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Safety of antihyperglycemic medications:
the case of the rosiglitazone

RESULTS
Data were combined by means of a fixed-effects model. In the 42 trials, the mean
age of the subjects was approximately 56 years, and the mean baseline glycated
hemoglobin level was approximately 8.2%. In the rosiglitazone group, as compared
with the control group, the odds ratio for myocardial infarction was 1.43 (95%
confidence interval [CI], 1.03 to 1.98; P=0.03), and the odds ratio for death from
. cardiovascular causes was 1.64 (95% CI, 0.98 to 2.74; P=0.06). —

CONCLUSIONS
Rosiglitazone was associated with a significant increase in the risk of myocardial
E ff infarction and with an increase in the risk of death from cardiovascular causes that .. ¢]
eC .. .. . . ction
had borderline significance. Our study was limited by a lack of access to original
source data, which would have enabled time-to-event analysis. Despite these limita-
tions, patients and providers should consider the potential for serious adverse car-
diovascular effects of treatment with rosiglitazone for type 2 diabetes.

Nissen et al. N Engl J Med 2007; 356:2457-2471



FDA Cardiovascular safety issue

FDA issues safety on Avandia

“The U.S. Food and Drug Administration
(FDA) is aware of a potential safety
issue related to Avandia (rosiglitazone),
a drug approved to treat type 2
diabetes. Safety data from controlled
clinical trials have shown that there is a
potentially significant increase in the
risk of heart attack and heart-related
deaths in patients taking Avandia”.

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/2007/ucm108917.htm



FDA guidance for industry to evaluate CV risk
In new antihyperglycemic medications

» Effects on CV risk to be more thoroughly addressed during antihyperglycemic
medication development; recommendation to demonstrate that therapy will
not result in unacceptable increase in CV risk;

» Inclusion of patients with a higher risk of CV events e.g. patients with
advanced CV disease, elderly patients, and patients with impaired renal
function;

» A minimum of 2 years’ CV safety data must be provided;

» All phase 2 and 3 studies should include a prospective, independent
adjudication of CV events. Adjudicated events should include CV mortality,
myocardial infarction, and stroke and can include hospitalization for acute
coronary syndrome, urgent revascularization procedures, and possibly other
end points.

July 2008. http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/ucm071627.pdf



SAVOR-TIMI 53: excess of hospitalizations
for heart failure in saxagliptin group
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SGLTZ2 inhibition: An insulin-independent approach to remove
excess glucose by reducing the renal threshold

M SGLT2i |
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EMPA-REG Outcome Results

Death from any cause

Death from CV causes
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Zinman et al. N Engl J Med 2015; 373:2117-2128




Hospitalisation for heart failure

7 -
Placebo
b -
HR 0.65
. (95% CI 0.50, 0.85)
< P=0.0017
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O Empagliflozin
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0 -
T 1 T T T T T T 1
0 6 12 18 24 30 36 42 48
No. ot patients
Empagliflozin 4687 4614 4523 4427 3988 2950 2487 1634 395
Placebo 2333 2271 2226 2173 1932 1424 1202 775 168

Zinman et al. N Engl J Med 2015; 373:2117-2128
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Cumulative Incidence (%)

Worsening heart failure or Cardiovascular Death

SGLT2i in ambulatory patients with HFrEF

DAPA-HF

EMPEROR-Reduced

Cardiovascular Death or Hospitalization for Heart Failure

HR 0.75
(95% CI 0.65, 0.86) Placebo
P < 0.0001

Empagliflozin

100 399 Hazard ratio, 0.74 (95% Cl, 0.65-0.85)
| P<0.001
a() - 25 40 -
804 20
70_ 15_ g 30 -
60— Q
10 g
50— o
5 e 20 —
40- ®
=
30— 0 I R I N ©
0 3 6 9 12 15 18 21 24 £ 10 -
20- — 5
10
0_ | | | I | I | | 0]
0 3 6 9 12 15 18 21 24

Months since Randomization

N Engl | Med. 2019;381:1995-2008
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N Engl | Med 2020,383:1413-24.



ESC GUIDELINES
@ ESC European Heart jourral (2021) 42, 35993726

European Society dot10.109¥eurheartj/ehabl68
of Cardiology

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

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

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

Authors/Task Force Members: Theresa A. McDonagh* (Chairperson) (United
Kingdom), Marco Metra @ * (Chairperson) (Italy), Marianna Adamo (Task Force
Coordinator) (Italy), Roy S. Gardner (Task Force Coordinator) (United Kingdom),
Andreas Baumbach (United Kingdom), Michael Bohm (Germany), Haran Burri
(Switzerland), Javed Butler (United States of America), Jelena Celutkiene
(Lithuania), Ovidiu Chioncel (Romania), John G.F. Cleland (United Kingdom),
Andrew ).S. Coats (United Kingdom), Maria G. Crespo-Leiro (Spain),

Dimitrios Farmakis (Greece), Martine Gilard (France), Stephane Heymans

Drugs recommended for HFrEF

Pharmacological treatments indicated in patients with (NYHA class 11-1V) heart failure with reduced ejection fraction

(LVEF <40%)

Recommendations

113

Class® Level®

An ACE-l is recommended for patients with HFrEF to reduce the risk of HF --
A beta-blocker is recommended for patients with stable HFrEF to reduce the risk of --

hospitalization and death.'"®~

HF hospitalization and death.”"*~ "%

of HF hospitalization and death. %%

hospitalization and death.'®

An MRA is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death.'?""*?

Dapagliflozin or empagliflozin are recommended for patients with HFrEF to reduce the risk

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

©ESC 2021



Treatment

All-Cause Mortality

HR  (95%CI)

ARNI + BB + MRA + SGLT2 0.39 (0.31-0.49)

ARNI + BB + MRA + Omecamtiv
ACEI + BB + Dig + H-ISDN
ACEIl + BB + MRA + IVA

ACEI + BB + MRA + Vericiguat
ACEIl + BB + MRA + Omecamtiv
ARNI + ARB + BB + Dig

ARNI + BB + MRA

ACEI + BB + MRA

ACEI + MRA + Dig

ACEI + BB + Dig

ARB + BB + Dig

ACEI + ARB + Dig

Dig + H-ISDN

ARNI + BB

ACEIl + BB

ARB + BB

ACEI + Dig

ARB + Dig

BB

ACEI

ARB

Dig

PLBO

0.25

0 44 (O 36- O 55)
0.46 (0.35-0.61)

0.48 (0.39-0.58)
0.49 (0.39-0.62)
0.52 (0.43-0.63)
0.65 (0.55-0.76)
0.44 (0.37-0.54)
0.52 (0.44-0.61)

0.66 (0.56-0.78)
0.68 (0.59-0.78)
0.73 (0.64-0.83)
0.83 (0.72-0.96)
0.67 (0.53-0.86)
0.58 (0.50-0.68)
0.69 (0.61-0.77)

0.74 (0.66-0.82)
0.87 (0.78-0.98)
0.94 (0.84-1.05)
0.78 (0.72-0.84)
0.89 (0.82-0.96)
0.95 (0.88-1.02)
0.99 (0.91-1.07)

1.00

Additive Benefits of
Using all 4 Pillars

JACC heart Failure 2022; 10(2); 10:73-84
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Change in eGFR from baseline (per ml/min/1.73m)

-8

Slowing rate of decline in eGFR

DAPA-HF

Day 14-720

Placebo -2.85 (95%CIl -3.17 t0 -2.53)
Dapagliflozin -1.09 (95%CI -1.40 to -0.77)
Difference in slopes P <0.001

Placebo

Day 0-14
Placebo -1.09 (95%CI -1.42 to -0.77)
Dapagliflozin -4.19 (95%CI -4.52 to -3.87)

Difference in slopes P <0.001 Dapagliflozin

T T T T
014 60 120 240 360 480 600 720
Days from randomization

Difference = 1.78 ml/min/yr

Circulation. 2021;143:298-309

Adjusted mean (SE) eGFR (ml/min/1.73m?)

EMPEROR-Reduced

| Placebo -2.28 ml/min/1.73m? per year
| Empagliflozin
-0.55 ml/min/1.73m? per year
0 26 52 78 104 130

Weeks after randomization

Difference = 1.73 ml/min/yr

N Engl | Med 2020,383:1413-24.
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Effect of SGLTI on renal composite outcome

DAPA-HF EMPEROR-Reduced

Placebo
HR 0.71 (95% Cl 0.44-1.16) P=0.17 . HR 0.50 (95% CI0.32, 0.77)
= o
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e
3 4 -
[P Placebo g
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£ 27 Empagliflozin
-]
O
T T T T T T T T T 0
0 3 6 ] 12 15 18 21 24 T T T T l I T T T T
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Days after randomization

Circulation. 2021,143:298-309 N Engl | Med 2020,383:1413-24.



...because one size does not fit all...

serendipity

(n) finding something good
without looking for it

-
]

feis |

U Y '>‘ . 2, L oA
COLLCAING - Dwe ouuah W On




4
- 74
' N | N | — |

T




Benefit of Treatments in HFrEF vs HFpEF

— HFrEF = HFpEF

I-PRESERVE'®

CHARM-Alternatives'®
CHARM-Preserved’

PEP-CHF'

SOLVDs'7
DIG-Preserved?”
DIG?
OPTIMIZE-BB?®
OPTIMIZE-BB?®
OPTIMIZE-ACE®
OPTIMIZE-ACE?®
OPTIMIZE-BB?°
OPTIMIZE-BB?°

—:
04 05 06 07 08 09 10 11 1.2
Hazard Ratio for Death or HF Hospitalization
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e NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 OCTOBER 14, 2021 VOL. 385 NO. 16

Empagliflozin in Heart Failure with a Preserved
Ejection Fraction

S.D. Anker, J. Butler, G. Filippatos, J.P. Ferreira, E. Bocchi, M. B6hm, H.-P. Brunner—La Rocca, D.-J. Choi,
V. Chopra, E. Chuquiure-Valenzuela, N. Giannetti, J.E. Gomez-Mesa, S. Janssens, J.L. Januzzi,

J.R. Gonzalez-Juanatey, B. Merkely, S.). Nicholls, S.V. Perrone, I.L. Pina, P. Ponikowski, M. Senni, D. Sim,
J. Spinar, |. Squire, S. Taddei, H. Tsutsui, S. Verma, D. Vinereanu, J. Zhang, P. Carson, C.S.P. Lam, N. Marx,

C. Zeller, N. Sattar, W. Jamal, S. Schnaidt LM_Schnee M. Brueckmann, S.J. Pocock, F. Zannad, and M. Packer,
for th(EMPEROR-Preserved)Trial Investigators*




Primary EP: CV Death or HF Hospitalization

Cumulative Incidence (%)

—_ 25—
100 Hazard ratio, 0.79 (95% Cl, 0.69-0.90)
P<0.001 Placebo
80—
154
70— Empagliflozin
10
60—
50 >
40— 0 T T T T | | | T | T T |
0O 3 6 9 12 15 18 21 24 27 30 33 36
30+
20— e
10 e
0 1 ] | | I I I I | | I 1
0 3 6 9 12 15 18 21 24 27 30 33 36

Months since Randomization

Anker S.D. et al, N Eng J Med 2021 385:1451-1461



Hospitalizations for Heart Failure

0.25+
: Placebo
Hazard ratio, 0.73 (95% Cl, 0.61-0.88)
P<0.001
Tt 0.204
K o
= Empagliflozin
o -
)
Q&  0.15-
3
£
g
w .
o g
S 0.10-
o
=
c
o
0
= 0.054
000 . | | | | | I | | | I | |
0 3 6 © 12 15 18 21 24 27 30 33 36
Months since Randomization
No. at Risk
Placebo 2991 2945 2901 2855 2816 2618 2258 1998 1695 1414 1061 747 448
Empagliflozin 2997 2962 2913 2869 2817 2604 2247 1977 1684 1429 1081 765 446

Anker S.D. et al, N Eng J Med 2021 385:1451-1461



ORIGINAL ARTICLE

Dapagliflozin in Heart Failure with Mildly
Reduced or Preserved Ejection Fraction

6263 pt

LVEF >40%;

elevated NT-proBNP;

NYHA 11—V

ambulatory or hospitalised patients

A Primary Outcome

304 Hazard ratio, 0.82 (95% ClI, 0.73-0.92)
100+ 254 p<0.001 Placebo
90— 20—
—~ 80—
S 15 Dapagliflozin
g 70-
g 60 10+
o
£ 50— 54
2 a0
K. 0 T T T T T T T T T T T 1
E 30+ 0 90 180 270 360 450 540 630 720 810 900 990 1080
3
LW 20-
10+
0- T T T T T T T T T T T 1
0 90 180 270 360 450 5S40 630 720 810 900 990 1080
Days since Randomization
No. at Risk
Placebo 3132 3007 2896 2799 2710 2608 2318 2080 1923 1554 1140 772 383
Dapagliflozin 3131 3040 2949 2885 2807 2716 2401 2147 1982 1603 1181 801 389

B Worsening Heart Failure Event
304 Hazard ratio, 0.79 (95% Cl, 0.69-0.91)
100+ 254
90 -
20 Placebo
—~ 80
& 15-
g 70
D liflozi
E 60- 10 apagliflozin
1%
£ 50 54
2 40
K. | 0 T T T T T T T T T T T 1
E 30 0 90 180 270 360 450 540 630 720 810 900 990 1080
5
LW 20
104 e
0+ T T T T T T T T T T 1
0 90 180 270 360 450 540 630 720 810 900 990 1080
Days since Randomization
No. at Risk
Placebo 3132 3007 2896 2799 2710 2608 2318 2080 1923 1554 1140 772 383
Dapagliflezin 3131 3040 2949 2885 2807 2716 2401 2147 1982 1603 1181 801 389

Solomon SD, et al. DELIVER trial. N Engl J Med. 2022



S Level®
@ E S C European Heart Journal (2023) 44, 3627-3639 ESC G U I DEL' N ES ’

European Society https://doi.org/10.1093/eurheartj/ehad195
of Cardiology

~*1 2023 Focused Update of the 2021 ESC
Guidelines for the diagnosis and treatment
of acute and chronic heart failure

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

. Recommendation Table 1 — Recommendation for the Recommendation Table 2 — Recommendation for the _—
treatment of patients with symptomatic heart failure treatment of patients with symptomatic heart failure
with mildly reduced ejection fraction with preserved ejection fraction
Recommendation Class® Level® Recommendation Class® Level®

An SGLT?2 inhibitor (dapagliflozin or empagliflozin) is An SGLT?2 inhibitor (dapagliflozin or empagliflozin) is

ESC 2023

recommended in patients with HFpEF to reduce the
risk of HF hospitalization or CV death.© *®

recommended in patients with HFmrEF to reduce
the risk of HF hospitalization or CV death.c 2

© ESC 2023

©
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Al-based Revolution in CV Medicine
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Luscher T, et al. EHJ 2024



How Appropriate is SGLT2i for Diverse Patient Phenotypes?

1.Very dilated HFrEF patient

2.Hospitalized for acute HF

3.Early Ambulatory Hypotensive patient
4.Early Ambulatory Hyperkaliemic patient
5.Ambulatory very advanced HTx list patient

6.Ambulatory HFpEF patient



How Appropriate is SGLT2i for Diverse Patient Phenotypes?

1.Very dilated HFrEF patient
2.Hospitalized for acute HF

3.Early Ambulatory Hypotensive patient
4.Early Ambulatory Hyperkaliemic patient
5.Ambulatory very advanced HTx list patient

6.Ambulatory HFpEF patient



SUGAR-DM: reverse LV remodelling in HFrEF with T2D or pre-diabetes

Change from baseline to 36 weeks,
mean x 95% CI

40

lldlldllll
N O © o A N O

_
N

LVESVi, mL/m?2

LVEDVi, mL/m?

LVEF, 7%

I

LVGLS, %

o

Between-group difference:
-6.0 mL/m?
95% Cl: -10.8, -1.2; p=0.015

Between-group difference:
-8.2 mL/m?
95% Cl: =13.7, =2.6; p=0.004

Between-group difference:
0.3%
95% Cl: =1.7, 2.3; p=0.75

-
L 1
Between-group difference:

0.35%
95% Cl: -0.25, 0.95; p=0.25

@ tnpagiiflozin
@ rlocebo

Lee MY et al. Circulation. 2021;143:516.



Absolute A From Baseline (ml)

Absolute A From Baseline

Empagliflozin in Non-diabetic Heart Failure Patients With
Reduced Ejection Fraction — EMPA- TROPISM

Double-blind, placebo-controlled trial, nondiabetic HFrEF pts (n = 84) randomized to empagliflozin or placebo for 6

months

Primary endpoint: change in LV end-diastolic and -systolic volume assessed by CMR

LVEDV
20
10 -
0 -
=10 4
=20 4
p <0.001
=30 -
-40
m Empagliflozin m Placebo
LVEF
8 -
B9 p < 0.001
4 -
2 -
0 - I
-2
-4

m Empagliflozin m Placebo

Absolute A From Baseline (ml)

Absolute A From Baseline (Grams)

- N
o O

o

LVESV

p < 0.001

m Empagliflozin m Placebo

LV Mass

p <0.001

m Empagliflozin m Placebo

Absolute A From Baseline (ml/kg/min)

Peak VO,

p =0.017

m Empagliflozin m Placebo

KCCQ-12
30 -

204 p <0.001

10 4

Absolute A From Baseline

-10

m Empagliflozin m Placebo

J Am Coll Cardiol 2021,77:243-55



How Appropriate is SGLT2i for Diverse Patient Phenotypes?

1.Very dilated HFrEF patient

2.Hospitalized for acute HF

3.Early Ambulatory Hypotensive patient
4.Early Ambulatory Hyperkaliemic patient
5.Ambulatory very advanced HTx list patient

6.Ambulatory HFpEF patient



EMPULSE: empagliflozin in patients hospitalized for acute HF

The primary outcome of the trial was clinical benefit, defined as a hierarchical composite of death from any cause, number of heart failure events and time

to first heart failure event, or a 5 point or greater difference in change from baseline in the KCCQ Symptom Score at 90 days, as assessed using a win ratio

Win ratio: 1.36
95% CI (1.09-1.68) ——
F=0.0054

Win ratio of
clinical benefit*

Time to death

HFE frequency

Time to HFE

KCCQ-TSS

Ties, none of
the previous

B Empagliflozin 10 mg winner 0.25 0.5 1 2 4

< »
. Placebo winner Favors Favors

M Ties placebo empaglifiozin
Voors AA et al. Nat Med. 2022




How Appropriate is SGLT2i for Diverse Patient Phenotypes?

1.Very dilated HFrEF patient

2.Hospitalized for acute HF

3.Early Ambulatory Hypotensive patient
4.Early Ambulatory Hyperkaliemic patient
5.Ambulatory very advanced HTx list patient

6.Ambulatory HFpEF patient



HR (dapagliflozin vs placebo)

Early Clinical Benefit of SGLT2 |

At 28 d:
HR, 0.51 (95% Cl, 0.28-0.94); P=.03

20 40 60 80 100
Day

JAMA Cardiol. 2021,6(5):499-507

Day 12 Day 34
9 Statistical significance Statistical significance
reached first time sustained
I 1
= &= 1 1 Placebo
X 1 I
i HR 0.42 (95% C1 0.19, 0.92) :
3 g P=0.029
; Empagliflozin
= 27
©
Q
<
& 19 HR 0.67 (95% Cl 0.44, 1.00)
P=0.048
0= 1 1
1 I 1 I I
0 10 20 30 40
Days after randomization
Patients at risk
Placebo 1867 1852 1830 1811 1792
Empagliflozin 1863 1855 1845 1826 1815

Adapted from Packer et al., Presented during e-space 1% Cardio-renal-metabolic Global Web Conference, January 22 - 24, 2021



Empagliflozin and hypotension in different SBP subgroup

Placebo |Empaglifilozinj Placebo |Empagliflozin| Placebo [Empaglifiozin

Any adverse event - number 489 438 875 877 499 548
Hypotension*

Number (%) 62 (12.7) 58 (13.2) 66 (7.5) 88 (10.0) 35(7.0) 30 (5.5)

'y“:;‘::“ce rate/100 patient- 1.8 12.4 6.6 8.6 5.9 4.6
Symptomatic hypotensiont

Number (%) 44 (9.0) 35 (8.0) 41 (4.7) 51 (5.8) 18 (3.6) 20 (3.6)

'y“:;f':"ce feliz IRy s 8.2 7.3 4.0 4.9 2.9 3.0

*Based on preselected adverse events. finvestigator defined.

Bohm M et al. J Am Coll Cardiol. 2021;78:1337.




How Appropriate is SGLT2i for Diverse Patient Phenotypes?

1.Very dilated HFrEF patient

2.Hospitalized for acute HF

3.Early Ambulatory Hypotensive patient
4.Early Ambulatory Hyperkaliemic patient
5.Ambulatory very advanced HTx list patient

6.Ambulatory HFpEF patient



EMPEROR-Pooled: Effect of Empa on hyper/hypokalaemia

Empagliflozin Placebo
Event rate/100 Event rate/100 Interaction
n/N (%) patient-years n/N (%) patient-years HR (95% Cl) HR (95% ClI) p-value

Hyperkalaemia

Investigator-reported
hyperkalaemia or initiation of 313/4837 (6.5) 4.1 371/4837 (7.7) 5.0 0.82 (0.71, 0.95) +H@H 0.010
potassium binders*

Investigator-reported

) 295/4859 (6.1) 3.9 347/4852 (7.2) 4.6 0.83(0.71, 0.97) +@H 0.018
hyperkalaemia

Initiation of potassium binders* 73/4837 (1.5) 0.9 85/4837 (1.8) 1.1 0.80(0.59, 1.10) —o— 0.174

Potassi . L
otassium>6.0 mmol/Lornew ) o010 39 . 204/4746 (4.3) . 0.68 (0.55, 0.85)

initiation of potassium binders’

Hypokalaemia

Investigator-reported
hypokalaemia or initiation of 273/4257 (6.4) 4.1 285/4241 (6.7) 4.3 0.95(0.80, 1.12) . 0.533
potassium supplement*

025 05 1 2 4

P ~

Favours empaglifiozin  Favours placebo

BOhm M et al. J Am Coll Cardiol. 2021;78:1337.



How Appropriate is SGLT2i for Diverse Patient Phenotypes?

1.Very dilated HFrEF patient
2.Hospitalized for acute HF
3.Early Ambulatory Hypotensive patient

4.Early Ambulatory Hyperkaliemic patient

5.Ambulatory very advanced HTx list patient

6.Ambulatory HFpEF patient



SGLT2I HTx Study RESULTS Baseline characteristics

Age (years)

Overall
(n=71)

55+9

SGLT2i treated pts

Male sex

47 (85.5)

Systolic BP (mmHg)

108 + 13

Cardiac index (I/min/m?)

Mean PAP (mmHg)
Wedge Pressure (mmHg)

Ejection fraction (%)

LV End-diastolic volume (ml) |

RV FAC(%)

Controls
(n=34)

256 +122

217 +91

34+9

32+10

NT-proBNP (pg/ml)

2028 [1245-3007]

2374 [1130-3578]

1951 [1252-2753]

Furosemide (mg/die)

88 + 64

8875

88 £52

71 patients (37 cases, 34
controls) with no difference
in baseline characteristics




RESULTS - Haemodynamics

SGLT2i treated pts (n=26)

Cl (I/min/m?)

PAPs (mmHg)

PAPmM (mmHg)

Wedge mmHg)

RAP immHg)

PVR (UW)




RESULTS - SGLT2i tolerability and specific effects

e All patients started on study drug

* One (2.7%) early drug interruption EXCELLENT TOLERABILITY

* No reported collateral effects

BASELINE 6-month p value

NYHA CLASS
Systolic BP (mmHg)

NT-proBNP [IQR]

Creatinine (mg/dl)

Hb (g/dl)

Hct (%)



RESULTS
Clinical endpoints

Primary endpoint All-cause death
(all-cause death, urgent HT, LVAD)

1007 — 1 100 ~ . L
L R
§ 80 — 80 —
© —_
>
E 60 — 3"3 60 —
? 3
Y a0 g 40 -
-
'E p=0.03 7] p=0.05
c | I SGLT2i + i -1 SGLT2i +
g 20 -1 SGLT2i - 20 1 SGLT2i -
Ll
o{ HRO.29, 95%Cl 0.08-0.91, p=0.03 0 HR 0.16, 95%Cl 0.02-1, p=0.05
T | | I I | — T i | | T | i
0 60 120 180 240 300 360 0 60 120 180 240 300 360

Days Days



How Appropriate is SGLT2i for Diverse Patient Phenotypes?

1.Very dilated HFrEF patient

2.Hospitalized for acute HF

3.Early Ambulatory Hypotensive patient
4.Early Ambulatory Hyperkaliemic patient
5.Ambulatory very advanced HTx list patient

6.Ambulatory HFpEF patient



Fab 4 Effects across the full spectrum of LVEF

ARB
(candesartan)?°

ARNI
(sacubitril/valsartan)??

Beta-blocker?'*

MRA

(spironolactone)’:3°

SGLT2i%

LVEF

<40%
41% to 49%
=250%

<22.5%
>22.5% to 32.5%
>32.5% to 42.5%
>42.5% to 52.5%
>52.5% to 62.5%

>62.5%

<20%
20% to 25%
26% to 34%
35% to 39%

40% to 49%
250%

<35%
45% to <50%
50% to <55%
55% to <60%

260%

<40%
41% to 49%
50% to 59%

260%

Outcome

CV death + HFH

CV death + HFH

All-cause mortality

CV death + CV hosp.

CV death + aborted
cardiac arrest + HFH

CV death + HFH

e
o
o i
o
——

He— :
o :

—e—
—i @
o
— o —
—a—

e

0.25

1 1
0.50 1.00 2.00

Hazard ratio (95% CI)
Favours Active

HR (95% CI)

0.82 (0.75, 0.91)
0.76 (0.61, 0.96)
0.95 (0.79, 1.14)

0.77 (0.63, 0.94)
0.81 (0.71, 0.92)
0.81 (0.69, 0.94)
0.89 (0.73, 1.10)
0.89 (0.74, 1.06)
1.03 (0.80, 1.32)

0.70 (0.60, 0.83)
0.76 (0.65, 0.89)
0.75 (0.64, 0.88)
0.67 (0.50, 0.90)
0.59, 0.34, 1.03)
1.79 (0.78, 4.10)

0.68 (0.59, 0.78)
0.72 (0.50, 1.05)
0.85 (0.61, 1.18)
0.94 (0.68, 1.29)
0.97 (0.76, 1.23)

0.75 (0.68, 0.83)
0.78 (0.67, 0.90)
0.79 (0.68, 0.93)
0.81 (0.69, 0.96)

Favours Control

@ HFrEF (LVEF $40%)

HFmrEF (LVEF 41-49%)

@ HFpEF (LVEF 250%)

Eur Heart J Suppl, 202;24: L10-L19,



SGLT2I across the full spectrum of LVEF

Interaction P = 0.30

Hazard ratio (95% ClI)

20 25 30 35 40 a5 50 56 80 65 70 75
Baseline Left Ventricular Ejection Fraction (%)
Butler J et al. Eur Heart J. 2021 Dec 8;ehab798. doi: 10.1093/eurheartj/ehab798
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2021 HFA-ESC Consensus for HFrEF Patient Phenotypes

ACEI/ARB/ARNI: 6/11 = 55% AN\ o
MRA: 9/11 = 82% e | T o | S
BB: 6/11 = 55% LY T
SGLT2i "y, babradine 9 SGLT2i

| Beta-blockers
| ACEI/ARB/ARNI
. Diuretics

SGLT2i 11/11 = 100% -

SGLT2i

ACEVARB/ARNI
MRA

Diuretics
% | Beta-blocker
0, Vericiguat
-b 0y

Beta-blocker
ACEI/ARB/ARNI
MRA

S ‘\ Diuretics
v :NO

A\Q'\”"m 8, & o Q')ln
o5 0. SGLT2i 5
Yy : Y Beta-blocker 2 &,
£ SGLT2i C ACEVARBARM | 3 : %,
Beta-blocker MRA = .
Diuretics % eiu_reties : @ SG‘!:'TZI'E
ericigua & Beta-blocker
L ACEIARE/ARNI J Hydralamne?soeorbcde / - Diuretics
| MRA dinitrate : JARD)
Potassium binders 3 LA
SR ericiguat /
Vencioust N Hydralazine/isosorbide & &
2T o dinitrate

aln patients with predominant chronic coronary syndrome, BP threshold is 120/80 mmHg.
Rosano GMC et al. Online ahead of print. Eur J Heart Fail. 2021;10.1002/ejhf.2206.

MRA
| Beta-blocker
Ivabradine
| Diuretics i
| ACEIVAARBHARNI Bestgll).lzcz‘ler

| ACEI/ARB/ARNI
MRA
Diuretics
Vericiguat
«£  Hydralazine/isosorbide
'EO dinitrate y
%

U/V'

8p,
X
2
SGLT2i %
) Beta-blocker 2
! ACEVARB/ARNI &
MRA
Diuretics
Anticoagulants
Digoxin

<
&
ACEVARB/ARNI
MRA
| Beta-blocker
% | Diuretics
% Anticoagulants

Ne

Brjun 0610°

Give black drugs
Reduce/suspend red drugs
Add blue drugs
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Change in eGFR from baseline (per ml/min/1.73m)

-8

Slowing rate of decline in eGFR

DAPA-HF

Day 14-720

Placebo -2.85 (95%CIl -3.17 t0 -2.53)
Dapagliflozin -1.09 (95%CI -1.40 to -0.77)
Difference in slopes P <0.001

Placebo

Day 0-14
Placebo -1.09 (95%CI -1.42 to -0.77)
Dapagliflozin -4.19 (95%CI -4.52 to -3.87)

Difference in slopes P <0.001 Dapagliflozin

T T T T
014 60 120 240 360 480 600 720
Days from randomization

Difference = 1.78 ml/min/yr

Circulation. 2021;143:298-309

Adjusted mean (SE) eGFR (ml/min/1.73m?)

EMPEROR-Reduced

| Placebo -2.28 ml/min/1.73m? per year
| Empagliflozin
-0.55 ml/min/1.73m? per year
0 26 52 78 104 130

Weeks after randomization

Difference = 1.73 ml/min/yr

N Engl | Med 2020,383:1413-24.



5

4
|

3

2

1

Cumulative Percentage (%)

Effect of SGLTI on renal composite outcome

DAPA-HF EMPEROR-Reduced

Placebo
HR 0.71 (95% Cl 0.44-1.16) P=0.17 . HR 0.50 (95% CI0.32, 0.77)
= o
[)]
e
3 4 -
[P Placebo g
I 5
>
Dapagliflozin &
£ 27 Empagliflozin
-]
O
T T T T T T T T T 0
0 3 6 ] 12 15 18 21 24 T T T T l I T T T T
Months since Randomization 0 90 180 270 360 450 540 630 720 810

Days after randomization

Circulation. 2021,143:298-309 N Engl | Med 2020,383:1413-24.



SGLT2i and renal protection

Mechanism of action CLINICAL EFFECT

Reductionin Intraglomerular
pressure

1 Afferentvasoconstriction

| Glomerular Hyperfiltration

RENAL PROTECTION

GFR preservation

Neurohomonallmprovement
|Intrarenal RAAS activity

Blood Pressure
[SNS activity '

Reduction in Inflammation/Fibrosis | Tubular/ Glomerular damage

| Inflammation biomarkers | Albuminuria

| Fibrosis biomarkers

Renal metabolism Hypoxia
reduction

. Solute transport
. Oxygen demand

| Ischemic Renal damage
1 Hb/Hematocrit




Diagnosis and risk stratification of CKD with eGFR and UACR

CKD

Abnormalities of kidney
structure and/or function
for >3 months with
implications for health

Decreased eGFR
<60 ml/min/1.73 m?2

and/or

Albuminuria A2-A3
(>30 mg/9)

*If no other markers of kidney disease, no CKD

Persistent albuminuria categories
Description and range

Al A2 A3
Normal to mildly Moderately Severely
increased increased increased
<30 mg/g 30-300 mg/g >300 mg/g
<3 mg/mmol 3-30 mg/mmol >30 mg/mmol
G1 Normal or high >90 Low* Moderately High
increased
G2 Mildly decreased 6089 Low* a1 High
increased
eGFR categories| Mildly to Moderatel
(ml/min/ G3a moderately ~ 45-59  ooerd edy High
1.73 m?) decreased increase
description and : |
range Gsp  Moderatelyto 54 4y High
severely decreased
G5 Kidney failure <15

Risk of progression

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes; UACR, urine albumin-to-creatinine rafio
Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Work Group. Kidney Int. 2020;98(suppl):S1-S115

uoissalboud jo sy
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EMPA-KIDNEY vs CREDENCE vs DAPA-CKD

Low risk*

Moderately increased risk

High risk

. Very high risk

(V)
(oT]
c
©
S
>
S
o
o1}
Q
)
©
(G
o
LL
O
()}

Prognosis of CKD by eGFR and albuminuria categories?

Albuminuria stage, description and range (mg/g)

Al

A2

A3

Normal to mildly

Moderately increased

Severely increased

*If no other markers of kidney disease, no CKD.

increased
<30 30-300 >300
Gl >90
E G2 60-89
R
- G3a 45-59
=
€ G3b 30-44
S~
—
£ G4 15-29
G5 <15

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio; 12D, type 2 diabetes.
1. The EMPA-KIDNEY Collaborative Group. N Engl J Med. 2023 Jan 12;388(2):117-127. 2. KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int Suppl.

2013;3(1):1-150. 3. Perkovic V, et al. N Engl J Med. 2019; 380:2295-2306 4. Wheeler DC, et al. Nephrol Dial Transplant 2020;35:1700.

EMPA-KIDNEY population]|
Patients with or without
diabetes and eGFR 245 to
<90 mL/min/1.73m2 and
UACR 2200 mg/g
or
eGFR 220 to <45
mL/min/1.73m?2

CREDENCE population?®
Patients with 72D and CKD
and eGFR 230 to <90
mL/min/1.73m?% and
UACR >300 mg/g

DAPA-CKD population4
Patients with or without 72D
and eGFR 225 to <75
mL/min/1.73m?2 and UACR
>200 mg/g




Patients Enrolled in EMPA-KIDNEY (n=6609)

© @

547 277

35%

M Diabetic kidney
disease

had an eGFR
<30 ml/min/1.73 m?2

B HTN/renovascular

B Glomerular disease

487

1 Other/unknown

had no prior had
history of diabetes CV disease* had a UACR <300 mg/g



EMPA-KIDNEY — Primary Endpoint

40 T
NS
=
¥ 30 T
@
-=
.E |
» 20
-
O
o
2 10 7
O
o
— _:___:.--‘_'_'_ B
0 71— 1 1 1 | |
0 0.5 ] 1.5 2 2.5
Years
No. at risk
Placebo 3305 3250 3129 2243 1496 592

Empagliflozin 3304 3252 3163 2275 1538 624



Annual

rate of change in eGFR by key subgroups

Empagliflozin

Placebo

Absolute difference

Absolute difference

Subgroup Annual rate of change in eGFR, ml/min/1.73 m?, (95% Cl) (95% Cl)
No -1.66 (0.11) -2.75 (0.11) 1.09 (0.79, 1.39) —@—
Yes -1.05 (0.12) -2.73(0.12) 1.68 (1.36, 2.00) —@—
<30 -1.84 (0.14) -2.85 (0.14) 1.01 (0.63, 1.39) —@—
>30 to <45 -1.18 (0.12) -2.50(0.12) 1.32 (0.99, 1.65) —@—
>45 -1.58 (0.17) -3.60 (0.17) 2.01(1.53, 2.49) o
A1l (<30) normal to mildly increased -0.11 (0.17) -0.89 (0.16) 0.78 (0.32, 1.23) —— i
A2 (230 to <300) moderately increased -0.49 (0.14) -1.69 (0.14) 1.20(0.81, 1.59) —@——
A3 (>300) severely increased -2.35(0.11) -4.11 (0.11) 1.76 (1.46, 2.05) i |—‘- :
-1.37 (0.08) -2.75 (0.08) 1.37 (1.16, 1.59) <>

*Mean annual rates of change in eGFR from 2 months to the final follow-up visit (‘chronic slopes’) by freatment allocation were
estimated using shared parameter models eGFR, estimated glomerular filiration rate; UACR, urine albumin-to-creatinine rafio. The
EMPA-KIDNEY Collaborative Group. N Engl J Med 2023;388:117

74

Favours
placebo

Favours
empagliflozin
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eGFR decline with Placebo and Empagliflozin

Rate of change in chronic eGFR slope
(ml/min/1.73m2 /year)

0,5 -

-1,5 -

2,5 -

Empagliflozin

Mean eGFR decline per year
Absolute difference +1.37
(95% Cl1 1.16, 1.59)

Placebo

-2.75
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SGLT21i mechanisms of action in Heart Failure

Altered adipokine Autophagy Improved cardiac Improved myocardial
regulation Induction ionic homeostasis energetics

v Increased catabolism

 —in -
: I ?l 3
Q _ 2 Suppresswn .Of }F’ &=f  Increased glucagon % mimicking a state of
"\ leptin secretion > \.\_3/' | Vsinsulin ratio due h‘-\i" .., fasting due to
/ by adipocytes Q - toincreased urinary n 3

a9 + increased urinary

glucose excretion NHE-1 SGLT1 h glucose excretion
l inhibition inhlibition 1
5 Increased
| Activation of l ketone body
Reduced ) | SIRT1 and AMPK, production
serum leptin _°. HIF12alfa Reduced intracellular
= sodium and restored
l sodium-calcium exchanger
function
Autophagic
m clearance of 1
/
B e sl |
bt ::::.::__x Improved intracellular
Reduced e wewn calcium transients and
epicardial fat l B o

Reduced oxidative stress
and inflammation

—— cardiac contraction l

Increased ATP
production
lmrzntoved : |l‘T}pl" oved Y
r )
Win - = cardiovascular @& oo
ety outcomes work efficiency

Lasryiercom/




Potential Direct Myocardial and Indirect Systemic Effect of SGLT2i

] SGLT2 inhibitors
Katonamia

g V)
Mimicking of fasting and hypoxia

| paradigm

Enythrocytosis anseriptiona
N

inflammasome

Activation of hypoxia | | Activation of SIRT1 Reduction in
inducible factors and AMPK intracellular sodium
N S £ e

Autophagic recycling of
cellular constituents and ,—\

clearance of damaged Decreased cellular
: organelles stress and
E . \ inflammasome activation

imrper::led / _‘T\ improved Cardioprotection
function

rovascular
T grogenitor cells 1EPO l

Potential indirect * systemic effects of SGLT2;

Packer European Journal of Heart Failure 2020; 22: 618-628

Lopachuck et al. JACC basic Trans Science 2020; 5(6):632-44



Potential Direct Myocardial and Indirect Systemic Effect of SGLT2i

Programed cell death

Metabolism Mitochondria function

Autophagy
ER stress

Myocardial fibrosis Intestinal microbiota

Cardiovascular disease Oxidative stress



Sotagliflozin: Dual SGLT1 and SGLT2 Inhibitor

PCR

s «— SGLT2

2 Glomerulus
}

‘LLka\L—L

SGLT1

Outer Medulla

Inner Medulla

SGLT1: primary transporter for intestinal

= SGLT2: expressed in kidney; reabsorbs
absorption of glucose and galactosel!]

90% of filtered glucosel®!
= Sotagliflozin inhibits SGLT1 independent = Sotagliflozin inhibits SGLT2 independent
of insulin/2l of insulin/2!

— Does not depend on renal function!! — Does depend on renal functionl!)

1. Sands. Diabetes Care. 2015;38:1181. 2. Cefalo. Cardiovasc Diabetol. 2019;18:20. 3. Mather. Kidney Int Suppl. 2011,;S1.
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Events per 100 Patients
N
(@)

0
@]
1
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SOLOIST-WHEF: Sotagliflozin in Patients with
Diabetes and Recent Worsening Heart Failure

CV Death, HF Hospedalization and Urgent HF Visit

Placebo

Sotagliflozin

HR: 0.67 (95% CI: 0.52-0.85; P = .0009)
ARR: 25 events/100 patient-yrs
Treatment patient-yrs to avoid 1 event: 4

0 3 6 9 12 15 18
Mos Since Randomization

Admission with signs and symptoms of
heart failure

Treatment with intravenous diuretics

Stabilized, off oxygen, transitioning to oral
diuretics

BNP 2150 pg/mL (2450 pg/mL if atrial
fibrillation) or NT- proBNP 2600 pg/mL
(21800 pg/mL if atrial fibrillation)

Type 2 diabetes

N Engl | Med 2021;384:117-28



Events per 100 Patients
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SCORED: Sotagliflozin in Patients with Diabetes and
Chronic Kidney Disease

Total CV Death, HFH and Urgent HF Visit

Placebo
HR: 0.74 (95% CI: 0.63-0.88; P = .0004)
ARR: 1.9 events /100 patient-yrs
NNT: 54

Sotagliflozin

3 6 9 12 15 18
Mos Since Randomization

Type 2 diabetes mellitus with a glycated
hemoglobin level of 7% or higher

Chronic kidney disease (eGFR, 25 to 60 ml
per minute per 1.73 mq)

and

Additional cardiovascular risk factors

N Engl ] Med 2021,384:129-39
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Median (95% CI) Change From
b

SGLT2i Initiation (mL/min/1.73 m2)

SGLT2i in Patients With ATTR Cardiomyopathy

* “ * ' E All-Cause Mortality CV Mortality
+

Propensity score matchmg inall :
wz' E:pat.ems Wit ATTR.CMtrcated with SGLT2i 50-Month Survival in ATTR-CM 50-Month Survival in ATTR-CM

L Patients Treated With SGLT2i Patients Treated With SGLT2i

Lkl

2,356 patients with Tu 1 7 T‘u
ATTR-CM 220 matched untreated controls with ATTR-CM = =
5_3_;35- EE\JS-
1,200 E 2 E E
=004 +914 ng/L E a .25 - —E' a .25
e E E Log-rank P = 0.001 5 Log-rank P < 0.001
ZmUminizme &3 200 © oL J . i i i o 041 J . : : :
£ 500l 0 12 24 36 48 0 12 24 36 48
=2 Follow-Up (Months) 95% ClI No SGLT2i Follow-Up (Months)
-6mL/min/173m2 £ E 300
8 4323 ng/L 95% CI —— SGLT2i
§8 o aw CV Mortality and HF
= HF Hospitalization alty ar
300, Hospitalization
0 12 0 12 50-Month Survival in ATTR-CM 50-Month Survival in ATTR-CM
n=440  Time(Months) n =365 n=440  Time(Months) n =341 Patients Treated With SGLT2i Patients Treated With SGLT2i
-3 SGLT2i =& No SGLT2i 48 SGLT2i =& No SGLT2i 1
m m
Change from Baseline = >
w E a E =
g of-= 22 51 p 23 ;5. —
:-'E -3 mm Hg E -g E -E
- 2 a .25 - _E' a .25 4
%zg i S 04 Log—rank.P = 0.001. | . 3 0. .Log-rank.P < 0.001. | .
£ b 0 12 24 36 48 0 12 24 36 48
: . Follow-Up (Months) Follow-Up (Months)
0 12
n=440  Time(Months) n =382 JACC 2024;83:2411-2422

- 5GLT2i -4 No SGLT2i



2023 ESC Guidelines for the management of
cardiovascular disease in patients with diabetes

Developed by the task force on the management of cardiovascular
disease in patients with diabetes of the European Society of
Cardiology (ESC)

European Heart Journal (2023) 00, 1-98
ps://doi.org/10.1093/eurheartj/ehad192

European Society it

of Cardiology

@ESC

Type 2 diabetes mellitus

o0
Patient
presentation

o

Evaluation

y A
~ Confirmed

CVD and
type 2 diabetes mellitus

: !

[;_;_] ) Type 2 diabetes mellitus Type 2 diabetes mellitus
and ASCVD and HF

! !

Diagnosis

AR
~ Confirmed

- _—

v

Type 2 diabetes mellitus
and CKD

!

y ;
> ( To reduce cardiovascular risk
( ) vlmdependent of glucose control

To reduce heart failure
hospitalization in all patients
with T2DM and HF

— 7

Treatment

" (HFpEF, HFmrEF, HFrEF)

To reduce cardiovascular
and kidney failure risk

y




fat tissue

T lipolysis

liver

1 ketogenesis : AcCoA = HKet |
+

Euglycemic Ketoacidosis

I catecholamines
I corticosteroids
‘I glucagon
Jeinsulint

t

X

impaired insulin

pancreas
secretion

PF-"

i L plasma *
B glucose .-

|:| primary events
HKet ketoacid
NaKet sodium salt of ketoacid

fasting | SGLT2

inhibitors

- |+ glucose re;nrpﬁnn
Jr sodium resorptio
Jo H™ secretion i

\ L ammuniogeneisis

T loss of NaKet

Diabetic Ketoacidosis

Factor Inhibrion Induced Disbete Eotoacidosi
Endogenous glucose production |

Insulin release 1

nsulin resistance |

Tissue glucose disposal 1

Kidney glucose clearance 1

Plasma glicose levels Normal or increased, often <250 mg/dI*
Extracelhilar fluid volume 1

Presenting symptoms More nonspecific to include malaise,

nausea, anorexia, abdominal pain

]
H
]
H
1
Typically 350-800 mg/dl
H
Polyuria and polydipsia due to osmotic

diuresis, nausea, vomiting, shortness

of breath




Risk factors for sSGLT2i -associated ketoacidosis

Restriction in dietary carbohydrate
availability as seen with the use
of ketogenic diets

Euglycemic
Ketoacidosis

Surgical stress, trauma,
intercurrent illness such as
gastroenteritis where there is an
inability to eat or drink

Lean body habitus

Alcohol use disorder and salicylate
toxicity

13 31 1

Recommendations

Glycosuric effect of SGLT2i combined with
decreased dietary carbohydrate intake leads
to decreased insulin levels

Increased lipolysis due to reductions in
carbohydrate intake leads to an increased
glucagon-insulin ratio, which predisposes to
ketogenesis

Decreased food intake leads to reduced insulin
levels, thereby increasing likelihood of
ketogenesis

Nonspecific symptoms, such as malaise and
nausea, along with mild or absent glycemia
may cause patient to decrease insulin dose,
thus increasing risk of ketosis

Increased levels of counter-regulatory hormones
(catecholamines and cortisol) accelerate
lipolysis and increase insulin demand

Carbohydrate deficit is greater in lean versus
obese individuals because the degree of
glycosuria relative to filtered load is
independent of body size following SGLT2i

Alcohol withdrawal and salicylate toxicity
are both associated with increased lipolysis
and decreased insulin-glucagon ratio, thereby
increasing risk of ketogenesis, conditions
SLTZ

e concentration

Maintain appropriate fluid intake
Ensure adequate carbohydrate intake and avoid low-carbohvydrate diets

Avoid sk

meals
1arrhea, or inability to eat or

ing insulin doses and skaippi
In situations of acute illness, vomiting,
Discontinue SGLT2i
Contact provider even 1t blood glucose levels are not elevated
Continue to monitor glucose levels and monitor for presence of urinary ketones
If on insulin therapy, contact provider for dose adjustments; do not stop insulin

rompt lowering of
ir prescriber

mulates lipolysis and
in ratio, predisposing

Ketoaddosis symptoms are nonspecific (malaise, nausea, anorexia, vomiting) and can occur despite normal or minimally

elevated blood glucose level

If ketonuria detected, patient may be advised to administer dose of rapid-acting insulin and consume 30 g carbohydrate

Restart SGLT2i when eating and drinking normally, usually after 2448 h as directed by medical provider

E

Avoid very low—carbohydrate diets

Discontinue SGLT2i 3 d prior to elective
surgery

Discontinue SGLT2i with acute illness

Educate patient to monitor for ketonuria,
in addition to glucose, and contact
provider with any symptoms or
detectable ketomuria

Supplemental doses of rapid-actirlg
insulin, along with fluids and
ingestion of carbohydrates

Educate lean/muscle-bound patients as
to their increased risk and symptoms

Discontinue SGLT21
Be aware of patients with chronic
salicylate toxicity

Avoid >20% reductions in insulin dose;
implement frequent pre- and post-
prandial glucose monitoring following
changes in insulin dose

Frequent monitoring of urine ketones
following insulin dose adjustments
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