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Low-dose antihypertensive therapy with 1.5 mg sustained-
release indapamide: results of randomised double-blind

-controlied studies

Ettore Ambrosioni?, Michel Safar®, Jean-Paul Degauter,
Pier Luigi Malin®, Mark MacMahond, Diego Rodriguez Pujol®,
Agnes de Cordotiie' and David Guez', on behalf of the

European study group

Objective In accordance with international
recommendations on the need to decrease doses of
antihypertensive drugs, a low-dose (1.5 mg) sustained-
release (SR) formulation of indapamide was developed to
optimize the drug's efficacy : safety ratio. The aim of this
work was to evaluate the benefit of a low-dose diuretic
by consolidating the efficacy and safety results of two
clinical trials with a similar design.

Patlents and methods Clinical data were obtained in
two European randomized double-blind studies with 690
mild to moderate hypertensive patients (95 mmHMg

< supine diastolic blood pressure = 114 mmHg using a
mercury sphygmomanometer) treated respectively for

2 and 3 months, with a mean age of 53 and 57 years,

44 and 57% males, mean supine diastolic blood pressure
of 100.6 and 102.5 mmHg and mean supine systolic
blood pressure of 161.0 and 164.5 mmHg.

Results The first study, a dose-finding study with
indapamide SR at 1.5, 2 and 2.5 mg versus placebo and
the immediate-release (IR) formulation of indapamide,
showed that the 1.5 mg dosage of the new indapamide
formulation had an improved antihypertensive

efficacy : safety ratio. The second study confirmed the
equivalence of blood pressure reductions with 1.5 mg
indapamide SR and 2.5 mg indapamide IR, and better
acceptability with 1.5 mg indapamide SR, particularly in
the number of patients with serum potassium levels

Introduction

In the last 30 years, several classes of antihypertensive
drugs have been available, allowing the first-line use of
diuretics, B-blockers, angiotensin converting enzyme
inhibitors, calcium channel blockers or a-blockers.
Recommendations made by all the scientific and regula-
tory authorities have stressed that low doses of these drugs
are needed for the best safery:efficacy ratio [1,2].
Multicenter trial$ lasting from 2 to 6 years have confirmed
the decrease in morbidity and mortality in hypertensive
patients treated almost exclusively with diuretics and B-
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< 3.4 mmol/l, which was reduced by more than 50%. The
long-term efficacy of 1.5 mg indapamide SR was
observed through a 9-month open-treatment follow-up to
the second study.

Conclusion The 1.5 mg SR formuiation of indapamide
has an improved antihypertensive efficacy : safety ratio,
which is in accordance with international recommend-
ations for the use of low-dose antihypertensive drugs
and diuretics in first-line therapy of hypertension. /
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bilockers [3-5], and the reduction in cerebrovascular acci-
dents and coronary heart disease, versus placebo, was
shown to be greater with diuretics than with B-blockers
[5). Thus, diuretics remain a first-line treatment for essen-
tial hypertension because their beneficial effect on
morbidity and mortality has been demonstrated in the
long term and because of improvements in their use,
particularly with a reduction in dosage.

Indapamide is a thiazide-related sulfonamide diuretic
developed as an antihvpertensive agent in the early 1970s.
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Its antihypertensive efficacy at a daily dose of 2.5 mg with
an immediate-release (IR) form has been demonstrated
in double-blind controlled studies versus placebo or other
antihypertensive drugs [6-9). It is associated with a
neutral effect on lipid [10] or carbohydrate [6,11] meta-
bolic parameters. The aim of developing a sustained-
release (SR) form of indapamide with a reduced dosage
of 1.5 mg was to improve the safery : efficacy ratio and to
meet international recommendations urging the use of low
doses of antihypertensives. Two European, randomized,
double-blind trials, with a similar design, were conducted
first to determine the new dose of the SR form and then
to compare the effects of this new dose and form with
2.5 mg indapamide IR. Morcover, a 9-month open exten-
sion to the equivalence study was designed to provide
additional informarion on long-term clinical and biolog-
ical accepuability in hypertensive patients treated with
1.5 mg indapamide SR [12,13]. The aim of the present
work was to evaluate the benefic of a low-dose diuretic
by consolidating the efficacy and safery results of two clin-
ical trials with a similar design.

Patients and methods

Study objective and design

Two European, controlled, multicenter studies were
conducted consecutively to achieve the following objec-
tives: (1) a 2-month dose-finding study versus placebo and
2.5 mg indapamide IR to select an appropriate dose of
the SR tablet (1.5, 2 or 2.5 mg), looking for no difference
in efficacy between indapamide SR and 2.5 mg indap-
amide IR but a lower incidence of patients with serum
potassium level of < 3.4 mmol/L; and (2) a 3-month study
to confirm that the selected dose of indapamide SR was
equivalent in efficacy to 2.5 mg of the IR form but berter
acceptability in terms of serum potassium levels as
outlined in cbjective 1.

Identical methods were used in both studies. Following
2 1-month single-blind placebo run-in {enrolment visit
month -1), hypertensive patients were randomly allocated
to parallel groups (inclusion visit month 0) for one .of the
above treatments on a double-blind basis for 2 months in
the dose-finding study and for 3 months in the equiva-
lence study. At the end of the 3 month-equivalence study,
a 9-month open treatment period using 1.5 SR with two
intermediate visits 3 months apart (months 6 and 9) was
proposed to all patients, whatever the inital treatment
(1.5 SR or 2.5 IR), with a supine diastolic blood pressure
(DBP) of < 95 mmHg, in order to provide additional long-
term information. No other antihypertensive treatment
was allowed. The studies were approved by ethics
committees in the countries concerned (dose-binding
study: Broussais Hospital, Paris, France; Medical Ethies
Committe of Brussels, Belgium; University of Pavia and
University and Hospital of Bologna, Italy; East Berkshire
Health Authority, North Birmingham Health Authoriry,
Wexham Park Hospital and Goodhope Hospital, UK;

equivalence study: Committece for the Protection of
People tn Biomedical Research, Saint Germain en Lave.
France: Faisanderie Clinic, Brussels, Belgium: Universi-
ties of Bologna, Pavia and Sassar, Italv; Alcala de Henares
Hospital, Madrid, Spain: PMR Ethical Committee.
Eastbourne, UK).

Patients

Inclusion criteria were the same in both studies, com-
prising male and female outpatients, aged 18-70 years,
with mild ro moderate essential hypertension, defined as
a supine DBP of > 95 and = 114 mmHg after having
provided written informed consent. The patients were
asked to ceasc taking all current anthvpertensive medica-
tions. After 4 weeks of the single-biind placebo run-in
period. the patients were included 1 month later (month
0) on the basis of a persistent supine DBP of = 95 and
=< 14 mmHg and compliance of at least 80% (wablet-
countng).

Patients were excluded from the trial for severe or
secondary hypertension or any significant cardiac. renal,
hepatic. neurologic or other serious disease that might
interfere with the study. A further exclusion criterion was
a serum potassium level of < 3.5 mmol/l. Potassium
supplements were to be given if the serum petassium
level was < 3.5 mmol/l at the intermediate visit in each
study. During the S-month open treatment, a supine DBP
of 2 95 mmHg was a critesion for stopping the study treat-
ment.

Blood pressure measurement

Blood pressure was measured conventionally 24 h after
the last drug intakc using a calibrated mercury sphve-
momanometer. at rest after 10 min in the supine position,
and in triplicate at 1 min intervals at each visit in com-
pliance with World Health Organization guidelines; the
mean of the tnplicate determinations was used for
analysis. Standing blood pressure was measured after
I min of standing.

Statistical analysis

Statistical analyses were performed using SAS software
(6.08 version, SAS Insdtute. Cary, North Carolina, USA).
In both studies. the primary efficacy parameter was the
supine DBP change berween baseline and the last obser-
vatien. In the equivalence study, an additional primary
parameter used was the percentage of patients with a
serum potassium level of < 3.4 mmol/l. Secondary efficacy
parameters included the change from baseline in supine
SBP, standing DBP and SBP, responder rates (supine
DBP = 9% mmHg or a reduction in supine DBP of
2 10 mmHg) and controlled patients rates (supine DBP
=< 90 mmHg). In the dose-finding study, 2 toral of 200
patients were required to detect a 10 mmHg difference
between the placebo and treated groups in supine DBP
reduction. In the equivalence study, a total of 300 paticnes
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were required, defining equivalence as a2 maximum
2 mmHg difference between groups in supinc DBP
reduction {with the 95% confidence interval of this differ-
ence itself not cxceeding + 5 mmHg). For supine SBP,
confidence interval limics were + 9.5 mmHg. Efficacy and
safety were analyzed in both studies on an intention-to-
treat basis, the last measurement being carried forward to
the last study visit if the patient did not complete the
trial (baseline value in some cases).

In the dose-finding study, a one-way analysis of variance
was performed, followed by a Newman-Keuls test if
significant treatment effects were present. In the equiv-
alence study, a procedure using two one-sided tests was
adopted, with a = 2.5% [14]. The other variables were
analyzed for a difference between groups. The incidence
of patients with a serum potassium level of < 3.4 mmol/l
was also calculated. In the long-term follow-up to the
equivalence study, a descriptive analysis for all patients
treated was performed. An analysis of time to treatment
failure (Kaplan-Meicr) was performed in order to study
the time to onset of the three following events: (1) the
occurrence of uncontrolled blood pressure (supine DBP
> 90 mmHg); and (2) the occurrence of a supine DBP of
= 95 mmHg (criterion for stopping the treatment); and
(3) the occurrence of patients with a serum potassium
level of « 3.4 mmol/l for the first time.

Results

Patient characteristics

Of 839 hypertensive patients selected for the two double-
blind studies (364 for the dose-finding study, 475 for the
equivalence study), 690 were randomized (285 and 405
for the dose-finding and equivalence study, respectively)
and none were lost to follow-up. Patients selected but not
included dropped out mainly because they were placebo-
responders. Baseline characteristics of the patient popu-
lation zre summarized in Table 1,

In the dose-finding study, the 285 randomized patients

were randomized in the intention-to-treat analysis. A total ~

of 268 patients completed the study and 17 were with-
drawn because of a major protocol deviation (n=4;
placebo, two; 1.5 SR, one; 2 SR, one), severe hypertension
(n=1; placebo), treatment-unrelated causes (n=123
placebo, one; 1.5 SR, one; 2.5 SR, one) and adverse events
(n = 9; placebo, one; 2.5 IR, one; 1.5 SR, one; 2 SR, cne;
2.5 SR, five).

In the equivalence study, the 405 randomized patients
were ail randomized in the intention-to-treat analysis. A
total of 381 patients completed the double-blind study
and 24 were withdrawn because of a major protocol devi-
ation (n = 2; 2.5 IR, one; 1.5 SR one), treatment-unrelated
causes (n=10; 2.51IR, six; 1.5SR, four) and adverse
events (n=12; 2.5 IR, seven; 1.5 SR, five).

Of the 381 patients who completed the study, 67 patients
did not enter the long-rerm period either for incfficacy
(n=44) or for other reasons not related to trearment
{n = 23). The other 314 paticnts entcred the long-term
treatment period along with 10 new patients (Belgium
six, Spain four) not taken into account in the equivalence
study because of the delav in setting up the study in
these countries. Thus, a toral of 324 paticnts entered the
long-term follow-up period and were randomized in the
descriptive analysis. Baseline characteristics of these
patients are summarized in Table 1. Thirty-three out of
these were enrolled with a supine DBP of = 95 mmHg
at month 3 (protocol violation), 13 initially treated with
L5mg SR and 18 with 2.5 IR. A towal of 270 patients
completed the long-term study and 54 patients were with-
drawn because of a major deviation protocol (n = 2), lack
of efficacy {n = 19), treatment-unrelated causes (n=24)
and adverse events (n = 9).

Efficacy
Mean changes in supine DBP and supine SBP from base-
line and the rates of responders and patients with

controlied blood pressure are shown for hoth scudices in
Table 2.

In the dose-finding study, no significant linear dose-trend
in the decrease in supine DBP was observed across the
three groups treated with SR. The antthypertensive effi-
cacy {supine DBP and supine SBP) of 1.5 mg indapamide
SR was significantly greater than that of placebo
(P =<0.01, Newman-Keuls) and similar to the other SR
dosages and to 2.5IR. The rates of responder and
controlled patients achieved with 1.5 mg SR did not differ
significantly from those of 2.5 [R and were significantly
higher than placcbe (response rate, P = 0.028: control rate,
£ = 0.003). Similar results were obrained with standing
DBP {mean reduction of 10.3 + 8.8 mmHg with 1.5 SR
versus 9.8 £ 7.8 mmHg with 2.5 IR) and with standing
SBP (mean reduction of 19.2 + 16.2 mmHg with 1.5 SR
versus 18.3 + 15.4 mmHg with 2.5 [R).

In the equivalence study, a significant reduction from
baseline in supine DBP was shown wich boch treatments;
the equivalence was demonstrated by a difference of
0.4 mmHg in supine DBP reduction between 1.5 SR and
2.5 IR, with a 95% confidence interval in the predefined
equivalence range. The rates of responders and controlled
patients were not statistically different,

The difference in standing DBP berween 1.5 SR and
2.5 IR was —0.03 mmHg; the intertreatment differences
in supine and standing SBP were 2.3 and 1.2 mmHg,
respectively. ANl the 95% confidence intervals of the
differences fell into the predefined cquivaience range.

In the long-term treatment study, blood pressure values
at cach visit and changes from month 3 are presented
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Teble 1 Baseline demographic characteristics

Dosa-finding study Equivalence study Long-term

Placebo 2.51R 1.6 SR 2.0 5R 2.5 5R 1.5 8R 2.5IR 1.5 SR

n 58 59 57 55 56 200 205 324
Age (years) 53+8 55+ 10 55+ 11 54+ 11 53110 53+ 10 57110 551 11
Sex no. (% male) 33 (57%) 2B (47%) 25 (44%) 26 (470 26 (46%) 99 {50%) 114 (5606) 169 (52%)
Body weight (kg) 73x12 66112 70412 73t 11 72t 1 73113 7211 72+ 11
Treated HT no. (%) 41 (71%) 38 (64%) 34 (60%) 35 (64%) 31 (55%) 135 (68%) 156 (76%) 220 (68%)
Duration of HT (years) 44+48 48165 40149 4.7+64 43t48 39144 55158 46+50
Suping CBP {mmHg) 1025453 101.2146 101044 10172565 1015150 100640 1015147 87.7+6.5
Supine SBP (mmHg) 18441135 16441162 16101163 16451150 16181167 161.7%16.0 16441157 1426+ 140

Values are means £ SD axcept as stated otherwise. IR, immediate-ralaase formulation of indapamide (2.5 mg); SR, sustained-releass formulation of indaparmide
(1.8, 2.0, 2.5 mg): HT, hypartension; DBP, diastolic blood pressure; SBP, systalic blood pressure.

Tabie 2 Blood pressure in controlled studies

Dose-finding study

Eguivaiencs study

Placebo 251R 1.5 SR 2.0 SR 2.5 SR 1.5 SR 251R
n 58 58 57 55 &6 200 205
Supine DBP
Change from baselina® -53+88 -99+70" -110+82" -80194" ~102%£8.1" -107x74 -111x 789
Change from 1.5 SR 5.7 1.1 - 2. 0.8 0.4
9%% +2.4, +9.0 —1.9, +4.1 - -14, +3.6 -2.5, +4.0 -1.05, +1.93
Supine SBP
Change from baseline' ~0.2%170 —-17.8%142" ~-186% 143" -170+156° -168%214.3* —15.4 141 -178%149
Change from 1.5 SR 9.4 09 - 0.8 19 23
95% C 3.8, 152 ~4.4 +6.1 - -4.8, 64 -35 7.2 -052 +5.16
Blood pressure control™ 13 (2206} 26 (44%) 32 (56%) 20 (36%) 30 (54%) 114 {57%) 124 (6810}
Responders™ 19 (33%) 31 (53%) 35 (61%} * 28 (5150} 38 (68%) 131 (66%) 142 {B5%)

Vaiues are means t SD or absolute numbers (%) or 95% confidence interval (CI). IR, :mmediate-release farmulation af indapamide (2.5 mg). SR, sustained-
release formulation of indapamide (1.5, 2.0, 2.5 mg); DBP, diastolic bicod pressure: SBP. systolic blood pressure Blood pressure control was defined as a
suping DBP of < 80 mmHg; responders wera defined as those with a supine DBP ol = 90 mmHg and/or decrease of = 10 mmHg from baseline. "P < 0.01,
"™P & 0.001, dose-finding treatment eHect tested with analysis of variance or x2 tes!; equvalence study: two one-sided tests, with sigmficant equivalence f 95%
confidence intarval is included within £5 mmHg for supine DBP and 9.5 mmHg for supine SBP No difference between the 1 5 mg SR and the 2.5 mg IR dose
in the dose-finding study was significant (Newman-Keuls); *P & 0.05, **P = 0.01, versus placebo (Newman-Keuls)

Tatle 3 Blood pressure in the long-term study

Visit Monith 3 Month & Month § Month 12 iTT
n 324 305 292 270 324
Supine DBP (mmMg) 87.7%65 863160 87061 87.618B.2 88.51+83
Change from month 3 (mmHg) - -1.2t74 -03x78 405185 +0.8+82
Suping SBP (mmHg) 142.6 £ 14.0 1415+ 118 14242122 1426 14.6 14381148
Change from month 3 (mmHg) - ~08+128 +04+128 +1.1%14.2 +1.3£136
Kaplan—Meier aralysis (% of patients)
Supine DBP < 95th mmHg {%) 100 90.6 1 0.3 987 £ 1.1 918217 -
Supine DBP = 60 mmHg (%) 100 100 B34%26 711132 -

Values are means or 9%  SD; n, number of patients evaluable at sach visit, Month 3. initial visit of the long-term study (last wisit in equivalence study}; month
12, last visit in dose-finding study; [TT, intention 1o treat (end-point valus): no. of patients with supine DBP <95 or = 90 mmHg at the visit (Kaplan-Meiar:
100% at month 3, nw= 281 or 220, respectively); DBP, diastolic blood prassure: SBP, systolic blood pressure.

in Table 3. A total of 220 patients had a supine DBP

Safety
of = 90 mmHg at month 3 and 291 had a supine DBP of

Clinical and laboratory safery data were evaluared in all

<95 mmHg. Of these, 71.1% of patients maintained a
supine DBP below 90 mmHg and 91.8% below 95 mmHg
at all visits (months 3, 6, 9 and 12; Kaplan-Meier).
Conversely, of the 104 patients enrolled in month 3 with
a supine DBP of » 90 mmHg, 75 (72%) achieved a supine
DBP of =< 90 mmHg during the long-term study. Of the
33 patients enrolled in month 3 with a supine DBP of
2= 95 mmHg, 26 (79%) achieved 2a supine DBP of <95
mmHg during the long-term study.

patients who took at least one dose of treatment (dose-
finding study, n = 285; cquivalence studv, n =405). No
serious treatment-related adverse event was gbserved in
either study.

In the dose-finding study, seven placebo patients, 10
taking 2.5 IR, eight taking 1.5 SR, six taking 2 SR and
14 raking 2.5 SR reported at least one adverse event
(intertrearment, NS). Headaches and dizziness were the



Teble 4 Serum potassium after treatment for 4 weeks (dose

(equivalence study)

Hypertension and 1.5 mg sustained-release indapamide Ambrosioni et a/.

-finding study) or 6 weeks

Dose-finding study

Equivalence study

1.5 SR 25IR 1.5 SR 25IR
n 57 LT] 200 205
K* <3.0 mmold no. (o) C {09%) 1 (2%} 3 {1.59} 7 (3%)
K* < 3.4 mmol/l no. (%) 8 {11%)° 17 (29%)* 18 (%) 50 (2400)"
Baselra K™ tmnoit) AWML OAG ERTR k) LREE V] LWL AE
A K* {mmol/f -0.43 £ 0.52 ~0.42 £0.45 -025+043™ -040t Q.45

Vaiues are means £ SD or absolute numbers of patients (%}, IR, immediate-reiease formulaton of indapamide
(2.5 mg); SR, sustained-release formulation of indapamide (1.5 mgl. *P < 0.05, "'P < 0.001, 1.5 SR versus 2.5 IR
(Fisher's axact test and Student’s ! test).

Tsbie 8 Laboratory parameters

Dosge-finding study

Equivalence stuoy

Long-term study

1.58SR 2.51R 1.58R 25IR 1.5 SR
n 57 59 200 205 324
Fasting glucose
Entry 52+07 5207 54%13 5622 57+20
Change -00to08 +0.2+08 +0.1£1.0 +01%1.4 -00(~0.10.1)
Total choleatarol
Entry 58t 1. 82110 82111 S2%1.1 51¢1.1
Change -00x08 +0.2%07 -00x08 +0.2+09 -0.01{-01.01)
HDL ¢holesterol
Entry NA NA 1.51£06 14£05 14104
Change NA NA -0.1+05 ~0.0+04 400 (-0.0,01)
Trigiycerides
Entry 15+07 14209 15109 18211 17212
Change +0.1£0.7 +0.4 £ 2.0 +30x07 +0.2110 +0.1 (-0.0,0.2)
Uric acid
Entry 287.5 1827 284.1 £ 805 31124831 3163+ 938 363.1 £ 100.9
Change +40.1 £ 48.1 +70.7 £85.7 +33.7 £ 66.5 +51.2 £ 87.0-18.0 (-23.4, -8.7)
Urea
Entry 56+15 58+15 58118 58+1.7 81118
Change +05+1.5 +02+12 +031.4 +05+1.5-0.1 (-0.23,0.07)
Croatinine
Entry 858t 184 853+ 18.1 87.2%17.1 88.2+17.3 8592180
Change ~04%128 +2.1 %1341 +1.8£127 =1.42132 +11 (-0.02.3)
Sodium
Entry 141.3+43 141.7£3.0 1408+ 2.8 1411 £28 140.4 £3.0
-041£23 -04142 -0.3x27 -07+32 ~-00(-04,0.3)
Chioride
Entry 1033143 1027143 103.2+32 1033+3.3 101.1 £4.0
Change -24145 -3.2148 ~1.18 4.1 —-29147 +03(-0.1.08)

Values are means & SD or means (85% confidence intervals), and are expressed as mmal#l, except uric acid and creatining (wmalfl). IR,
immediate-release formulation of indapamide (2.5 mg); SR, sustained-release tormulation of indapamide {15, 2.5 mg}: HDL, high-density
lipoprotein; NA, rot applicable. Entry was month O for the dose-finding study and equivalence study and month 3 tor the long-term

follow-up of the equivalence study.

Table ¢ Serum potassium In the long-term study

=

Month.3

Month 6 Month 9 Month 12
n N 287 276 261
Baseiing K* (mmol/l) 3921054 4.05 £ 0.60 4.04 £0.56 3881046
4 K* {mmoift) - +0.14 £ 0.57 +0.14 £0.57 -0.04 £0.46
Kapian—Maeier analysia
K* = 3.4 mmolit 284 {10096) 99.3 £ 0.5% 9421 1.5% 91.3 % 1.8%

Values are means * SD, except Kaplan-Meier analysis {no. or % of patients £ SD): n, number of evaluable patients. Month
3 waz the initial visit of the long-term study and last visit of the equivalence study: month 12 was the last visit of the

long-term study.
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most frequently reported events. Nine patients dropped
out due to an adverse cvent (headache, n =1, placebo;
serum potassium of 2.8 mmol/l, n= 2, 2Z51R and 2.5 SR;
skin allergy, n=2, 1.58R and 2 SR; dizziness, n =2,
2.5 SR; asthenia, n= 1, 2.5 SR; gout, n=1, 2.5 SR).

In the equivalence study, 46 patients taking 1.5 SR
reported at least one adverse event versus 50 patients
taking 2.5 IR (NS). There were 12 dropouwts duc to
adverse cvents, five patients in the 1.5 SR group (one
cach with dizziness and headache, tachycardia, dry mouth
and serum potassium levels of 2.7 and 2.9 mmol/l) and
seven in the 2.5 IR group (one each with dizziness, palpi-
tations and dyspnea, cough, serum potassium levels of 2.5,
2.6 and 2.8 mmol/l, and lack of efficacy). In the dose-
finding study, the incidence of paticnts with a serum
potassium level of < 3.4 mmolfl at week 4, before the
administration of potassium supplements, was signifi-
cantly reduced with 1.5 SR (by more than 50%). This
reduction was also observed in the equivalence study at
the intermediate visit in which it was a primary safery
parameter (Table 4); in this study, the mean decrease in
serum potassium levels was significantly lower with 1.5 SR
than with 2.5IR (0.25 + 0.43 versus 0.40 x 0.46 mmol/l,
respectively; P = 0.001). The remaining biochemistry, in
particular lipid and carbohydrate parameters, was not
significantly affected by 1.5 SR, except for 2 moderate
effect on serum uric acid {Table 5).

In the long-term study, among the 324 enrolled patients
in the long-term extension, there were nine dropouts due
to adverse events including increased diabetes (n = 1),
atrial fibrillation (n=1), gynecomastia (n=1), angina
pectoris (n = 2), paipitation (n = 1}, fatigue and polyuria
{n = 1) and cerebrovascular accidents (n = 2), one of them
leading to death 2 months later, after neurosurgical incer-
vention for haemorrhage. A total of 284 patients had a
serumn potassium level of = 3.4 mmol/l at the initial visit
{month 3) and 91.3% of these maintained normokalemia
at all visits {months 3, 6, 9 and 12: Kaplan—-Meier, Table
6). In the subgroup of patients treated for a complete year
(3 month double-blind period followed by 9 month open
period) with 1.55R, 2.3% of pauents had kalemia of
< 3.4 mmol/l at the month 12 visit (three out of 128
patients present at the visit). The other main biochem-
istry parameter changes are presented in Table 5. Of the
690 paticnts in the two studies, 1% (three out of 257) of
the patients treated with 1.5 SR and 3% (cight out of 264)
of those treated with 2.5 IR had serum potassium levels
of <3 mmol/l; no patient with a serum porassium level of
< 2.5 mmolfl was observed; only two out of 257 patients
on 1.5 SR and four out of 264 on 2.5 IR withdrew because
of a low serum potassium level. The mean decrease in
serum potassium on 1.5 SR was 0.3 mmol/l. A number
of withdrawals because of adverse events (6%) were
observed in the 690 patients in the two studies (17 out
of 285 patients in the first study, and 24 out of 405 in the

second). However, a pooled analysis showed that only
2.3% (six out of 257) of the pauents treated with 1.5 SR
and 2.6 % (seven out of 264) of those trcated with 2.3 IR
withdrew from treatment because of adverse events. The
analysis of long-term safcty showed few dropouts (3%)
due to adverse events,

Discussion

Controlled studies

Indapamide SR at 1.5 mg was selected in the dose-finding
study for its antihvpertensive efficacy, which was similar
to the other dosages and formulations of indapamide, in
particular 2.5 IR (likely efficacy plateau), and significantly
greater than placebo. From the safety point of view.
1.5 mg indapamide SR reduced the incidence of patients
with serum potassium levels of < 3.4 mmol/} by more than
50% (62%) compared with 2.5 IR, thereby optimizing the
efficacy : safety ratio of indapamide and meeting the
target of the development program,

The equivalence study validated this choice in a larger
sample-size population by demonstrating statisticat equiv-
alence in antihypertensive efficacy berween 1.3 SR and
2.5 IR and by confirming the benefit in terms of kalemia.
The results of the two studies were compared in 2 pooled
presentation on the basis of shared methodology: match-
ing design, same inclusion and noninclusion criteria. same
outcome measures, intention-to-treat analysis and compli-
ance with European Good Clinical Practice guidelines.

The doses of indapamide SR were chosen according to
an arithmetic progression of 0.5 mg afier discarding the
1 mg dose because this had been considered ineffective
in previous studies [15~18]. Since no dose lower than
1.5 SR was tested (no blank dose), it cannot be claimed
that this is the lowest dose equivalent to 2.3 IR. This
difficulty is frequently encountered in dose-finding
studies. However, 1.25 mg indapamide IR, independently
developed in the United States at the same time as an
effective low dose, has not demonstrated equivalent effi-
cacy to 2.5 mg IR but has shown a significant difference
versus placebo. Published data [19-21] indicate thar
1.25 mg indapamide IR could be clinically less effective
than 1.5 mg SR, showing a mean decrease in DBP of
—8 mmHg (1.5 SR, —11 mmHg), in SBP of ~11 mmHg
(1.5 SR, —17 mmHg) and a mean respender rate of 51%
(1.58R, 64%). The duration of treatment exposure
differed in the two studies (8 and 12 weeks), but was
sufficient for a full evaluation of antihypertensive efficacy
since this is generally achieved after wreatment for 4-6
weeks [22-24]. The selection of patients was based on
conventional blood pressure measurement and not ambu-
latory blood pressure monitoring, since current knowledge
is based on blood pressure measurement by mercury
sphygmomanometer which remains the reference method,
having been prognostically validated. Ambulatory blood
pressure monitoring, performed in these two studies to



provide descriptive efficacy parameters, confirmed the
conventional measurement resules [13,25].

An important finding is that the results in the dose-finding
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and equivalence studies were coherent and complemen-
tary; the efficacy of 1.5 SR was very similar in degree in
both studies, as well as compared with 2.5 IR (reduction
in supine DBP of 11 mmHg, reduction in supine SBP of
15-18 mmHg, responder and controlled patient rates of
61-66 and 57%, respectively). The equivalence study
clearly stated the statistical and clinical equivalence in
efficacy berween indapamide 1.5SR and 25mg IR
despite the reduction in the dose. The lacter point is
importane since 2.5 IR is used as a reference antihyper-
tensive diurctic, and has extensively demonstrated its
efficacy in many comparative studies versus other anti-
hypertensive  drugs, including hydrochiorothiazide,
chlorothiazide, cyclepenthiazide, chlorthalidone, bendro-
fluazide and meticrane [7]. The safery data from the
equivalence study confirmed, with a controlled statistical
power, the significant reduction in patients with a serum
potassium level of < 3.4 mmol/l with 1.5 SR versus 2.5 [R.
Compared with other diuretics such as chlorthalidone or
hydrochlorothiazide, indapamide seems to present a lower
inctdence [26,27). The absence of any adverse effect on
lipid and carbohydrate profiles is in agreement with the
results of the mera-analysis by Ames {10], who compared
the lipid effects of indapamide versus those of the
thiazides, and the known data with 2.5 IR [11].

The antihypertensive efficacy of 1.5 SR was maintained
in the long term (12 months), proving the absence of
therapeutic escape, since 71 and 92% of patients exposed
to the risk still had a supine DBP of < 90 mmHg or
< 95 mmHg, respectively, at the end of the long-term
treatment. At month 12, 91.3% of patients still had a potas-

sium level of at least 3.4 mmol/l. Ocher laboratory para- -

meters were metabolically neutral, including both lipid
and carbohydrate metabolism, as observed in the short-
term controlled srudies.

Conclusions

The development of 2 low-dose presentation of inda-
pamide in 2 new SR coated tablec formulation optimized
the safery : efficacy ratio while providing short- and long-
term antihypertensive efficacy throughout the 24 h after
the dose. Indapamide SR at 1.5 mg complies with the
requirements laid down by international scientific and
regulatory autherities both for low-dose antihypertensive
therapy and for the preferential use of a diuretic as firse-
line treatment for hypertension.
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