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ABSTRACT

Introduction: Sacubitril/valsartan shows benefits in heart failure and may have kidney
protective effects. Its impact on kidney tubular health in chronic kidney disease (CKD)
remains unclear. We evaluated the effects of sacubitril/valsartan on urinary markers of
tubular dysfunction and injury in UK Heart and Renal Protection-III (HARP III,
ISRCTN:11958993).

Methods: Urine tubular biomarkers were measured at baseline, 3 and 6 months using first
morning void or spot urine samples among 411 participants from UK HARP III. A mixed
model repeated measures approach was used to quantify the study average effect of treatment

on the urine biomarkers.

Results: Compared to allocation to irbesartan, allocation to sacubitril/valsartan reduced
neutrophil-gelatinase associated lipocalin (NGAL), a marker secreted in the distal tubules
after ischemia and reperfusion, by 18% (95% CI: -32% to -1%). No significant changes were
observed for the other biomarkers, and there was no evidence of effect modification by key

baseline characteristics across all biomarkers studied.

Conclusion: In UK HARP-III, sacubitril/valsartan reduced urinary NGAL compared with
irbesartan but did not affect other tubular biomarkers of injury, ischemia and fibrosis,

suggesting limited tubular benefits, consistent with no observed effect on kidney function.



INTRODUCTION

Neprilysin inhibition prevents breakdown of natriuretic peptides mediating natriuresis,
diuresis, renin-angiotensin system inhibition, and anti-inflammatory processes, and may
benefit the kidneys. [1] Sacubitril/valsartan, an angiotensin receptor-neprilysin inhibitor, was
shown to reduce the risk of cardiovascular death or hospitalization for heart failure by 20%
(hazard ratio 0.80 [95%CI 0.71-0.89]), compared with enalapril, in 8442 patients with heart
failure with reduced ejection fraction, and is a guideline-recommended treatment for this
group. [2] Allocation to sacubitril/valsartan, compared to enalapril, delayed progression of
estimated glomerular filtration rate (eGFR) decline (-1.61 vs -2.04 mL/min/1.73m?/year

respectively) but increased albuminuria (1.2 vs 0.9 mg/mmol). [3]

The UK Heart and Renal Protection (HARP)-III trial (ISRCTN:11958993) compared the
effects of sacubitril/valsartan 97/103 mg twice daily with irbesartan 300 mg once daily in 414
patients with chronic kidney disease (CKD) at risk of progression. [4] Sacubitril/valsartan,
compared to irbesartan, had no significant effect on the primary outcome of measured GFR at
12 months (29.8 [SE 0.5] vs 29.9 [0.5] mL/min/1.73m? respectively; difference, -0.1 [0.7]
mL/min/1.73m? p=0.86). Sacubitril/valsartan reduced systolic blood pressure by 5.4 (3.4-7.4)
mmHg, troponin I by 16% (8-23%), and NT-proBNP by 18% (11-25%). In contrast to heart
failure populations, urine albumin-to-creatinine ratio (WACR), was non-significantly reduced

by 9% (-18, 1%, p=0.08). [4]

Effects of sacubitril/valsartan on urine biomarkers kidney injury molecule-1 (KIM-1; a
transmembrane glycoprotein shed by proximal tubular cells during injury) and neutrophil
gelatinase-associated lipocalin (NGAL; a lipocalin secreted from damaged distal tubular cells
after ischemia and reperfusion) were pre-specified exploratory outcomes. Effects on these
biomarkers, and additional urine biomarkers reflecting kidney tubular health and dysfunction

measured in post-hoc exploratory analyses, [5] are presented in this brief report.

METHODS

The UK HARP-III trial methods and main results have been reported previously. [4,6]
Participants provided first morning void urine (or if unavailable spot urine) samples at
randomization, 3 and 6 months for urine biomarker measurements. All measurements were

indexed to urine creatinine. In addition to uACR, KIM-1, and NGAL, urine biomarkers



measured included markers of: proximal tubular dysfunction (alpha-1 microglobulin [a1M]);
functional reserve (epidermal growth factor, uromodulin); tubular stress and fibrosis
(dickkopf-3 [DKK-3], monocyte chemoattractant protein-1, human cartilage glycoprotein-40
[YKL-40]); and inflammation and injury (interleukin-18 [IL-18]).[5]

A linear mixed model repeated measures (MMRM) approach was used to quantify the effect
of treatment on study average urine biomarkers. No formal correction for multiplicity of
testing was made. In post-hoc explorations, interaction terms for key subgroups (diabetes,
eGFR, level of albuminuria, and primary kidney disease) were used to evaluate any effect
modification. Relative differences in treatment effect at each time point were also estimated.
All analyses were performed using R version 4.4.2 and SAS version 9.4. Details of biomarker

measurements and statistical approach are in the Supplementary Methods.

RESULTS

Of 414 UK HARP-III participants, 411 had at least one valid biomarker measurement at 3 or
6 months. Mean (SD) eGFR was 35.5+10.9 mL/min/1.73m? and median (Q1-Q3) uACR was
478 (97-1354) mg/g. The most abundant creatinine-indexed urine tubular biomarker at
baseline was alM (39 [21-62] mg/g), and the least abundant was IL-18 (98 [41-191] ng/g).
Characteristics of included participants were comparable across the two randomized arms,

including urine biomarker levels at baseline (Supplementary Table S1).

Sacubitril/valsartan reduced NGAL by 18% (-32, -1%) compared with irbesartan (Figure 1).
This change was evident at 3 months and persisted at 6 months (Supplementary Fig. S1).
There was no significant effect on the other biomarkers studied, including KIM-1 (-2% [-10,
8%]). Post-hoc subgroup analyses showed no evidence of effect modification by key

characteristics across the pre-specified tubular biomarkers (Supplementary Fig. S2).

DISCUSSION

In observational studies, higher urine NGAL is associated with distal tubular injury and lower
eGFR. [5,7] Our findings are consistent with studies in animal models of cardiorenal
syndrome, which show a reduction in urine NGAL with sacubitril/valsartan compared to

valsartan, possibly related to improvements in cardiac and kidney perfusion and reduced



inflammation and injury. [8] Neprilysin inhibition is proposed to attenuate kidney injury in
models of kidney disease via several mechanisms: suppression of pro-inflammatory cytokines
(including pro-IL-1B), which drives NGAL expression upon activation; promotion of
regulators of oxidative pathways; and reduced fibrosis. [8,9] However, in UK HARP-III,
sacubitril/valsartan, compared with irbesartan, had no demonstrable effect on measured or
estimated GFR, which would be indicative of improved kidney perfusion. There was also no
significant effect on other urine markers of tubular injury (IL-18 and KIM-1) or fibrosis
(DKK-3), nor were there any significant changes in the other urine biomarkers studied.
Despite the small increase in albuminuria observed in the heart failure trials of
sacubitril/valsartan, urine biomarker results from UK HARP-III suggest there is no evidence

of adverse effects on kidney tubular health.

Study limitations include the relatively small sample size, short duration of follow-up, and
use of biomarkers with large within-person biological variability (e.g., YKL-40), resulting in
considerable uncertainty in effect estimates. Therefore, small effects on urine biomarkers
other than NGAL may be undetectable. As data on initial storage temperatures were
unavailable, the MMRM analysis could not be adjusted for potential biomarker instability at
higher freezer temperatures. We assumed that both angiotensin receptor blockers (valsartan
and irbesartan) would have comparable effects on urine tubular biomarkers, but it is possible
small differences exist due to their distinct pharmacological profiles. [10] Lastly, the effect

on NGAL is imprecisely quantified and could represent a chance finding.

In UK HARP-III, sacubitril/valsartan reduced NGAL by 18% compared to irbesartan.
However, sacubitril/valsartan did not affect other urine tubular biomarkers of functional

reserve, injury, or fibrosis consistent with the lack of effect observed on kidney function.
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FIGURE LEGENDS

Fig. 1. Effect of sacubitril/valsartan versus irbesartan on study average creatinine-
indexed urine biomarker concentrations.

The mixed model repeated measures model included treatment allocation, time, treatment-by-
time interaction, baseline biomarker concentration, and baseline-by-time interaction. The
study average values include estimates at 3 and 6 months. The dashed line indicates the
transition of units from mg/g to ng/g. The size of the boxes represents the amount of
information estimated.
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