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Abstract

Background and objective N-terminal pro-B-type natriuretic peptide (NT-proBNP) and soluble interleukin 1 receptor-like
1 ST2 (sST2) are biomarkers used to grade heart failure with reduced ejection fraction (HFrEF) severity. Both are poten-
tial targets of HFrEF treatment, but the first is associated with the patient’s hemodynamic status, while the second is more
indicative of the inflammatory status and of myocardial fibrosis. The aim of this study was to assess the kinetics of these
biomarkers after treatment with sacubitril/valsartan in HFrEF.

Methods We analyzed blood samples of patients with HFrEF at baseline (before sacubitril/valsartan treatment), after 1, 2,
and 3 months (respectively, after a month taking the 24/26 — 49/51 — 97/103 mg twice daily, or b.i.d., doses), and 6 months
after the maximum-tolerated dose was reached (end study).

Results We obtained samples from 72 patients with HFrEF (age 64.0 + 10.5 years, 83% males). NT-proBNP and sST2 values
progressively and significantly reduced to 37% and 16%, respectively, with a greater reduction for NT-proBNP (p < 0.001).
Specifically, NT-proBNP reduced from 1144 [593-2586] pg/mL to 743 [358-1524] pg/mL and sST2 from 27.3 [20.5-35.0]
ng/mL to 23.1 [15.9-30.7] ng/mL, p for trend < 0.001 in both cases. The reduction of the two biomarkers over time occurred
with statistically significant different kinetics: deferred for sST2 and faster for NT-proBNP. No significant changes in renal
function and potassium levels were recorded.

Conclusion These findings suggest that, in patients with HF, sacubitril/valsartan effects on the cardiovascular system share
a double pathway: a first, hemodynamic, faster pathway and a second, non-hemodynamic anti-fibrotic, delayed one. Both

likely contribute to the sacubitril/valsartan benefits in HFrEF.
Key Points

N-terminal pro-B-type natriuretic peptide (NT-proBNP)
and soluble interleukin 1 receptor-like 1 ST2 (sST2) are
biomarkers used to grade heart failure with reduced ejec-
tion fraction.

Our results show that the kinetics of these biomarkers

Massimo Mapelli and Irene Mattavelli shared first author privilege. after treatment with sacubitril/valsartan in HFrEF is dif-
ferent.
P< Massimo Mapelli erent
massimo.mapelli @cardiologicomonzino.it Sacubitril/valsartan effects on the cardiovascular system
! share a double pathway: a first, hemodynamic, faster

Centro Cardiologico Monzino IRCCS, via Parea 4, . . .
20138 Milan, Ttaly pathway and a second, non-hemodynamic anti-fibrotic,

Department of Clinical Sciences and Community Health, delayed one.

Cardiovascular Section, University of Milan, Milan, Italy

3 Cardiologia SUN, Ospedale Monaldi (Azienda dei Colli),
Seconda Universita di Napoli, Napoli, Italy

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40268-023-00438-2&domain=pdf
http://orcid.org/0000-0001-9985-7407

398

M. Mapelli et al.

1 Introduction

N-terminal pro-B-type natriuretic peptide (NT-proBNP) and
soluble interleukin 1 receptor-like 1 ST2 (sST2) are circu-
lating biomarkers widely used in heart failure with reduced
ejection fraction (HFrEF), providing complementary prog-
nostic information [1, 2]. The first is strongly associated
with the patient’s hemodynamic status being a marker of
left ventricular (LV) diastolic wall stress and its decrease is
considered a marker of reduced congestion. Instead, sST2
is a biomarker more related to immune modulation of car-
diovascular disease than to the inflammatory component
of HF and myocardial fibrosis [3, 4]. Sacubitril/valsartan,
the first-in-class angiotensin receptor-neprilysin inhibitor
(ARNI), has become a cornerstone in HFrEF therapy, and
is demonstrated to reduce both NT-proBNP and sST?2 values
[3, 5]. However, little is known about the kinetics of changes
in these molecules over time and at different drug doses.

The aim of this prospective, multicenter study is to ana-
lyze the kinetics of change of NT-proBNP and sST2 dur-
ing a standardized protocol of up-titration of 8 months, in a
cohort of patients with HFrEF who initiated treatment with
sacubitril/valsartan, and escalated it to the maximum toler-
ated dose.

2 Materials and Methods

Between December 2018 and December 2019, we enrolled
113 consecutive outpatients with HFTEF referred to Centro
Cardiologico Monzino (Milan) and Federico II University
(Naples) HF units. Inclusion criteria were: suitability to start
sacubitril/valsartan according to the 2016 ESC Guidelines
[6], age 18—80 years, New York Heart Association Class
(NYHA) II-III in stable clinical condition, and LV EF <
35%. Patients affected by chronic obstructive pulmonary
disease or needing oxygen supplement were excluded. Simi-
larly, patients unable to tolerate 97/103 mg b.i.d. of sacubi-
tril/valsartan were excluded from the analysis. A placebo
arm was considered not conceivable by the Ethical Commit-
tees. At baseline, each patient underwent study procedures
while taking background-guideline-directed HF therapy.
After 36 hours of interruption of angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers, sacubi-
tril/valsartan was introduced at a starting dose of 24/26 mg
b.i.d. Thereafter, the dose was progressively uptitrated in a
standard monthly fashion up to 97/103 mg b.i.d. or to the
maximum-tolerated dose. Study procedures were performed
at baseline, after 1, 2, and 3 months (respectively, after a
month taking the 24/26 — 49/51 — 97/103 mg doses), and 6
months after the maximum-tolerated dose was reached (end
study). Blood samples were drawn after assuring that any
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intense physical effort was avoided in the previous 3 h and
after 5 min of rest in sitting position. Importantly, to avoid
misinterpretation related to the function of the drug—sacu-
bitril/valsartan exerts a direct action on BNP values per se
[7]—we assayed the NT-proBNP values.

2.1 Statistical Analysis

Statistical analysis was performed using SAS software
package (V. 9.4, SAS Institute Inc., Cary, NC). Continu-
ous variables were expressed as mean + standard deviation
or median and [interquartile range] as appropriate, while
categorical variables were expressed as absolute numbers
and percentages. Comparisons between basal variables and
end study variables were performed using paired #-tests for

Table 1 General characteristics of the analyzed population (n = 72)

n (%) Mean + SD
Age (years) 64.0 + 10.5
Heart rate (bpm) 67 £ 11
BMI (kg/m?) 273+43
LVVd (mL) 198 + 68
LVVs (mL) 138 + 55
LVEF (%) 31.63 +4.59
Hemoglobin (g/dL) 140+ 1.6
eGFR (mL/min/1.73 m?) 69.3+19.5
K*(mmol/L) 4.39 + 0.40
Peak VO, (mL/min/Kg) 16.1 +4.5
Male 60 (83%)
NYHA II 63 (88%)
NYHA 111 9(12%)
Ischemic etiology 37 (51%)
CRT-D 18 (25%)
Hypertension 45 (63%)
Diabetes 15(21%)
Moderate COPD 8(11%)
Atrial fibrillation 18 (25%)
ACEI 52(72%)
ARB 18 (25%)
BB 71 (99%)
MRA 54 (75%)
Loop diuretic 58 (81%)
Loop diuretic dose (mg) 25 [25-50]

BMI body mass index, LVVd left ventricle volume (diastole), LVVs
left ventricle volume (systole), LVEF left ventricular ejection frac-
tion, eGFR estimated glomerular filtration rate by Modification
of Diet in Renal Disease formula, K* potassium, Peak VO, oxygen
consumption at peak exercise, NYHA New York heart association
class, CRT-D cardiac resynchronization therapy defibrillator, COPD
chronic obstructive pulmonary disease, ACEI angiotensin-convert-
ing enzyme inhibitor, ARB angiotensin receptor blockers, BB beta
blocker, MRA mineralocorticoid receptor antagonist



The Kinetics of NT-proBNP and sST2 Changes in Patients with Heart Failure Treated with Sacubitril/Valsartan

399

Table 2 Confirmation of statistical significance of step-by-step bio-
marker changes in all imputation scenarios

p-Value % Confirmed
A ST ciine —ST2 1o 0.1687  88%
AST2ine — ST2m0ms 0.8055  80%
AST2ine — ST2 3oms 0013 96%
A ST2psetine = ST2 sy <0.0001  100%
A NT-proBNP, ., — NT-proBNP,,,., 0.0008  100%
A NT-proBNP, . — NT-proBNP,, e <0.0001  100%
A NT-proBNP, . — NT-proBNPs, e <0.0001  100%
A NT-proBNPyjine — NT-proBNP sy < 0.0001  100%

NT-proBNP N-terminal pro-B-type natriuretic peptide, ST2 soluble
interleukin 1 receptor-like 1

normally distributed variables, Wilcoxon signed rank test for
non-normally distributed variables, and p for trend was cal-
culated by Mann—Kendall test. The non-normally distributed
variables were transformed into logarithms. Variations from
baseline were calculated for each variable and differences

BASELINE V1

0.0

-0.1

-0.1

02 n=72
p<0.001 for different kinetics

Variation vs. baseline (Log,,)

tested using paired ¢-tests. The differences of delta between
two biomarkers were tested by paired z-tests.

The imputation of the missing data was carried out via
the PROC multiple imputation (MI) procedure with Markov
Chain Monte Carlo (MCMC) method. From the 25 cases
obtained, we randomly selected one for the main analysis of
the work and assessed the consistency by calculating the %
of times that the p-value was found to be significant (or non-
significant). A sensitivity analysis was applied by repeat-
ing the analyses in patients who had data available for both
variables of interest at all times. All tests were two-sided.
A p-value < 0.05 was considered as statistically significant.

3 Results

This study is a prespecified subanalysis of a prospective
comprehensive trial dedicated to the evaluation of patho-
physiological changes induced by sacubitril/valsartan in
patients with HFrEF [8].

V2 V3 END STUDY

—sST2
—NT-proBNP

sST2 vs. NT-
Comparison proBNP
variation
mean SD p mean SD P P

V1-BASELINE 0.029423 0.179519 0.169 -0.11078 0.269645 0.001 <.0001
V2-BASLINE -0.00427 0.146533 0.806 -0.13449 0.243400 <.0001 0.0002
V3-BASELINE -0.04457 0.148413 0.013 -0.21681 0.243629 <.0001 <.0001
END STUDY-BASELINE -0.07805 0.135185 <.0001 -0.20245 0.266451 <.0001 0.0004

Fig.1 NT-proBNP and sST2 variation versus baseline. The graph
shows the percent variation of NT-proBNP and sST2 expressed as
logarithms at each study step: baseline, after 1, 2, 3 months (respec-
tively, after a month taking the 24/26 — 49/51 — 97/103 mg doses),

and 6 months after the maximum-tolerated dose was reached (end
study). NT-proBNP N-terminal pro-B-type natriuretic peptide, sS72
soluble interleukin 1 receptor-like 1
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We evaluated a population of 113 enrolled patients with
HFrEF from whom we collected NT-proBNP and sST?2 five
times, that is, at baseline and after 1, 2, and 3 months as
well as at end study. A total of 72 patients (64%) were able
to tolerate 97/103 mg b.i.d. of sacubitril/valsartan, and were
therefore considered for the analysis. The main baseline
characteristics of the analyzed population are reported in
Table 1. NT-proBNP and sST?2 values progressively reduced
up to 37% and 16%, respectively, at the end of the study
(p < 0.0001, values analyzed as logarithms). These signifi-
cances are confirmed at 100% of the imputation scenarios
(Table 2). Specifically, NT-proBNP reduced from 1144
[593-2586] pg/mL to 743 [358-1524] pg/mL and sST2
from 27.3 [20.5-35.0] ng/mL to 23.1 [15.9-30.7] ng/mL, p
for trend < 0.001 in both cases. The kinetics of NT-proBNP
compared with that of sST2 was significantly different,
with a faster response for NT-proBNP (Fig. 1). Moreover,
NT-proBNP reduced by 22.5% (p < 0.0001) from the first
month of treatment, while sST2 was unchanged after both
the first and second months of sacubitril/valsartan therapy
(p = ns). These significances are confirmed at 100% and
80-88% of the imputation scenarios, respectively (Table 2).
The kinetics remains statistically different throughout the
study timeline, with a significant difference in the delta of
change from baseline for the two biomarkers at each step.
We did not observe significant changes in renal function
and potassium levels across the entire study length, while
systolic blood pressure significantly reduced from 118 + 15
mmHg to 109 + 14 mmHg (p < 0.001). During the study
none of the patients changed their background HFrEF medi-
cal therapy.

4 Discussion

Our results confirm the favorable effect of sacubitril/vals-
artan on circulating HFrEF biomarkers, a surrogate of clin-
ical and prognostic benefits observed in multiple clinical
trials conducted with ARNI during the last years [9-12].
Interestingly, while both NT-proBNP and sST2 progres-
sively decreased as the drug dose increased, the overtime
kinetics of these changes is significantly different. Indeed,
NT-proBNP reduction is faster and can be observed since
the first steps of treatment, a time interval in which sST2
is unchanged. On the other side, sST2 showed a more
pronounced reduction at later steps. These data can be
explained from a molecular point of view. Specifically,
NT-proBNP changes suggest a rapid hemodynamic effect
related to the vasodilation and diuretic properties of ARNI
(Fig. 2, left side). Indeed, the drug is a combination of two
different molecules. Sacubitril is a neprilysin inhibitor that
can reduce the degradation of BNP, an endogenous diu-
retic produced by the body in response to HF and thus able
to activate diuresis. The second component of the drug
(i.e., valsartan), an angiotensin receptor blocker, carries
well-known vasodilator properties [13]. In parallel, the
combination of sacubitril and valsartan has already proven
to be effective in the reduction of biomarkers involved in
profibrotic signaling [5], which is altered in patients with
HFrEF in response to increased metabolic load and shear
stress. Our results on sST2 variations suggest that this
mechanism follows a slower path, indicating that the anti-
fibrotic—or better said “non-hemodynamic”— effect of

Hemodynamic
effect

BREAKDOWN
PRODUCTS

NTproBNP

ACEi/ARBS

J FIBROSIS
J INFLAMMATION

FIBROBLAST
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N DIURESIS
“MVASODILATION
24/26/mg b.i.d. 49/51 mg b.i.d. 97/103 mg b.i.d.
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Fig.2 Hemodynamic and non-hemodynamic effects related to sacubitril/valsartan treatment depicted with their molecular mechanisms. BNP
B-type natriuretic peptide, NEP neprilysin, NT-proBNP N-terminal pro-B-type natriuretic peptide, sS72 soluble interleukin 1 receptor-like 1
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sacubitril/valsartan treatment needs more time (or higher
doses) to be elicited (Fig. 2, right). Finally, given the direct
effect of sacubitril/valsartan on circulating BNP, in this
trial we evaluated only NT-proBNP. However, consider-
ing the persistent BNP meaningful prognostic power also
in patients taking the drug [7], further studies testing the
parallel progressive changes in BNP would be interesting.

5 Conclusions

Taken together, these findings confirm the hypothesis that,
in patients with HF, the effects of ARNIs on the cardiovas-
cular system share a double pathway [14]: a first, hemody-
namic, faster pathway and a second, non-hemodynamic,
delayed pathway. Both likely contribute to the sacubitril/
valsartan benefits in HFrEF.
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