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Serial measurements of natriuretic peptide to assess pharmacological
interventions and subsequent impact on cardiovascular risk
stratification in heart failure: a precision medicine approach
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Heart failure (HF) is a major worldwide epidemic associated
with high morbidity and mortality, with the number of
cases expected to increase in line with increasing average
life expectancy (1). Progressive advances in medical science
have allowed identification of blood-based biomarkers [e.g.,
B-type natriuretic peptide (BNP), N-terminal prohormone
of BNP (NT-proBNP) and troponin] that are able to
provide improved prognostic information for patients at risk
of or following an HF event. However, their routine use for
decision making at times is limited and shows challenging
hurdles for precise risk stratification, such as emerging
risks being affiliated with sub-clinical myocardial damage
for use of troponin and/or inflammatory biomarkers (2)
driving researchers to investigate a cocktail of biomarkers
to improve risk prediction. Furthermore, cross-validating
biomarker characteristics between clinical studies is
reliant on comparable use of both study design, as well as
collection, analytical and statistical methods for appropriate
translations on a population-wide scale (3). Natriuretic
peptides (NPs), notably their B-type form, BNP, are perhaps
the most widely used of these biomarkers for diagnosis
and cardiovascular risk stratification of HF patients (4-6).
Prognostic investigations have shown that multiple forms
of BNP are indicative of risk in HE, including the parent
molecule (7) and its truncated forms (8) as well at the N'T-
proBNP (9,10).

Clinical trials have previously outlined the beneficial use
of N'T-proBNP to assess short-term cardiovascular risk in
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HF patients. For example, the Val-HeFT (Valsartan Heart
Failure Trial) and COPERNICUS (Carvedilol Prospective
Randomized Cumulative Survival) trials reported N'T-
proBNP as an independent predictor of increased risk of
death in HF patients (9,10). To extend upon these baseline
measurements of N'T-proBNP, the Val-HeFT trial also
observed relationships between 4-month changes in
circulating NP levels and associations with adverse outcome,
showing the use of serial measurements of N'T-proBNP for
risk stratification in stable and chronic HF (9). Recently,
Zile et al. (11) investigated the use of repeated NT-proBNP
measurements to assess how changes in circulating levels
are associated with future adverse events, and whether these
associations were influenced dependent on the medication
treatment strategies employed, with a focus on the new
drug; sacubitril/valsartan (LCZ-696). The study investigated
1,942 patients from the PARADIGM-HF [Prospective
Comparison of ARNI (Angiotensin Receptor-Neprilysin
Inhibitor) with ACEI (Angiotensin-Converting-Enzyme
Inhibitor) to Determine Impact on Global Mortality
and Morbidity in Heart Failure] trial with circulating
NT-proBNP levels measured at baseline and 1 month
later after treatment with sacubitril/valsartan (LCZ-
696) or enalapril. Changes in NT-proBNP levels showed
least events in patients who measured lower NT-proBNP
levels (<1,000 pg/mL) at both baseline and 1 month, and
conversely the most events for those with higher levels
at both measurement points. Interestingly, the authors
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observed that patients treated with LCZ-696 were almost
twice as likely to report a meaningful reduction in N'T-
proBNP when compared to those administered enalapril,
indicating an increased potency on the NP system. These
findings highlight that although circulating levels of NP
are indicative of patient prognosis, the monitoring of the
dynamics and/or kinetics of these processes can provide
additional information of clinical benefit.

Clinically, studies such as that by Zile et 4/. (11) indicate
the increasing need to develop therapeutic strategies and risk
calculations that are tailored and personalised to the patient
with a focus on efficiency and precision. In PARADIGM-
HE, the use of enalapril and LCZ-696 is focussed on the
assessment of their ability to influence NP biology and their
resultant effect on the dynamic processing of these cardio-
renal protective peptides. In HE, the NP system and levels
of BNP are reduced and levels of less physiologically active
BNP fragments are increased. Therefore advanced HF
may present as BNP deficiency and neprilysin activation
is increased enhancing the degradation and hydrolysis of
NPs (12). Neprilysin inhibition has been shown to reduce
NP degradation (13) and therefore these medicines offer
the prolongation of the cardioprotective benefits provided
by the presence of these peptides in the circulation. LCZ-
696 is a novel ARNI that consists of anionic moieties of
neprilysin inhibitor and valsartan, an angiotensin II receptor
blocker. LCZ-696 has therefore been shown to inhibit
both neprilysin and renin-angiotensin-aldosterone system
(RAAS) (12), and reduce degradation of vasoactive peptides
such as BNP. However to the contrary, administration
of LCZ-696 showed reductions in NT-proBNP levels
over a 1-month period, suggesting that NT-proBNP is
not a substrate for neprilysin and that it is affected by
LCZ-696 through alternative mechanistic interactions.
Nevertheless, these results highlight an advantageous use of
NT-proBNP as a marker of HE, irrespective of neprilysin
inhibition.

Combined efforts to improve prognosis and management
of HF rely on therapies, lifestyle changes and palliative
care, with biomarkers providing important information
on potential repeat hospitalisation or mortality. Whilst
many biomarkers are linked to predicting mortality (14),
the use of NPs has been repeatedly reported as useful to
predict both mortality and rehospitalisation (15,16) whilst
also providing key information for more personalised
therapy (17). Zile er al. (11) highlighted one beneficial
use of NPs in precision medicine showing the use of N'T-
proBNP for risk stratification where patients who showed
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a reduction in N'T-proBNP concentrations, had a lower
rate of mortality of hospitalisation, irrespective of treatment
group. To this end we recently reported that additional
processed forms of BNP are superior or comparable to
NT-proBNP for risk stratification of acute HF patients (8).
Although we investigated the three major BNP molecular
forms (8), additional forms have also been measured in
the circulation (18). The dynamics and kinetics of these
degradation pathways are not currently understood and this
indicates an importance of both time-dependent and specie-
dependent analyses of BNP. Notably, beneficial information
from serial sampling of NPs can be extended to other areas
of cardiovascular disease with time-dependent changes in
NT-proBNP (19) and BNP (20) levels shown to be useful in
risk assessment of acute coronary syndromes.

To conclude, Zile et al. (11) indicate the beneficial
application of serial measurements of NPs for improved
prognostic qualities in HF risk management. The 1-month
reduction in circulating levels of NT-proBNP was
associated with improved outcome and that a contemporary
drug, sacubitril/valsartan (LCZ-696), was able to
improve this reduction in HF patients, thus suggesting an
improvement in prognosis. Further experiments in NPs
incorporating serial time-point sampling, as well dynamic
and kinetic investigations of degradation pathways, would
benefit clinical knowledge for more accurate and precise
decisions for HF risk stratification.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by Executive Editor Zhi-De Hu (Department
of Laboratory Medicine, General Hospital of Ji’'nan Military
Region, Ji’nan, China).

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/jlpm.2017.04.06). The authors have no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

jlpm.amegroups.com 7 Lab Precis Med 2017;2:17


http://dx.doi.org/10.21037/jlpm.2017.04.06
http://dx.doi.org/10.21037/jlpm.2017.04.06

Journal of Laboratory and Precision Medicine, 2017

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Ponikowski P, Anker SD, AlHabib KT, et al. Heart failure:
preventing disease and death worldwide. ESC Heart Fail
2014;1:4-25.

2. Skeik N, Patel DC. A review of troponins in ischemic heart
disease and other conditions. Int J Angiol 2007;16:53-8.

3. Ahmad T, Fiuzat M, Pencina MJ. Charting a Roadmap
for Heart Failure Biomarker Studies. JACC Heart Fail
2014;2:477-88.

4. Januzzi JL, Sakhuja R, O’donoghue M. Utility of Amino-
Terminal Pro-Brain Natriuretic Peptide Testing for
Prediction of 1-Year Mortality in Patients With Dyspnea
Treated in the Emergency Department. Arch Intern Med
2006;166:315-20.

5. Januzzi JL, van Kimmenade R, Lainchbury J, et al. N'T-
proBNP testing for diagnosis and short-term prognosis
in acute destabilized heart failure: an international pooled
analysis of 1256 patients. Eur Heart ] 2006;27:330-7.

6. Anand IS, Fisher LD, Chiang YT, et al. Changes in brain
natriuretic peptide and norepinephrine over time and
mortality and morbidity in the Valsartan Heart Failure
Trial (Val-HeFT). Circulation 2003;107:1278-83.

7. Maisel A. B-type natriuretic peptide levels: diagnostic
and prognostic in congestive heart failure. Circulation
2002;105:2328-31.

8. Suzuki T, Israr MZ, Heaney LM, et al. Prognostic Role of
Molecular Forms of B-Type Natriuretic Peptide in Acute
Heart Failure. Clin Chem 2017;63:880-6.

9. Masson S, Latini R, Anand IS, et al. Prognostic value of
changes in N-terminal pro-brain natriuretic peptide in
Val-HeFT (Valsartan Heart Failure Trial). ] Am Coll
Cardiol 2008;52:997-1003.

10. Hartmann F, Packer M, Coats AJ, et al. Prognostic Impact
of Plasma N-Terminal Pro—Brain Natriuretic Peptide in
Severe Chronic Congestive Heart Failure. Circulation
2004;110:1780-6.

11. Zile MR, Claggett BL, Prescott ME, et al. Prognostic

© Journal of Laboratory and Precision Medicine. All rights reserved.

Page 3 of 3

implications of changes in N-Terminal pro-B-Type
natriuretic peptide in patients with heart failure. J Am Coll
Cardiol 2016;68:2425-36.

12. Langenickel TH, Dole WP. Angiotensin receptor-
neprilysin inhibition with LCZ696: a novel approach for
the treatment of heart failure. Drug Discov Today Ther
Strateg 2013;9:e131-9.

13. Semenov AG, Katrukha AG. Different susceptibility of
B-type natriuretic peptide (BNP) and BNP precursor
(proBNP) to cleavage by neprilysin: the N-terminal part
does matter. Clin Chem 2016;62:617-22.

14. Vasan RS. Biomarkers of cardiovascular disease.
Circulation 2006;113:2335-62.

15. Kociol RD, Horton JR, Fonarow GC, et al. Admission,
discharge, or change in B-type natriuretic peptide and
long-term outcomes: data from Organized Program to
Initiate Lifesaving Treatment in Hospitalized Patients
with Heart Failure (OPTIMIZE-HF) linked to Medicare
claims.Circ Heart Fail 2011;4:628-36.

16. Schou M, Gustafsson F, Corell P, et al. The relationship
between N-terminal pro-brain natriuretic peptide and
risk for hospitalization and mortality is curvilinear
in patients with chronic heart failure. Am Heart J
2007;154:123-9.

17. Roberts E, Ludman AJ, Dworzynski K, et al. The
diagnostic accuracy of the natriuretic peptides in heart
failure: systematic review and diagnostic meta-analysis in
the acute care setting. BMJ 2015;350:h910.

18. Niederkofler EE, Kiernan UA, O’Rear ], et al. Detection
of endogenous B-type natriuretic peptide at very low
concentrations in patients with heart failure. Circ Heart
Fail 2008;1:258-64.

19. Heeschen C, Hamm CW, Mitrovic V, et al. N-terminal
pro-B-type natriuretic peptide levels for dynamic risk
stratification of patients with acute coronary syndromes.
Circulation 2004;110:3206-12.

20. de Lemos JA, Morrow DA, Bentley JH, et al. The
prognostic value of B-type natriuretic peptide in
patients with acute coronary syndromes. N Engl ] Med
2001;345:1014-21.

doi: 10.21037/jlpm.2017.04.06

Cite this article as: Israr MZ, Heaney LM, Suzuki T. Serial
measurements of natriuretic peptide to assess pharmacological
interventions and subsequent impact on cardiovascular risk

stratification in heart failure: a precision medicine approach. J

Lab Precis Med 2017;2:17.

jlpm.amegroups.com 7 Lab Precis Med 2017;2:17


https://creativecommons.org/licenses/by-nc-nd/4.0/

