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Safety and efficacy of LCZ696, a first-in-class
angiotensin receptor neprilysin inhibitor, in Japanese
patients with hypertension and renal dysfunction

Sadayoshi Ito1, Minoru Satoh2, Yuko Tamaki3, Hiromi Gotou3, Alan Charney4, Naoko Okino3,
Mizuki Akahori3 and Jack Zhang4

This 8-week, multi-center, open-label study assessed the safety and efficacy of LCZ696, a first-in-class angiotensin receptor

neprilysin inhibitor, in Japanese patients with hypertension and renal dysfunction. Patients (n=32) with mean sitting systolic

blood pressure (msSBP) ⩾140mmHg (after a 2–5-week washout of previous antihypertensive medications) and estimated

glomerular filtration rate (eGFR) ⩾15 and o60ml min−1 1.73m−2 received LCZ696 100mg with an optional titration to 200

and 400mg in a sequential manner starting from Week 2 in patients with inadequate BP control (msSBP ⩾130mmHg and

mean sitting diastolic blood pressure (msDBP) ⩾80mmHg) and without safety concerns. Safety was assessed by monitoring and

recording all adverse events (AEs) and change in potassium and creatinine. Efficacy was assessed as change from baseline in

msSBP/msDBP. The mean baseline BP was 151.6/86.9 mmHg, urinary albumin/creatinine ratio (UACR) geometric mean was

7.3mgmmol−1 and eGFR was ⩾30 and o60 in 25 (78.1%) patients and was ⩾15 and o30 in 7 (21.9%) patients. Fourteen

(43.8%) patients reported at least one AE, which were mild in severity. No severe AEs or deaths were reported. There were no

clinically meaningful changes in creatinine, potassium, blood urea nitrogen and eGFR. The geometric mean reduction in UACR

was 15.1%, and the mean reduction in msSBP and msDBP was 20.5±11.3 and 8.3±6.3mmHg, respectively, from baseline

to Week 8 end point. LCZ696 was generally safe and well tolerated and showed effective BP reduction in Japanese patients with

hypertension and renal dysfunction without a decline in renal function.
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INTRODUCTION

Hypertension is both a cause and a complication of chronic kidney
disease (CKD). Hypertension causes functional and structural changes
in the kidney and is a major risk factor for cardiovascular
complications.1 In Japan, a nationwide database, which included
445 000 patients with CKD, showed a higher prevalence of hyperten-
sion in patients with CKD vs. non-CKD (58% vs. 42%).2 As renal
disease progression and blood pressure (BP) elevations are closely
related to each other, management of hypertension is critical to reduce
the risk of further loss of renal function and cardiovascular
complications.3

The Japanese Society of Hypertension (JSH 2014) and the Japanese
Society of Nephrology (JSN 2013) guidelines recommend that in
hypertensive CKD patients with diabetes mellitus or proteinuria a BP
target is o130/80mmHg and the first choice is an antihypertensive
agent acting on the renin–angiotensin system (RAS). In those
with neither diabetes mellitus nor proteinuria, a target BP is

o140/90mmHg and the first-line choice is a calcium channel
blocker, RAS inhibitor or diuretic.4,5 BP lowering and RAS inhibition
are important methods for slowing progression of CKD.6 In Japan,
despite the availability and use of several classes of antihypertensive
agents, BP control was achieved in only 22% of hypertensive patients
with comorbid CKD (BP target, o130/80mmHg). Not only is the
lower BP target more difficult to achieve but the proportion of patients
achieving the target BP (o130/80mmHg) was significantly lower in
CKD patients than in non-CKD patients (35% vs. 44%).2

In hypertensive CKD patients, BP control is not achieved even
though most patients take three antihypertensive agents.7 BP control is
suboptimal not only in Japan2 but also around the world.8,9 Salt and
water retention,10 increased sympathetic nervous system activity,11

increased activity of RAS12 and reduced biological activity of nitric
oxide systems13 are the key promoters of elevated BP in patients with
CKD. Even when currently available antihypertensive medications are
used, these mechanisms compensate each other to make BP control
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difficult. Hence, there is a medical need to develop improved
antihypertensive agents with favorable efficacy and safety profiles
and the ability to slow progression of renal disease.
The natriuretic peptide (NP) system together with the RAS and

sympathetic nervous system have an important role in cardiovascular
and renal homeostasis.14,15 Neprilysin (NEP) degrades biologically
active NPs, including atrial NP, B-type NP and C-type NP.16 NP levels
can be enhanced by inhibiting the enzyme NEP. NPs increase the
concentration of cyclic guanosine 3′,5′ monophosphate (cGMP),
stimulate diuresis, natriuresis and vasodilation and may have addi-
tional antifibrotic and antisympathetic effects.17,18 However, NEP also
contributes to the breakdown of angiotensin.19 Thus NEP inhibition
would increase angiotensin levels. Therefore, its full benefits may not
be realized unless there is simultaneous suppression of the RAS.
NEP inhibition with simultaneous RAS inhibition increases the

plasma concentrations of NPs and inhibits the RAS. These, in turn,
regulate water and electrolyte balance by acting on the kidney to
promote natriuresis and diuresis.20,21 In addition to these effects, NPs
cause vasodilation by directly relaxing vascular smooth muscle to help
further lower BP.22–24 Additionally, NPs have anti-inflammatory and
antifibrotic effects by reducing collagen synthesis.25

LCZ696 is a first-in-class angiotensin receptor NEP inhibitor. After
ingestion, LCZ696 delivers systemic exposure to sacubitril (AHU377),
a NEP inhibitor pro-drug, and valsartan, an angiotensin receptor
blocker (ARB). Sacubitril is then rapidly metabolized by non-specific
esterases to the active NEP inhibitor LBQ657. RAS inhibition has
beneficial effects on CKD. In addition to lowering BP, RAS inhibition
is associated with reducing proteinuria and slowing the decline in
glomerular filtration rate (GFR).26 Previous studies with LCZ696 have
demonstrated significant reductions in office and ambulatory BP
compared with valsartan27 or placebo27,28 in patients with mild-to-
moderate hypertension. Considering the well-known beneficial cardi-
ovascular and renal effects of RAS blockade as well as the potential
benefits provided by NEP inhibition, LCZ696 with its multimodal
mechanism of action is a promising therapeutic approach in patients
with hypertension and renal dysfunction and may offer beneficial renal
effects beyond BP lowering. The current study was designed to
evaluate the safety and efficacy of LCZ696 in Japanese patients with
hypertension and renal dysfunction (CKD, with a confirmed estimated
glomerular filtration rate (eGFR) ⩾ 15 and o60mlmin− 1 1.73m− 2).

METHODS

Study design
This was an 8-week, multi-center, open-label, phase III study including a
placebo run-in period of 2–5 weeks for treated patients (to wash out the effects
of earlier antihypertensive agents) and 1–2 weeks for untreated patients and an
8-week treatment period with LCZ696 100mg, with an optional dose titration
to 200 or 400mg based on the need to achieve BP control (Figure 1). Thirteen
Japanese study sites participated in this study. The study protocol was reviewed
and approved by the independent institutional review board for each center.
The study was performed in accordance with the International Conference on
Harmonization Guidelines for Good Clinical Practices, applicable local regula-
tions, and the ethical principles of the Declaration of Helsinki. All participants
provided written informed consent prior to study participation (Clinicaltrials.
gov NCT01593787).

Patients
Japanese men or women aged ⩾ 20 years diagnosed with hypertension and
moderate-to-severe renal dysfunction (eGFR ⩾ 15 and o60mlmin− 1

1.73 m− 2) were selected for the study. Patients with hypertension, either
untreated (patients who had not been taking antihypertensive drugs for at least
4 weeks prior to screening) or treated with antihypertensive therapy for at least
4 weeks prior to screening, were included if they had mean sitting systolic blood
pressure (msSBP) ⩾ 140mmHg and o180mmHg at screening (untreated
patients only) and after placebo run-in period (treated and untreated patients).
Patients had to achieve a medication compliance rate of ⩾ 80% during the
placebo run-in period.
Patients were excluded if they had severe hypertension (msSBP

⩾ 180mmHg and/or mean sitting diastolic blood pressure (msDBP)
⩾ 110mmHg), secondary hypertension (such as renovascular hypertension
except renal parenchymal hypertension), history of angioedema, type 1 or type
2 diabetes mellitus that was not well controlled based on the investigator’s
clinical judgment, patients on dialysis, eGFR o15mlmin− 1 1.73 m− 2, patients
with acute renal failure or end-stage renal disease. Other exclusion criteria
included history of significant cardiovascular/cerebrovascular disease; previous
or current diagnosis of heart failure; or any significant laboratory abnormalities
at screening such as serum potassium 45.5 or o3.5mEq l− 1, serum sodium
o130mEq l− 1 or alanine aminotransferase or aspartate aminotransferase
42 times the upper limit of the normal range.

Treatment
Treatment was initiated with low dose LCZ696 (100mg) once-daily followed by
a stepwise optional dose titration to LCZ696 200 and 400mg. For patients
whose BP was not adequately controlled with LCZ696 100mg (msBP ⩾ 130-
/80mmHg) after 2 weeks of treatment and who had no safety concerns (serum
potassium 45.5 mEq l− 1, increase in serum creatinine by ⩾ 20% from baseline

LCZ696 100 mgPlacebo (single-blind) run-in 

LCZ696 200 mg* 

LCZ696 400 mg* 

Weeks -5 1-3 2-2 -1 4 6 80

n=32 entered
treatment period 

n=31
completed study 

*Dose titration for inadequately controlled blood pressure (msDBP ≥80 mm Hg or msSBP ≥ 130 mm Hg) and 
no safety concerns (serum potassium level >5.5mEq/L and increase in serum creatinine ≥20%) or a potential 
safety problem related to an increase in the study drug

Figure 1 Study design.
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or a potential safety problem related to an increase in the study drug), LCZ696
was uptitrated to 200mg once daily and if patients still remained inadequately
controlled after 4 weeks of treatment, then the dose was uptitrated to 400mg
once daily.
Doses were taken in the morning, before or after a meal except on the days

of scheduled visits when LCZ696 was administered after the completion of all
assessments. Patients who were taking two or more antihypertensive agents
before the initiation of the study continued to take one agent (other than ARB,
angiotensin-converting enzyme inhibitor (ACEI) or a fixed combination
containing ARB or ACEI) concurrently, as long as there was no change in
the drug or the dosing regimen during the study. Concomitant use of other
antihypertensive agents was not permitted from the start of the run-in period
(untreated patients) or for 2 weeks after the beginning of the run-in period
(treated patients) to the end of the treatment period.

Safety assessments
The primary objective was safety and tolerability, which included monitoring
and recording adverse events (AEs), serious AEs, laboratory tests for hematol-
ogy, blood chemistry and urinalysis and monitoring vital signs, ECG and body
weight. Standard laboratory tests were performed at baseline (Week 0) and at
Weeks 4 and 8 during the treatment period. In addition, serum creatinine,
blood urea nitrogen and serum electrolytes (sodium and potassium) were
measured at Weeks 1, 2 and 6 during the treatment period. Random or spot
urine samples were collected in the physician’s office for urine creatinine and
albumin at baseline and at the end of the study for the calculation of the
urinary albumin/creatinine ratio (UACR). The eGFR (mlmin− 1 1.73m− 2) was
calculated based on the result of serum creatinine, using the formula eGFR=
194×Cr− 1.094 × age− 0.287 (×0.739; females).29 The incidence of AEs was
reported by eGFR category.

Efficacy assessments
The efficacy outcome was the change in msSBP/msDBP from baseline (Week
0) to Week 8 (last observation carried forward). BP was measured at trough
(approximately 24 h after dosing after the previous day’s dosing and immedi-
ately before the same day’s dosing) at all scheduled visits. An automated and
validated BP measuring device (Omron BP monitor: HEM-7080IC, manufac-
tured by OMRON HEALTHCARE Co., Ltd, Kyoto, Japan) with the appropriate
cuff size was used in accordance with British Hypertension Society 2004
guidelines.30 BP measurements were taken four times at 2-min intervals after
resting for at least 5 min in the sitting position. The reported BP for the visit
was the mean of all these readings. Additional assessments included BP control
rate (proportion of patients with BPo130/80mmHg), SBP responder rate
(proportion of patients with SBPo130mmHg or ⩾ 20mmHg reduction from
baseline) and DBP responder rate (proportion of patients with DBPo80mm-
Hg or ⩾ 10mmHg reduction from baseline). The change from baseline in
UACR was also assessed. The efficacy parameters were reported by eGFR
category as well.

Pharmacokinetic assessments
LCZ696 delivers systemic exposure to a NEP inhibitor pro-drug AHU377
(which converts to an active form LBQ657) and valsartan. Trough plasma
concentrations of valsartan, AHU377 and LBQ657 were measured at the visits
when LCZ696 dose was increased and at Week 8 (or discontinuation). Blood
samples were drawn from a forearm vein into EDTA-containing polyethylene
tubes and were centrifuged at 1500 g for 10min. Plasma was stored at
⩽− 15 °C until the analyses were performed. The concentrations of valsartan,
AHU377 and LBQ657 were determined by liquid chromatography/tandem
mass spectrometry. The lower limit of quantification was 10.0 ng ml− 1 for
valsartan, 1.0 ngml− 1 for AHU377 and 20.0 ngml− 1 for LBQ657.

Statistical analyses
A total of 56 enrolled patients were planned to achieve a sample size of 25
patients completing the 8-week treatment period, assuming a drop-out rate of
50% prior to the treatment period and 10% during the treatment period. This
sample size was considered sufficient to evaluate the overall safety and
tolerability of LCZ696 treatment, with an 84% chance to observe at least one

AE, when the true incidence of an individual AE is 7%. Safety analyses were
performed on the safety set, consisting of all patients who received at least one
dose of LCZ696. Efficacy analyses were performed on the full analysis set,
consisting of all patients who entered the treatment period of the study.
Descriptive statistics were used for all efficacy and safety variables. Last
observation carried forward method was used to assess the changes from
baseline to Week 8 end point.

RESULTS

Patient disposition and characteristics
Of the 39 patients who entered the placebo run-in period, 32 patients
entered the treatment period and 31 (96.9%) patients completed the
study. All 32 patients were exposed to LCZ696 and were evaluable for
safety, efficacy and pharmacokinetic analyses. Of the 32 patients, 81%
(n= 26) of patients had their LCZ696 dose increased from 100 to
200mg and 56% (n= 18) of patients were uptitrated to 400mg. All
the patients were Japanese with a mean age of 65.8 years; 21 patients
(65.6%) were elderly (⩾65 years age); 25 patients (78.1%) had stage III
(eGFR⩾ 30 and o60mlmin− 1 1.73m− 2); and 7 patients (21.9%)
had stage IV (eGFR⩾ 15 and o30mlmin− 1 1.73m− 2) CKD. The
mean duration of hypertension was 9.4 years. Patient baseline
characteristics are presented in Table 1. During the study, 14 of the
32 patients used antihypertensive medication (other than ARB, ACEI
or a fixed combination of ARB and ACEI) at baseline (Day 1) that
continued throughout the study; Of these, calcium channel blockers
were taken by 12 of the 14 patients and diuretics by 2 of the 14
patients.

Safety and tolerability
LCZ696 was safe and well tolerated during the 8-week treatment in
patients with hypertension and renal dysfunction. AEs were reported
by 14 patients (43.8%), and all were mild in severity. The most
frequently reported AE was nasopharyngitis (6 patients, 18.8%)

Table 1 Patient baseline characteristics

Characteristics N=32

Age (years) 65.8±9.1

Aged ⩾65 years, n (%) 21 (65.6)

Male, n (%) 24 (75.0)

BMI (kgm−2) 25.3±3.3

msDBP (mmHg) 86.9±10.8

msSBP (mmHg) 151.6±10.3

Duration of hypertension (years) 9.4±6.4

Diabetes, n (%) 6 (18.8)

eGFR (mlmin−1 1.73m−2) 41.0±10.1

eGFR group, n (%)
⩾15 to o30mlmin−1 1.73m−2 7 (21.9)

⩾30 to o60mlmin−1 1.73m−2 25 (78.1)

UACR (mgmmol−1), geometric mean 7.3

Creatinine (umol l−1) 122.4±35.4

BUN (mmol l−1) 7.1±2.2

Sodium (mmol l−1) 143.0±1.8

Potassium (mmol l−1) 4.6±0.3

Abbeviations: BMI, body mass index; BUN, blood urea nitrogen; eGFR, estimated glomerular
filtration rate; msDBP, mean sitting diastolic blood pressure; msSBP, mean sitting systolic blood
pressure; UACR, urinary albumin-to-creatinine ratio.
Data are presented as mean± s.d. unless otherwise specified.
UACR: 1mgmmol−1=8.85mg g−1.
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(Table 2). Two AEs, headache and pruritus, each reported by one
patient were considered as possibly related to the study drug, and the
patient who reported headache prematurely discontinued the study.
No death or serious AE was reported in the study. There were no cases
of dizziness, hypotension or other events related to low BP. No cases
of angioedema were reported. The incidence of AEs was 57.1% (4/7
patients) and 40.0% (10/25 patients) in patients with eGFR values
o30 and ⩾ 30ml min− 1 1.73m− 2, respectively.
The mean changes in clinical chemistry parameters from baseline to

Week 2 and Week 8 end point were small and not clinically
meaningful (Table 3). The median value for changes in laboratory
parameters from baseline to Week 2 and Week 8 end point were:
serum creatinine (−0.5 μmol l− 1 and 2.0 μmol l− 1), blood urea nitro-
gen (0.0 and 0.4 mmol l− 1), serum sodium (0.0mmol l− 1), serum
potassium (0.0mmol l− 1), and eGFR (0.1mlmin− 1 1.73m− 2 and
− 0.6mlmin− 1 1.73m− 2). Clinically notable changes in blood
urea nitrogen (450% increase from baseline) were observed in
6 patients (18.8%); these values remained in the normal range

(2.9–8.2 mmol l− 1) for 1 patient (3.1%) but were above the normal
range for 5 patients (15.6%). A 45% decrease in serum sodium was
observed in 1 patient (3.1%). One patient had serum potassium
45.5mmol l− 1 at Week 4, but the serum potassium returned to
normal at Week 6 without interrupting study medication (Table 2).

Efficacy
The msSBP± s.d. was reduced from 151.6± 10.3mmHg at baseline to
138.2± 12.1mmHg at Week 2, followed by a further decrease to
132.2± 10.8mmHg at Week 4, which remained stable thereafter at
Week 6 (132.5± 13.1mmHg) and at Week 8 (131.2± 11.1mmHg).
The mean± s.d. decrease in msSBP from baseline to Week 8 end point
was 20.5± 11.3mmHg (Figure 2). The msDBP was reduced from
86.9± 10.8mmHg at baseline to 81.7± 10.1mmHg at Week 2,
followed by a further decrease to 80.1± 10.0mmHg at Week 4 and
79.4± 10.4mmHg at Week 6 and remained stable until Week 8
(78.8± 10.7mmHg). Mean± s.d. decrease in msDBP from baseline to
Week 8 end point was 8.3± 6.3mmHg (Figure 2).
Baseline msSBP/msDBP were 149.8/83.9mmHg for eGFR

o30mlmin− 1 1.73m− 2 and 152.1/87.7mmHg for eGFR
⩾ 30mlmin− 1 1.73m− 2. The msSBP/msDBP reduction at
Week 8 end point was clinically significant for both subgroups;
17.7/5.5 mmHg for eGFRo30mlmin− 1 1.73m− 2 and 21.3/9.1mm-
Hg for eGFR⩾ 30mlmin− 1 1.73m− 2. The overall BP control rate
(o130/80mmHg) was 25.0% at the Week 8 end point. The SBP and
DBP control rates were 50.0% and 46.9% at Week 8 end point. A
successful SBP response rate (proportion of patients with SBPo130-
mmHg or ⩾ 20mmHg reduction from baseline) and DBP response
rate (proportion of patients with DBPo80mmHg or ⩾ 10mmHg
reduction from baseline) was achieved by 59.4% and 71.9% of
patients, respectively, at the Week 8 end point.
BP control at Week 8 end point was achieved by 28.6% of patients

with eGFRo30mlmin− 1 1.73m− 2 and by 24.0% of patients with
eGFR⩾ 30mlmin− 1 1.73m− 2. The SBP and DBP control rates were
57.1% and 42.9% in patients with eGFRo30mlmin− 1 1.73m− 2

while 48.0% of patients with eGFR⩾ 30mlmin− 1 1.73m− 2 achieved
both SBP and DBP control. Both SBP and DBP response was achieved
by 57.1% of patients with eGFRo30mlmin− 1 1.73m− 2, whereas the
SBP and DBP response was 60.0% and 76.0% in patients with
eGFR⩾ 30mlmin− 1 1.73m− 2.

Table 2 Safety and tolerability profile of LCZ696

Adverse events Total (n (%), N=32

Any adverse event 14 (43.8)

Nasopharyngitis 6 (18.8)

Conjunctivitis allergic 1 (3.1)

Constipation 1 (3.1)

Cystitis 1 (3.1)

Gout 1 (3.1)

Headache 1 (3.1)

Oedema peripheral 1 (3.1)

Thermal burn 1 (3.1)

Arthralgia 1 (3.1)

Dyspepsia 1 (3.1)

Pruritus 1 (3.1)

Supraventricular extrasystoles 1 (3.1)

Toothache 1 (3.1)

Clinically notable changes in laboratory values
Potassium (mmol l−1)

⩾6.0 0 (0.0)

45.5 1 (3.1)

o3.5 0 (0.0)

Sodium (mmol l−1)

o130 0 (0.0)

45% decrease from baseline 1 (3.1)

Blood urea nitrogen (mmol l−1)

450% increase from baseline 6 (18.8)

Table 3 Mean change in clinical chemistry from baseline to Week 2

and Week 8 end point

Variable Week 2 end point Week 8 end point

Creatinine (umol l−1) 0.5±8.5 1.9±11.5

BUN (mmol l−1) 0.1±1.4 0.2±1.6

Sodium (mmol l−1) 0.0±1.7 −0.3±2.1

Potassium (mmol l−1) 0.0±0.3 −0.1±0.3

eGFR (mlmin−1 1.73m−2) −0.2±3.4 −0.5±5.4

Abbreviations: BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.
Data are presented as mean± s.d.

-14.9
-13.4

-19.4 -19.4
-20.7

-4.9 -5.2
-6.8

-7.8 -8.4

-25

-20

-15

-10

-5

0
1 2 4 6 8 Endpoint

R
ed

uc
tio

n 
in

 B
P 

(m
m

 H
g)

msSBP msDBP

-8.3

-20.5

Weeks

Endpoint is Week 8 using the last observation carried forward approach.
msDBP, mean sitting diastolic blood pressure; msSBP, mean sitting systolic
blood pressure. 

Figure 2 Mean change in mean sitting blood pressure from baseline to Week
8 end point with LCZ696.
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Treatment with LCZ696 showed a geometric mean reduction of
15.1% in UACR from baseline. The geometric mean value of UACR
decreased from 7.3mgmmol− 1 at baseline to 6.2mgmmol− 1 at
Week 8 end point. Reduction from baseline in UACR in patients with
baseline UACR433.9mgmmol− 1 (macroalbuminuria) was larger
than those with baseline UACRo3.4mgmmol− 1 (normoalbumi-
nuria) and 3.4–33.9mgmmol− 1 (microalbumiuria) (Figure 3).

Pharmacokinetics
A dose-related increase in trough plasma levels of LBQ657 and
valsartan were observed from LCZ696 100–400mg. After the admin-
istration of LCZ696 100, 200 and 400mg, mean trough plasma levels
at Week 8 were 2162, 6404 and 8567 ngml− 1 for LBQ657 and 141,
548 and 591 ngml− 1 for valsartan respectively. Dose-normalized
trough plasma LBQ657 concentrations tended to increase according
to the decrease in eGFR (Supplementary Figure S1). This was not the
case for valsartan. The increases of dose-normalized trough plasma
LBQ657 concentrations were unaffected by age.

DISCUSSION AND CONCLUSIONS

Previous data have shown that LCZ696 produced significantly greater
reductions in SBP, DBP, pulse pressure and a greater BP control rate
and BP response rate than valsartan (ARB) and AHU (NEP inhibitor)
in mostly Caucasian patients with mild–moderate hypertension,
supporting the complementary mechanism of action of ARB and
NEP inhibition in lowering blood pressure.27 This was the first study
to evaluate the safety and efficacy of LCZ696 in Japanese patients with
hypertension and renal dysfunction. In this patient population,
LCZ696 was generally safe and well tolerated during the 8-week
treatment, with only one patient discontinuing the study. There were
no cases of death, serious AEs, dizziness, hypotension or angioedema
during the study. The study demonstrated no clinically important
effects of LCZ696 on renal function or serum potassium despite
varying levels of renal function and the large reduction in BP during
the first weeks of treatment in these hypertensive patients with CKD.
The minimal changes in serum potassium observed in this study are
consistent with previous LCZ696 studies in patients with hypertension
(unpublished data) as well as healthy volunteers and in patients with
chronic heart failure.31,32 The small initial reduction in eGFR that was
observed is typically associated with RAS blockade using standard
doses of ACEI or ARB.33 The antihypertensive effect of LCZ696 was

evident during the first 2 weeks of treatment, and there were further
incremental reductions in msSBP and msDBP by Week 4, remaining
stable thereafter until the Week 8 end point.
The reduction in UACR observed in the present study is compar-

able to a previous LCZ696 study in patients with mild-to-moderate
hypertension that showed 10, 4 and 12% reductions in UACR with
100, 200 and 400mg LCZ696 doses, respectively, from baseline to
Week 8.27 In the present study, reduction in UACR was greater in
patients with macroalbuminuria than in patients with normoalbumi-
nuria or microalbuminuria. This is a similar response to what is
reported with RAS inhibitors in subjects with high urinary protein
excretion.34 In patients with preserved ejection fraction heart failure,
therapy with LCZ696 for 36 weeks preserved renal function (as
indicated by a smaller 1.6 mlmin− 1 1.73m− 2 decrease in eGFR vs.
5.2 mlmin− 1 1.73m− 2 decrease in the valsartan group). Although this
was accompanied by a small (1.0mgmmol− 1) increase in UACR from
baseline,35 this increase is well within the variability of the measure-
ment and the day-to-day variability of urinary albumin excretion.
JSH 2014 and JSN 2013 guidelines recommend RAS inhibitors as a

first therapeutic choice for CKD patients with diabetes mellitus or
proteinuria.4,5 Several studies have shown that valsartan was well
tolerated and effective in treating patients with hypertension and CKD.
Treatment with valsartan resulted in slightly greater decreases in total
protein, albumin excretion and eGFR as compared with placebo.36 In
general, therapy with an ACEI or an ARB is associated with an increase
in serum creatinine concentration in patients with renal dysfunction.
This is generally attributed to decreased glomerular capillary pressure
because of preferential vasodilation of efferent arterioles as compared
with afferent arterioles.37 However, in the current study only small and
non-progressive increases in the serum creatinine concentration
accompanied effective reduction in BP with LCZ696. This may
indicate that LCZ696 exerts favorable effects on renal function. These
findings suggest that NEP inhibition, in the presence of angiotensin II
receptor blockade as provided by LCZ696, preserves GFR by main-
taining glomerular capillary pressure despite reductions in BP. This is
consistent with an NPs’ preferential vasodilator action on the afferent
arteriole. NPs also inhibit sodium reabsorption in both the proximal
and distal nephron that increases urinary sodium excretion and urine
flow. This effect has an important role in regulating tubuloglomerular
feedback, which also prevents the decrease in GFR that normally
follows increased salt delivery to the distal tubule.20

There is a great need to control the BP in patients with renal
dysfunction as previous studies conducted in Asia and Japan have
demonstrated a linear and continuous association between BP and
renal outcomes even in subjects with prehypertension.38,39 LCZ696
(100–400mg) showed clinically significant reductions in msSBP and
msDBP from Week 1 to the end of the study. BP control was achieved
by 25% of patients, which is in accordance with previous studies from
different regions (Spain, US and Norway) where BPo130/80mmHg
was achieved in 13–37% of patients with CKD. The lack of optimal BP
control in these regions was mainly attributed to lack of control of
systolic BP.40–42 In our study, 50% of patients achieved msSBPo130
mmHg at end point from a baseline msSBP of 151.6 mmHg. A
previous study has shown that, in patients with CKD, SBP is associated
with an increased rate of progression of kidney disease, and controlling
SBP to 110–129mmHg reduces the risk of kidney disease
progression.43,44 Considering the absence of add-on antihypertensive
therapy in our study, the BP control rates achieved with LCZ696
compare well with other studies of BP control in patients with
CKD.40–42

UACR, urinary albumin/creatinine ratio, normoalbuminuria: <3.4 mg/mmol, microalbuminuria:
3.4-33.9 mg/mmol,  macroalbuminuria >33.9 mg/mmol, UACR: 1 mg/mmol=8.85 mg/g 
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We speculate that the excellent BP-lowering effect of LCZ696 may
be accompanied by the action of NPs to increase renal medullary
blood flow.45 When systemic BP decreases, renal medullary blood flow
decreases (unlike cortical blood flow, which is maintained by
autoregulation). This decrease in medullary blood flow, in turn,
promotes sodium reabsorption, thereby blunting the BP-lowering
effects of antihypertensive drugs. Thus LCZ696 may be a unique
antihypertensive drug with multiple modes of action, namely inhibit-
ing the RAS, directly vasodilating vascular smooth muscle cells and
causing natriuresis induced by both direct tubular actions and
increases in medullary blood flow.
In the present study in patients with renal dysfunction, mean trough

plasma LCZ696 concentrations increased with dose. A correlation was
observed between renal function and systemic exposure to LBQ657
but not to valsartan. This reduction in LBQ657 clearance was
expected, because LBQ657 is primarily eliminated in the urine with
a circulating half-life of 12 h.31 Although no safety issues were noted in
this study, the clinical significance of these increases in LBQ657
exposure in patients with renal dysfunction remains to be determined.
The overall safety profile reported in hypertensive patients with
moderate or severe renal impairment in the present study treated
with LCZ696 doses up to 400mg were similar to those of patients with
mild or moderate hypertension in previous studies.27,28 Additionally,
favorable antihypertensive effects were produced by LCZ696 in
hypertensive patients with renal impairment in this study, regardless
of the degree of renal impairment. Thus hypertensive patients with
renal impairment can be treated with the same dose and regimen used
in hypertensive patients with normal renal function.
Our results suggest that LCZ696 may be a promising therapeutic

approach in patients with hypertension and renal dysfunction and may
offer beneficial renal effects in addition to BP lowering. In addition to
the cardiovascular and renal benefits of AT1 receptor blockade,
LCZ696 provides NEP inhibition, which enhances the actions of
NPs. These peptides promote natriuresis and diuresis and inhibit the
sympathetic nervous system and aldosterone secretion. NPs also may
provide renal protection in patients with renal dysfunction by
reducing intraglomerular pressure and through antiproliferative and
antihypertrophic effects. Potential limitations of this study include its
open-label design, small sample size and relatively short duration.
However, this 8-week study has demonstrated that LCZ696, a first-in-
class angiotensin receptor NEP inhibitor, is generally safe and
efficacious in Japanese patients with hypertension and renal dysfunc-
tion while maintaining renal function. Additional studies are needed
to confirm the beneficial effects and safety profile of LCZ696 observed
in this trial.
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