12, for for
variable dosing or 1.8 mg) titrabion titration
Pen devices Sor 10 or 1.8 mg 2mg 2mg 0.75or 300r 025, Upto 1.8 mg Up to 20 ug
available 10pg 20pa 15mg 50 mg 05 or (plus insulin  (plus insulin
[maximum dose) 1.0mg degludec glargine
up to S0} wp to 60IU)
Resuspension no no no yes No, but no yes no no no
before injection thorrough
necessary? mixing

Mauck MA etal. EurJ Endocrinol. 2015 Dec;181(6):R211-R234

JW Medicine



Oral Semaglutide

Take on an empty stomach

Take with a a small amount of water (no more
than 4 oz).

Wait 30 minutes after taking it and then eat
food

UW Medicine



Sodium-Glucose Co-Transporter Inhibitors (SGLT2I)

TABLE. A1C REDUCTION VERSUS PLACERO

Medication Mean A1C Reduction (g5% CI)
Canagliflozin 300 mg  -0.86% (-0.06 to -0.78)

Canagliflozin 100 mg  -0.76% (-0.86 to -0.66)

Dapagliflozin 10 mg -0.66% (-0.74 to -0.58)
Dapagliflozin 5 mg -0.56% (-0.67 to -0.44)
Empagliflozin 25 mg -0.66% (-0.76 to -0.56)
Empagliflozin 10 mg -0.60% (-0.70 to -0.50)

AT = glycated h=moglobin

Zaccardi F et al. Diabetes Obes Metab. 2016;18(8):783-794
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Hyperglycemic Agents Algorithm

FIRST-LINE Therapy is Metformin and Comprehensive Lifestyle (including weight management and physical activity)

INDICATORS OF HIGH-RISK OR ESTABLISHED ASCVYD, CKD, OR HF

IF A1C ABOVE INDIVIDUALIZED TARGET PROCEED AS BELOW

+ASCVD/ndicators
of High Risk

D

Consider the addiion of SU* OR basal insulc

* Choose later generation SU with
lowar risk of hypoghyoamia
* Consicler basal insulin with lower risk of hypoglycemia’®

T, Proven bereft rssen 1§ has libel ndiostion of
ckng Neart twkew i s pogiation
B Refer 1o Section 11: Microwasculr Camplications and Foot Care:
R Deghces / glangine U300 < glagine U-100 / detersir < NPH Insulin
1. Poowen CVD Darafit mans & has el indication of reducing CVD sverte 10 Sermaghtios » Waghice > GAaghIce > exaratios » Eiseesce
2 Low dose may be Detier loktad though koes wel studied for GVD effects 11 ¥ 5o specific comorticiies o, 20 estabishad CVD, ow fisk of
3 Deghaces or U-100 ghargine have demonstraed CVO satety v pyeria, el ko (realy 1o @eond wengH Gar
4 Choose ter generaion SU 1 kower dsh of hysogiyserie 0 Wiy relutod comorbiiiteon
Pmagirice e show i CV wfety 10 DPP-& 12 Conmider courty- and mxon-apeciic cost of dRaga. In sorme """'""" ”—‘—-“—-‘.w
6. Be aware e SOLTY bl vivies by region and dividasd agert oo romhorgs et e * Mowt paerts envslied in (he relewar irae were on maTonen o haseiine 88
) regan 15 chcased level of 6GF R K rvtiation e cartinmd s SAly chotpec Proneirwaring Daregy
6 Empagifios, canagiitod, ard dopegifion have shown feduction
10 HF and 10 edvoe CXD progremsion in CYOTR. Canegitiorin and

eyt oo o g American Diabetes Association Clin Diabetes 2021;39:14-
43




Treatment Guidelines

First —Line Metformin and Lifestyle

High Risk/ ASCVD

HF DKD and
Established HFrEF albuminuria
ASCVD LVEF <45%
Age>55 with SGLT2i
coronary carotid SGLT?2i
or lower-

extremity artery
stenosis >50% or
LVH

GLP-1RA

SGLT2i




a a . . a . (] oya
(_J (_J
/ Renal effects \
Oral/SQ Additional considerations
ngmli of DKD Dosing/use 2
High Neutral benefit Neutral Low Oral Neutral « Contraindicatdd with eGFR Gastrointestinal side effects common
(potential for <30 ml/min/1Y3 m? (diarrhea, nausea)
modest loss) Potential for B12 deficiency
Intermediate Loss 2 Benefit: High Oral Benefit: * Renal dose adjdstment FDA Black Box: Risk of
lifiozint, empagli - ,dapaglifiozini  required (canaglifiozin, amputation (canaglifiozin)
canaglifiozin, dapaglifiozin, elnpaglifiozin, Riskof g
ertuglifiozin bone
dapaglifiozing ugkfioxin) (canagidiozin)
DKA risk (all agents, rare in
T20M)
Genitourinary infections
Risk of volume depletion,
hypotension
Risk of Fournier's gangrene
High Loss Neutral High 5Q; oral Benefit: | * Renal dose adjustment FDA Black Box: Risk of thyrold
(semaglutide) required ( atide, C-cell wmors (Hraglutide,
lixisenatide), albiglutide, dulaglutide, exenatide
extended release)
* Caution when initiating or
Bengfit: See label increasing/dose due to Gastrointestinal side effects
indiction of reducing potentia)frisk of acute common (nausea, vomiting,
kidney /njury diarrhea)
Injection site reactions
2Acute pancreatitis risk

Adapted Clinical Diabetes 2020 Jan; 38(1): 10-38.




CV Effects Indications

VD HF
GLT2i * SGLT2i

— Empagliflozin — Empagliflozin
— Canagliflozin — Canagliflozin
GLP-1 RA — Dapagliflozin
— Liraglutide

Semaglutide

Dulaglutide




Renal Effects Indications

ygression of DKD
SGLT2i

* Empagliflozin
e Canagliflozin
* Dapagliflozin

GLP-1RA
* Liraglutide




Side Effects GLP-1 RA

ausea, vomiting, diarrhea

jection site reactions
\cute pancreatitis?
3lack box risk of thyroid c-cell tumors
enal dose adjustment for exenatide




Side Effects SGLT2i

sk of bone fractures — canagliflozin
DKA risk
enitourinary infections
Risk of volume depletion
LDL
isk of Fournier’s gangrene
t recommended for eGFR < 30 ml/min/1.73m?




DC Medicaid Formularies

SGLT2 Ertugliflozin Ertugliflozin Empagliflozin Empagliflozin
(PA)

Semiglutide -
Dulaglutide PA
Liraglutide -







