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The AMAZE (A Multicenter Trial Using Atacand and 
Zestril vs. Zestril to Evaluate the Effects on Lowering 
Blood Pressure) program included two identical studies 
sponsored by AstraZeneca LP. The oral form of can-
desartan is candesartan cilexetil; for simplicity, the term 
“candesartan” is used throughout this manuscript. 
Two identical multicenter, randomized, double-blind 
studies were performed to determine if addition of the 
angiotensin receptor blocker candesartan was more 
effective in lowering blood pressure than up-titration 
of lisinopril. Hypertensive patients (N=1096) who 
were uncontrolled on lisinopril 20 mg daily were ran-
domized (1:1) to receive either 8 weeks of high-dose 
lisinopril (40 mg) or the addition of candesartan (16 
mg) for 2 weeks followed by 32 mg for 6 weeks. Study 
1 (n=538) demonstrated decreases in trough sitting 
systolic/diastolic blood pressures at Week 8 by 6.2/5.9 
mm Hg, respectively, for the lisinopril up-titration 
treatment group and by 11.6/8.3 mm Hg, respectively, 
for the lisinopril plus candesartan treatment group 
(p<0.01 in comparing both blood pressures reductions 
between the two treatment groups). Corresponding 
results for Study 2 (n=558) are reductions of 8.7/6.2 

mm Hg and 9.5/7.4 mm Hg, respectively, for each of 
the two treatment groups. For Study 2, comparisons 
of systolic/diastolic blood pressures between the two 
treatment groups were not statistically significantly dif-
ferent (p=0.51/p=0.08, respectively). Post hoc pooled 
analysis (N=1096) demonstrated a slightly greater 
blood pressure reduction with lisinopril plus cande-
sartan compared with lisinopril (3.1/1.7 mm Hg). A 
95% confidence interval limit for the difference in least 
squares mean change from baseline in systolic blood 
pressure between the two treatment groups is -4.8 to 
-1.5 and is -2.8 to -0.7 in mm Hg for diastolic blood 
pressure. The blood pressure control rates (<140/<90 
mm Hg) were 42.7% and 36.9%, respectively. Both 
treatment regimens were well tolerated in all groups. 
In conclusion, for hypertensive patients not controlled 
by lisinopril 20 mg once daily, addition of candesartan 
(32 mg once daily) or doubling the dose of lisinopril 
provides safe, additional reduction of blood pressure. 
(J Clin Hypertens. 2004;6:485–493)  
©2004 Le Jacq Communications, Inc.

Combination therapy is now recommended for 
most people with hypertension, in part because 

the control rates for hypertension (>140 mm Hg 
systolic and >90 mm Hg diastolic) are still only 34% 
in hypertensive adults aged 18 to 74 years.1 Among 
the most popular antihypertensive drugs are agents 
that block the renin-angiotensin-aldosterone system 
(RAAS), including angiotensin-converting enzyme 
(ACE) inhibitors and angiotensin receptor blockers 
(ARBs).2-5 ACE inhibitors block the main pathway for 
conversion of angiotensin I  to the potent vasoconstric-
tor and pressor agent, angiotensin II, but the discovery 
of species-specific alternate pathways for angiotensin II 
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generation raises the possibility that ACE inhibitors do 
not fully block the RAAS under all circumstances.6,7 
ACE inhibitors also block the degradation and inacti-
vation of kinins and other biologically active peptides,3 
and cause cough and other side effects.8,9 In contrast, 
ARBs selectively block the AT1 receptor subtype, 
thereby inhibiting the effects of angiotensin II regardless 
of the pathway leading to its generation. Adverse event 
rates for ARBs are low, and their tolerability profiles 
are similar to that of placebo.10 Some investigators 
have postulated that the addition of an ARB to an 
ACE inhibitor may allow more complete blockade of 
the RAAS pathway than either drug alone,7 potentially 
leading to improved blood pressure (BP) control.11-15 
Alternatively, it may be possible to improve the effec-
tiveness of ACE inhibition by simple dose titration.

This report summarizes the results of the AMAZE (A 
Multicenter Trial Using Atacand and Zestril vs. Zestril 
to Evaluate the Effects on Lowering Blood Pressure) 
program, which included two identically designed mul-
ticenter, randomized, double-blind studies conducted 
with two separate cohorts of investigators, according 
to guidelines and recommendations from the US Food 
and Drug Administration. To reduce the risk of a false-
positive study, we elected to conduct two independent 
studies, each at a 0.05 alpha level. AMAZE sought to 
determine whether addition of the ARB candesartan 
(16 mg titrated to 32 mg daily) to lisinopril therapy (20 
mg daily) is more effective in lowering BP than titra-
tion of lisinopril to 40 mg daily in hypertensive patients 
uncontrolled by lisinopril 20 mg daily.

METHODS
The design and methodology for both studies were 
identical and are presented separately and com-
bined, in accordance with guidelines suggested by 
the US Food and Drug Administration.

Patients
Eligible patients consisted of men and women >18 years 
of age with essential hypertension, characterized by a 
mean sitting diastolic blood pressure (DBP) of 90 mm 
Hg–114 mm Hg, inclusive, despite receiving treatment 
with lisinopril 20 mg daily for >4 weeks. Women of 
childbearing potential were required to use an effec-
tive method of birth control throughout both studies. 
Patients were excluded if they had secondary hyperten-
sion; mean sitting DBP >115 mm Hg or systolic blood 
pressure (SBP) >200 mm Hg; angina pectoris requir-
ing more than short-acting nitrates; hemodynamically 
significant valvular heart disease; coronary angioplasty 
within the previous 3 months; myocardial infarction; 
coronary bypass surgery, stroke or transient ischemic 
attack within the previous 6 months; history of drug or 

alcohol abuse within the previous 2 years; significant 
renal impairment (serum creatinine level >2.0 mg/dL or 
serum potassium level >5.0 mEq/L); significant hepatic 
impairment; known hypersensitivity to ARBs or ACE 
inhibitors; current treatment with a dosage of lisinopril 
>20 mg daily; or current or prior treatment with can-
desartan, whether alone or in combination with other 
medications. All patients provided written informed 
consent before participating in the study.

Study Design
Local Institutional Review Boards approved the proto-
cols for both studies. After a screening period in which 
patients received open-label lisinopril, patients whose BP 
remained uncontrolled (sitting DBP >90 mm Hg) and 
who satisfied the eligibility criteria entered an 8-week, 
double-blind phase during which they were randomized 
(1:1) to receive lisinopril (40 mg) alone or candesartan (16 
mg increased to 32 mg) plus lisinopril (20 mg) (Figure 1). 
No other antihypertensive medications were permitted. 
In the monotherapy arm, patients received lisinopril 40 
mg daily for the entire 8 weeks. Doses of lisinopril above 
40 mg daily provide little additional antihypertensive 
activity.16 In the combination arm, patients received can-
desartan 16 mg daily plus lisinopril 20 mg daily for the 
first 2 weeks and candesartan 32 mg daily plus lisinopril 
20 mg daily for the remaining 6 weeks. The 6 weeks of 
treatment with candesartan 32 mg daily was expected to 
be sufficient to achieve the full antihypertensive effect of 
this agent. Doses of candesartan above 32 mg daily pro-
vide little additional antihypertensive effect.17,18

Three groups of patients entered the initial 
open-label screening period (Figure 1):
• Group A. Patients receiving monotherapy with 

lisinopril 20 mg daily for >2 weeks and who met 
the BP eligibility criteria. These patients entered 
the open-label screening period and continued to 
receive lisinopril 20 mg daily for 2 weeks.

• Group B. Patients with newly diagnosed hyperten-
sion or hypertension untreated for >30 days. These 
patients received 4 weeks of lisinopril 20 mg daily 
during the open-label screening period.

• Group C. Patients uncontrolled or intolerant to their 
current antihypertensive treatment (including lisinopril 
combination therapies). After discontinuing all current 
antihypertensive medications, these patients entered a 
2-week prescreening period during which they were 
permitted to receive lisinopril ≤20 mg daily Thereafter, 
Group C patients entered the open-label screening peri-
od and received lisinopril 20 mg daily for 4 weeks.
Patients visited the clinic for clinical evaluations 

every 2 weeks during the open-label screening period 
and at Weeks 1, 2, 4, and 8 (or premature withdrawal) 
during the double-blind phase. In addition, patients 
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were contacted by telephone 2 weeks after the last 
dose of study medication for safety follow-up infor-
mation. The double-blind study drug supplies were 
packaged in high-density polyethylene bottles using a 
double-dummy design. Placebo tablets were used to 
maintain blinding. Drug supplies were packaged to 
appear indistinguishable between study groups.

Lisinopril is an orally active, nonsulfhydryl ACE 
inhibitor that is widely used for hypertension.16 
Candesartan is a selective ARB devoid of agonist 
activity.17 Insurmountable AT1 receptor blockade 
and long duration of activity result from distinctive 
AT1 receptor binding properties, such as high affin-
ity and slow receptor dissociation rate.

Evaluations
At each clinic visit, trough (24±2 hours postdose) 
sitting BP measurements were performed 3 times 
at 2-minute intervals using standard office mercury 
sphygmomanometers. The mean of three sequential 
BP readings (<5-mm Hg difference between the high-
est and lowest value) served as the BP determination 
for the visit. Patients were instructed not to take their 
study medication on the day of the clinic visit until 
after trough sitting BP measurements were obtained.

The primary efficacy measure of the antihyper-
tensive effect was the mean change in trough sitting 
DBP from baseline to Week 8 of double-blind therapy. 
Secondary efficacy measures of the antihypertensive 
effect included mean change in trough sitting SBP, the 
proportion of responders at Week 8 (trough sitting DBP 
<90 mm Hg or reduced by >10 mm Hg), and the pro-
portion of controlled patients at Week 8 (trough sitting 
DBP <90 mm Hg and trough sitting SBP <140 mm Hg). 
Safety was evaluated by monitoring of adverse events, 
standard laboratory tests (serum chemistry, hematology, 
and urinalysis), physical examinations, and heart rate.

Statistical Methods
Each study planned to enroll 494 patients to ensure 370 
patients completed the study, assuming an alpha of 0.05, 
power of 85%, and a desired detectable difference in 
DBP of 2.5 mm Hg with a standard deviation of 8 mm 
Hg (two-tailed test). For the efficacy analyses, which 
are presented separately by study, the intent-to-treat 
(ITT) population included all randomized patients who 
received at least one dose of study medication and who 
had a baseline and at least one trough sitting DBP mea-
surement during the double-blind phase of the study. A 
last observation carried forward (LOCF) approach was 
used to impute the Week 8 values for patients who 
withdrew from the study before Week 8. In addition, 
the analyses were repeated using actual data (no carry-
ing forward of observations). Changes in trough sitting 

DBP and SBP from baseline to Week 8 were analyzed 
by analysis of covariance (ANCOVA) with the baseline 
BP as the covariate, and the changes were compared 
using least squares means from the ANCOVA model. 
Ninety-five percent confidence intervals (CIs) for the 
least squares mean changes from baseline and for the 
difference between the least squares mean changes 
from baseline were also calculated. Differences between 
the two treatment groups in rates and proportions 
(response and control rates) were compared by Fisher’s 
exact test. Changes in trough sitting DBP and SBP were 
also analyzed by subgroups, based on race (black vs. 
non-black), age (>65 years vs. <65 years), gender, and 
diagnosis of diabetes using the ITT population.

The safety databases were pooled for presenta-
tion. All randomized patients who received at least 
one dose of study medication and who had at least 
one postbaseline contact with the investigational 
site were included in safety analyses. Although 
designed as two independent studies, the AMAZE 
program statistical analysis plans prespecified addi-
tional pooled analyses for patients with diabetes. A 
post hoc analysis was also conducted using BP data 
pooling from the two studies together using two-
way ANCOVA methods with factors treatment, 
study, and the interaction terms in the model.

RESULTS
Disposition
In Study 1, 74 investigational sites screened 945 
patients, of whom 543 were randomized; 538 quali-
fied for the ITT population (267 in the lisinopril group 
and 271 in the candesartan plus lisinopril group). One 
patient in the combination group was excluded from 

Figure 1. Study schematic for Studies 1 and 2. Group 
A patients were receiving monotherapy with lisinopril 
20 mg once daily for ≥2 weeks before study entry; 
Group B patients had newly diagnosed hyperten-
sion or hypertension untreated for ≥30 days before 
study entry; Group C patients were uncontrolled or 
intolerant to their antihypertensive treatment before 
study entry. BP=blood pressure; DB=double-blind; 
FU=follow-up; WK=week
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the ITT/LOCF analysis because all postbaseline values 
were missing, and therefore, there was not a valid 
observation to carry forward. Thus, the ITT/LOCF 
analysis included 267 patients in the monotherapy 
group and 270 in the combination group. A total of 
240 patients (90%) in the lisinopril group and 238 
(88%) in the candesartan plus lisinopril group com-
pleted the 8-week, double-blind period.

In Study 2, 69 investigational sites screened 852 
patients, of whom 560 were randomized; 558 quali-
fied for the ITT population (279 in the lisinopril group 
and 279 in the candesartan plus lisinopril group). Two 
patients in the monotherapy group and one patient in 
the combination group were excluded from the ITT/
LOCF analysis because one patient had a DBP <90 
mm Hg, one patient had a serum potassium value out-
side of previously defined parameters, and one patient 
had significant renal impairment. Thus, the ITT/LOCF 
analysis included 277 patients in the monotherapy 
group and 278 in the combination group. A total of 
253 patients (91%) in the lisinopril group and 247 
(89%) in the candesartan plus lisinopril group com-
pleted the 8-week, double-blind period.

Baseline Characteristics
The sample populations were very similar for the two 
AMAZE studies, and each study’s randomization process 
produced treatment groups well balanced for all baseline 
characteristics (Table I). For Studies 1 and 2, mean ages 
were 54.4 years and 53.8 years; 17% and 15% were 
>65 years of age; mean weights were 205.8 lb and 206.1 
lb; and mean body mass indices were 31.9 kg/m2 and 
31.8 kg/m2, respectively. In Study 1, 17% of patients 
were black, and in Study 2, 24% were black. The mean 
trough sitting SBP/DBP at baseline was also nearly iden-
tical for the two treatment groups across both studies: 
148.7/96.6 mm Hg in Study 1 and 148.6/96.8 mm Hg 
in Study 2. There were 57 patients with diabetes in Study 

1 and 47 in Study 2, all of whom had type II diabetes. 
For these studies, patients were classified as having dia-
betes if they cited a positive history for diabetes. Across 
both studies, the most common prior antihypertensive 
medications were ACE inhibitors and their combinations 
with diuretics (40%), calcium channel blockers and their 
combinations with diuretics (16%), diuretics (14%), 
ARBs (other than candesartan, which was an exclusion 
criterion) and their combinations with diuretics (11%), 
and β blockers and their diuretic combinations (8.6%). 
Compliance with the study medication was >96% in 
both treatment groups for both studies.

Efficacy
In Study 1, DBP, the primary efficacy measure, declined 
with both treatments: 5.90 mm Hg (95% confidence 
interval [CI], -7.26 to -4.55 mm Hg) with lisinopril 
monotherapy and 8.29 mm Hg (95% CI, -9.63 to -6.95 
mm Hg) with candesartan plus lisinopril. This was a 
significant difference of 2.39 mm Hg (95% CI, -3.86 to 
-0.92 mm Hg; p<0.01). In Study 2, DBP also declined 
with both treatments: 6.24 mm Hg (95% CI, -7.50 to 
-4.98 mm Hg) with lisinopril monotherapy and 7.44 
mm Hg (95% CI, -8.67 to -6.22 mm Hg) with cande-
sartan plus lisinopril. This was a difference of 1.21 mm 
Hg (95% CI, -2.57 to 0.16 mm Hg; p=0.08). Figure 2A 
and Table II present the least squares mean changes in 
trough sitting DBP from baseline to Week 8.

In Study 1, for SBP, the least squares mean 
change from baseline to Week 8 was -6.24 mm Hg 
(95%  confidence interval [CI], -8.53 to -3.95 mm 
Hg) with lisinopril monotherapy and -11.58 mm Hg 
(95% CI, -13.84 to -9.32 mm Hg) with candesartan 
plus lisinopril, a statistically significant difference 
(-5.34 mm Hg [95% CI, -7.82 to -2.85 mm Hg]; 
p<0.01). In Study 2, for SBP, the least squares mean 
change from baseline to Week 8 was -8.72 mm Hg 
(95% CI, -10.82 to -6.62 mm Hg) with lisinopril 

Table I. Baseline Demographic Characteristics

STUDY 1 STUDY 2 POOLED DATA

CHARACTERISTIC
LISINOPRIL

(N=267)

CANDESARTAN 
+ LISINOPRIL 

(N=271)
LISINOPRIL

(N=279)

CANDESARTAN 
+ LISINOPRIL 

(N=279)
LISINOPRIL

(N=546)

CANDESARTAN 
+ LISINOPRIL 

(N=550)
Age (yr) 54.8 54.0 54.4 53.2 54.6 53.6
Male (%) 62 57 60 54 61 56
Weight (lb) 204.6 207.0 205.5 206.6 205.1 206.8
BMI (kg/m2) 31.6 32.1 31.8 31.8 31.7 32.0
Race (%)

Black
Non-black

15
85

20
80

25
75

24
76

20
80

22
78

Baseline SBP/DBP (mm Hg) 148.0/96.7 149.3/96.5 148.9/97.0 148.3/96.5 148.5/96.9 148.8/96.5

BMI=body mass index; DBP=diastolic blood pressure; SBP=systolic blood pressure

The Journal of Clinical Hypertension (ISSN 1524-6175) is published monthly by Le Jacq Communications, Inc., Three Parklands Drive, Darien, CT 06820-3652. Copyright ©2004 by Le Jacq Communications, Inc., All rights reserved. No 
part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing 
from the publishers. The opinions and ideas expressed in this publication are those of the authors and do not necessarily reflect those of the Editors or Publisher. For copies in excess of 25 or for commercial purposes, please 
contact Sarah Howell at showell@lejacq.com or 203.656.1711 x106.



VOL. VI  NO. IX  SEPTEMBER 2004 THE JOURNAL OF CLINICAL HYPERTENSION 489

monotherapy and -9.48 mm Hg (95% CI, -11.51 
to -7.45 mm Hg) with candesartan plus lisinopril, a 
difference of -0.76 mm Hg (95% CI, -3.03 to 1.50 
mm Hg; p=0.51). Figure 2B and Table II present the 
least squares mean changes in trough sitting SBP 
from baseline to Week 8.

Figure 3 illustrates mean DBP levels over the 8-week, 
double-blind period. Most of the decline in DBP occurred 
in the first 1–2 weeks, and the difference in BP reduction 
in the direction favoring candesartan plus lisinopril was 
evident throughout the treatment periods. A similar pat-
tern was observed for SBP (data not shown).

The response and control rates in both studies reflect-
ed the findings for mean change in BP, i.e., the rates were 
slightly greater for the combination treatment and these 
were statistically significant in Study 1 for the percent-
age of responders (DBP <90 mm Hg or reduced by >10 
mm Hg) and the percentage of patients whose BP was 
controlled at <140/<90 mm Hg. Table II presents the 
response and control rates for both studies.

As shown in Figure 4, analysis of antihypertensive 
efficacy by subpopulations suggests that response 
to the treatments was in the same direction as the 
overall population, i.e., in the direction favoring 
combination treatment. For DBP, the only exception 
included black patients who exhibited greater BP 
reduction with lisinopril monotherapy in Study 1. 
Results were similar when SBP was analyzed by the 
same subgroups. Of note is the observation that, as a 
group, black patients tended to exhibit a somewhat 
lesser degree of BP lowering than non-black patients, 
while patients with diabetes tended to exhibit greater 
BP reductions than patients without diabetes.

For both studies, repeated primary analyses based 
on the ITT population with no imputations on missing 
values and a per-protocol population (ITT population 
minus patients with significant protocol violations and 
poor compliance) were consistent with the primary 
analyses based on the ITT/LOCF population. Analyses 
based on patient screening group were also consistent 
with the overall results, except for Group B (newly 
diagnosed hypertension or patients off treatment for 
>30 days). For Group B patients in Study 1, lisinopril 
monotherapy was more effective than the combination 
by 1.43 mm Hg for DBP (p=0.41), while in Study 2 the 
combination was substantially better (DBP difference 
of 4.22 mm Hg, p=0.01).

Pooled Efficacy in Patients With Diabetes
For the 103 diabetic patients included in the ITT/LOCF 
analysis in the two studies (one patient had no post-
baseline BP measurements), BP declined by 6.68/6.37 
mm Hg with lisinopril monotherapy and 11.88/8.94 
mm Hg with candesartan plus lisinopril. The differ-

ence of 5.20/2.57 mm Hg in favor of combination 
treatment was not statistically significant (p=0.07/
p=0.15) in this small sample size. Microalbuminuria 
was not assessed in these studies; however, semiquan-
titative urinary protein levels were recorded by study 
sites (dipstick method). Only 18 patients with diabetes 
had demonstrable urinary protein at the baseline visit, 
and there was no apparent change in the urinary pro-
tein distributions in the small diabetic patient group.

Pooled Safety
The safety findings in the two studies were similar, 
as were the safety findings in the two treatment 
groups. The most commonly reported adverse 
events were respiratory infection (6.2% lisino-
pril, 8.5% combination), headache (6.2%, 4.4%), 
cough (4.4%, 5.3%), and dizziness (4.2%, 5.6%) 
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Figure 2. Least squares mean changes in trough sitting 
diastolic blood pressure (DBP) (A) and trough sitting 
systolic blood pressure (SBP) (B) from baseline to Week 
(WK) 8 in Studies 1 and 2. Results shown are for the 
intent-to-treat analysis (last observation carried for-
ward). Bars represent standard error.
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(Table III). Serious adverse events occurred in eight 
patients in the monotherapy group (1.5%) and 
in six patients in the combination group (1.1%). 
Only one serious adverse event, angioedema after 
11 days of double-blind lisinopril monotherapy, 
was considered possibly related to study medica-
tion. One death occurred during double-blind 
therapy with candesartan plus lisinopril, which the 
investigator attributed to acute cocaine toxicity. 
Adverse events resulted in the discontinuation of 
20 patients (3.7%) in the lisinopril group and 33 
patients (6.0%) in the candesartan plus lisinopril 

group. Cough contributed to the discontinuation 
of five patients in the monotherapy group and six 
patients in the combination group, dizziness in one 
and six patients, respectively, and hyperkalemia in 
zero and four patients, respectively. Eleven patients 
in the lisinopril group and nine in the candesar-
tan plus lisinopril group experienced hyperkale-
mia (defined as a serum potassium level of >6.0 
mEq/L), had hyperkalemia reported as an adverse 
event, or were withdrawn from the study because 
of hyperkalemia. No patient experienced any 
apparent adverse consequences of hyperkalemia.

Figure 3. Mean trough sitting diastolic blood pressure (DBP) over time in Studies 1 and 2. Results shown at baseline 
and Weeks 1, 2, and 4 are for the intent-to-treat analysis (without carrying forward observations). At Week (WK) 8, 
results are shown for both intent-to-treat analyses (without carrying forward observations and last observation carried 
forward [LOCF]). DB=double-blind

Table II. Summary of Efficacy Results at Week 8

STUDY 1 STUDY 2 POOLED DATA

LISINOPRIL
(N=267)

CANDESARTAN 
+ LISINOPRIL 

(N=270)
LISINOPRIL

(N=277)

CANDESARTAN 
+ LISINOPRIL 

(N=278)
LISINOPRIL

(N=544)

CANDESARTAN 
+ LISINOPRIL 

(N=548)
Least squares mean change in 

SBP/DBP (mm Hg)
–6.24/–5.90 –11.58†/–8.29† –8.72/–6.24 –9.48/–7.44 –7.24/–6.49 –10.37†/–8.21†

Responder (n [%])* 134 (50.2) 159 (58.9)‡ 158 (57.0) 169 (60.8) 292 (53.7) 328 (59.9)
Controlled (n [%])

DBP <90 mm Hg
SBP <140 mm Hg
SBP/DBP <140/<90 mm Hg

126 (47.2)
127 (47.6)
90 (33.7)

144 (53.3)
148 (54.8)
114 (42.2)‡

143 (51.6)
146 (52.7)
111 (40.1)

158 (56.8)
154 (55.4)
120 (43.2)

269 (49.4)
273 (50.2)
201 (36.9)

302 (55.1)
302 (55.1)
234 (42.7)

All blood pressure measurements were obtained at trough in the sitting position.
*DBP <90 mm Hg or reduced by >10 mm Hg; †p<0.01 vs. lisinopril monotherapy; ‡p=0.05 vs. lisinopril monotherapy
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DISCUSSION
The large AMAZE program sought to determine 
whether adding the ARB candesartan to lisino-
pril provided better BP control than up-titration 
of lisinopril in hypertensive patients inadequately 
controlled with lisinopril 20 mg daily. Both treat-
ments induced an additional decline in trough BP. 
In Studies 1 and 2, the combination of candesartan 
plus lisinopril reduced BP by 11.6/8.3 mm Hg and 
9.5/7.4 mm Hg, respectively, compared with lisino-
pril 40 mg daily, which lowered BP by 6.2/5.9 mm 
Hg and 8.7/6.2 mm Hg, respectively. When all data 
from both studies were pooled, post hoc analysis 
indicated a somewhat greater BP reduction with 
the candesartan/lisinopril combination (3.1/1.7 mm 
Hg; 95% CI, -4.8 to -1.5 systolic and -2.8 to -0.7 
mm Hg diastolic). A major finding of the AMAZE 
program was the safety and tolerability of both 
regimens. The frequency of adverse events was also 
similar with lisinopril or candesartan, but it is impor-
tant to emphasize that the study design eliminated 
patients unable to tolerate lisinopril 20 mg daily. 
Hyperkalemia, a potential concern for the combina-
tion treatment arm, was highly unusual, and prob-
ably due to the fact that the study population was 
essentially free of significant renal impairment.

The greater BP reduction with combination treat-
ment in the AMAZE program is consistent with 
previous observations with ACE inhibitor/ARB com-
bination therapy in smaller, open-label studies,7,11,12 
but none of these studies has proven definitively that 
the ACE inhibitor/ARB combination is superior for 
BP reduction to either drug used alone. Ultimately, 
proof of the potential superiority of any combination 
over its individual components is critically dependent 
on the use of maximal doses of each component. 
Such studies (often 10-fold above maximum recom-
mended doses) have only been done in animals. Thus, 
higher doses of lisinopril or candesartan may have 
achieved a greater degree of RAAS blockade. The 
maximum approved daily doses of lisinopril and can-
desartan are 80 mg and 32 mg, respectively. The 40 
mg lisinopril dose was based in part on the observa-
tion that clinicians do not usually prescribe lisinopril 
in doses higher than 40 mg daily.

A potential rationale for the combination of ACE 
inhibitor and ARB is the belief that plasma angio-
tensin II levels return toward baseline values during 
long-term ACE inhibitor therapy, yet there is very 
little evidence of “ACE escape” in the literature. One 
very small study in hypertension found that plasma 
angiotensin II levels returned toward baseline sev-
eral months after initiation of 20 mg enalapril twice 
daily in nine subjects, five of whom were on diuretic 

therapy,19 but used an assay that had significant 
cross-reactivity with angiotensinogen and angioten-
sin I (which increase substantially during chronic 
ACE inhibition). In contrast, a recent small study in 
heart failure found persistent suppression of plasma 
angiotensin II during chronic ACE inhibition.20 With 
respect to ischemic heart disease, addition of the 
ARB valsartan to the ACE inhibitor benazepril did 

Table III. Most Common Adverse Events Across Both 
Studies

ADVERSE EVENT LISINOPRIL 
(N=546)

CANDESARTAN + 
LISINOPRIL (N=550)

Respiratory 
infection

35 (6.4) 47 (8.5)

Headache 36 (6.6) 25 (4.5)
Cough 26 (4.8) 32 (5.8)
Dizziness 23 (4.2) 31 (5.6)
Peripheral edema 15 (2.7) 18 (3.3)
Rhinitis 17 (3.1) 13 (2.4)

Values presented are number (%) of patients reporting the 
adverse event

Figure 4. Subpopulation analyses. Differences in least 
squares mean changes in trough sitting diastolic blood 
pressure from baseline to Week 8 in Studies 1 and 2. 
Results shown are for the intent-to-treat analysis (with-
out carrying forward observations). Point estimate 
boxes are approximately proportional to sample sizes; 
bars represent 95% confidence intervals; *p≤0.05, con-
densation and lisinopril vs. lisinopril monotherapy
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not improve postinfarction outcomes.21 In contrast, 
AMAZE results are in agreement with those of sever-
al recent studies in patients with diabetic and nondia-
betic renal disease, where dual RAAS blockade with 
moderate doses of ACE inhibitors and ARBs pro-
vided superior BP control and greater antiproteinuric 
effects than either agent alone.13-15,22-24 Such results 
should be anticipated in studies using submaximal 
doses of RAAS blockers, however. Although the 
presence of non-ACE pathways for angiotensin II 
production has been established in some tissues,6,25,26 
the clinical significance of these pathways remains 
unclear. It also remains possible that different racial 
groups may respond differently to these drugs used 
alone or in combination due to potential differences 
in phenotypic expression of various “non-ACE” or 
“non-AT1” pathways.

Other considerations also deserve mention. All 
patients had prerandomization experience with lisino-
pril and demonstrated both tolerance and a degree 
of resistance to its BP lowering effects; there was no 
similar pretrial exposure to candesartan. The double-
blind lisinopril monotherapy dose of 40 mg was 
administered for the entire 8 weeks, whereas the full 
dose of candesartan (32 mg) was administered for only 
6 weeks. Another limitation was the lack of a placebo 
arm, which would have allowed the magnitude of any 
drug-specific effect to be expressed as a fraction of 
the total BP decline. Regression to the mean remains 
a consideration in all such trials, but the magnitude 
of the observed BP reductions in these studies was 
similar to the magnitude of BP reductions with ARBs 
in placebo-controlled trials that were not restricted to 
patients “resistant” to ACE-inhibitor treatment.27

Clinical application of the AMAZE results must 
be tempered by several caveats. First, as stated in 
JNC 7, usual clinical practice should include addi-
tion of a thiazide diuretic to either agent before 
consideration of the lisinopril-candesartan combi-
nation.1 Nevertheless, the AMAZE results indicate 
clearly that when trough BP is not well controlled 
on lisinopril 20 mg daily, increased RAAS blockade 
is clinically useful because small reductions in mean 
BP usually represent a reduction in overall popula-
tion risk. Vigorous BP reduction is also of particular 
importance in individuals with BP elevations >20/10 
mm Hg above ideal target values (>160/100 mm Hg 
in uncomplicated hypertension or >150/90 mm Hg 
in patients with diabetes or chronic kidney disease 
as per JNC 7 guidelines).1 In AMAZE, the 84 indi-
viduals whose BP values exceeded 160/100 mm Hg 
achieved a BP decline at 8 weeks of 13.7/-6.1 mm Hg 
with combination therapy and 13.5/-6.1 mm Hg with 
lisinopril up-titration. In the diabetic subpopulation, 

the BP reductions at 8 weeks in the combination 
therapy group (11.9/8.9 mm Hg) were substantial 
and tended to be greater than the corresponding 
reductions in the lisinopril group (6.7/6.4 mm Hg).

In conclusion, for the reduction of BP in hyper-
tensive patients not controlled by lisinopril 20 mg 
daily, adding candesartan (16 mg daily, up-titrated 
to 32 mg daily) is an alternative to increasing the 
lisinopril dose to 40 mg daily. Both antihypertensive 
regimens are effective and well tolerated, and the 
combination treatment appears to have no unique 
adverse safety findings relative to the individual 
drugs. Whether dual ACE inhibitor/ARB treatment 
is particularly useful in prevention of target organ 
damage or in antihypertensive therapy for subpopu-
lations of patients remains to be tested.
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