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Welcome and Congress Day 2
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Shelley Zieroth

MD, FCCS, FHFSA (hon), FESC, FACC, FHFA, FRCPC




We extend our respect to all First Nations, Inuit and Métis peoples
for their valuable past and present contributions to this land we call
Canada. We acknowledge the Indigenous Peoples of all the lands
that we are each on today, and reaffirm our commitment and
responsibility as individuals, to improving relationships between

nations and to collaborating in a spirit of reconciliation.
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Learning Objectives

1.

Employ novel treatment approaches and interdisciplinary
collaboration to improve outcomes in patients living with heart
failure.

. Optimize therapies in individuals with heart failure and

comorbidities.

Diagnose patients living with heart failure with an aim to deliver
holistic care.




Housekeeping

* To collect your MOC Section 1 credits, please remember to
complete both the session evaluation and the congress
evaluation

* The evaluation QR code can be found on your tables and will be
displayed on the screen after the presentation
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The Heart-Lung Connection:
Pulmonary Hypertension In
Left Heart Disease

Lisa M Mielniczuk MD FRCPC

Professor of Medicine, University of Ottawa Heart Institute
Director, Advanced Heart Diseases Program
Tier 1 Research Chair in Heart Function, University of Ottawa

Chair, Pulmonary Hypertension Association of Canada
Vice President, Canadian Heart Failure Society
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| will discuss off-label use of medications



Learning Objectives

1. Recognize the interaction of heart failure with common respiratory
comorbidities including COPD

2. Discuss the diagnosis and treatment of pulmonary hypertension
3. ldentify opportunities to reduce cardiorespiratory risk
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Classification of
Pulmonary
Hypertension

Text
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History of Hemodynamics in PAH

Retrospective Meta-Analysis
Clinical Studies (N = 47)
N = 1,187 Patients

Resting Supine
RHC (N = 882)
-k Measurement Mean (SD)
e i mPAP (mmHg) 14 (3.3)
. Normal pulmonary arterial pressure at rest
The figures given in the report of the WHO Expert Committee on co (Umin) 7.3 (23)
Chronic Cor Pulmonale (4) may be regarded as valid, The mean pressure . 2
in the pulmonary artery does not normally exceed 15 mm Hg when the Cl (umln]m ) 4.1 (13)
subject is at rest in a lying position. This value is little affected by age
and | never exceeds 20 mm Hg. |Hypertension is definitely present if the PVR (WU) 0.93 (0'4)
w mPAP, mean pulmonary artery pressure
CO, cardiac output
PH is DEfin e d by PVR, pulmonary vascular resistance
mPAP 2 25 mmHg Kovacs G, et al. Eur Respir J 2009;34:888-94.

Cl, cardiac index; PAH, pulmonary arterial hypertension; RHC, right heart catheterization; SD, standard deviation.
15



The Evolution Of (Re)defining PH In Left Heart Disease

First RHC by Andié Cournaud in
b panent with mitral stenosis

1" WHO sympasium P> 2 eatepories: PPH, PH
2" WHO symposium ¥ Oinical chssification of PPH
[EVIAN)
o WH o N —— Table 5 _Haemudynamlc definitions of pulmonary
(VENICE) Venows hypertension. No clear hemodynamic definition hypEI"tE"SIGH
4 WHO sympashum 3 Firgt realy focusgng on non PAH forme
(DANA POINT) . Definition Haemodynamic characteristics
o 3 Growp 2 ; miPAP 2 25 mmbg; POWP T 15 mmHg
e PASSIVE = TPG < 12 mimlig PH mPAP >20 mmHg
REACTIVE D ut of Proportion =TPG = 12 mmHg, PVRT
HEART and LUNG TRANSPLANTATION 3  Group2: mPAP 2 25 mmHg: POWP 1 15 mmhg Pre-capillary PH mPAP =20 mmHg
STATEMENT PASSIVE = TPG £ 12 mmhg
REACTIVE/Out of Propertion = TPG > 12 mmHg, PVRT PAWF <15 mmHg
5 WHO CONFERENCE (NICE) 9  Nomore reactive PH but passive post-capiltary {ipc-PHj and |
tombined pre and post capillary [Cpe-PH] PVR aue huded,; PVR }2 WU
DPG repluces TPG: < TmmHg ipc+PH - oliminated alsa Out of
2 7 mmHg Cpc-PH Proportion definition IPCFH mPAP =20 mmHg
4  DPGstlll present and reintroduced PVR In altemative to DPG: PAWP =15 mmHg
2015 ESC GLIDELINES DPG < 7 mmM
g or PYR € 3WU PVR <2 WU
DPG 2 T mmHe or PVR >3 WU -
CpcPH mPAP =20 mmHg
=
PAWP =15 mmHg c
=~
PVR =2 WU ¢
LL
. 2 o
Exercise PH mPAP/CO slope between rest and exercise
L
. : L
>3 mmHg/L/min C

Labate; Curr Heart Fail Rep 2016; 13:281



How Common is PH in Heart Failure?

* Prevalence varies

e Population

 Diagnostic approach

* Definition used

« TOPCAT TR velocity> 2.9m/sec
was 36%

* Population based cohort: 83%

Heart Failure with Reduced

18%

Ejection Fraction

® lpc-PH
m CpC-PH

Heart Failure with Preserved
Ejection Fraction

Gerges C; Am J Resp Crit Care Med 2015; 1234-1246

Table 3. Prevalence of PH in HFpEF

Vears [Population’ Diagnostics JoEBH | Severtty
Lam et al* 2003-2005 | Olmsted County Hean | Echocardiography- | Framingham criteria B3 PASP 48 (37-68) mmHg
Failure Surveillance estimated PASP LVEF =50%
Study Echacardingraphy PASP >35
mmHg
Garges Ratroapec Medical University of Echocardiography, HF signs and symploms G4.4 Cpe-PH: mPAP 456128
at al™ tive cohort Vienna RHC LVEF =45% mmHg
1996-2003 mPAP =25 mm Hg lpc-PH: mPAP 36.4+£8.1
mm Hg
Prospactive B3 Cpo-PH: mPAP 44,2£13.2
cohort mmHg
2012-2013 Ipc-PH: mPAP 34.327.0
mimHg
Leung etal'® | 1996-2007 | Dartmouth Dynamic LHC/RHC WEDP >15 mm Hg 52.5 mPAP 34.2478 mmHg
Registry LVEF =50%
mPAP =28 mmHg
Shah af al* 2006-2012 TOPCAT, echocardiog- Echocardiography- | LVEF z45% a8 Mean TRV 3.2840.33 m/ia
raphy cohor meaasurad TRY HF hospitalization or alevaled
BNP/NT-proBNP
TRV =28 m/s
Melenowaky 006-3012 Mayo Clinc Echocardiography, Framingham crtana B1 mPAP 36111 mmHg
al al™ RHC LVEF =505
FAWP =15 mmHg
mPAP > 25 mmHg
Mohammed 2003-200%8 | Mayo Clinig, Olmstsad Echocardiography Framingham criteria 64.5
et & County HFpEF cohort LVEF =80%
FASP >40 mmHg
Ho etal' D008-2017 | Massachusetts General | Invasive CPET EF =E0% 41 {ewer-
Hospital mPAPICO >3 mm Hg/L/min cise PH)

Brittain E. Circ 2022;146e73-e88




IR
Development of PH in Left
Heart Disease

Venule Ca piiEury- Arteriole
Pulmgnary venous Pulmenary srieris!
T Pressure Inﬂ.lmn allon Nulrrurz-li" T [Mes L
Vehous remidaling Flb mred S0dC peptide activity Aneris ramodeling
stiffress proffaration CAp Ay jincricn etiffnesc
Ipe-PH Cpc-PH
mPAP=20 mmHg miPAF=20 minHg
PAWP=15 mmHg PAWP=15 mmHg
PYR< 3 WU PYR== 3 WU

HII:T

RY stiffness and impaired LV hypertrophy
relaeation LV EDP

RV hypertrophy [ laft atral overlcad
RV dilation dizstoiie dysfunction
RV fibrosls

X @ ESC @ ERS— Z Dai, Circ Res. 2023; 133: 899-901 2




Hemodynamic Assessment of PAH

ECHO vs. Right Heart Catheterization

Cathater

BB ECHO > 10 mmHg below RHC
Ml ECHO within 210 mmHg RHC

B ECHO > 10 mmHg above RHC

Right
alrium

Oiher
inzertion
sites

Right = |
ventricle |

<

Right Atrial Pressure
Right Ventricular Pressure
Pulmonary Artery Pressure (PAP)
Pulmonary Artery Wedge Pressure (PAWP)
Cardiac Output (Thermodilution/Fick)
Oxyhemoglobin Saturation Levels

0 10 2 M 4 0 & 70 B 8 100 10 10 ¥ 40 1%
Measured PASP by
Right Heart Catheterization (mmHg)

200 -
N=1360
i r=0.56, P<0.01

a
-]

B8

Estimated PASP
o

by ECHO (mmHg)
]

Pulmonary Vascular Resistance

Intracardiac Shunts

PAH, pulmonary arterial hypertension; PASP, pulmonary arterial systolic pressure; RHC, right heart catheterization.
Farber HW et al. Congest Heart Fail 2011;17:56-63.
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Is there a Role for Provocative Testing?

Pubmonary Artery Catheter

Ve

» Degree of mPAP increase in response to change in CO:
mPAP/CO

* Normal 0.5-3 mmHg/L/min
» Max value of mPAP of 30 at a CO of 10 I/min

» Exercise induced PH: mPAP/CO (mmHg/L/min)> 3
* mMPAWP > 25 mmHg with exercise

* Occult PH-LHD
* MPAP/CO (mmHg/L/min)> 3
* MPAWP/CO>2 mmHg/L/min

= Fluid Challenge:
= 7 ml/kg bolus of NS over 5 min
= PWP> 18 mmHg suggests PH-LHD

D'alto. Chest 2017151:119-26

2 i . i 26
Eismen: Cire HE 2018° 11+ e004750 Leglel, Z. i J Mol S 2029,24



Therapeutic Goals in The Management of
PH-LHD

* Decrease PAWP and improve compliance )

* Prevent RV remodeling

* Reduce PVR

* Prevent or treat RV-PA uncoupling o
N

* Guideline-Directed medical therapies for heart failure

* Drugs approved for Pulmonary Arterial Hypertension?

* Novel non-pharmacologic interventions?
i
N

» Prevention of PH/right heart failure
* Improved patient outcomes

28



The Use of Pulmonary Vasodilator Therapy in PH-LHD

NO-sGCcGMP Prostacyclin Endothelin-1

Pathway

Endothelium

Pathway

sGC Stimulators:

Smooth muscle cells + Riociguat

PDES inhibitors:
» Sildenafil
+ Tadalafil =o L
* Vardenafil
PDES ‘ sGC

Vasodilation

Proliferation |

IP receptor

—_—

-
-, | Prostacyclin

| analogues:

_f_,r’ « Epoprosienol

= lloprost

+ Treprosting

+ Baraprost

IP receptor agonists
« Selexipag

'\

=
3
1 f =
cAMP -——‘:I—- ATP
Vasodilation

Proliferation

Pallvway

@
e

— ET recepior
"4l Endothaln-1 ‘\1, antagonists:
lx ET __J,..‘ « Abmirisentan

B - « Bosentan

« Magtenian

ETg receptor
i, A

Vasoconsiriction

Proliferation |

FPapathanasiou et al. Pharm and Thera 2-2-: 107619



Repurposing Pulmonary Vasodilators

SOUTHPAW:
Parameter Hoenderm MELODY-1 HFPEF EF>40%
is et al (n=60) RHC confirmed Group 2 PH

(o) Oral
Cause of HF HFPEF HF EF>30% HPEF Treprostinil SOUTHPAW terminated
Mean age (y) 74 71 71
Median NTproBNP 1087 2472 859 . Completed
Macitentan SERANADE 143/300

Mean PVR (WU) 25 6.5 2.9 enrollment
Mean PWP (mmHg) 204 19.8 21 SERENADE
Mean PAP (mmHg) 35 47 36 HFPEF EF>40%
Intervention Sildenafil macitentan Riociguat PUImGnaW vascular disease or RV
QOutcome/Result No change in  Increased fluid Improvement in dysfunctiun

PAP, retention cardiac output, no

hemodynamic other benefits

s or clinical

endpoints

No difference in Change in NTproBNP
No difference in time to worsening HF
More fluid retention in active arm




S =
Sotatercept in CpC-PH due to HFPEF: CADENCE Study

* Recruiting
* Phase IRCT

* Sotatercept vs placebo
* Cpc PH due to HFpEF

* PVR>320, mPAP>20, PCWP 15-3

* Primary Outcome:
L ) A Phase 2, double blind, randomized, placebo-
® P m 2 4 k 3 controlled, parallel-group study of sotatercept in
O ve r We e S patients with combined pre- and post-capillary

pulmonary hypertension |(HFpEF, WHO Group 2 PH)

e
—_ ACCELERON

* Secondary Outcomes:
e 6 MWT e e e
e Time to first clinical worsening
* Change m mPAP, PCWP, others

* Echo parameters
* NTproBNP, NYHA,

Clin Trials. Gov NCT04945460
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The Potential of GDMT

SGLT2 | GLP1RA ARNI
Pu I m O.n a rv Vasc u | a't u rE + Reduce PA + Heduce inflaimmation,

+« Reduce PA pressures

pressures fibrosis, and adverse « Reduce adverse
+ Reduce adverse remodeling remodaling
remodeling + Increase nitric oxide
SGLT21 GLP1RA ARNI
RV myoca rdium + Reduce RV + Improved RV function + Reduce RV pressures
pressures « Reduce Inflammation + Reduce adverse
s - + Improve « Cardioprotective in ischemia remodeling
“'\_‘— \ b P
‘:Q - m:’gx-_\"i = metabolism « Reduce adverse remodeling « Reduce hyperirophy
-

i
"‘\ \\__5‘ W —— + Reduce
: . q-ﬁ. e :;
R . - el inflammation

Reduce adverse

- - modeling
e Se e
[ N
SGLT21 ‘GLP1RA ARNI
Ad|pnse « Improve insulin « Improve insulin sensitivity « Potentially improve
e sensitivity « Weight loss insulin sensitivity
a5 ® bt » Brown fat thermogenesis
| & (- SGLT21 ARNI
. _ @ RE nal + Enhance osmotic + Enhance natriuresis
== L diurssis
. =

King E, Pulmonary Circulation 2022;12:¢12028




Beyond Diuresis..Potential Mechanisms of Benefit

Potential
Indirect/Systemic
Effects of SGLT2I

J | weight

| afterload
/arterial stiffness

() | adipocytokine
production

J tnatirureis
/diuresis

U 1 metabolic
efficiency

U 1 Erythopoietin

J t Regenerative
stem cell
production

Hemodynamic and
neurchumoral effects

Sodium glucose
cotransporter 2 inhibitor
mechanisms of kidney and
CV protection

Energy substrates

- Natriuresis and blood
pressure reduction

= Neutral RAAS and
sympathetic activity

- Preload and afterload
reduction

- Restoration of
tubuloglomerular
feedback

- ‘entricular remoedeling

- Hyperglycemia
reduction

- Reduced Insulin and
increased glucagon

- Increased lipolysis and
ketogenasis

- Increased energy
efficiency

Hematological parameters

Inflammation and oxidative stress

- Increased hematocrt
- Increased EPOD and reticulocyte levels
- Plasma velume contraction

- Increased NO
- Decreased HIFLa, NOX, ROS, AGE,
TGFR, MCP-1, ICAM-1, TNFa, IL-6, NF&B

Potential Direct
Myocardial Effects
of SGLT2I

J | LV mass

J | Na/H
exchanger

) | myocardial
endoplasmic
reticulum stress

) | epicardial fat

J | NLRP2
inflammasome

. 1 coronary
microvascular
function

Liu, H. Metabolism Clfin and Exp. 2022;126:154818
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Population-Level Implications of SGLT2Il Use in

PH-LHD

Figure 1. Total Heart Fallure (HF) Population Estimated From the National Health and Nutritional Examination
Survey (NHANES) That Would be Eligible for Sodium-Glucose Cotransporter-2 (SGLT-2) Inhibitor Therapy

S604076 Estimated US adults with HF based on NHANES data
from 2015-2018 (95% C), 4674962-6533191)

232 589 — 282 879
HF events

| 809 552 Excluded (419 660 eGFR
— <20 mL/min/1.73 m’; 389 892
| systolic biood pressure < 100 mm Hg)

v
4794524 Estimated adults with chronic HF without potential clinical

intolerance based on blood pressure or kidney function eligible
for SGLT-2-inhibétor therapy (95% Cl, 3997 363-5501 684)

LVEF s40% | LVEF >40%
| |
¥

| 2175276 Eligible HF population under currant 2619248 Eligible HF population as per LVEF
indications for IVEF <40%

172 870 — 231 018
HF hospitalizations

parameters in EMPEROR - Presarved

)
| S
O
= -
QM
> o
-3
-

&
O

Q5
3=
O 5
O
@
d

(O5% C), 1813604-2536947) and DELIVER; LVEF »40%
(95% Cl, 2 183759-3054737)
I
I
Approx 785,000 patients with HFpEF

PH?

Fonarow G, JAMA Cardiol 2023; 8:66-73
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Pre-Clinical SGLT2 Inhibitor Use in PH

oML T MCT Vel AT ~5lde MIC T+ Dapa
* At
-
- 1 r
2 L ’
B i e -
L 3 -

i ' = .

-t 5 L] e

Ngln

& ;
> -
= “a

MCT = Silles Dapa

Improved RV Mass and Remodeling

Improved Vascular Remodeling (MCT model) (PA Banding model)
: : VEHICLE

PAB

Restores Calcium Handling

Tang, Yi. BMc Pul Med 2022;22:142

(M CT model) Connelly K. CV Drugs and Therapy. 2022
" AR VP R
CTL .

MCT+HLD

MCTHID i
o

#HPAT x mBVE : NT- it BNP
- g

Wu, Cardiov Diab 2022;21:197



S =
Empagliflozin Effects on Pulmonary Artery Pressure

(3 Effectsof E sy g Mozl veEF o b cowatna yp v Jiffe 0 @ Poinoor ry & ter 5§ stolic Pressure
AET.} ystelc Fressure her;m Frmpaglflozin and Placebo over Time . Effects of Empagliflozin vs. Placebo on PA Diastolic Pressure (mm Hg)
+ Placabo -+ Empagliflozin | across Pre-Specified Subgroups
48 8 5. | p-value
am. E History of Diabetes 0.02
) 8E v | No —_— 0.08(-1.70, 1.86)
Y BE | . : Yes — -2.84 (-4.56,-1.13)
v 48 g TS T T e ' Baseline LVEF 0.38
g 45 ——y 3 - A : | >40% e — -0.83 (-2.62, 0.97)
g g g';»g g <40% — 1.97 (-3.77,0.17)
2 " "':'-—4:'__"*‘*&_\ T2 e | Atrial Fibrillation Type 0.19
& 411 € E None PN — 2,66 |-4.62, -0.69)
& - paler = 021 g ‘ Faroxysmal —— -0.01 (-2.15, 2.14)
-E L | Permanent/Persistent . -1.62 (431, 1.08)
41 g Age 0.06
40 : L : - KT — —T [ s et =65 e -0.74 (-2.30, 0.82)
D 1 2 34 5 “Er!‘:a B B 101112 13 0123 405 llsm:n B 81011 1213 <65 & "3.-45:'5-??.-'1-.14j
(c) Effects of Empagliflozin v Placebo an Pulmaonary  (d) Difference in Pulmonary Artery Mean Pressure ex 0.33
Artery Mean Préssure batween Empaglifiozin and Placebo over Time Female e -0.58 (-2.79, 1.62)
a5 g ; Male —_— -1.84 (-3.53,-0.34)
-+ Placebo -e Empagliflozin Race 0.93
34 8 27 I White —_— -1.44 (-2.93, 0.04)
_® E . - Other s -1.58 (-4.29, 1.14)
Fan. wE Baseline RAASI Type 0.2
£ 31 ——————, %g e e e ot a ARNI —— -1.55 (-3.53, 043)
: i g g g ACE/ARB —_— -2.98 (-5.39,-0.57)
% an -—-":-n—n-—p-.a—-_,_“‘_\_k‘ 2= 1 | Meither > 0.19(-241, 2.79)
t 28 E < 3 Loop Diuretic Mean Daily Dose 0.38
pvalue = 0,07 : g ‘ ' 40 mg —— 2.01(-3.78,-0.25)
£ Sy ) , <40 mg s Gt -0.87 (-2.74, 1.00)
27 B | T T l | | !
28 o 4 6 -4 -2 0 2 4 6
o T & << Favors Empa Favors Placebo >>

N N e . o o D e e - T T — — 1 T —
0123 4 56T 6881011213 012 3 4567 8 81011213
Yieeks Weska

Nassif M, Circulation. 2021: 143:1673.



ARNI Reversing PH in End Stage A. =
HF Patients Awaiting 8
Transplantation

il g

Small case series of 5 patients
* |notrope dependent
24 hour results (PAC)

« Reduction in PASP, PVR, TPG
« PAPI increased

Wood units

compLETED Treatment of PH With Angiotensin |l Receptor Blocker

and Neprilysin Inhibitor in HFpEF Patients With CardioMEMS
Device (ARNIMEMS-HF pEF)ciinicalTrials.gov ID NCT04753112

PA Maan

Wminfm?

Zern E. Circ Heart Fail 2020;13(2):e006696




The Impact of Obesity on PH-LHD

Sodium retention and

Accumulation and Inflammation Plasma volume Expansion

of the Adipose Tissue Systemic Inflammation

" { P

Microvascular
Dysfunction

Greater LV remodeling
and increased stiffness

HFpEF and Obesity

Potential benefit of Glucagon-like peptide-1 receptor agonists

J reactive oxygen species and systemic inflammation
J diastolic filling pressures and unloading of the LV
J renin-angiotensin-aldosterone system activation

4/ plasma volume expansion
Cimino G, ESC Heart Failure 2023;
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Benefits of GLP 1 Receptor Antagonists in Patients

GLP-1 RA and reduction of adverse events in type 2 diabetes

HR 0.88, 95% C10.82-0.94; HR 0.87, 95% C10.80-0.94; HR 0.89, 95% C10.82-0.98; HR 0.86, 95% C10.80-0.53;

% P=0.0001 P=0.001 P=0.013 P<0.0001
<
® 16
A
=
T
=
=]
m
s 8
3
I3
2
S 4
-
g
4
° 2
..
w
[ =

1

All-cause mortality Cardiovascular death Hospital admission for heart MACE

failure
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Semaglutide in Patients with HFpEF and Obesity (STEP-HFpEF)

| A Change in 6-Minute Walk Distance

.
F ble Ch ; o
avourapie anges In: z
. . . N oLy
v Quality of life § seraghide |
& ﬂ o ]E_: At 3 E Estimaned differance. 3.3 m
v Bﬂdy WE|ght .EE' e ; (955 4, 8.5 to 3L1J
% L3 Placebo Pl 0l
v Exercise tolerance § i1 1 i
[ 0~ = | 1Z-
] 70 o g
A Change in KCOQUCSS ‘Weeks sines Rundormization
| Emy = . Mo, of Participants
i 11 AT e - ot L Semaglutide 263 245 240 263
= 14 A Extirnated diffesencs, 7.B poirts Macebo Pl 31 275 66
E ] : {0500 01, 4% 50 10,9 [
=T o 'f — - B | B Stratifind Win Ratia for Hicrarchical Camposito End Point
£E 9 A s > .
- . B0
-, -~ Overall e
m e i
o 2
ol g Death
" T T T 1
0 M i PR
Weszks since Randomization Mo, of Heart Failure Evends |2
Jad 44 FFL T4 B o
R 4 2 SRR First Hesrt Failure Event |47
B Changs in Body Weight i ) : 1577
g It ) =15-Point Difforenca in Change in KCCQ-C55 3%
. Placebi
E B o T r— e — L -2 )
b i m = S = =10-Point Difforenca in Change in KCOQ-C55 i
i - Estimated differerce, 10.7 percemtags pomby
g E — (% L1 -1 L5l R4 M Semaghutide winner
P - a &
s H 164 r 2 <0001 =5-Point Difforonca in Change in KCCQ-C55 .5.!. B Placebs winner
3 < 1] Sevmaghabidi - 5 o -3 B Tie
& 15 I
E £30:m Diffirence in Change [n &-Minule Walk Distance
L m————— : : : - = Stratifiod wein mnin 178 (5% 01 137 00 7 15)
g 4 & 17 I8 20 I3 36 i L 2T o P01
. Ties
‘Weseks since Randomization
Nao. of Participants I T ¥ T T _- T T
Sumaglutide 961 955 784 150 246 343 50 941 Dan héR el o a I H 40 i & o i a0 1
Placeba 266 25% 140 130 243 146 243 23 3 147 266 Percantage

Kosiborod MN. NEJM 2023, 389:1069-84



Pre-Clinical GLP1 Therapy Use in PH Models

Glucagon-like peptide-1 (GLP-1) mediates GLP-1 receptor agonist ameliorate#

the protective effects of dipeptidyl : _
peptidase IV inhibition on pulmonary experimental lung fibrosis

hypertension
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Additional Therapies of Interest

Levosimendan in HFpEF Pulmonary ~ Albuterol and Pulmonary
Hypertension Vascular Reserve in HFpEF

CENTRAL ILLUSTRATION Effects of Levosimendan on PCWE and CVP
A B 6o p=0.0008
0.0
1 5
& B =
== I = o
g g - )
E 304 Ean -3 =
% % a =
3 & ]
[-® B
20 4 20 g 0.5 e
g -
- ]
10 ; r . 10 . . , < |
Rest Lags Up 25 Watts Rest Legs Up 25 Watts
=il (125
—— Baseline —8— Baseline
— A — 24 Hour Leva Infusien — A — 24 Hour Leve Infusion -1.04 ANCOVA p=0,003 60 R At P Ea 7 =
—B— 5 Wiz Placabo Infusion —l— & Wk= Lavo Infusion slope
FlaunE 3 mpact of Leveskmenidan on GRIWE Compared Witk Flac
- Placebo - Albuterol
A 5pg—8— Levosimendan
—=— Placebo

Reddy, Circ Res
2019;124:306

MWD (meters)
g 2 B8k 38

Brener, M. J Card Fail 2021; 1023
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AZT3427 In Patients with HF and Group 2 PH (Re-PHIRE)

* 220 patients with confrmed PH-LHD Relaxin

* RCT [ |

» AZD3427 vs. placebo sc q 2 weeks for 24 rRXFP" Rﬁﬂeplﬂﬁ
weeks o PP,

* Dose finding
* Primary endpoint
 Change in PVR at 24 weeks

* Secondary
* Change m mean PAP, PCWP, CO, SV, EF

* Change in echo parameters (PASP,
TAPSE/PAP, TRV, LVGLS

* 6 MWT, KCCQ, NYHA, NTproBNP

Clin Trials. Gov NCT05737940
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Splanchic Nerve Modulation in Heart Failure

Splanchnic—HF-1 Splanchnic—HF-2 Study
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Endovascular Ablation of the Right Side Greater Splanchnic

F

Pulmonary Capillary Wedge Pressure
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Safety and Efficacy of Pulmonary Artery Denervation

for Patients with Cpc-PH

FIGURE 3 Changes of 6-Min Walk Distance Over the Time in Both Sildenafil and
PADN Groups i
100— Clinical worsening

FIGURE 2 Kaplan-Meier Survival Analysis

p=0.002

i

420 7 e Sildenafil s PADN "2‘ i B PADN group

m Sildenafil group

B0 1 i

360
230 "1
300 ‘ | |
270 @ i ik n 128 19n .
240 Hazard ratio, 0.37 (956% CI, 0.16-0.85)
180 40P =0.014
150
120

q 20—

G

3 _Fl_rl

0—

Patients (%)

6-minute walk distance (m)

0
0
0
0

Baseline 1-week 1-month 2-month 3-month 6-month I | : | : | |
ARter randomilzation 0 30 60 90 120 150 180
Days since randomization (d)
No. al risk
Pulmonary artery denervation (PADN) resulted in significant improvements in 6-min walk PADN 48 45 43 42 41 40 40
distance. Sildenafil 50 45 42 a8 32 32 30

Zhang H, JACC CV Imaging. 2019;12:274-84
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What Is the Right Patient? Precision Therapeutics

, d
H F.P E F Lifestyle modmlzuﬁ?cz, ::::ﬂ reduction)

o the Swedish Heart

ll A HF pE T at 14 [ 30
Failure Registey [SwedaHF))

AF management (ABC pathway)
Stroke prevention, rate or rhythm control

MRA (decongestion)
HTN control
Lifestyle modifications (e.g., exercise, heart
rate control in AF, palliative care)

(< 60 y/o)

Youngest
Low comaorbidities
Cluster 1

SGLT2i, GLP1-RA (DM control)
HTN control
Lifestyle modifications (e.g., weight reduction)

SGLT2i, GLP1-RA (DM control)
IHD/HTN/CKD
li-.'rnl.':.-:'n-il:.n'ntfnhl..i}‘kFl Cluster 5 HTN control
(Highest diuretics use) {20?‘“ AF management {ABC P'thml
Cluster 5 IHD management (revascularization)

Lin C. J of Personalized Med. 2023; 13,746



What is the Right Therapeutic Target?

Fayyaz A. Circulation 2018,137:1796

* PHm Left heart disease 1s multifactorial

* Hemodynamic definitions and targeting
hemodynamic outcomes may be mcomplete

* RV dysfunction?

* RVmetabolism?

* PA compliance?

* RV-PA coupling?

* Splanchnic vasodilation?

* Counteracting genetic predisposition?

* Targeted pulmonary venous remodeling?




Summary Thoughts

PH in left heart disease is common,
complex and currently lacks a
definitive targeted treatment regimen

PAH therapies should not routinely be
used for management

Optimization of GDMT, left heart
therapies critical

Schemata for future research in PH-
LHD needed

Diagnosis

Phenotyping

Target
|dentification

Therapeutic

Strategy

Reproducible and
standardized
definitions

Hemodynamic?
Clinical?
Machine learning?

Loading component
Vascular
component

LV properties

RV remodeling

Rigorous testing
Reverses biology of the
disease

Improved outcomes




Schemata for Future Research in PH-LHD

Target Therapeutic
|dentification Strategy

Diagnosis Phenotyping

* Reproducible and - Hemodynamic? + Loading component  Rigorous
standardized * Clinical? « Vascular testing
definitions « Machine learning? component * Reverses

« LV properties biology of the
+ RV remodeling disease
« Improved

outcomes



2022 Management Recommendations for

PH-LHD

Recommendation Table 22 — Recommendations for pulmonary hypertension associated with left heart disease

Recommendation Table 22A

Recommendations

In patients with LHD, optimizing treatment of the underlying condition is recommended before considering assessment of suspected
pH27.28

RHC is recommended for suspected PH in patients with LHD, if it aids management decisions
RHC is recommended in patients with severe tricuspid regurgitation with or without LHD prior to surgical or interventional valve repair

For patients with LHD and suspected PH with features of a severe pre-capillary component and/or markers of RV dysfunction, referral
q2547.142

to a PH centre for a complete diagnostic work-up is recommende
In patients with LHD and CpcPH with a severe pre-capillary component (e.g. PYR =5 WU), an individualized approach to treatment is
recommended

When patients with PH and multiple risk factors for LHD, who have a normal PAWP at rest but an abnormal response to exercise or
fluid challenge, are treated with PAH drugs, close monitoring is recommended

In patients with PH at RHC, a borderline PAWP (13-15 mmHg) and features of HFpEF, additional testing with exercise or fluid challenge
may be considered to uncover post-capillary PH'**'%

Drugs approved for PAH are not recommended in PH-LHD® R

Class®

Level®

© ESC/ERS 2022

58




2022 Management Recommendations for
PH-LHD

Recommendation Table 22B

GRADE
Recommendations Quality of Strength of Class® Level®
evidence recommendation
No recommendation can be given for or against the use of PDESIis in patients Low None - -
with HFpEF and combined post- and pre-capillary PH
The use of PDESis in patients with HFpEF and isolated post-capillary PH is not Low Conditional c
recommended

CpcPH, combined post- and pre-capillary PH; ERA, endothelin receptor antagonist; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with

60

© ESC/ERS 2022



Know and
identify

Know and identify the associated findings of PH on echo

Develop
and
approach

Develop an approach to diagnosis for patients presenting with
possible PH

B[ale (Z1¢517-1a[s @ Understand the role of supportive and targeted PAH therapies

Blel ()08 Do not use PAH specific therapy to treat non-group | PH
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Learning Objectives

1. Discuss the overlapping role of SGLT2i and GLP1 RA in HF, CKD and
obesity

2. Review the highlights of recent cardio-kidney-metabolic guidelines



The Heart and The Kidney in Heart Failure

* Worsening renal function over time is associated with worse
cardiovascular outcomes

* Falling GFR in heart failure is due to cardiac induced disrupted
hemodynamics, ischemia, and inflammation causing kidney fibrosis
and glomerular senescence

* Therefore, if the kidney function is falling slowly, look to the heart as a
possible explanation

« Short-term rapid falls in eGFR due to diuretics, RASI, and SGLT2i are
not associated with worse long-term outcomes

Tobe S8W, Canadian J Cardiology vol 34: 2018, 1261-1263



DAPA-HF: Dapagliflozin in Patients with HFrEF

Primary Composite Outcome:
CV Death/HF Hospitalization/Urgent HF Visit

35

HR, 0.74 (0.65,0.85)
E“? 30 p=0.00001
T NNT=21
& 254
£
8 20 Placebo
&L
o
2 157
5 DAPA
3 10+
E
=
o 5

04+~

1 1 | | 1 I I I I

0 3 6 9 12 16 18 21 24
— Months since randomization
DAPA 2373 2305 2221 2147 2002 1560 1146 612 210

Placebo 2371 2258 2163 2075 1917 1478 1096 593 210

CV, cardiovascular, DAPA, dapagliflozin; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; NNT, number needed to be trealed to prevent prespecified outcomes within 1 year 66
Adapted from: McMurray JJV et al. N Engl J Med 2019;381(21):1895-2008.



KDIGO Heat Map

Prognosis of CKD by GFR
and Albuminuria Categories:
KDIGO 2012

GFR

Normal or high

G1 =90
Mildly decreased

G2 60-B3
Mildly to moderately

Gia 3 ai 45.50
Moderately to

o saversly decreased 3044
Soverely decreasad

G4 15-29
Kidney failure

G5 <15

Albuminuria
Al A2 Al
Normal to mildly increased Moderately increasad Severely increased
< 30 mglg 30-300 malg > 300 mgig

<3 mg'mmol

330 mgimmaol

= 30 mgémmol

CREDENCE
DAPA-CKD
EMPA-Kidney



CREDENCE Primary Outcome: ESKD, Doubling of
Serum Creatinine, or Renal or CV Death

25 1
Hazard ratio, 0.70 (95% CI, 0.59-0.82)
P = 0.00001

340 participants

N
o

245 participants

T
w0

[
o

Participants with an event (%)

5 - Placebo

—— Canagliflozin

u I — 1 L 1 Ll 1 1 1
0 6 12 18 24 30 36 42 E’ur-ﬂ‘lqﬂ@
Months since randomization Ef'_} LT
No. at risk 1f_—h‘hj* e
Placebo 2199 2178 2132 2047 1725 1129 621 170 E]i ﬂ-%ﬁ;

Canaglifiozin 2202 2181 2145 2081 1786 1211 646 196

Perkovic V, NEJM 2019 380: 2205-2306 CREDENCE (Canagliflozin and Renal Events in Diabeles with Established Mephropathy Clinical Evaluation).



Acute and Long-term Effects on eGFR

—=— Canagliflozin —a— Placebo 60% reduction in the rate of eGFR
Baseline 56.4 56.0 decline with canagliflozin
0

£~ 27
s

e
i "6 - _
o -g . —1.85/year
==
SE -10 -
3 -12 -
= -E.- -14 -
o
£ i -16 - Chronic eGFR slope
o -18 - Difference: 2.74/year (95% CI, 2.37-3.11)

'20 T T T T T T T
0 6 12 18 24 30 36 42

N Months since randomization
MNo. of Participants

Placebo 2178 2084 1985 1882 1720 1536 1006 583 210
Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241 On treatment

Perkovic V, NEJM 2019 380: 2205-2306 CREDENCE (Canagliflozin and Renal Events in Diabeles with Established Mephropathy Clinical Evaluation).



Summary

Hazard ratio (95%

Primary cl) P value
1. ESKD, doubling of serum creatinine, or renal or CV death 0.70 (0.59-0.82) 0.00001
Secondary v
2. CV death or hospitalization for heart failure 0.69 (0.57-0.83) <0.001
3. CV death, M|, or stroke 0.80 (0.67-0.95) 0.01 v
4. Hospitalization for heart failure 0.61 (0.47-0.80) <0.001 v
5. ESKD, doubling of serum creatinine, or renal death 0.66 (0.53-0.81) <0.001 v
6. CV death 0.78 (0.61-1.00) 0.0502 v
7. All-cause mortality 0.83 (0.68-1.02) — Not significant
8. CV dt?aﬂ:l, N!l, stroke, hospitalization for heart failure, or Not formally
hospitalization 0.74 (0.63-0.86) — tested

for unstable angina

Perkovic V, NEJM 2019 380: 2205-2306 CREDENCE (Canagliflozin and Renal Events in Diabeles with Established Mephropathy Clinical Evaluation).



DAPA CKD

Multicentre ~ 400
Target n = 4300
Patients with and
without type 2 diabetes

L

©
LLL

2 18 years
25-75 mli/min/1.73 m*
uwACR 2 200 mg/g

Polycystic kidney disease
Lupus nephritis
ANCA vasculitis
Type | diabetes

X

Interventions Follow-up

]
| '
]
J"l-|--—--—l-=1-

~ 45 months

il

s
2
Y/

Event-driven
(681 events)

Primary outcome
Composite renal endpoint

N

2 50% decline
in eGFR

Heerspink HJL et al. NDT (2019)

@NDTSocial




DAPA-CKD: Sustained 250% eGFR Decline,
ESKD, Renal or CV Death

A Primary Composite Qutcome

249 Hazard ratio, 0.61 (95% Cl, 0.51—-0.72)
100 50 P<0.001
_ 90— 16~ Placebo
2 20—
§ 70—
H  soq P D liflozi
E 50— 4 apaghliozin
>
= 4= O T I T T ]
"= 30— 0 4 3 12 16 20 24 28 32
g 20
U il ’_J—_/,_f—/
10— s -
——— m—
O I T T T T T T 1
O 4 8 12 16 20 24 28 32

Months since Randomization

No. at Risk
Placebo 2152 1993 1936 18583 1791 1664 1232 774 270
Dapagliflozin 2152 2001 1955 1898 1841 1701 1288 831 309

Heerspink HJL, NESM 2020, 383, p1436-1446 DOI: 10.1056/NEJMoa2024816




DAPA-CKD Primary Composite Outcome:
Prespecified Subgroup Analyses

Subgroup Dapagliflozin Placebo Hazard Ratio (95% Cl)
no. of participants/total no.

All participants 1972152 312/2152 ——— 0.61 (0.51-0.72)
Age :

<65 yr 12271247 191/1239 —— 0.64 (0.51-0.80)

>65 yr 75 /905 121/913 —_— 0.58 (0.43-0.77)
Sex i

Male 126/1443 209/1436 —_— 0.57 (0.46-0.72)

Female 71/709 103716 — 0.6% (0.48-0.88)
Type 2 diabetes i

Yes 1521455 229/1451 ——— 0.64 (0.52—0.79)

No 45 (697 £3/701 —— 0.50 (0.35-0.72)
Estimated GFR '

<45 ml/min/1.73 m? 1541272 21771350 — 0.63 (0.51-0.78)

=45 ml/min/1.73 m? 45/880 85 /902 —_— 0.49 (0.34—0.69)
Urninary albumin-to-creatinine ratio i

<1000 441104 84/1121 — 0.54 (0.37-0.77)

=1000 153/1045 22541031 — 0.62 (0.50-0,78)
Systolic blood pressure |

=130 mm Hg 46/793 956/749 e S E 0.44 [0.31-0.63)

=130 mm Hg 151/1359 216/1403 —— 0.68 (0.56-0.84)

'!'J!l I GISI - IJ.I--’J 2?!]
- —
Dapagliflozin Better Placebo Better

Heerspink HJL, NEJM 2020 DOI: 10.1056/NEJMoa2024816
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EMPA-Kidney

International, Randomized, Parallel-Group,
Double-Blind, Placebo-Controlled Trial

OBJECTIVE: To evaluate the effect of empaglifiozin treatment on the progression
of kidney disease and CV disease and to examine the safety profile
among participants with chronic kidney disease.

INCLUSIDN CRITERIA:
L] 2 fat least 20 but less than

“reatining ratio of at least
PATIENTS

gle-agent RAS

EMPAGLIFLOZIN PLACEBO
(N=3,304) (N=3,305)

PRIMARY ENDPOINT

e
The primary outcome, progression of kidney disease or death from CV cause, cccurred ,@ 'fr' "*=' "Hﬁjm

in 131% in the empaglifiozin group and 16:9% in the placebo group, p<0.001 F:h ___;f #"" F'*" 'i;}

i ﬁ*&‘-wi? e

Herrington WG, NEJM 2022 Nov 4 doi: 10.1056/NEJMoa2204233 E] :i?. ":i’:



EMPA-Kidney
Progression of Kidney Disease or CV Death

30—
Placebo
100—
_ 20—
= 90—
=
=
> il 10— p—
£ 60+ " Empaglifiozi
kT mpagliflozin
= 50
= o
40— —
= O—— | I I I 1
50 - 0 0.5 1.0 .5 2.0 2.5
= 30 ! Placebo
D 20—
o Ha=zard ratio, 0.72 (9525 Cl, 0.64—-0.82) a -
S 104 P=0.001 e : :
= B e Empagliflozin
O— S——— | 1 T T 1
O 0.5 1.0 1.5 2.0 2.5
Years of Follow-up
No. at Risk o
Placebo 3305 3250 3129 2243 1496 592 (8] (a)
Empagliflozin 3304 3252 3163 2275 1538 624 iﬁfﬂ*%ﬁ“ﬂ;ﬁ
B L
IR
Herfington WG, NEJM 2022 Nov 4 doi: 10.1056/NEJM05a2204233 (=] E-E::E%.ﬁl;:-l;ﬁ:rﬂh



EMPA-Kidney Subgroup Analysis of

Primary Outcome

Subgroup

Diabetes mellitus
Present
Absent
Estimated GFR
<30 ml/min/1.73 m?
=30 to <45 ml/min/1.73 m?
=45 mlfmin/1.73 m?
Urinary albumin-to-creatinine ratio
<30
=30 to =300
=300
All patients

Herrington WG, NEJM 2022 Nov 4 doi: 10.1056/NEJMoa2204233

218/1525
214/1779

247/1131
140/1467
45/706

42/665
67/927
323/1712
432/3304

Empagliflozin Placebo
no. of patients with event /total no.

306/1515
252/1790

317/1151
175/1461
66/693

421663
78/937
438/1705
558/3305

Hazard Ratio for Progression of Kidney Disease
or Death from Cardiovascular Causes (95% Cl)

0.64 (0.54-0.77)
0.82 (0.68-0.99)

|
0.5 1.0

-

Empagliflozin Better

Placebo Better

0.73 (0.62-0.86)
0.78 (0.62-0.97)
0.64 (0.44-0.93)

1.01 (0.66-1.55)
0.91 (0.65-1.26)
0.67 (0.58-0.78)
0.72 (0.64-0.82)

’EE" al L 3
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Acute and Long Term eGFR Trajectories —
EMPA-Kidney

T 354
M
= Empagliflozin
— . L
= T —
£ '.
E A Placebo
=
('
g
=
=
E 25+
= Difference
i Empaglifiozin  Placebo (95% Cl)
Total -2.16+0.08 -2.92+0.08 0.75 (0.54-0.96)
zcn;l, Long-Term -1.37+0.08  -2.75:0.08 1.37 (1.16-1.59)
0 I 1 I I I | I I E
0 2 & 12 15 24 30 36 *i[”féj— E‘{
'1.1 %
Months after First Dose of Empagliflozin or Placebo .'s“_;gﬁs'&nﬂ :
Eﬁ ?-*5’ ';n

Herrington WG, NEJM 2022 Nov 4 doi: 10.1056/NEJMoa2204233



Finerenone (Kerendia)

* A non-steroidal mineralocorticoid receptor antagonist (MRA)

* Unlike spironolactone and eplerenone:
» Little BP lowering effect
* Less hyperkalemia

Agarwal R, et al. Eur Heart J 2021,42:152-161



Fidelio: A3: eGFR 25-75, A2 25-60 and retinopathy
Figaro: A3: eGFR 60+, A2 25-90

Albuminuria

A1 A2 i
ey Moderately increased Severely increased
increased

< 3 mg/mmol 3-30 mg/mmol > 30 mggmmol
G1 = 90 I
G2 60-89
G3a 45-59
14
L
(U]
G3b 30-44
G4 15-29
G5 <15

Agarwal R, European Heart Jounal, 2021, hitps:fidol.org/10.1083/eurheartj/ehab¥77



FIDELIO and FIGARO Studies — Pooled Analysis

= FIDELITY
~ [FIDELIODKD __ |FIGARO-DKD
N 5734 7437
Max RASI v v
K<4.8 v v
HFrEF No No
Follo-up 2.6 years 3.4 years
Primary outcome Time to ESRD, >40% fall in eGFR Time to CV death, non-fatal M,
or renal death non-fatal stroke, HHF

FIDELITY
composite renal

Death, dialysis, doubling of creatinine (57% fall in eGFR)

Agarwal R, European Heart Journal, 2021, hitps:iidoiorg/10.1093/eurhearti/ehab 777



FIDELITY — CV and Kidney Outcomes

B eGFR 257% composite kidney outcome

A Composite cardiovascular outcome

100
90 -

co
o
I

70 1
60 -
50
40
30 -
20 1

Cumulative incidence (%)

0

251
20
15-
10 -
5

Hazard ratio 0.86 (95% CI 0.78-0.95)
P=0.0018

Placebo

Finerenone

0
0

I I I I | I 1
6 12 18 24 30 36 42 48

6

m"/
04—

T T T T 1

12 18 24 30 36 42 48
Time to first event (months)

Agarwal R, European Heart Journal, 2021, hitps:iidoiorg/10.1093/eurhearti/ehab 777

Cumulative incidence (%)

1007 259 Hazard ratio 0.77 (95% Cl 0.67-0.88)
904 ogJ P=0.0002
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Semaglutide Impact on Obesity-Related HFpEF
with and without DM

Butler J, Lance! 2024,

STEP-HFpEF (n=529), STEP-HFpEF DM(n=616)
Treated with semaglutide 2.4 mg weekly vs placebo

Dual endpoints; change in Kansas City Cardiomyopathy Questionnaire
Clinical Summary Score, and Bodyweight

Secondary endpoints at 52 weeks: change from BL to 52 weeks in 6-min

walk, CRP, Hierarchical composite: all-cause death, HF events, changes in
KCCQ-CSS)

B2



Semaglutide Impact on Obesity-Related HFpEF
with and without DM

Semaglutide Placebo (n=572) HR (95%Cl)
(n=573)

KCCQ-CSS
% bodyweight
SBP mmHg

NTproBNP ratio
week 52 to BL

HF events per 100
pt years

Butler J, Lancet 2024.

15.0
11.4

4.6

0.78 (0.65)

1.3

< 0.0001
-3.0 < 0.0001
-1.7 0.0052
0.95 (0.80)
4.9 0.27 (0.12 — 0.56) 0.0004
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Effect of Semaglutide Versus Placebo on the Progression of
Renal Impairment in Subjects With Type 2 Diabetes and
Chronic Kidney Disease (FLOW)

« Study population:
« T2DM,
* CKD eGFR 50-75 and UACR 30-500 mg/mmol
» or eGFR 25-50 an dUACR > 10 and < 500,
* on max tolerated RASI

* Primary outcome measure:
* eGFR < 15 ml/min or dialysis, or Tx

» Secondary

» Rate of change of eGFR

 MACE OREEES | C
e li"'*:; g Dt

* All cause death e, R
e A
e ‘“'1:[ XA

Rossing P, NDT 2023 doi.org/10.1083/ndvgfad008 — '].L;L:.g:.s :1& B4




FLOW Study Population

« N =3534

« Mean age 66.9

* Male 69.7%

« BP at BL —138.6/76.4 mmHg
« A1c 7.8%

« Mean T2DM - 17.4 years

« SGLT2i—15.5%

« RASI-95.3%

« Statins — 75%

Rossing P, NDT 2023 doi.org/10.1083/ndt/gfad008 BS
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Diabetes Care A==,

Impact of Canagliflozin on Kidney and Cardiovascular Outcomes
by Type 2 Diabetes Duration: A Pooled Analysis of the CANVAS

Program and CREDENCE Trials

Sheldon W. Tabe, Thomas A. Mavrakanas, Harpreet S. Bajaj, Adeera Levin, Navdeep Tangri, April Slee,
Brendon L. Neuen, Vlado Perkovic, Kenneth W. Mahaffey, Wally Rapattoni, and Femando G. Ang

Diabetes Care 2024:47(3):501-507 | hitps. /ol org'10.23374Hc23- 1450

Impact of Canagliflozin on Kidney, Albuminuria and Cardiovascular outcomes by Type 2 Diabetes duration:
Pooled analysis of the CANVAS Program and CREDENCE trials.

Seaidan W, Tobe, Th s A I o e, Hafpiesl 5. Bage, Ade=r Levin. Newdesd Tangit, Aprl See Beeraldn L Neusn, Visdo Pediovic, Banneth W, Mahslf=y, Wally Asnattos | Festando © Ahg

Canagliflozin consistently confers cardiorenal benefits in patients regardless of type 2 diabetes duration.
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i = Regandless of the durstion of type 2 disbetes, canagiifiorin demensinsted sustained reduction of OV and kidney outoomes.
The total dsk eeduction was grester in individusls with highar cardiovascular and kidney rish.
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Participants with an event n/N

Interaction Absolute Risk Reduction Interaction
CANA Placebo HR (95% Cl) (ARR)/1000 participants/2.5yrs  p value
P value

CV and Kidney composite* : '

Overall 1,051/7,992 1,038/6,540 - ' 0.71(0.65, 0.77) *EZ! -19.5 (-24.6, -14.5)

<5y 107/875 72/653 e 0.98(0.73,1.32) 0.17 HH -0.1(-13.8, 13.6) 0.20
25-<10y 217/1,839  225/1,4%4 He | 0.69(0.57, 0.83) *EI! -19.3 (-29.6, -8.9)

>10 - €15y 287/2,311  283/1,837 Ml 0.70(0.59, 0.82) HL -20.3(-29.5, -11.2)

>15y 440/2,967  458/2,556 . 0.68 (0.60, 0.78) &= -23.9(-32.5, -15.2)
Albuminuria progressiont E .

Overall 1,495/5,454  1,306/4,067 - 0.68 (0.63, 0.73) ] -59.5 (~70.8, -48.2)

<5y 189/671 144/474 *'HE 0.76 (0.61, 0.94) 0.23 '—Eﬂ_ -37.0 (-68.1, -5.9) 0.51
2 5- <10y 345/1,290  304/967 1ol 4 0.70 (0.60, 0.82) Fre— -57.7(-80.5, -34.9)

>10 - €15y 433/1,665  376/1,248 e 0.71(0.62, 0.82) Ha =52.2(-71.4, -33.0)

>15y 528/1,828  482/1,378 . 0.61(0.54, 0.69) -—a:! -76.8 (-98.0, -55.7)

t | | I | I I I 1
a5s BE 4B 20 A4S -100 -50 0 50 100 150 200 250

Albuminuria regression#

Overall 1,782/3,791
<5y 162/325
>5- <10y 385/807
>10 - €15y 470/1,101
>15y 765/1,648

Tobe, 5. Diabeles Care 2024.

Favors CANA Favors PBO

L]
1,037/3,367 , = 1.70(1.57,1.84)
89/268 ;e 1.70(1.31, 2.21)
216/718 E 3 2 1.82(1.54, 2.16)
274/848 ' 1.57(1.35, 1.82)
458/1,533 P e 1.72 {1.53,1.93)
(]
| | | | I | |
025 05 10 20 4.0
Favors PBO  Favors CANA

0.63

Favors CANA Favors Placebo
:
—= 125.4 (107.8, 142.9)
—

0.59 : 132.9(66.3,199.5)
b = 145.1 (106.6, 183.7)
—= 110.3 (76.1, 144.4)
= 122.7 (96.9, 148.6)

L) ) : 1] T 1 ¥ 1
-100 -50 0 50 100 150 200 250
- 3

Favors Placebo Favors CANA



Participants with an event n/N

Interaction Absolute Risk Reduction Interaction

CANA

CV and Kidney composite*

Overall 1,051/7,992
<5y 107/875
25-<10y 217/1,839
>10 - <15y 287/2,311
>15y 440/2,967
Albuminuria progressiont
Overall 1,495/5,454
<5y 189/671

> 5- <10y 345/1,290
>10 - €15y 433/1,665
>15y 528/1,828

Albuminuria regression¥

Overall 1,782/3,791
<5y 162/325
>5.- <10y 385/807
>10 - 15y 470/1,101
>15y 765/1,648

Tobe, 5. Diabetes Care 2024.

Placebo

1,038/6,540

HR (95% Cl)

0.71(0.65, 0.77)

727653 e 9B(0.73, 1.
225/1,4%94 re ! 0.69 (0.57, 0.83)
283/1,837 22 i 0.70(0.59, 0.82)
458/2,556 e 0.68 (0.60, 0.78)

:

1,306/4,067 - : 0.68 (0.63, 0.73)
144/474 ""'E 0.76 (0.61, 0.94)
304/967 ho | 0.70 (0.60, 0.82)
376/1,248 i 0.71(0.62, 0.82)
482/1,378 - 0.61(0.54, 0.69)

f T T T 1

0.25 0.5 1.0 2.0 4.0
= 4
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1,037/3,367 E - 1.70(1.57, 1.84)
89/268 y e 1.70 (1.31, 2.21)
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458/1,533 e 1.72(1.53,1.93)
i
I T 1 T 1
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P value {ARRJ!lﬂDD part‘icipa ntsf25 yrs

-19.5(-24.6, -14.5)

P value

=U.1{-13.8, 15.0)

-19.3 (-29.6, -8.9)
-20.3(-29.5, -11.2)
-23.9(-32.5, -15.2)

-59.5(-70.8, -48.2)
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Participants with an event n/N

Interaction Absolute Risk Reduction Interaction
CANA Placebo HR (95% ClI) P value (ARR)/1000 participants/2.5yrs P value
CV and Kidney composite* : |
Overall 1,051/7,992  1,038/6,540 - e 0.71(0.65, 0.77) s -19.5(-24.6, -14.5)
EW e I e ] e LW _ 1:92“] :i : iii ‘II? H—{ ﬂ: I '-—ISE 1'1 Fll. ﬂ‘)ﬂ
AT P X L =7 === i ¥ ” y
25-<10y 217/1,839  225/1,494 o ! 0.69 (0.57, 0.83) v -19.3 (-29.6, -8.9)
>10 - €15y 287/2,311  283/1,837 ot | 0.70(0.59, 0.82) D -20.3(-29.5, -11.2)
>15y 440/2,967  458/2,556 i 0.68 (0.60, 0.78) T -23.9(-32.5, -15.2)
— e e —
Albuminuria progressiont . ;
1
Overall 1,495/5,454  1,306/4,067 ! 0.68 (0.63, 0.73) ] -59.5(-70.8, -48.2)
<5y 189/671 144/474 - 0.76 (0.61, 0.94) 0.23 —= -37.0 (-68.1, -5.9) 0.51
2 5- <10y 345/1,290  304/967 1ot | 0.70(0.60, 0.82) e -57.7 (-80.5, -34.9)
>10 - <15y 433/1,665  376/1,248 .l 0.71(0.62, 0.82) HE -52.2(-71.4, -33.0)
>15y 528/1,828  482/1,378 - 0.61 (0.54, 0.69) —e—] -76.8(~98.0, -55.7)
t ] | | 1 | I I |
025 0.5 1D 20 40 100 -50 0 50 100 150 200 250
-+ o = >
Favors CANA Favors PBO Favors CANA . Favors Placebo
Albuminuria regression¥ : '
Overall 1,782/3,791  1,037/3,367 P - 1.70 (1.57, 1.84) — 125.4 (107.8, 142.9)
<5y 162/325 89/268 ) e 1.70(1.31,2.21)  0.59 , 132.9(66.3,199.5)  0.63
>5- <10y 385/807 216/718 E o 1.82 (1.54, 2.16) ; = 145.1 (106.6, 183.7)
>10 - €15y 470/1,101  274/848 ' e 1.57(1.35,1.82) = 110.3(76.1, 144.4)
>15y 765/1,648  458/1,533 ' .l 1.72 (1.53,1.93) —— 122.7 (96.9, 148.6)
L i
0.25 0.5 10 2.0 4.0 -100 -50 0 50 100 150 200 250
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Participants with an event n/N

Interaction Absolute Risk Reduction Interaction
CANA Placebo HR (95% ClI) P value (ARR)/1000 participants/2.5yrs P value
CV and Kidney composite* : |
Overall 1,051/7,992  1,038/6,540 - : 0.71(0.65, 0.77) s -19.5(-24.6, -14.5)
<5y 107/875 72/653 e 0.98(0.73,132) 017 HH -0.1(-13.8, 13.6) 0.20
25-<10y 217/1,839  225/1,494 el : 0.69 (0.57, 0.83) vl -19.3 (-29.6, -8.9)
>10 - <15y 287/2,311  283/1,837 bt | 0.70(0.59, 0.82) D) -20.3(-29.5, -11.2)
__>15y 440/2,967 __ 458/2,556 E 0.68 (0.60, 0.78) u -23.9(-32.5, -15.2)
Albuminuria progressiont : .
]
Overall 1,495/5,454  1,306/4,067 ! 0.68 (0.63, 0.73) ] -59.5(~70.8, 48.2)
<5y 189/671 144/474 ""': 0.76 (0.61, 0.94) 0.23 '—E! -37.0 (-68.1,-5.9) 0.51
> 5- <10y 345/1,290 304/967 1ot | 0.70 (0.60, 0.82) == -57.7 (~80.5, -34.9)
>10 - €15y 433/1,665  376/1,248 .l 0.71(0.62, 0.82) = -52.2(-71.4, -33.0)
>15y 528/1,828  482/1,378 - 0.61(0.54, 0.69) '*E:! -76.8(-98.0, -55.7)
L J L T L 3 ! L
025 0.5 1.0 2.0 4.0 -100 -50 0 50 100 150 200 250
-+ o X =
Favors CANA Favors PBO Favors CANA . Favors Placebo
Albuminuria regression¥ : '
Overall 1,782/3,791 1,037/3,367 - 1.70(1.57, 1.84) —F=H 125.4 (107.8, 142.9)
<5y 162/325 89/268 \ e 1.70 (1.31,2.21) 0.59 \ 132.9(66.3,199.5) 0.63
>5- <10y 385/807 216/718 E o 1.82 (1.54, 2.16) ; = 145.1 (106.6, 183.7)
>10 - €15y 470/1,101  274/848 ' e 1.57(1.35,1.82) = 110.3(76.1, 144.4)
>15y 765/1,648  458/1,533 ' el 1.72 (1.53,1.93) —— 122.7 (96.9, 148.6)
i i
0.25 DS 10 20 4.0 -100 50 0 50 100 150 200 250
Favors PBO  Favors CANA Favors Placebo  Favors CANA
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Participants with an event n/N TR Absolute Risk Reduction Interaction
CANA Placebo HR (95% ClI) P value (ARR)/1000 participants/2.5yrs P value
CV and Kidney composite* : |
Overall 1,051/7,992  1,038/6,540 - e 0.71(0.65, 0.77) s -19.5(-24.6, -14.5)
<5y 107/875 72/653 e 098(0.73,1.32) 017 H -0.1(-13.8, 13.6) 0.20
25-<10y 217/1,839  225/1,494 o ! 0.69 (0.57, 0.83) v -19.3 (-29.6, -8.9)
>10 - €15y 287/2,311  283/1,837 ot | 0.70(0.59, 0.82) D -20.3(-29.5, -11.2)
>15y 440/2,967  458/2,556 e 0.68 (0.60, 0.78) O -23.9(-32.5, -15.2)
Albuminuria progressiont . ;
1
Overall 1,495/5,454  1,306/4,067 ! 0.68 (0.63, 0.73) ] -59.5(-70.8, -48.2)
<5y 189/671 144/474 ""': 0.76 (0.61, 0.94) 0.23 '—E! -37.0 (-68.1,-5.9) 0.51
> 5- <10y 345/1,290 304/967 1ot | 0.70 (0.60, 0.82) == -57.7 (~80.5, -34.9)
>10 - €15y 433/1,665  376/1,248 i 0.71(0.62, 0.82) ] -52.2(-71.4, -33.0)
>15y 528/1,828  482/1,378 . 0.61(0.54, 0.69) = — ~76.8(~98.0, -55.7)
t ] | | 1 | I I |
025 0.5 1D 20 40 -100 -50 050 100 150 200 250
FM Favors CANA Favors Placebo
Albuminuria regression¥ : :
Overall 1,782/3,791 1,037/3,367 b 1.70(1.57, 1.84) —F=H 125.4 (107.8, 142.9)
<5y 162/325 89/268 ) e 1.70 (1.31,2.21)  0.59 , 132.9(66.3,199.5)  0.63
>5- <10y 385/807 216/718 E o 1.82 (1.54, 2.16) ; = 145.1 (106.6, 183.7)
>10 - €15y 470/1,101  274/848 ' e 1.57(1.35,1.82) = 110.3(76.1, 144.4)
>15y 765/1,648  458/1,533 ' .l 1.72 (1.53,1.93) —— 122.7 (96.9, 148.6)
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Participants with an event n/N

Interaction Absolute Risk Reduction Interaction
CANA Placebo HR (95% Cl) P value (ARR)/1000 participants/2.5 yrs P value
CV and Kidney composite* : |
Overall 1,051/7,992  1,038/6,540 - e 0.71(0.65, 0.77) 8! -19.5(-24.6, -14.5)
<5y 107/875 72/653 e 098(0.73, 1.32) 017 H -0.1(-13.8, 13.6) 0.20
25-<10y 217/1,839  225/1,494 o ! 0.69 (0.57, 0.83) v ~19.3 (-29.6, -8.9)
>10 - 15y 287/2,311  283/1,837 bt | 0.70(0.59, 0.82) D) -20.3(-29.5, -11.2)
>15y 440/2,967  458/2,556 o4 0.68 (0.60, 0.78) ] -23.9(-32.5,-15.2)
Albuminuria progressiont : :
1
Overall 1,495/5,454  1,306/4,067 i 0.68 (0.63, 0.73) ] -59.5(-70.8, -48.2)
<5y 189/671 144/474 s 0.76 (0.61, 0.94) 0.23 —= -37.0 (-68.1, -5.9) 0.51
> 5- <10y 345/1,290 304/967 1ot | 0.70 (0.60, 0.82) == -57.7 (-80.5, -34.9)
>10 - €15y 433/1,665  376/1,248 i 0.71(0.62, 0.82) ] -52.2(-71.4, -33.0)
>15y 528/1,828  482/1,378 - 0.61(0.54, 0.69) —e—] -76.8(-98.0, -55.7)
t ] | | 1 | I I |
025 0.5 1D 20 40 -100 -50 0 50 100 150 200 250
FM Favors CANA Favors Placebo
Albuminuria regression# : ,
Overall 1,782/3,791 1,037/3,367 - 1.70(1.57, 1.84) —F=H 125.4 (107.8, 142.9)
<5y 162/325 89/268 ) e 1.70 (1.31,2.21) 0.59 \ 132.9(66.3,199.5) 0.63
25- <10y 385/807 216/718 - 1.82 (1.54, 2.16) ; E=—  145.1(106.6, 183.7)
>10 - €15y 470/1,101  274/848 ' e 1.57(1.35,1.82) = 110.3(76.1, 144.4)
>15y 765/1,648  458/1,533 - 1.72 (1.53,1.93) —— 122.7 (96.9, 148.6)
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N
Estimated Effects on CV/Kidney Outcomes by Combinations of

SGLT2i, GLP-1RA, ns-MRA

Neuen BL_Circulalion 2024,

Outcome HR (85% CI)
MACE
SGLT2i -l 0.83 (0.75, 0.93)
GLP-1 RA - 0.86 (0.80, 0.93)
ns-MRA — 0.90 (0.81, 1.00)
GLP-1 RA + ns-MRA —— 0.77 (0.68, 0.88)
SGLT2i + GLP-1 RA —— 0.72 (0.63, 0.82)
SGLT2i + ns-MRA —— 0.75 (0.65, 0.87)
SGLT2i + GLP-1 RA + ns-MRA e 0.85 (0.55, 0.76)
Hospitalization for heart failure
SGLT2i - 0.64 (0.53, 0.77)
GLP-1 RA —— 0.89 (0.82, 0.98)
ns-MRA s 0.78 (0.686, 0.82)
GLP-1 RA + ns-MRA e e 0.69 (0.57, 0.84)
SGLTZ2i + GLP-1 RA —— 0.57 (0.47, 0.70)
SGLT2i + ns-MRA = 0.50 (0.39, 0.64)
SGLT2i + GLP-1 RA + ns-MRA = 0.45 (0.34, 0.58)
Cardiovascular death
SGLT2i —a— 0.84 (0.72, 0.97)
GLP-1 RA = 0.87 (0.80, 0.94)
ns-MRA —— 0.88 (0.76, 1.02)
GLP-1 RA + ns-MRA —— 0.77 (0.65, 0.91)
SGLT2i + GLP-1 RA - 0.73 (0.61, 0.86)
SGLTZi + ns-MRA —_—l— 0.74 (0.60, 0.91)
SGLT2i + GLP-1 RA + ns-MRA = 0.64 (0.51, 0.80)
I I | 1
0.25 05 0.75 1 145

Favors combination therapy

Favors conventional care
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N
Estimated Effects on CV/Kidney Outcomes by Combinations of

SGLT2i, GLP-1RA, ns-MRA

Neuen BL_Circulalion 2024.

Qutcome HR (95% CI)
CKD progression
SGLT2i —— 0.63 (0.53, 0.77)
GLP-1 RA L 0.86 (0.72, 1.02)
ns-MRA —— 0.77 (0.67, 0.88)
GLP-1 RA + ns-MRA —— 0.66 (0.53, 0.83)
SGLT2| + GLP-1 RA = 0.54 (0.42, 0.70)
SGLT2i + ns-MRA —— 0.49 (0.38, 0.61)
SGLT2i + GLP-1 RA + ns-MRA & 0.42 (0.31, 0.56)
All-cause mortality
SGLT2i — 0.85 (0.75, 0.96)
GLP-1 RA - 0.88 (0.82, 0.94)
ns-MRA —— 0.89 (0.79, 1.00)
GLP-1 RA + ns-MRA —— 0.78 (0.68, 0.90)
SGLT2i + GLP-1 RA —— 0.75 (0.65, 0.886)
SGLT2i + ns-MRA —— 0.76 (0.64, 0.90)
SGLT2i + GLP-1 RA + ns-MRA —— 0.67 (0.55, 0.80)
I T T 1
0.25 0.5 0.75 1 125

Favors combination therapy

Favors conventional care
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Learning Objectives

1.

2.

Review recent recommendations for cancer treatment-related cardiac
toxicity screening for the most common clinical scenarios

Adapt long-term follow-up for cancer survivors with or at risk of developing
cardiotoxicities

Recognize the cardiac “emergencies” secondary to cancer treatment
(such as immune checkpoint inhibitors, myocarditis and HF in patients
receiving anthracycline and/or HER2 inhibitors)
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Anthracyclines




.1

0.7
0.6

0.2

Cumulative Proportion with Event

0.5 -
04
0.3 -

0.1
0 -

Congestive Heart Failure in Patients Treated
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A Retrospective Analysis of Three Trials
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Control

ACE Inhibitor
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p=0.094

%

Control group (n=40)
Median anthra doses:
Doxorubicin 394 mg/m2
Circulation. 2006:114:2474-2481 e l't By mﬁ
J Am Coll Cardiol 2006:48:2258-62 Epirubicin 727
European J of Heart Fail 2014;17(1):81-9

Before Alter

Before After
Spironolactone group (n=43)
Median anthra doses:




PRADA: Candesartan vs. placebo in breast cancer
patients receiving anthracyclines +/- trastuzumab -
2-year follow-up

CHANGE IN LVEF (%)

m Baseline mFollow-up p=091

Mo candesartan (n=60) Candesartan (n=60)



Weighted Mean Difference (WMD)

Study Year Therapy
Echocardiography (12 = 98.6%, P<0.001)

Treatment

WD (95%C1) M, Mean{SD) N, Mean{SD) Weight (%)

Control

I
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Muthiah Vaduganathan et al. J Am Call Cardiol CardioOnc 2019;1:54-65

Pooled effects of
neurohormonal
therapies versus
placebo on
changes in LVEF
from baseline to
follow-up



PROACT

* Presented at ACC 2024 (Austin et al.)

* 111 patients undergoing treatment for breast CA (62%) or NHL (38%)

« All received anthracyclines, median doxorubicin equivalent 328 mg/m2
 Randomized to enalapril (mean dose 17.7 mg) vs. placebo

* Primary endpoint: proportion with troponin T rise — no difference

» Secondary endpoints:
* Trop | rise — no difference
» Change in LVEF — no difference
» Change in GLS - no difference



Utility of a hsTn-guided
cardioprotection strategy

* 175 high-risk patients (top .
hsTn | tertile) receiving

anthra for breast cancer or
NHL - si—

*» Randomized to hsTn-
guided cardioprotection
with ARB/BB vs standard
care

Change in LVEF (%)
L ]
]

-10

» Age adjusted difference in
LVEF between arms: - —
0.37%

Cardioprotection Standard care

Henrlksen el &l. Circulation. 2023;148:00-00. DOI: 10.1161/CIRCULATIONAHA.123.064274



STOP-CA: Atorvastatin in lymphoma
patients receiving anthracyclines

P=0.002

100 - : . » 300 lymphoma patients, median
9 5 doxorubicin dose 300mg/m2
80 - « Randomized to atorva 40 vs.
Not available placebo
60 - Met criteria for cardiac dysfunction « Cardiotoxicity in 9% vs. 22%
gi:f:::::uiet criteria for cardiac « Well tolerated
a0 1 PG = * No difference in ALVEF (4% vs
5%) or clinical HF
20 -
» Contrast similar but negative trial
- in breast cancer/lymphoma

Atorvastatin. Placabo patients — no difference in LVEF or
10% reduction in the LVEF proportion with 10% decline
o + Median anthra 240 mg/m?2

% of participants
HE

Meilan et al., ACC 2023
August 18, 2022 NEJM Evid 2022; 1 (9)




CENTRAL ILLUSTRATION: Study Design and Outcomes

Patients with diabetes mellitus
treated with anthracyclines 20+
(N-=561) Metformin
t ‘ 15. =No—=Yes
Metformin Mo metformin Fine and gray's test P = 0.022

(n =310} {n = 251)

i'-‘ru[:-l:rl‘,ﬂy sCione malte I'I"I'-':J

W
1
¥

HF Cumulative incidence (%)
8

n (Cumulative incidence, %)

pd &
Metformimn No metformin l&] 200 300
{n = 175) (n=175) Time (days)
Number at risk
e e No 175 145 ng 105
1 year B(3.6%) 17 010.5%) Yes 175 155 137 123
Syears  10(81%)  22(15.7%)
Death

Syears | ST(424%) 73 (52.4%)

Onoue T, et al. J Am Coll Cardiol CardioOnc. 2023;5(5):674-681.

CENTRAL ILLUSTRATION: The Association Between Sodium-Glucose
Cotransporter 2 Inhibitors and Anthracycline Cardiotoxicity

SGLT2 Inhibitors May Reduce the Risk of Heart Faillure in Patients Recelving
Anthracycline-Contalning Chemotherapy
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& q
hm - (4] Ii—i — SGLT -
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834 Any CVD a
s o diagnosts P02
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Stucdy Cohort TN e
Pathemts with \ ' -
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95% C: 0.12-1.28 Sl PG IER A X I fe

Abdel-Qadir H, et al. J Am Coll Cardiol CardioOnc. 2023;5(3):318-328.
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Anthracycline chemotherapy surveillance protocol

CV toxicity
monitoring Iin
patients receiving
anthracyclines
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European Heart Journal, Volume 43, Issue 41, 1 November 2022, Pages 42294361 10
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Timing of anthracycline cardiotoxicity in adults

1

Median time to cardiotoxicity:
0.95 3.5 months

0.90

“Late cardiotoxicity” in 5 patients (2% of all with toxicity)
4 had CAD at time of LVEF decline
0.85

Proportion Event-free Patients

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Time since end of chemotherapy (years)

Pts.at risk (n) 2625 2206 1958 1716 1437 1291 1010 784 608 461 410 247 174 116 68 49 25 1 1 0

Cardinale. Cireulation. Volume: 131, lssue: 22, Pages: 1981-1588



CENTRAL ILLUSTRATION: Overview of Clinical Practice in Childhood Cancer

Survivors at Risk for Cardiotoxicity
Childhood Multivariable
Cancer Treatment Risk Prediction
« Cardiotoxic exposure

10.6%

Heart fallure incidence

within 40 yvears after
cardiotoxic treatment

T B

Overall 5-Year Survival 83%

.« Genetics
L Cardiac function

Hiff |

Life-long risk

Potential Primary Cardiac Surveillance
Prevention and Management

» Dexrazoxane » Echocardiograms at
least every 5 years
* Liposomal » Electrocardiograms at
anthracyclines follow-up initiation
« Slow infusion + Cardiovascular risk

factor management

All Survivors at Age 45 (%)

Leerink, J.M. et al. J Am Coll Cardiol CardioOnc. 2020;2(3):363-78.

15%-
8 — No cardiotoxic treatment
- — Cardiotoxic treatment
©
£ 10%
@
2
I
£
3 5%
&)
0%
5 10 15 20 25 30 35 40 45 50
Time since diagnosis (year)
I 2888 2672 1554 693 126 3
2057 2692 1361 432 29 0

Feijen et al. Journal of the American Heart Association. 2019;8:e009122



~HFU~

Trastuzumab




Incidence of cardiotoxicity in
metastatic trastuzumab trial

30
27
m LV dysfunction
25
22 = NYHA HII/IV HF
E 20
>
o
s 15
: » Tz: Trastuzumab
E’ 10 - * AC: Anthracycline/
E cyclophosphamide
Q :
E 5 » T: Paclitaxel
a S5
0 . [
Chemo + Tz Chemoonly AC+ Tz AC only T+Tz T only

M Engl J Med 2001; 344:783-92.
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CV toxicity monitoring in patients receiving

HER2-targeted therapy surveillance protocol

trastuzumab f ~
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European Heart Journal, Volume 43, Issue 41, 1 November 2022, Pages 4229-4361




Prevention of
CRTCD in

trastuzumab-
treated
patients

Guglin et al. J Am Coll Cardiol. 20197 3(22):2859-68

1.0 +
B L‘H‘ | Censored
g [:_: -
O 08 - """1__r 1_.. "
& - wwssmese Placebo
o ] e Lisinopril
E -
o
E 0.6 + - Carvedilol
=
-
=
J
0.4 . T r
0 250 500 750
Days from Baseline Exam
No. at Risk:
Carvedilol 90 78 54 "
Lisinopril 84 72 46 /
Placebo 83 71 53 13



SCHOLAR

» 20 patients with mild
LV dysfunction
during trastuzumab

20
1

15

10

» Aggressively treated
with ACE and beta
blockers,
trastuzumab
continued unless
LVEF <40% with
Symptomatic HF or 1 2 3 45 6 7 8 9 10 11 12 13 14 15 17 18 19 20 21
LVEF <35% Participant ID

B Bciore enroliment I After enroliment

Number of doses trastuzumab received

Darryl P. Leong et al. J Am Coll Cardiol CardioOne 2019;1:1-10



Improvement in LVEF despite
continued trastuzumab

CENTRAL ILLUSTRATION: Continuing Trastuzumab Despite Mild
Cardiotoxicity: LVEF Over Time

60 + B5 o
#
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Months l T I L.rJ

On Trastuzumab Off Trastuzumab

Leong, D.P. et al. J Am Coll Cardiol. 2019;1(1):1-10.
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Permissive Cardiotoxicity

At Risk

« Noemal CV
wreenng

Asymptomatic

* Ayymplormatic
declan it
screening
LVEF/GLS

* Risrwy blood
cardiac markors

* Risirg blood
pressunes

Porter C, et al. J Am Coll Cardiol CardioOnc. 2022;4(3):302-312.

Mild to Moderate
Cardiotoxicity

= Mild HF

* New atrial
arrhythmias

» Symptomatic
rise i DRood
pressures

- Permissive Cardiotoxicity
S —— | J‘,:

s Ventiouly
drrhytbrrsay

* Uncontrolled
HIN

* Decompensated
HF

Ongoing
ischeermaa)/infarcton

Cardio-oncology consultation for cancer
patient at high risk for CV toxicity or new
cancer therapy-associated CV tonicity

-

CV nisk pstessment and
identification of strategies
for risk reduction

/ \

Collaborative discussion
Treastment and CV between oncology and
manitoring cardio-oncology on

proposed interventions

\ /

Patient Mamily counsaling
and consent

-

Survivorship care sfter completion
of cancer treatment of termination
due to unbcceptable cardiotoxicity




Management of patients with HER2-mrgeted therapies related cardiac dysfunction
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European Heart Journal, Velume 43, |ssue 41, 1 November 2022, Pages 42294361

Management of
HER2-targeted
therapy-related
cardiac
dysfunction
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Immune checkpoint inhibitors




Myocarditis with checkpoint inhibition

» Incidence 1.14% in small A ECG Shoving Complete Hear S '8 G ShovingVenviar Tachyardn |

multicentre registry S PRIE A _w i “H e “‘“’“ﬂ “wn
 54% had no other RS SRR BRI L e e
Immune AE SRR AR RSIRIER 5, dRi ARl |

« May be fulminant and fatal HERISAR S SHE Caiem R | ) hviis o9 GiRivo it s untBGi

* Frequent conduction SySte€m ¢ meicmtirsionorie mocrdin
abnormalities ' =

- n’ . _.';
LR )
e VRN -

: e . 0

 More common in patients

Vi I I = 3’.:‘ --“.'r_‘_l.I
receiving combination e e
therapy ke |

- ."'~‘;'ﬂ-..’:i
¥ “* ooy, 22
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J Am Caoll Cardiol 2018:71:1755-64 Ll

N Engl J Med 2016;375:1749-55
Ann Intern Med. September 2017. doi:10.7326/L17-03596.
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Management of myocarditis

1. No randomized data to guide management; ATRIUM in progress!

1 i H No MACE MACE
2. Stopping ICI and hi-dose steroids are standard therapy ‘i "5, 036 pvalue
Initial steroid dose, mg 160.0 (0.0-1,000.0) 72.5 (0.0-1,000.0) 0.055
Initial steroid dose/body weight, (mg/kg) 2.06 (0.00-20.20) 0.84 (0.00-14.40) 0.041
Time from admission to steroid 183 =128 272 + 17.5 0.12

administration, h

3. If steroid-responsive, wean slowly, monitor troponin
4_ |f fulminant or SterOid resistant Continue steroids and taper over at least 4 to 6 weeks (longer

if needed for clinical and biomarker response)
Consider initiation of other immune-modulators if patient is

add second-line iImmunosuppression . ot esprondling chreally e eeroids

* [nfliximab

5. Decision to rechallenge complex e e
* Plasmapheresis

and requires multi-stakeholder input!  ERECEEESE

*« Alemtuzumab

* Anti- thymocyte globulin
* Mycophenolate

Wang, D. Y. et al. JAMA Oncol 4, 1721-1728 (2018).
J Am Hearl Assoc. 2020,9:e013757.
Eur Heart J, ehac244, hitps:/'dol.org0.1093/eurheart/ehac244




CENTRAL ILLUSTRATION: 1-Year Outcomes in Patients With Severe vs
Nonsevere Immune Checkpoint Inhibitor Myocarditis

Patients with suspected ICI myocarditis B9% treated

in = 160) with steroids

Stratfcation based on ODS criténa

Severe myocarditis Monsewvere myocardits Negatlve cases
{n=28) in=96) in=16)
1-year CV mortality 1-year all-cause mortality
Worse in severe Similar across groups

1.0 —_— 1.0 — e
> —Sevre —Sew
fos e | s

Severe i, Mim -Learee
2 98 Wm:esziesn:22196),P<0000 @ F 06
£ o 5 o
B“ Ir,.. A Log-rank P s .74
0 60 120 180 240 300 360 0 60 10 180 240 300 360
Time (days) Time (days)
Clinical Presentation and Outcomes

* Laboratory values worse in severe compared to non-severe; non-severe similar to

negative cases

« F-year OV hospitalization rate and long-term LVEF similar across all groups

Itzhaki Ben Zadok O, et al. J Am Coll Cardiol CardioOnc. 2023:5(6):732-744.
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2 Severe vs, Non-severe: HR 0.55 (95% C| 0.13-2.40), p=0.43
== Severe vs. Negative: HR 0.16 (95% CI 0.04-0.68), p=0.013
E 0.6 - Mon-severe vs. Negative: HR 0.28 (95% Ci 0.13-0.60), p=0.001
s 0.
g
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Atherosclerotic CVD Events Associated with ICI
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Conclusions

» Contemporary studies have not shown compelling benefit of
cardioprotection with neurohormonal blockade in adults receiving
anthracyclines

» Ongoing studies will hope to identify high-risk patients most likely to benefit
from cardioprotection and identify novel agents for cardioprotection

 Adult survivors of childhood cancer require long-term surveillance for
development of HF (and other CVD)

» A strategy of permissive cardiotoxicity can allow completion of trastuzumab
(and other cardiotoxic therapies) in a majority of patients, with good cardiac
outcomes

» Contemporary IClI myocarditis outcomes may be less bleak than previously
reported, but long-term vigilance for ASCVD is important in survivors
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Learning Objectives

1. Review the key aspects in the evaluation and management of
cardiomyopathies

2. Describe the evidence to support new therapies for hypertrophic
cardiomyopathy



Classes of recommendartions

ESC Recommendation Classes and
Evidence Levels

Class |

Class Il

Class lla

Class lIb

Class |l

given treatment or procedure is not

Definition Wording to use

Evidence and/or general agreement
t!magiwn wea:mmarpraceﬂure:s

Conflicting evidence andfor a divergence of opinion about the usefulness/

efficacy of the given treatment or procedure.

Weight of evidencelopinion is in
favour of usefulness/efficacy.

Should be considered

Usefulness/efficacy is less well
established by evidence/opinion.

Evidence or general agreement that the

useful/effective, and in some cases
may be harmful.

Level of
evidence C

Consensus of opinion of the experts and/or small studies,
retrospective studies, registries.




Recommendations for the provision of service of multidisciplinary
cardiomyopathy teams

Recommendations Class Level
It is recommended that all patients with cardiomyopathy and their relatives have

access to multidisciplinary teams with expertise in the diagnosis and management of . C
cardiomyopathies.
l c

Timely and adequate preparation for transition of care from paediatric to adult
services, including joint consultations, is recommended in all adolescents with

cardiomyopathy.

Recommendations for diagnostic work-up in cardiomyopathies

Recommendations Class Level
It is recommended that all patients with suspected or established cardiomyopathy

undergo systematic evaluation using a multiparametric approach that includes clinical . c
evaluation, pedigree analysis, ECG, Holter monitoring, laboratory tests, and

multimodality imaging.

It is recommended that all patients with suspected cardiomyopathy undergo

evaluation of family history and that a three- to four-generation family tree is created I c
to aid in diagnosis, provide clues to underlying aetiology, determine inheritance

pattern, and identify at-risk relatives.




Phenotype-based diagnosis and management
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Recommendations for cardiac magnetic resonance indication in patients @ ESC
with cardiomyopathy

Recommendations Class Level
Contrast-enhanced CMR is recommended in patients with cardiomyopathy at initial 1 8
evaluation. i

Contrast-enhanced CMR should be considered in patients with cardiomyopathy during
follow-up to monitor disease progression and aid risk stratification and management.
Contrast-enhanced CMR should be considered for the serial follow-up and assessment of
therapeutic response in patients with cardiac amyloidosis, Anderson—Fabry disease,
sarcoidosis, inflammatory cardiomyopathies, and haemochromatosis with cardiac
involvement.

In families with cardiomyopathy in which a disease-causing variant has been identified,
contrast-enhanced CMR should be considered in genotype-positive/phenotype-negative lla B
family members to aid diagnosis and detect early disease.

In cases of familial cardiomyopathy without a genetic diagnosis, contrast-enhanced CMR

may be considered in phenotype-negative family members to aid diagnosis and detect early llb C
disease.

lla C

lla C

BESC

2023 ESC Guidelines for the management of cardiomyopathies

www.escardlﬂ.nrg;’guidelmes {European Heart Journal; 2023 — doi:10.1053/eurheartj/ehad 194)



e
Genetic Testing: Benefits

 Patient:

For diagnosis

For prognosis

Therapy decisions (ICD)
.... Therapies in the future?

* Relatives:
« Absence of variant allows discharge from further follow-up

* Reproductive advice and management
« Patients - risk to future generations
» Parents — risk of recurrence
* For pre-conception Counselling
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Recommendations for genetic counselling and testing in
cardiomyopathies

Recommendations Class Level
Genetic counselling

Genetic counselling, provided by an appropriately trained healthcare professional and
including genetic education to inform decision-making and psychosocial support, is

recommended for families with an inherited or suspected inherited cardiomyopathy, B
regardless of whether genetic testing is being considered.

It is recommended that genetic testing for cardiomyopathy is performed with access

to a multidisciplinary team, including those with expertise in genetic testing

methodology, sequence variant interpretation, and clinical application of genetic B
testing, typically in a specialized cardiomyopathy service or in a network model with

access to equivalent expertise.

Pre- and post-test genetic counselling is recommended in all individuals undergoing B
genetic testing for cardiomyopathy. |
Family members

It is recommended that cascade genetic testing, with pre- and post-test counselling, is

offered to adult at-risk relatives if a confident genetic diagnosis (i.e. a P/LP variant) B

has been established in an individual with cardiomyopathy in the family (starting with
first-degree relatives if available, and cascading out sequentially).




RN
Recommendations for genetic counselling and testing in

cardiomyopathies

Recommendations Class Level
Genetic counselling (continued)

If prenatal diagnostic testing is to be pursued by the family, it is recommended that

this is performed early in pregnancy, to allow decisions regarding continuation or co- 1 C
ordination of pregnancy to be made. |
A discussion about reproductive genetic testing options with an appropriately trained
healthcare professional should be considered for all families with a genetic diagnosis.
Index patients

Genetic testing is recommended in patients fulfilling diagnostic criteria for
cardiomyopathy in cases where it enables diagnosis, prognhostication, therapeutic
stratification, or reproductive management of the patient, or where it enables 1 B
cascade genetic evaluation of their relatives who would otherwise be enrolled into
long-term surveillance.

Index patients (continued)

Genetic testing is recommended for a deceased individual identified to have
cardiomyopathy at post mortem if a genetic diagnosis would facilitate management of = | C
surviving relatives.

lla C



ICDs: Shared Decision Making
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Primary prevention ICD in Cardiomyopathies
HCM
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Recommendations for management of atrial fibrillation and atrial flutter @ ESC
in patients with cardiomyopathy

Recommendations Class Level

Control of symptoms and heart failure

Atrial fibrillation catheter ablation is recommended for rhythm control after one failed or

intolerant class | or Ill AAD to improve symptoms of AF recurrences in patients with 1 B
paroxysmal or persistent AF and cardiomyopathy.

Atrial fibrillation catheter ablation is recommended to reverse LV dysfunction in AF patients |

with cardiomyopathy when tachycardia-induced component is highly probable, 1 B
independent of their symptom status.

Maintenance of sinus rhythm rather than rate control should be considered at an early

stage for patients with a cardiomyopathy and AF without major risk factors for recurrence, lla C
regardless of symptoms.

Atrial fibrillation catheter ablation should be considered as first-line rhythm control therapy
to improve symptoms in selected patients with cardiomyopathy and paroxysmal or
persistent AF without major risk factors for recurrences as an alternative to class | or Il
AADs, considering patient choice, benefit, and risk.

lla C
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_Re:n mmendations Class Level -

All cardiomyopathies
Regular low- to moderate-intensity exercise is recommended in all able individuals |'T c
with cardiomyopathy. (e
R d t. An individualized risk assessment for exercise prescription is recommended in all 7=
ecom men a Ions patients with cardiomyopathy. ﬂ 2
HCM

fo r exe rc i s e i n th e High-intensity exercise and competitive sport should be considerad in genotype- lla c
positive/phenotype-negative individuals who seek to do so.
" " High-intensity exercise and competitive sport may be considered in am,rmptc-rna_tic |
ca rd I o myo path Ies low-risk individuals with morphologically mild hypertrophic cardiomyopathy in the b B
absence of rasting or inducible left ventricular outflow obstruction and exercise-

induced complex ventricular arrhythmias.

HCM (continued)

High-intensity exercise, including competitive sport, is not recommended in high-risk

individuals and in individuals with left ventricular outflow tract obstruction and C
exercise-induced complex ventricular arrhythmias.

ARVC

Avoidance of high-intensity exercise, including competitive sport, may be considered iib C
in genotype-positive/phenotype-negative individuals in families with ARVC. I )
Maderate- and/or high-intensity exercise, including competitive sport, is not . :
recommendead In individuals with ARVC. 8
DCM and NDLVC

Moderate- and high-intensity exercise should be considered in individuals who are

gene positive and phenotype-negative (with the exception of pathogenic variants in lla C

LMINA and TRMEM4E3) who seek to do so.

High-intensity exercise and competitive sport may be considered in a select group of
asymptomatic and optimally treated individuals with a left ventricular gjection b C
fraction 250% in the absence of exercise-induced complex arrhythmias.

Moderate-intensity exercise may be considered in asymptomatic and optirmally

treated individuals with a left ventricular ejection fraction of 40-49% in the absence | Hb C
of exercise-induced complex arrhythmias.

High-intensity exercise, including competitive sport, is not recommended in

symptomatic individuals, those with a left ventricular ejection fraction =40%, C
exercise-induced arrhythmias or pathogenic variants in LMNA ar TMEMA43.
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Medical Management of LVOT Obstruction

Recommendations Class Level
Non-vasodilating beta-blockers, titrated to maximum tolerated dose, are _ |
recommended as first-line therapy to improve symptoms in patients with resting or 1 B

provoked LVOTO.

Verapamil or diltiazem, titrated to maximum tolerated dose, are recommended to

improve symptoms in symptomatic patients with resting or provoked LVOTO who are | | B
intolerant or have contraindications to beta-blockers.

Disopyramide, titrated to maximum tolerated dose, is recommended in addition to a
beta-blocker (or, if this is not possible, with verapamil or diltiazem) to improve 1 B
symptoms in patients with resting or provoked LVOTO.

Cardiac myosin ATPase inhibitor (mavacamten), titrated to maximum tolerated dose
with echocardiographic surveillance of LVEF, should be considered in addition to a
beta-blocker (or, if this is not possible, with verapamil or diltiazem) to improve
symptoms in adult patients with resting or provoked LVOTO.

Cardiac myosin ATPase inhibitor (mavacamten), titrated to maximum tolerated dose
with echocardiographic surveillance of LVEF, should be considered as monotherapy in
symptomatic adult patients with resting or provoked LVOTO (exercise or Valsalva lla B
manoeuvre) who are intolerant or have contraindications to beta-blockers,

verapamil/diltiazem, or disopyramide.
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Subgroup Analysis: Outcomes
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Adverse Events

grenpmalll)  {naid
isirinthsiipm it T Left Ventricular Impairment
e S - 9 patients (7 mavacamten, 2 placebo)— a transient
e T |EF < 50%.
S o
mlum . 1 5 patients (3 mavacamten, 2 placebo) had protocol-
cusicims : iy driven temporary discontinuation for EF <50% during
Wubikimicns r s the 30-week trial
o - LVEF normalised in all, treatment resumed, completed
™t G || stuay.
g . .
sl : st 4 further patients on mavacamten —EF <50% at week
S | 30 (end of study). LVEF recovered to baseline after the
T Sy et s e e e e 8-week washout in 3/4
MAVA-LTE:

Open label, LTE, n=231, Both arms from Explorer started on mavacamten 5mg/d
Adjusted at 4, 8, 12, 24 weeks vs LVOT/EF
Interim analysis at 62 weeks - sustained LVOT, NYHA, NT-proBNP

Well tolerated but 3 HF and 2 vLVEF
Temp Rx discontinuation in 5.2% due to LVEF<50%, all recovered to >50%. 7
continued, 5 withdrew

Safety: regular monitoring for HF/LVSD - echo 4, 8, 12 weeks and 3m thereafter.
Available in US through a Risk Evaluation and Mitigation Strategy (REMS program) —
monitoring echos prior to Px.
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Aficamten for the treatment of symptomatic obstructive hypertrophic cardiomyopathy

Conclusion
I
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Aficamten can reliably and salely eliminate LVOT obstruction in patients with obstructive HCM
and was associabed with substantial Improvements In exercise capacity and symptams.
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Summary

 Patient-centred guidelines, advocating holistic care

* Multiparametric assessment — 5 phenotypes —guiding management
* New phenotype = NDLVC

 CMR = class 1 indication for all at diagnosis

* Expanded genetic testing +++

 Risk assessment tools for ICD selection in HCM and ARVC

 Class 1 indications for AF ablation after failed/intolerant AAD (PAF/AF)
or to reverse LV dysfunction if tachycardia element

 Exercise recommendations

» Class lla indication for first in class myosin inhibitor, mavacamten for
Rx of resting/ex LVOT gradient

BESC

2023 ESC Guidelines for the management of cardlomyopathies

www.escardio.org/guidelines (European Heart Journal; 2023 — doi-10.1093/eurheart)/ehad 194)
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THANK YOU!

Please remember to complete the
session evaluation

Next Up! Please proceed to the Exhibit Hall (Samuel ABC) for a health break and
then to the CAF’ CONC’ Theatre for a sponsored Theatre Symposium — Back to the
Future: Inflammation in CVD




