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BACKGROUND The prevalence of hypertension still increases with the very rapidly increasing longevity in some

countries, such as China. The control rate remains low.

OBJECTIVES This randomized, double-blind, phase 3 study assessed the efficacy and safety of sacubitril/allisartan,

compared with olmesartan in Chinese patients with mild-to-moderate hypertension.

METHODS Eligible patients aged 18 to 75 years (n ¼ 1,197) with mild-to-moderate hypertension were randomized to

receive sacubitril/allisartan 240 mg (n ¼ 399), sacubitril/allisartan 480 mg (n ¼ 399), or olmesartan 20 mg (n ¼ 399)

once daily for 12 weeks. Patients who completed the 12-week treatment then received another 12-week extended

treatment (n ¼ 1,084) and 28-week prolonged treatment (n ¼ 189). The primary end point was a reduction in clinic mean

sitting systolic blood pressure (msSBP) from baseline at 12 weeks.

RESULTS Sacubitril/allisartan 240 mg/d provided a greater reduction in msSBP than olmesartan at 12 weeks (between-

group difference: �1.9 mm Hg [95% CI: �4.2 to 0.4 mm Hg]; P ¼ 0.0007, for noninferiority). Sacubitril/allisartan

480 mg/d provided a significantly greater reduction in msSBP than olmesartan at 12 weeks (between-treatment

difference: �5.0 mm Hg [95% CI: �7.3 to �2.8 mm Hg]; P < 0.001, for superiority). Greater reductions in 24-hour, and

daytime and nighttime systolic and diastolic blood pressure were also observed with both doses of sacubitril/allisartan

compared with olmesartan (P # 0.001 for 480 mg/d). The blood pressure reductions tended to be dose-dependent for

sacubitril/allisartan. Sacubitril/allisartan was well tolerated, and no cases of angioedema or death were reported.

CONCLUSIONS Sacubitril/allisartan is effective for the treatment of hypertension and well tolerated in

Chinese patients. (JACC Asia. 2024;4:697–707) © 2024 The Authors. Published by Elsevier on behalf of the

American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

AE = adverse event(s)

maDBP = mean ambulatory

diastolic blood pressure

maSBP = mean ambulatory

systolic blood pressure

msDBP = mean sitting diastolic

blood pressure

msSBP = mean sitting systolic

blood pressure

SAE = severe adverse even
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H igh blood pressure remains a major
global health burden, leading to
10.8 million deaths per year world-

wide.1,2 The prevalence of hypertension in
China (defined as $140/90mm Hg) increased
from 5.1% in 1958-1959 to 23.2% in 2012 to
2015.3,4 Treatment and control rates of hy-
pertension have also increased substantially
from 12.1% and 2.8%, respectively, in 1991,
to 40.7% and 15.3%, respectively, in 2012 to
2015.3,4 Nonetheless, despite the availability
of effective and safe antihypertensive drugs
of various modes of action, only 21% of Chinese pa-
tients taking antihypertensive medication have their
24-hour blood pressure perfectly controlled.5

Concomitant neprilysin inhibition and renin-
angiotensin system suppression have effects on
blood pressure reductions to a greater extent
compared with renin-angiotensin system inhibitors
alone.6 Previous studies with sacubitril/valsartan, the
first-in-class angiotensin receptor neprilysin inhibi-
tor, showed superior reductions in clinic and ambu-
latory blood pressure in patients with mild-to-
moderate hypertension compared with valsartan7 or
placebo,8 especially in Asian patients who are more
likely to have a higher salt sensitivity and salt con-
sumption.9 Sacubitril/allisartan is developed as a new
agent in the class of angiotensin-receptor neprilysin
inhibitors, with allisartan as a replacement of valsar-
tan in a single compound.10 In a phase 2, dose-finding
study in patients with hypertension,11 sacubitril/alli-
sartan 480 mg/d provided a significantly greater
reduction in clinic systolic blood pressure than pla-
cebo at 8 weeks (between-treatment difference:
�9.1 mm Hg [95% CI: �1.6 to �16.6 mm Hg]; P ¼ 0.02).
The present phase 3 study was subsequently designed
to investigate the long-term antihypertensive efficacy
and safety in Chinese patients with mild-to-moderate
hypertension.

METHODS

STUDY DESIGN. This study was a phase 3, multicenter,
randomized, double-blind, active (olmesartan)-
controlled, parallel-group trial (ChiCTR2100051183)
undertaken in 71 participating hospitals in China. It
included a washout single-blind placebo run-in
period (4 weeks), followed by a double-blind treat-
ment period (12 weeks), and then entered into an
open-label titration period (40 weeks). The study
adhered to the principles of the Declaration of Hel-
sinki. The study was approved by the Ethics Com-
mittee of Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine, and the ethics

t(s)
committees of all participating hospitals. All partici-
pants provided written informed consent before
participation in the study.

PARTICIPANTS. Participants were recruited between
December 17, 2021, and July 18, 2022. The study was
completed on March 30, 2023. Men and women aged
18 to 75 years with mild-to-moderate hypertension
were eligible if the following inclusion and exclusion
criteria were also met. Previously untreated patients
were required to have a systolic blood pressure of 150
to 179 mm Hg (mean of 3 readings at the screening
clinic visit and after the run-in period, respectively).
Patients with previously treated, but uncontrolled,
hypertension (systolic blood pressure of 150 to
179 mm Hg after the run-in period) with antihyper-
tensive monotherapy or combination therapy of 2
classes of drugs entered the trial if they were willing
to switch their previous treatment to the study
treatment.

Exclusion criteria included secondary hyperten-
sion; severe hypertension (systolic blood
pressure $180 mm Hg and/or diastolic blood
pressure $110 mm Hg); history of angioedema; acute
cardiovascular events within 12 months before
enrollment: congestive heart failure, unstable angina,
or severe cardiac arrhythmia; hyperkalemia or hypo-
kalemia (serum potassium >5.5 or <3.5 mmol/L); he-
patic impairment (aspartate and/or alanine
aminotransferase 2.5 or more times the upper limit of
normal range of the respective institution); renal
impairment (serum creatinine 1.5 times the upper
limit of normal range of the respective institution);
type 1 diabetes mellitus or uncontrolled type 2 dia-
betes mellitus (glycated hemoglobin >8%); obesity
(body mass index >30 kg/m2); cancer; patients un-
dergoing hemodialysis or salt restriction; allergy to
sacubitril/valsartan, olmesartan, or other relevant
drugs; use of any medication that may affect blood
pressure (other antihypertensive drugs, antianginal
drugs except trimetazidine, digitalis, glucocorticoids
except topical glucocorticoids, estrogens, potassium
supplements, and other drugs considered unsuitable
by the investigator); taking contraceptives or being of
childbearing potential; drug or alcohol abuse; partic-
ipation in another investigational drug trial within
3 months before enrollment; poor adherence to anti-
hypertensive treatment, defined as a percentage
of <80% or >120% of pills that should be taken during
the run-in period, as evaluated by the pill count
method; and an investigator’s opinion that the pa-
tient would be inappropriate for the study.

RANDOMIZATION AND MASKING. Eligible patients
underwent a 1-week screening/washout period to

https://www.chictr.org.cn/showprojEN.html?proj=132690
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remove the effects of prior therapeutic agents. During
this period, previously untreated patients remained
free of any antihypertensive drug, and previously
treated patients discontinued antihypertensive
drugs. Patients were then enrolled into a 4-week,
single-blind, placebo run-in period. After 4 weeks, all
patients who fulfilled the criteria for enrollment were
randomly assigned (1:1:1) to treatment with sacubitril/
allisartan 240 mg/d (with sacubitril 116 mg and alli-
sartan 124 mg, respectively), 480 mg/d (with sacubi-
tril 232 mg and allisartan 248 mg, respectively), and
olmesartan 20 mg/d, respectively. Treatment assign-
ment was done with a computer-generated random
sequence with a block size of 3. The system assigned a
randomization number to each patient that linked the
patient to a treatment group and specified a unique
number for the study drug to be dispensed. Placebo
and active treatments were identical in appearance.
Both the study investigators and participants were
masked to treatment for the duration of the trial.

FOLLOW-UP VISITS AND PROCEDURES. Participants in
the study experienced 2 consecutive study periods.
Period 1 (12 weeks) was a double-blind, randomized,
and active-controlled study in which patients
received sacubitril/allisartan 240 mg, sacubitril/alli-
sartan 480 mg, or olmesartan 20 mg in a 1:1:1 ratio.
Period 2 (40 weeks) was an open-label titration study
consisting of 2 sequential parts: part 1 was a 12-week
extended treatment part, in which all patients
received initially sacubitril/allisartan 240 mg and
then were titrated according to achieved clinic blood
pressure; part 2 was a 28-week prolonged treatment
part, during which patients were initiated with the
dosage of sacubitril/allisartan assessed at week 24,
and then titrated according to achieved blood
pressure.

Period 1 included 3 clinic visits, respectively, at 4,
8, and 12 weeks of follow-up during the randomized
treatment period for the assessment of efficacy and
safety. Safety and blood pressure control were
assessed every 4 weeks during the 12-week extended
treatment part, and every 4 or 12 weeks during the
prolonged treatment part. During the study treatment
period, patients were instructed to take their study
medication before breakfast. Clinic blood pressure
was measured at each of the clinic visits. Ambulatory
blood pressure monitoring, laboratory tests for blood
and urine, electrocardiography, and physical exami-
nations were performed at the initial and terminating
visits. The study medication was supplied free of
charge for the entire study period by Salubris Pharma.

EFFICACY AND SAFETY EVALUATIONS. The primary
efficacy variable was the change from baseline in clinic
mean sitting systolic blood pressure (msSBP) at
12 weeks of follow-up (period 1) in all dosages of
sacubitril/allisartan, compared with olmesartan. Sec-
ondary efficacy variables included change from base-
line in clinic mean sitting diastolic blood pressure
(msDBP) and 24-hour ambulatory systolic/diastolic
blood pressure. Safety evaluations included adverse
events (AEs) and serious adverse events (SAEs),
including any clinically significant abnormalities on
physical examinations or laboratory tests or 12-lead
electrocardiogram. Information about symptoms,
severity, relation to the study medication, interven-
tion, and outcome was documented for all AEs.

BLOOD PRESSURE MEASUREMENT. Clinic blood
pressure and pulse rate were measured with an
automated electronic blood pressure monitor (A&D
UA-651A) before medication and after the patients
had rested for at least 5 minutes in the sitting posi-
tion. At screening, blood pressure was measured in
both arms by clinicians. If the between-arm differ-
ence of blood pressure was >10 mm Hg, then the arm
with the higher systolic blood pressure reading was
used at all subsequent clinic visits, otherwise the
nondominant arm was used at all subsequent clinic
visits. On each visit, 3 consecutive readings were
taken with an interval of 1 minute and averaged for
analysis.

Twenty-four–hour ambulatory blood pressure
assessment (A&D TM-2430) was performed on the
same arm as the clinic blood pressure measurement.
The monitors were programmed to obtain blood
pressure readings at 20-minute intervals during the
daytime (06:00-22:00) and at 30-minute intervals
during the nighttime (22:00-06:00) on regular work-
ing days outside the hospital. On the monitoring day,
the study participants were instructed to follow their
usual daily activities, avoid vigorous exercise, and
remain still with the forearm extended during each
blood pressure measurement. A recording was
considered valid and included in the analysis if there
were at least 20 and 7 blood pressure readings in the
daytime and nighttime, respectively, and a total of at
least 70% valid measurements.

STATISTICAL ANALYSIS. We used SAS software
version 9.4 (SAS Institute) for statistical analysis. To
investigate the primary efficacy, a fixed sequential
testing design was employed to evaluate the efficacy
of the sacubitril/allisartan groups. Firstly, a non-
inferiority test was conducted comparing the sacubi-
tril/allisartan 240 mg/d group with the olmesartan
20 mg/d group, using the change from baseline in
msSBP as the primary efficacy variable. The non-
inferiority margin was set at �2 mm Hg.



FIGURE 1 Trial Profile

A total of 2,559 individuals were screened, and 1,197 eligible patients were randomly assigned. A total of 1,176 patients were included in the

full analysis set; 1,084 patients completed the 12-week double-blind treatment; 1,038 patients completed the extended 12-week treatment;

and 189 patients then entered the prolonged 28-week treatment. A total of 175 patients completed the whole 52-week treatment.

S086 ¼ sacubitril/allisartan.
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Noninferiority was considered to be achieved if the
upper limit of the 95% CI for the between-group dif-
ference was below 2 mm Hg. If the sacubitril/alli-
sartan 240 mg/d group demonstrated noninferiority
compared with the olmesartan 20 mg/d group, we
proceeded with a superiority design to compare the
sacubitril/allisartan 480 mg/d group with the olme-
sartan group. According to the results of previous
clinical trials on sacubitril/valsartan, olmesartan, and
a phase 2 study of sacubitril/allisartan, we assumed a
difference of �2 mm Hg in the primary efficacy vari-
able between the sacubitril/allisartan 240 mg/d group
and the olmesartan group, with a SD of � 14 mm Hg.
Additionally, for the primary efficacy, we anticipated
a difference of 4 mm Hg between the sacubitril/alli-
sartan 480 mg group and the olmesartan group, with
a SD of � 14 mm Hg. The statistical significance level
(alpha) was set at 0.025 (1-sided), and the power was
set at 90%. Considering a 20% dropout rate, the
sample size for the sacubitril/allisartan 240 mg,
480 mg, and olmesartan groups was 376, for a total of
at least 1,128 subjects.

For the primary efficacy variable, we performed
analyses in the full analysis set, which included all
randomized patients who had received at least 1 dose
of the study medication and had efficacy evaluation
data available, following the intention-to-treat prin-
ciple. The safety analysis was performed in the pa-
tients who took at least 1 dose of the study treatment.
Means and proportions in baseline characteristics
were compared by the analysis of variance and the
Fisher exact test, respectively. Mixed model for



TABLE 1 Patient Characteristics at Baseline

Sacubitril/Allisartan
Olmesartan

20 mg
(n ¼ 392)

240 mg
(n ¼ 391)

480 mg
(n ¼ 393)

Male 209 (53.5) 198 (50.4) 203 (51.8)

Age, y 58.0 � 8.8 58.6 � 8.9 58.2 � 8.5

Body mass index, kg/m2 26.0 � 2.5 25.5 � 2.6 25.7 � 2.6

Blood pressure, mm Hg

Clinic systolic 160.4 � 6.6 160.8 � 6.7 160.9 � 6.9

Clinic diastolic 92.7 � 9.1 91.8 � 9.2 92.4 � 8.8

24-h systolic 146.0 � 26.0 144.8 � 25.8 146.2 � 28.4

24-h diastolic 87.6 � 16.2 86.4 � 15.8 87.1 � 17.2

Daytime systolic 153.1 � 13.5 152.0 � 13.2 153.7 � 13.6

Daytime diastolic 91.9 � 9.1 90.7 � 9.0 91.8 � 9.0

Nighttime systolic 137.5 � 27.1 136.0 � 26.7 138.3 � 29.6

Nighttime diastolic 82.4 � 16.6 81.1 � 16.0 82.4 � 17.5

Nondippers 213 (59.2) 215 (58.6) 228 (62.3)

Clinic pulse rate, beat/min 77.0 � 12.5 76.5 � 12.7 75.8 � 14.0

Previous antihypertensive treatment 347 (88.8) 359 (91.4) 351 (89.5)

History of diabetes mellitus 65 (16.6) 55 (13.9) 54 (13.7)

Current smoking 98 (25.1) 91 (23.2) 98 (25.0)

Alcohol intake 83 (21.2) 66 (16.8) 76 (19.4)

Blood biochemistry

Serum LDL cholesterol, mmol/L 2.9 � 0.8 3.1 � 0.9 3.0 � 0.8

Serum total cholesterol, mmol/L 4.9 � 0.9 5.0 � 1.0 4.9 � 0.9

Serum potassium, mmol/L 4.2 � 0.3 4.2 � 0.3 4.1 � 0.3

Plasma glucose, mmol/L 5.7 � 0.9 5.7 � 0.9 5.8 � 1.0

Plasma HbA1c, % 5.8 � 0.6 5.8 � 0.6 5.9 � 0.7

eGFR, mL/min/1.73 m2 93.9 � 12.6 93.9 � 13.3 93.1 � 13.0

Values are n (%) or mean � SD. The P value is for the comparison between all 3 groups.

eGFR ¼ estimated glomerular filtration rate with creatinine; HbA1c ¼ glycosylated hemoglobin; LDL ¼ low-
density lipoprotein.

J A C C : A S I A , V O L . 4 , N O . 9 , 2 0 2 4 Zhang et al
S E P T E M B E R 2 0 2 4 : 6 9 7 – 7 0 7 Efficacy and Safety of Sacubitril/Allisartan

701
repeated measures analyses was used for the primary
outcome in which the response variable was the least
square mean � SE change from baseline and the
between-group differences (95% CI), with treatment,
visit, and treatment-by-visit interaction as fixed-
effect factors, and blood pressure at baseline and
participating hospitals as covariates. The between-
group differences were computed by subtracting the
changes in the olmesartan group from those in the
sacubitril/allisartan groups. Negative values therefore
indicate a larger reduction in the sacubitril/allisartan
groups.

RESULTS

FLOW OF PATIENTS AND BASELINE CHARACTERISTICS.

The study was done from December 17, 2021, to March
30, 2023. Overall, 2,559 individuals were screened at
71 sites in 26 provinces, and a total of 1,197 eligible
patients were randomly assigned to 1 of the study
groups: sacubitril/allisartan 240 mg/d (n ¼ 399),
sacubitril/allisartan 480 mg/d (n ¼ 399), and olme-
sartan 20 mg/d (n ¼ 399). All participants were
included in the safety analysis set. Twenty-one pa-
tients were excluded from the full analysis set
(n ¼ 1,176) because of unavailable efficacy data.
Ninety-two patients discontinued the study, of whom
82 withdrew on their own, and 10 were withdrawn by
the investigators because of AEs (n ¼ 4), poor
adherence (n ¼ 5), or participation in other trials
(n ¼ 1) (Figure 1). A total of 1,084 patients completed
the 12-week double-blind treatment and were
enrolled in the period 2 open-label titration study.
A total of 1,038 patients completed the extended
12 weeks of treatment, and 189 patients who were
willing and then entered the prolonged 28 weeks of
treatment. A total of 175 patients completed the
whole 52 weeks of treatment.

Patient characteristics at baseline are reported in
Table 1. Overall, 51.9% of patients were male. The
mean age was 58.2 � 8.7 years. The mean body mass
index was 25.7 � 2.6 kg/m2. Clinic systolic/diastolic
blood pressure at baseline was 160.7 � 6.8/92.3 �
9.1 mm Hg. A total of 89.8% of patients had received
prior treatment for hypertension. There were no
remarkable differences between the randomized
groups (P $ 0.14) (Table 1), except for greater body
mass index in the study group of sacubitril/allisartan
240 mg/d (26.0 � 2.5 kg/m2 vs 25.5 � 2.6 kg/m2 vs 25.7
� 2.6 kg/m2; P ¼ 0.02).

ANTIHYPERTENSIVE EFFICACY. The time course of
changes in clinic systolic and diastolic blood pressure
during the 2 study periods illustrates the short-term
(12 weeks) and sustained (up to 52 weeks) blood
pressure–lowering effects of sacubitril/allisartan
(Figure 2). During follow-up of the 12-week double-
blind treatment, clinic systolic and diastolic blood
pressure decreased continuously in all 3 groups. At
12 weeks, the least square mean � SE change from
baseline in msSBP/msDBP was �23.2 � 0.9/�6.8 �
0.5 mm Hg in the olmesartan group, �25.1 � 0.9/�6.9
� 0.5 mm Hg in the sacubitril/allisartan 240 mg/
d group, and �28.2 � 0.9/�8.0 � 0.5 mm Hg in the
sacubitril/allisartan 480 mg/d group. The least square
mean reductions in msSBP were greater for sacubitril/
allisartan 240 mg than olmesartan 20 mg by �1.9
(95% CI: �4.2 to 0.3) mm Hg, demonstrating the
noninferiority of sacubitril/allisartan 240 mg to
olmesartan 20 mg at the margin of 2 mm Hg
(P < 0.001). The olmesartan-corrected reduction
reached statistical significance in the sacubitril/alli-
sartan 480 mg/d group for msSBP (�5.0 [95% CI: �7.3
to �2.8] mm Hg; P < 0.001) and msDBP (�1.3
[95% CI: �2.4 to �0.1] mm Hg; P ¼ 0.04), demon-
strating the superiority of sacubitril/allisartan 480 mg



FIGURE 2 Clinic Blood Pressure Over Time by Treatment Group

Symbols denote mean clinic blood pressure. Vertical lines denote standard error.
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to olmesartan 20 mg. Clinic systolic and diastolic
blood pressure were maintained during period 2 in
patients who initially received sacubitril/allisartan
240 mg and were up-titrated to 480 mg according to
clinic blood pressure during follow-up.

The average number of ambulatory blood pressure
readings was 42.6 and 40.9 at baseline and 12 weeks
of follow-up, respectively. At 12 weeks of follow-up,
mean ambulatory blood pressure was reduced from
baseline throughout the whole 24-hour period
(Figure 3). The least square mean � SE changes from
baseline in 24-hour mean ambulatory systolic/dia-
stolic blood pressure (maSBP/maDBP) in the
sacubitril/allisartan 240 and 480 mg/d groups
were �11.9 � 0.9/�6.3 � 0.5 mm Hg and �15.4 � 0.9/
�8.2 � 0.5 mm Hg, respectively (Figure 3). The
olmesartan-corrected reduction reached statistical
significance only in the sacubitril/allisartan 480 mg/
d group (maSBP �5.0 [95% CI: �7.2 to �2.8] mm Hg;
P < 0.001, and maDBP �2.4 [95% CI: �3.7 to �1.1]
mm Hg; P < 0.001). All 3 treatment regimens
decreased the daytime and nighttime maSBP/maDBP
from baseline to week 12. The reductions in nighttime
maSBP were significantly greater with both doses of
sacubitril/valsartan compared with olmesartan 20 mg
(�3.1 [95% CI: �5.7 to �0.5] mm Hg; P ¼ 0.02 for



FIGURE 3 Absolute Change in Other Efficacy Parameters From Baseline

(A to C) 24-hour ambulatory blood pressure (BP) values at baseline and at 12 weeks of treatment; (D to F) Least square mean changes in 24 hours, daytime and

nighttime ambulatory blood pressure from baseline to week 12. Symbols denote hourly mean. Vertical lines denote standard error.
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sacubitril/allisartan 240 mg and �5.7 [95% CI: �8.2
to �3.2] mm Hg; P < 0.001 for sacubitril/allisartan
480 mg).

SAFETY. Safety was assessed in patients who took at
least 1 pill of the study medication (n ¼ 1,197). Sacu-
bitril/allisartan was well tolerated. Most of the AEs
were infrequent, mild/moderate, and transient in
nature. The most common AEs among all 3 groups
were hyperuricemia, dyslipidemia, and urinary tract
infection occurring during the first 12 weeks of
treatment, upper respiratory tract infection, COVID-
19, and urinary tract infection during the extended
treatment, dyslipidemia, elevated plasma glucose,
and SARS-CoV-2 positive during the prolonged
treatment. There were no marked differences
(P > 0.05) in the incidence of AEs between patients
taking sacubitril/allisartan 240 mg/d (36.8%
[147/399]), 480 mg/d (33.1% [132/399]), and olme-
sartan 20 mg/d (39.8% [159/399]) (Table 2) in the
12-week double-blind treatment.
AEs necessitating patient withdrawal from the
study occurred in 1.0%, 1.3%, and 2.3% of patients in
the sacubitril/allisartan 240 mg/d, 480 mg/d, and
olmesartan 20 mg/d groups, respectively, in the 12-
week double-blind treatment. The incidence of SAEs
was low and similar in all treatment groups. SAEs
leading to discontinuation were cerebral infarction
and hemorrhage (n ¼ 5), bone fracture (n ¼ 3), tumor
(n ¼ 2), atrial fibrillation (n ¼ 1), acute myocardial
infarction (n ¼ 1), meniscus injury (n ¼ 1), diarrhea
(n ¼ 1), virus infection (n ¼ 1), and dizziness (n ¼ 1).
No cases of angioedema or death were reported in this
study.

DISCUSSION

This trial was the first large scale, randomized,
comparator-controlled phase 3 study to evaluate the
antihypertensive effect of sacubitril/allisartan in pa-
tients with mild-to-moderate hypertension (Central
Illustration). The clinic and 24-hour ambulatory blood



TABLE 2 Adverse Events

Sacubitril/Allisartan
Olmesartan

20 mg240 mg 480 mg

Period 1 double-blind 399 399 399

Patients with at least 1 event 147 (36.8) 132 (33.1) 159 (39.8)

Hyperuricemia 15 (3.8) 19 (4.8) 20 (5.0)

Hyperlipidemia 13 (3.3) 14 (3.5) 17 (4.3)

Urinary tract infection 14 (3.5) 6 (1.5) 14 (3.5)

Period 2 open-label titration: extended treatment 1,084

Patients with at least 1 event 459 (42.3)

Upper respiratory tract infection 54 (5.0)

COVID-19 36 (3.3)

Urinary tract infection 31 (2.9)

Period 2 open-label titration: prolonged treatment 189

Patients with at least 1 event 117 (61.9)

Hyperlipidemia 14 (7.4)

Elevated plasma glucose 12 (6.3)

SARS-CoV-2 positive 11 (5.8)

Values are n or n (%). COVID-19 refers to participants with infection symptoms and positive laboratory tests such
as antigen or nucleic acid, whereas SARS-CoV-2 positive refers to participants who self-reported antigen positive
but with no official diagnosis.
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pressure–lowering effects of sacubitril/allisartan
240 mg/d were noninferior to those of the recom-
mended dosage of olmesartan 20 mg/d, which was
one of the most effective antihypertensive drugs and
was also used as the positive control drug in previous
clinical trials of sacubitril/valsartan. The antihyper-
tensive effects of sacubitril/allisartan 480 mg/d were
superior to those of sacubitril/allisartan 240 mg and
olmesartan 20 mg/d. Hence, it was evident that the
blood pressure–lowering effect of sacubitril/allisartan
tended to be dose-dependent. In addition, signifi-
cantly greater reductions in nighttime maSBP were
observed with sacubitril/allisartan treatments
compared with olmesartan. This blood pressure–
lowering effect was maintained over a period of
52 weeks, suggesting long-term tolerability and effi-
cacy of sacubitril/allisartan.

In the phase 2 study of sacubitril/allisartan,11 we
observed significant placebo-corrected decreases in
clinic (�9.1/�2.8 mm Hg) and 24-hour ambulatory
blood pressure (�9.8/�4.6 mm Hg) at the sacubitril/
allisartan dosage of 480 mg/d during 8-week treat-
ment. The blood pressure–lowering effect of sacubi-
tril/allisartan, in the present study, was maintained
over quite a long time (52 weeks). The dose response
from this study indicated that 240 mg could be rec-
ommended as a standard dose and 480 mg as a
maximal dose of sacubitril/allisartan offering a blood
pressure–lowering effect. Our findings in this actively
controlled trial are in line with the results of 2 recent
dose-related blood pressure–lowering efficacy studies
of sacubitril/valsartan, the first agent of this class.12,13
In a Chinese study of 1,438 patients with hyperten-
sion,12 2 dosages of sacubitril/valsartan (200 and
400 mg) were compared with olmesartan 20 mg for
8 weeks. The mean difference in clinic and 24-hour
systolic blood pressure between sacubitril/valsartan
400 mg (n ¼ 479) and olmesartan 20 mg (n ¼ 486)
were �3.5/�1.9 mm Hg and �2.5/�1.2 mm Hg,
respectively. In a Japanese study with a similar
design13 including 1,161 patients with hypertension,
sacubitril/valsartan 400 mg (n ¼ 385) showed a
greater decrease of �6.97 mm Hg for clinic systolic
blood pressure compared with olmesartan 20 mg
(n ¼ 389). By inhibiting neprilysin and angiotensin
receptor simultaneously, this new class of antihy-
pertensive drugs was effective in blood pressure–
lowering action. In the current analysis, reductions
from baseline in 24-hour, daytime, and nighttime
ambulatory systolic blood pressure over 12 weeks of
treatment with sacubitril/allisartan exceeded
10 mm Hg. Given the direct and continuous rela-
tionship between blood pressure and the risk of car-
diovascular events,14 the magnitude of blood
pressure reductions that occurred during treatment
with sacubitril/allisartan in this study would be ex-
pected to have a positive impact on cardiovascular
morbidity and mortality. Further studies on preven-
tion of target organ damage and major cardiovascular
events are needed.

Failure to control blood pressure with currently
available drugs suggests that relevant pathophysio-
logical pathways remain unopposed. Neprilysin in-
hibition offers an additional approach to reducing
blood pressure. In a post hoc analysis of the
PARAGON-HF (Efficacy and Safety of LCZ696
Compared to Valsartan, on Morbidity and Mortality in
Heart Failure Patients With Preserved Ejection Frac-
tion) trial,15 sacubitril/valsartan demonstrated a sig-
nificant reduction in systolic blood pressure
of �3.9 mm Hg at 16 weeks, compared with valsartan
alone, in heart failure patients with apparent resis-
tant hypertension. Another targeted approach to
managing resistant hypertension involves the inhi-
bition of aldosterone. Recent studies on aldosterone
synthase inhibition with baxdrostat16 and lorundro-
stat17 reported placebo-corrected reductions
of �11.0 mm Hg and �9.6 mm Hg in systolic blood
pressure, respectively. Additionally, blocking the
endothelin pathway represents a novel method for
lowering blood pressure in resistant hypertension,
with aprocitentan showing a significant reduction in
office systolic blood pressure of �3.8 mm Hg
compared with placebo.18 Furthermore, a recent
study on zilebesiran,19 a novel investigational RNA
interference therapeutic agent, has demonstrated a



CENTRAL ILLUSTRATION Efficacy and Safety of Sacubitril/Allisartan for the Treatment of
Primary Hypertension

Participants with
mild-to-moderate
hypertension

n = 1,176

Population

240 mg/d
Sacubitril/allisartan

480 mg/d
n = 391
n = 393

20 mg/d
Olmesartan
n = 392

Intervention

Conclusion

Primary outcome:
Change in clinic mean sitting
systolic blood pressure from
baseline with 2 doses of
sacubitril/allisartan versus
olmesartan at 12 weeks.

Outcome

Sacubitril/allisartan is effective for the treatment of hypertension and well-tolerated in Chinese patients.

Zhang W, et al. JACC Asia. 2024;4(9):697–707.

Efficacy and safety of sacubitril/allisartan in Chinese patients with mild-to-moderate hypertension. This phase 3 study was conducted across 71 participating

hospitals in China.
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prolonged antihypertensive effect by inhibiting he-
patic angiotensinogen synthesis, presenting a prom-
ising avenue for achieving more reliable and
sustained control of blood pressure.

Notably, our study showed that nighttime blood
pressure reductions were prominently greater with
sacubitril/allisartan than with olmesartan in Chinese
patients for both dosages. This observation is
consistent with the results of the phase 2 study and
previous studies on sacubitril/valsartan.20 This
feature might be of particular clinical significance for
the Chinese and other Eastern populations.21,22 It has
been suggested that nighttime blood pressure is a
better predictor of adverse cardiovascular outcomes
than daytime blood pressure.23-25 In the recent Eu-
ropean hypertension guideline, assessment of night-
time blood pressure and nocturnal blood pressure
variability was recommended.26 Considering the high
prevalence of “non-dippers” among Asian patients,
probably because of salt sensitivity,27,28 our study
suggests that treatment with sacubitril/allisartan
might be beneficial in Asian patients with
hypertension.

Both doses of sacubitril/allisartan provided greater
reductions from baseline in ambulatory nighttime
blood pressure, compared with olmesartan. More-
over, statistically significant reductions (�2.6/
�1.7 mm Hg) in ambulatory nighttime blood pressure
were observed with sacubitril/allisartan 480 mg
compared with 240 mg, whereas in the phase 3 study
of sacubitril/valsartan in Chinese hypertensive pa-
tients,12 numeric, but not statistically significant, re-
ductions (�0.31/�0.18 mm Hg) in ambulatory
nighttime blood pressure were achieved with sacu-
bitril/valsartan 400 mg compared with 200 mg. This
indicates that sacubitril/allisartan could be especially
suited for the management of nocturnal hypertension
in Chinese population. Greater reductions in night-
time blood pressure in the high-dose sacubitril/alli-
sartan group might be attributed to a larger dose of
sacubitril29 and a longer half-life of allisartan as
well.10 Further comparison of the blood pressure–
lowering effects of sacubitril/allisartan between pa-
tients with a dipper vs nondipper profile of nighttime
blood pressure are required.

In this study, there were no marked between-group
differences in the incidence of AEs and treatment-
related AEs. Both doses of sacubitril/allisartan were
well tolerated. No association was found between the
dose of sacubitril/allisartan and the incidence rate of



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In

Chinese patients with mild-to-moderate hyperten-

sion, we investigated the long-term antihypertensive

efficacy and safety of 2 dosages of a novel angiotensin

receptor neprilysin inhibitor, sacubitril/allisartan,

during 52 weeks of treatment.

TRANSLATIONAL OUTLOOK: This phase 3 study

showed that sacubitril/allisartan 240 mg and 480 mg

once daily provided significantly greater blood pres-

sure reductions, particularly nighttime blood pressure

reductions, vs olmesartan 20 mg in Chinese patients

with mild-to-moderate hypertension. In addition,

sacubitril/allisartan was safe and well-tolerated in

Chinese population. The results suggest that sacubi-

tril/allisartan could be particularly suitable for the

management of hypertension in Asian patients, and

supports the rationale to prospectively study the ef-

fect of sacubitril/allisartan on cardiovascular events in

Chinese patients with hypertension.
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AE. Of particular note, there was no report of
angioedema in the sacubitril/allisartan groups.

STUDY LIMITATIONS. First, the inclusion criteria of
our study included clinic blood pressure, but not
ambulatory blood pressure. Second, central blood
pressure and arterial stiffness were not assessed
during the trial, precluding a more thorough assess-
ment of the antihypertensive properties of sacubitril/
allisartan. Third, the impact of sacubitril/allisartan on
target organ damage, such as left ventricular mass or
urinary albumin excretion, and cardiovascular events
was not assessed in the present study. Finally,
caution is required when generalizing the findings of
our study to other patient groups, given that the
study population comprised Chinese patients only.

CONCLUSIONS

This phase 3 study showed that sacubitril/allisartan
240 mg and 480 mg once daily provided significantly
greater blood pressure reductions, particularly
nighttime blood pressure reductions, vs olmesartan
20 mg in Chinese patients with mild-to-moderate
hypertension. In addition, sacubitril/allisartan was
safe and well tolerated in Chinese population. The
results suggest that sacubitril/allisartan could be
particularly suitable for the management of hyper-
tension in Chinese patients, and supports the ratio-
nale to prospectively study the effect of sacubitril/
allisartan on cardiovascular events in Chinese pa-
tients with hypertension.
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