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Dose-Related Efficacy of Irbesartan for Hypertension
An Integrated Analysis

Richard A. Reeves, Chen-Sheng Lin, Kenneth Kassler-Taub, Hubert Pouleur

Abstract—Results of eight multicenter, randomized, placebo-controlled, double-blind, parallel-group studies were pooled
to assess the efficacy of the angiotensin ll-receptor blocker irbesartan over the dose range of 1 to 900 mg. A total of
2955 adults with a seated diastolic blood pressure of 95 to 110 mm Hg were randomized to treatment with oral irbesartan
once daily or placebo for 6 to 8 weeks. Office blood pressure was measured at troughh@drs after the last dose)
and peak (31 hours after the last dose) by mercury sphygmomanometry. Demographic characteristics (mean blood
pressure; 151/101 mm Hg; mean age, 54 years; 63% male; and 82% white) were similar across all dose groups. After
the groups were pooled, antihypertensive efficacy was assessed by therapeutic response (trough seated diastolic bloo
pressure<90 mm Hg or a reduction from baseline /10 mm Hg) and by modeling of the maximum reductions in
trough and peak seated diastolic and systolic blood pressure. Antihypertensive effects increased with increasing doses
and reached a plateauzaB800 mg. Irbesartan 150 mg provided placebo-subtracted reductions in trough seated systolic
and diastolic blood pressure of8 and~5 mm Hg, respectively, with 56% of patients displaying a favorable response.

In conclusion, irbesartan provides clinically significant blood pressure lowering, with a clear relationship between (log)
dose and antihypertensive effe@itlypertension 1998;31:1311-1316.)

Key Words: irbesartarm dose response randomized controlled triais placebo

rbesartan, developed jointly by Bristol-Myers Squibb and efficacy data are often incomplete due to failure to adequately
Sanofi, is a potent, long-acting, orally active Ang Il explore the lower or upper extreme of the dosg, Bnalysis
receptor blocker with high selectivity for the angiotensin 1 of receptor-blocking drugs has only occasionally been used in
receptor subtyp&® The Ang Il receptor blockers are a new phase Il and phase Il clinical trials. With irbesartan,.E
class of antihypertensive agents that inhibit the renin-angio- analysis was possible because of the absence of dose-limiting
tensin system by blocking the Ang Il receptdn normoten- side effects even at the maximum do¥esnowledge of the
sive subjects, irbesartan resulted in dose-dependent increasefull dose response is clinically useful because it provides a
in plasma renin activity and plasma Ang Il levélat doses rational basis for titration based on expected effect.
of 150 and 300 mg, the pharmacological effects of irbesartan  The primary objectives of this integrated analysis were to
were long acting, with increases in plasma renin activity and assess (1) the relationship between irbesartan dose and
Ang Il still present at 24 hours. efficacy as assessed by the mean change (from baseline) in
This article analyzes the integrated dose-response resultsrough and peak SeDBP and SeSBP measurements versus
from eight large, multicenter, randomized, double-blind, pla- placebo and (2) the relationship between irbesartan dose and
cebo-controlled studies of patients with mild to moderate the percentage of patients showing a favorable response to the
hypertension (for a list of studies, see Table 1). The benefits drug (trough SeDBP<90 mm Hg or a reduction from
of analyzing pooled datainclude increased statistical power baseline of=10 mm Hg).
over individual trials and more precise estimation of patient
benefit from therapy* The homogeneity of study design, Methods
conduct, and patient population among these eight irbesartanpgtient Selection
studies allowed for a meaningful integrated analysis. Men and surgically sterile or postmenopausal women were 18 years
Fully defined dose-response relationships are rarely estab-of age or older and all had newly discovered or established mild to
lished during clinical drug developmelit.Unfortunately, moderate essential hypertension (office SeDBP, 95 to 110 mm Hg).
failure to properly define the lower end of the dose-response In one study, which included both office blood pressure assessments

. . . and ambulatory blood pressure monitoring, patients were also
relationship and hence, the lowest effective dose, has beenrequirecl to have a baseline mean ambulatory DEFS mm Hg.

responsible for the introduction of many antihypertensive  Exclusion criteria pertained to specific concomitant diseases that
drugs into clinical practice at excessively high doses. Becausewould present safety hazards or to concomitant medications that
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TABLE 2. Results for E,,, and Sigmoidal E,,, Models*
Selected Abbreviations and Acronyms -
Ang Il = angiotensin | Residual Mean
Dso = dose at which 50% of the maximum blood pressurg Variable Hill Coefficient Squared Errort Ene, mm Hg Dso, Mg
reduction was observed Trough SeDBP 1 53.96 713 64.9
Emax = maximum blood pressure reduction 1.26 51.97 6.63 58.8
DBP = diastolic blood pressure
SBP = systolic blood pressure Trough SeSBP 1 173.72 12.57 86.1
Se = seated 1.38 173.69 11.30 73.7
T:P = trough to peak Peak SeDBP 1 74.24 9.20 52.7
0.92 74.29 9.44 55.0
. . . ) . Peak SeSBP 1 193.59 12.85 419
might interfere with the assessment of safety or efficacy of irbesartan
(eg, drugs that can potentially affect blood pressure), and these 1.06 193.72 12.65 4“2

criteria were highly uniform across studies. Each study was approved  *For each variable, results are given on the first line for the Eq model (Hill
by an institutional review committee, and each patient gave informed coefficient = 1) and on the second line for the more general sigmoidal E

max

consent before study enroliment. model, wherein the coefficient is estimated as shown,
. tResidual mean squared error was larger in the model with the Hill
Study Design coefficient due to one degree of freedom fewer in the error term.

All studies consisted of a 4- to 5-week, single-blind, placebo lead-in

phas”e Ifor qualiff_ica(tjiodn foIIO\r/]ved by aht_s-hto 1,[.2'V‘;eek dOUbled'b"nd’ 4 achieved a satisfactory therapeutic response (defined as a trough
parallel-group, fixed-dose phase in which patients were randomized gopEb 0 mm Hg or an SeDBP reduced byL0 mm Hg from

e e o Placebo0rce a1 e MO, baselne) Pesk SeDBP and SeSEP efects were deermined from

was obtained and before the lead-in phase. During double-blind group mean hourly bloo_d pressure va}lues (in one protocol_) or were

therapy, patients generally returned for clinic visits at 2-week measured at the approximate time of_lrb_esartanspeak antihyperten-
' sive effects, 31 hours after dosing (in five protocols). On the day

intervals. Per protocol, patients were to be withdrawn from a study of peak value assessment. patients were aiven their dav's dose in the
for lack of efficacy, ie, an SeSBP-200 mm Hg or an SeDBP p vau »patl were giv Irday !
office by study personnel.

>112 mm Hg, confirmed withir=3 days. In addition, some patients
were withdrawn by the investigator for blood pressure measure- ..
ments, which although below these limits, were considered to be too Statistical Methods

high or inadequately controlled. Data from common irbesartan doses and placebo across all studies
were pooled at times common to the studies and when maximal
Observation Methods effects had usually been achieved (ie, after 6 to 8 weeks of treatment

In all studies, blood pressure was measured with a standard, With & stable dose of irbesartan or placebo). The integrated analyses
calibrated, mercury sphygmomanometer. (In the ambulatory blood included all data from all randomized patients who had both a
pressure studyonly the trough office blood pressures were used in baseline assessment (last assessment before the double-blind medi-
the integrated analysis.) Trough measurements were performedcation) and an assessment at week 8 (week 6 in one protocol). The
24+3 hours after the previous day’s morning dose. Peak effects were integrated analyses of peak blood pressure changes were based on
assessed 3 to 4 hours after dosing. After 5 to 10 minutes of rest in thethe subset of randomized patients who had valid baseline assess-
seated position, blood pressure was determined by calculating thements and valid peak assessments at week 8 (or week 6). To be
mean of three to five replicate measurements taken 1 minute apart.considered valid, the assessments had to satisfy relevant protocol
Heart rate was measured by counting the pulse for 30 seconds anceligibility and compliance criteria (eg, peak blood pressure assess-

multiplying by 2. ments were excluded if the timing relative to drug administration
seriously deviated from the protocol specification). Validity for each
Outcome Measures subject was determined by the study monitor before the study

In each study, the primary outcome measure as dictated by the Unblinding. _ o

protocol was the change (from baseline) in trough SeDBP after 6 to Placebo-s_ubtracted reductions from baseline in SeDBP and SeSBP
12 weeks of therapy; therefore, this measure was used for the Over the entire dose range (1 to 900 mg) were fitted g Eodels.
integrated analysis. Also measured at the same time were the change "€ Er.c model was chosen because it describes the well-known

from baseline in trough SeSBP and the percentage of patients whoSigmoidal log(dose)-response relationship expected with a receptor-
antagonist drud’ and as will be shown, the entire therapeutic range

of irbesartan was examined.

TABLE 1. Studies Included in Pooled Analysis The data were initially fit to the more general sigmoidal.E

Number of Sites model, which includes a parameter (the Hill coefficient) for “steep-
Study Participating in Study Location ness” Qf the curve. Becguse inclusion of this paramgter diq .not
002° 25 US. Canada appreciably enhance the fit of the curve (see Table 2), this coefficient
’ was set equal to 1, and the following simplef,Enodel was used:
025° 35 us
0297 27 US, Canada B ~Pi=(Enax” Dy) = (Dsot Dy)
030° 16 Italy whereE; is the blood pressure reduction from baseline for subject
0377 % Us in studyi; P; is the mean blood pressure reduction from baseline in
subjects randomized to receive placebo in stiy@ydD; is the dose
038' 63 US, Latin America of irbesartan for subjegtin studyi. Least-squares estimates gf,E
050 54 US and DO, were generated from the above model by the Gauss-Newton
066° M US, Canada, iterative method to regress the residuals onto the partial derivatives

of the model with respect to the parameters; initial values of

Latin America 7 mm Hg and 60 mg for f, and D, respectively, were used.
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8 1 ) _ have valid SeDBP measurements at baseline (ie, during the single-
+ Estimated difference from placebo (+SE) blind, placebo lead-in therapy) and valid peak and trough SeDBP
71 T Model assessments at the time analyzed (6, 8, or 12 weeks, depending on

the protocol). It should be noted that the trough assessment assumes
that each patient took his or her assigned dose on the day prior to the
measurement; ie, patients were not observed to have ingested that
dose. The proportion of responders (SeDB®0 mmHg or a
reduction from baseline aE10 mm Hg) was tabulated for each dose

as well as for the placebo group.

Results

Allocation of Patients to Study Groups
A total of 2955 patients were randomized into the irbesartan
(n=2197) or placebo (r758) arms of the eight studies. Only
2% of irbesartan-treated patients versus 5% of placebo-
treated patients were withdrawn from the study owing to a
lack of efficacy; 3% of irbesartan-treated and 4% of placebo-
o1 ) 0 100 1000 treated patients were discontinued because of an adverse
Dose of irbesartan (mg/day) event. A total of 2631 patients (1954 irbesartan and 677
placebo) had both baseline and end-point assessments and
+ Estimated difierence from placebo (£SE) were therefore included in the primary analysis. The numbers
| — Model of patients in the irbesartan dose groups were as follows: 1
mg, 68; 5 mg, 74; 10 mg, 72; 25 mg, 70; 37.5 mg, 40; 50 mg,
10 77; 75 mg, 277; 100 mg, 188; 150 mg, 486; 200 mg, 75; 300
] mg, 350; 600 mg, 92; and 900 mg, 85. Of the 2197 patients
8 1 randomized into the irbesartan arms, 2079 had at least one
} postrandomization value for trough seated blood pressure and
61 were therefore included in the LOCF analysis.

Placebo-subtracted reduction in trough SeDBP (mm Hg)
w

1 Patient Demographics
Demographic characteristics and baseline blood pressures
were similar across the integrated irbesartan dose groups and
the placebo group. Subjects were generally in their early to
] middle fifties (mean age, 54 years), 82% were white, and
2 63% were male. The baseline mean seated blood pressure for
all randomized patients was 151/101 mm Hg. In addition,
- - - ' because of the generally uniform inclusion and exclusion
01 " Dose of rbosartan (mgiday) 1000 criteria across individual studies, these characteristics were
similar between dose groups within and between each study

Placebo-subtracted reduction in trough SeSBP (mm Hg}

Figure 1. Placebo-subtracted reductions in mean trough d h
SeDBP (top) and SeSBP (bottom) by irbesartan dose: E . (data not shown).
model.

Reduction in Blood Pressure at Trough

The prespecified analyses were, by nature, somewhat conservaN €ach individual study, the reduction from baseline in office

tive, because given irbesartan’s established antihypertensive effects {fough SfePBP Wi.th ?r.besartan doses 75 mg once daily
subjects were more likely to be withdrawn early from the study for was statistically significantly greater than with placebo (each
insufficient blood pressure control from the placebo and low-dose P<0.01). Trough SeSBP results were similar. Trough blood

groups than from the groups that received therapeutic doses _of thepressure reductions for a given dose were generally consistent
active drug. Therefore, as a check on the primary analysis, a across trials

last-observation-carried-forward (LOCF) analysis was performed
post hoc. This analysis was based on the last available trough blood  1he results from the f, model for trough blood pressure

pressure measurement after randomization. Because only a smallare shown in Figure 1 and Table 2. The predictgg #alues
fraction of patients did not have final visit (week 8 or week 6) data were 7.1 mm Hg for trough SeDBP and 12.6 mm Hg for
available, the LOCF result was expected to differ only slightly from trough SeSBP (reduction over placebo). From this integrated

the planned analysis. . . .
The T:P ratio for SeDBP, adjusted for placebo effects, was calculated model, it can be inferred that an irbesartan dose of 150 mg

for each active-dose group according to the formula:=[(Bdjusted once daily should produce a trough SeDBP reduction of
mean change in trough SeDBP for the active greupyljusted mean ~5 mm Hg over placebo and a trough SeSBP reduction of
change in trough SeDBP for the placebo grosiffadjusted mean  ~8 mm Hg over placebo. An irbesartan dose of 300 mg once

change in peak SeDBP for the active grou@djusted mean change in daily should produce corresponding placebo-subtracted re-
peak SeDBP for the placebo group)]. . - N .

Only SeDBP measurements from subjects who satisfied the dUCF'QnS of~6 a'_1d~10 mm Hg, respectlyely. Only modest
eligibility criteria for efficacy and compliance were used for the T:p  additional benefit would be expected with irbesartan doses
analysis. In addition, for analysis of the T:P ratio, subjects had to beyond 300 to 600 mg.
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18 1 70% A
+ Estimated difference from placebo (+SE}

16 1 — Model }
60% - *
14 ° |
12 4
50% A

|

Percent of patients

4 4 30% A

] *H

PBO 1 10 100 1000
0.1 1 10 100 1000 Irbesartan dose (mg/day)
Dose of irbesartan (mg/day)

Placebo-subtracted reduction in peak SeSBP (mm Hg)

Figure 3. Percentage of patients achieving a therapeutic
response (trough SeDBP <90 mm Hg or a reduction from base-

127 line of =10 mm Hg) by irbesartan dose.

+ Estimated difference from placebo (+SE)
— Model

o
L

tients to Study Groups” sections for further details). With the
Hill coefficient set at 1, E,, was calculated as 7.34 mm Hg,
and D, 66.4 mg for trough SeDBP. For trough SeSBP, the
corresponding values were 12.5 mm Hg and 76.7 mg, respec-
tively. The more general model also produced results similar
to the original analyses.

o)
L

“1 Therapeutic Response
Figure 3 shows the dose-response relationship for the per-
2 centage of patients achieving a favorable therapeutic response

(trough SeDBP<90 mm Hg or a reduction from baseline of
=10 mm Hg). Fifty-six percent of patients are predicted to
respond favorably to irbesartan 150 mg once daily; the
percentage of patients responding plateaus at de868 mg.

01 1 10 100 1000 The Dy, for therapeutic response ig75 mg daily.

Dose of irbesartan (mg/day)

Placebo-subtracted reduction in peak SeDBP (mm Hg)

Figure 2. Placebo-subtracted reductions in mean peak SeDBP Heart Rate Effects

(top) and SeSBP (bottom) by irbesartan dose: Ena, model. In each individual study, there were no clinically or statisti-
cally significant changes in heart rate with any irbesartan
Reductions in Blood Pressure at Peak dose or with placebo at either peak or trough (data not

The results from the E, model for peak blood pressure shown).

reductions are shown in Figure 2 and Table 2. The predicted ) ]

Enax Values are 9.2 mm Hg for peak SeDBP and 12.9 mm Hg Discussion

for peak SeSBP (reduction over placebo). An irbesartan doseData from 2955 patients with mild to moderate hypertension

of 150 mg once daily should produce peak seated blood who were enrolled in eight multicenter, randomized, double-

pressure reductions o£10/7 mm Hg over placebo. An  blind, placebo-controlled studies were pooled to analyze the

irbesartan dose of 300 mg once daily should produce corre- integrated efficacy of irbesartan across the dose range of 1 mg

sponding reductions o£11/8 mm Hg. As with trough blood ~ to 900 mg. Testing over this 900-fold range of doses was

pressure, only modest additional benefit would be expected possible because of the excellent safety profile of irbesartan,

with irbesartan doses beyond 300 to 600 mg. Table 3 showsincluding a lack of dose-limiting side effects, even at the

that the T:P ratio for SeDBP is generally60% with highest doses testétlIrbesartan showed a clear dose-re-

once-daily doses of 150 mg and above. When measured bysponse relationship for both a reduction in blood pressure and

ambulatory blood pressure monitoring, the placebo-adjustedthe percentage of patients who achieved a therapeutic re-

T:P ratio with irbesartan 150 mg once daily was 74% for DBP sponse. The no-effect irbesartan dose appears tollemg

and 66% for SBP. daily, and the maximal-effect dose appears to~200 mg
These results from the primary analysis were confirmed by daily. Consistent and clinically significant reductions in

the LOCF analysis (see “Methods” and “Allocation of Pa- trough SeDBP (ie, &4 mm Hg reduction versus placebo)
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TABLE 3. T:P Ratios in Placebo-Controlled Irbesartan Monotherapy Studies*
Office SeDBP Change From Baseline
Protocol Time, Dose, mg Trough, Peak, Placebo-Adjusted
Number Week Once Daily n mm Hgt mm Hgt T:P Ratio, %
002 8 50 73 —2.83 —4.38 65
100 69 —3.22 —4.46 72
025 8 100 66 —413 —7.07 58
200 67 —4.40 —7.06 62
300 70 —5.79 —8.35 69
029 6 75 92 —5.11 —7.37 69
150 85 -5.97 —8.25 72
12 75 93 —3.74 -7.10 53
150 83 —6.44 —8.33 77
037 8% 375 38 —3.44 —6.39 54
100 33 —5.97 —9.47 63
300 39 —6.15 —-11.12 55
038 12 75 115 -3.17 —5.06 63
150 118 —3.86 —5.98 64
050 8 150 87 —5.07 —7.15 71
300 86 —5.11 -7.19 71
600 84 —6.32 —9.74 65
900 77 —4.92 -7.13 69

*T:P ratios were determined in six of the eight studies.
tAdjusted mean difference from placebo (ie, placebo subtracted).
FPeak represents the maximum mean hourly value for blood pressure reduction in each treatment group.

and suitable T:P ratios were achieved with once-daily irbe-  Full 24-hour blood pressure control was demonstrated
sartan doses of=150 mgr. Reductions in DBP of this by SeDBP T:P ratios of 60% to 70% with irbesartan doses of
magnitude are associated with reduced risk of stroke, coro- =150 mg in individual studies. The appropriateness of
nary heart disease, and deé&th. once-daily dosing was confirmed by 24-hour ambulatory
The antihypertensive dose-response relationship demon-blood pressure data obtained in one of the included studies,
strated in this integrated analysis is supported by pharmacody-Which showed that irbesartan doses of 150 mg once daily or
namic data, which show that irbesartan also has a dose-relatedn a divided dose (75 mg twice daily) produced equivalent
effect on the renin-angiotensin system in humans. Single doseseductions in diastolic and SBP over the full 24-hour dosing
of irbesartan produced dose-related increases in plasma Ang linterval?
and plasma renin activity as well as a dose-related blunting ofthe [N conclusion, once-daily irbesartan demonstrates a pre-
pressor effect of exogenous Ang?fit® dictable dose-related antihypertensive effect over the thera-
The dose-related efficacy of irbesartan has clinical impli- Peutic dose range, with once-daily doses 2150 mg
cations. In one of the included studies, the effects of titration Providing clinically significant blood pressure lowering.
were assessed by an elective titration design in which patients

were titrated or not according to blood pressure response after_. . . . .
Financial support for these studies was provided by Bristol-Myers

7 . o .
week 6: Once-daily treatment Wlth_lrbesartan 75 mg titrated Squibb Pharmaceutical Research Institute and Sanofi. The authors
as needed to 150 mg and 150 mg titrated as needed to 300 mghank the clinicians and patients who provided the data in the eight

significantly reduced SeDBP and SeSBP at weekPk2(.01 individual studies.
for each treatment group versus placebo). There were further
decreases from week 6 to week 12 in both groups, and a
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