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Heart failure with preserved ejection fraction (HFpEF) is a heterogeneous clinical syndrome with multiple
risk factors, causes, and phenotypes. The key driver of morbidity and mortality in all HFpEF patients is
congestion, for which patients are often treated with multiple diuretics including loop, thiazide, and
mineralocorticoid receptor antagonists (MRA). Of these diuretic classes, only MRAs have been studied in a multi-
center randomized controlled setting for HFpEF. Specifically, the Treatment of Preserved Cardiac Function Heart
Failure With an Aldosterone Antagonist Trial (TOPCAT) demonstrated a lower rate of hospitalization for heart
failure (HHF) in the MRA (spironolactone) compared with placebo arm (hazard ratio [HR] 0.83; 95% confidence
interval [95% CI] 0.69-0.99).! It is unknown if clinical and safety outcomes of spironolactone in patients with
HFpEF differ by use of concomitant conventional diuretic therapy as individuals on multiple diuretics may have
greater benefits related to sequential nephron blockade. Conversely, they may also be at greater risk for adverse
effects. We used TOPCAT data to evaluate the effects of spironolactone on clinical and safety outcomes stratified
by background diuretic treatment in patients with HFpEF.

Data from TOPCAT were obtained with permission from NHLBI BioLINCC. Participants in TOPCAT
were aged 50 years or older with HFpEF and were randomized 1:1 to spironolactone or placebo with mean
follow-up of 3.3 years. We limited our analysis to participants from the Americas due to previously reported
regional variation in patients and outcomes.? Participants were categorized by baseline diuretic use, including any
loop, thiazide, or potassium-sparing therapy. The clinical outcomes investigated were cardiovascular mortality,
HHF, and the TOPCAT composite primary (including cardiovascular mortality, aborted cardiac arrest, or HHF).
The safety outcomes investigated were hyperkalemia (>5.5 mmol/liter), hypokalemia (<3.5 mmol/liter), high
serum creatinine (>3.0 mg/dL), and elevated serum creatinine (>2 times baseline and above the upper limit of
normal). We examined differences in the outcomes of interest by baseline diuretic status and type.

Of 1,767 TOPCAT participants from the Americas, most reported use of one (n=1310; 74%) or more
(n=263; 15%) diuretic classes at baseline. Participants reported background loop (n=1385; 79%), thiazide (n=447;
25%), or potassium sparing (n=8; 0.5%) diuretic use. Diuretic and non-diuretic participants were similar in age
(71.5 [SD 9.7] years), sex (50% male), and self-reported race (78% white, 17% black, 5% other). Participants

without background diuretic therapy were more likely to have New York Heart Association Class I/l symptoms,



have lower body mass index and systolic blood pressure, and higher renal function at baseline compared with
those on background diuretic therapy.

Participants randomized to spironolactone versus placebo who reported background diuretic therapy were
more likely to benefit in terms of cardiovascular mortality (HR 0.66; 95% CI 0.50-0.88) than those without
background diuretic therapy (HR 2.69; 95% CI 0.97-7.46, p interaction=0.01; Figure, panel A). There was no
significant interaction observed for the composite primary outcome or HHF. In subgroup analysis, there was no
difference in treatment effects between type of diuretic (loop or thiazide). There were no differences in risk of
hypo- or hyperkalemia or renal failure between participants who reported background diuretic therapy and those
who did not (Figure, panel B).

Among participants randomized to spironolactone versus placebo, concomitant therapy with one or more
diuretics at baseline was associated with a greater benefit in cardiovascular mortality reduction and similar safety
profiles compared with participants without background diuretic therapy. Mechanisms that may contribute to the
greater mortality benefit observed with combination diuretic therapy include the potential for augmentation of
diuresis with sequential nephron blockade from an MRA and other diuretic therapy. Such augmentation has been
observed when thiazide diuretics or sodium glucose co-transporter 2 inhibitors are combined with loop diuretics.®
41t is unclear what led to the lack of difference observed in HHF, which may be due to the poorer health status of
those on background diuretic therapy or to chance. Importantly, no increase in abnormal renal function was

observed with MRA and background diuretic therapy.

Limitations of this retrospective analysis include that it was not a pre-specified subgroup analysis of the
original study, as well as small sample sizes that may have limited the statistical power of some analyses. In
addition, we were unable to examine within-trial diuretic doses or changes. However, these analyses support a
reappraisal of the current paradigm of repeated dose titration of loop diuretics followed by addition of thiazide
and MRA and consideration of concomitant administration of multiple diuretic classes at low doses. A
combination strategy may also help mitigate therapeutic inertia and promote adherence for MRA in HFpEF where
low utilization rates (<15%) persist based on national data from the American Heart Association Get With the
Guidelines Registry.® Prospective randomized clinical trials to investigate safety and efficacy of a polydiuretic

approach are needed.



FIGURE. Effects of spironolactone on efficacy (A) and safety (B) in participants from the
Americas in the Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone
Antagonist Trial (TOPCAT) trial stratified by baseline use of any diuretic and type of diuretic.

Hazard ratios and 95% confidence intervals were estimated with Cox regression models to examine the
original clinical trial efficacy (all-cause mortality, CV mortality, and HF hospitalizations) stratified by
background diuretic therapy use. Odds ratio and 95% confidence intervals were estimated with logistic
regression models to examine the original clinical trial safety (hyperkalemia (>5.5 mmol/liter),
hypokalemia (<3.5 mmol/liter), high serum creatinine (>3.0 mg/dL), and elevated serum creatinine [>2
times baseline and above the upper limit of normal]).

A, Efficacy Outcomes
Events per 1000

participant-years Hazard Ratio Interaction

Number of Events Spironolactone Placebo (95% Cl) pvalue
Cardiovascular Mortality
All 223 364 49.0 - 0.74 (0.57. 0.97) 0.0108
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B. Safety Outcomes

Participants with

Outcome per Arm Odds Ratio  Interaction

Number of Participants  Spironolactone Placebo (95% Cl) p-value

Hyperkalemia

All 1746 195 (22) 50(7) — 3.05(2.90.5.37) 0.3735
Diuretics 1556 173 (22) 55(7) —_— 3.77 (2.73, 5.20)

No Diuretics 190 22 (22) 4(4) 1§37 (2.10. 19.30)
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I T T T T T 1
006 012 0.33 1.00 3.00 8.00 15.00

Favors Spironolactone  Odds Ratio  Favors Placebo



REFERENCES

1. Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, Clausell N, Desai AS, Diaz R, Fleg
JL, Gordeev I, Harty B, Heitner JF, Kenwood CT, Lewis EF, O'Meara E, Probstfield JL, Shaburishvili T, Shah SJ,
Solomon SD, Sweitzer NK, Yang S, McKinlay SM and Investigators T. Spironolactone for heart failure with
preserved ejection fraction. N Engl J Med. 2014;370:1383-92.

2. Pfeffer MA, Claggett B, Assmann SF, Boineau R, Anand IS, Clausell N, Desai AS, Diaz R, Fleg JL,
Gordeev I, Heitner JF, Lewis EF, O'Meara E, Rouleau JL, Probstfield JL, Shaburishvili T, Shah SJ, Solomon SD,
Sweitzer NK, McKinlay SM and Pitt B. Regional variation in patients and outcomes in the Treatment of
Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist (TOPCAT) trial. Circulation.
2015;131:34-42.

3. Griffin M, Rao VS, Ivey-Miranda J, Fleming J, Mahoney D, Maulion C, Suda N, Siwakoti K, Ahmad T,
Jacoby D, Riello R, Bellumkonda L, Cox Z, Collins S, Jeon S, Turner JM, Wilson FP, Butler J, Inzucchi SE and
Testani JM. Empagliflozin in Heart Failure: Diuretic and Cardio-Renal Effects. Circulation. 2020.

4. Cox ZL, Hung R, Lenihan DJ and Testani JM. Diuretic Strategies for Loop Diuretic Resistance in Acute
Heart Failure: The 3T Trial. JACC Heart Fail. 2020;8:157-168.
5. Pandey A, Golwala H, Sheng S, DeVore AD, Hernandez AF, Bhatt DL, Heidenreich PA, Yancy CW, de

Lemos JA and Fonarow GC. Factors Associated With and Prognostic Implications of Cardiac Troponin Elevation
in Decompensated Heart Failure With Preserved Ejection Fraction: Findings From the American Heart
Association Get With The Guidelines-Heart Failure Program. JAMA Cardiol. 2017;2:136-145.



