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perimental evidence and observations in humans strongly support an interactive role of 
tated α-adducin, sodium (Na+)/potassium (K+)-adenosine triphosphatase (ATPase) 
ivity and endogenous ouabain in Na+ homeostasis and the pathogenesis of 

pertension. The Ouabain and Adducin for Specific Intervention on Sodium in 
perTension (OASIS-HT) trial is an early Phase II dose-finding study, which will be 
nducted across 39 European centers. Following a run-in period of 4 weeks without 
atment, eligible patients will be randomized to one of five oral doses of rostafuroxin 

nsisting of 0.05, 0.15, 0.5, 1.5, or 5.0 mg/day. Each dose will be compared to a placebo in 
ouble-blind crossover experiment with balanced randomization. Treatment will be 

tiated with the active drug and continued with placebo or vice versa. Each double-blind 
riod will last 5 weeks. The primary end point is the reduction in systolic blood pressure 
fined as the average of three clinic readings with the patient in the sitting position. 
condary end points include the reduction in diastolic blood pressure on clinic 
asurement, the decrease in the 24-h blood pressure, and the incidence of end points 
ated to safety. Secondary objectives are to investigate the dependence of the blood 
ssure-lowering activity on the plasma concentration of endogenous ouabain and the 

netic variation of the enzymes involved in the metabolism of this hormone, and the 
ducin cytoskeleton proteins. Eligible patients will have Grade I or II systolic hypertension 
thout associated conditions and no more than two additional risk factors. In conclusion, 

ASIS-HT is a combination of five concurrent crossover studies, one for each dose of 
stafuroxin to be studied. To our knowledge, OASIS-HT is the first Phase II dose-finding 
udy in which a genetic hypothesis is driving primary and secondary end points.
 Introduction
ducin is a heterodimeric cytoskeleton protein
nsisting either of α- and β-subunits or of α-
d γ-subunits [1,2]. Rat experiments [1,3], in vitro
nsfection studies [4], sodium-loading and
epleting interventions in never-treated hyper-
sive patients [5] and, finally, epidemiologic
dies [6,7] revealed a sequence of events leading
m a point mutation in the α-subunit [3] to a

llular dysfunction characterized by higher
tivity of the sodium pump [4]. This leads to
creased tubular sodium reabsorption in the
ney [5] and, ultimately, hypertension [6].

Endogenous ouabain is released from the mid-
ain and possibly from the adrenal glands [8] in
ponse to hypoxia, expansion of the extra-
llular fluid volume induced by aldosterone, or
 response to a low-salt diet [9]. The hypothesis
ining ground is that, depending on its concen-
tion and the experimental conditions, this
rmone behaves as a versatile modulator of the
iquitously expressed sodium pump [10]. At
h concentrations, ouabain inhibits the

sodium (Na+)/potassium (K+)-adenosine tri-
phosphatase (ATPase) activity in renal tubular
cells, promotes natriuresis and reduces blood
pressure. In cardiac and vascular myocytes, inhi-
bition of Na+/K+-ATPase activity may slow the
sarcolemmal Na+–calcium (Ca2+) exchange and,
via Ca2+-dependent pathways, stimulate excita-
tion–contraction coupling, leading to vaso-
constriction and the expression of growth-related
genes [11,12]. At very low concentrations within
the subnanomolar range, endogenous ouabain
may increase the size of the membrane pool of
active Na+ pumps [13] and, via this or other
unknown mechanisms, lead to renal Na+ conser-
vation rather than salt losing [10], hypertension,
and hypertrophy of target organs, such as the
heart or the kidney.

Milan hypertensive rats strains (MHS) carry
a mutated α-adducin and, compared with the
normotensive control strain (MNS), have
higher circulating levels of endogenous ouabain.
Introgression of the DNA segment containing
the mutated adducin locus from MHS into
14622416.6.7.755 © 2005 Future Medicine Ltd  ISSN 1462-2416 Pharmacogenomics (2005)  6(7), 755–775



www.futuremedicine.com

Design of OASIS-HT – STUDY DESIGN

-
at
ly
g
-

r-
of
-

ot
te
d
-

in

-
-
s
n
ys
-
e
a
s.
i-
i-
e
e
n
ly
e

y-
a-
at
s-
a-
d

r-
s
n
a-
t

al
s.
e
t

s-
n
ys
al
y
d

MNS increases blood pressure and, under
Na+-deplete conditions, also raises the plasma
concentration of ouabain. Furthermore, in sub-
jects randomly recruited from a Caucasian pop-
ulation, whose plasma ouabain concentration
was less than 140 pmol/l (median), blood pres-
sure increased by 2.2 mmHg systolic and
1.4 mmHg diastolic for each 50 mmol incre-
ment in their 24-hour urinary Na+ excretion
[14]. In contrast, no association between blood
pressure and the urinary Na+ excretion was
found when plasma ouabain exceeded the
median [14]. Moreover, both before and after
adjustment for sex and smoking, plasma oua-
bain significantly increased with the number of
copies of the mutated α-adducin 460Trp allele.
Thus, observations in rats and humans strongly
support an interactive role of mutated α-
adducin, Na+/K+-ATPase activity, and endog-
enous ouabain in the regulation of Na+ homeos-
tasis and the pathogenesis of hypertension.

2. Characteristics of rostafuroxin
Rostafuroxin (17β-[3-furyl]-5β-androstan-
3β,14β,17α-triol) is a digitoxygenin derivative
(Figure 1), which selectively displaces ouabain
from the Na+/K+-ATPase receptor [15].

2.1 Pharmacologic properties
In MHS rats, at doses of 100 µg/kg or higher, ros-
tafuroxin inhibited the innate excess activity of the
Na+ pump [16] and approximately halved the dif-
ferences in the blood pressure levels compared
with normotensive MNS controls. In MNS made
hypertensive by the chronic infusion of ouabain at
doses from 15–50 µg/kg/day, rostafuroxin admin-
istered in daily doses of 0.1–10 µg/kg also nor-
malized the increased renal Na+/K+-ATPase
activity and blood pressure, and antagonized the
hypertrophy of the heart and kidneys. This anti-
hypertropic effect may not  only be related to the
blood pressure-lowering effect of rostafuroxin, as a
similar blood pressure decrease produced by the
dihydropyridine calcium channel blocker
amlodipine did not reduce cardiac and renal
hypertrophy. Rostafuroxin inhibited the interac-
tion between ouabain and the Na+ pump, which,
in vitro, activates a mitogen-activated protein
kinase-related pathway leading to cell growth [17].
In isolated tubular cells, rostafuroxin at concentra-
tions of 10-9 or 10-10 M normalized the increase in
the Na+/K+-ATPase activity produced either by
transfection of these cells by mutated MHS
adducin, or by their exposure to subnanomolar
concentrations of ouabain (10-11 or 10-12 M). In

experimental animals and cell models, rostafuro
xin inhibited the ouabain-mediated alterations 
doses or concentrations that were approximate
tenfold lower than those required for antagonizin
the effects of mutated α-adducin [18]. Up to con
centrations of 10-4 M, rostafuroxin does not inte
act with receptors involved in the regulation 
blood pressure or endocrine function. Rostafuro
xin does not behave as a diuretic, does n
decrease the creatinine clearance, does not activa
the renin–angiotensin–aldosterone system, an
does not induce the metabolic side effects of diu
retics, such as potassium depletion, insul
resistance or dyslipidemia [16,18].

Pharmacokinetic studies showed that rostafuro
xin is orally absorbed and subsequently metabo
lized. The compound is bound to plasma protein
in 90% of cases. It has a 90% hepatic extractio
with negligible renal clearance. In rats, monke
and humans, the 3α-epimer of the parent com
pound (PST2490) is a metabolite that can b
detected in urine. This observation suggests 
common metabolic pathway in the three specie
After intravenous or oral administration, the est
mated half-life of the unchanged drug is approx
mately 12 min or 3.5 h, respectively. Th
bioavailability computed from the area under th
curve after intravenous or oral administratio
with standardization for dose is approximate
2.1%. The relatively short half-life of th
unchanged compound, the long lasting antih
pertensive effect that, following oral administr
tion, persists for more than 24 h, and the fact th
the metabolite PST 2490 is devoid of blood pre
sure lowering activity suggest compartmentaliz
tion in target organs, from which the compoun
may be slowly released.

2.2 Toxicology
The acute oral lethal dose resulting in 50% mo
tality (LD50) in rats and mice exceed
2000 mg/kg. In 1-month oral toxicity studies i
rats, a dose of 45–180 mg/kg caused mild hem
tologic and hepatic alterations, which were no
dose dependent. A dose of 720 mg/kg was leth
for 60% of male rats, but not for female rat
Similar 1-month studies in monkeys with th
same oral doses of rostafuroxin revealed sligh
alterations in the hematologic and hepatic mea
urements, but did not cause any death, not eve
at the highest dose. At the lowest dose, monke
did not experience any toxic effect. Chronic or
toxicity studies over 3 months did not reveal an
toxicity up to a dose of 100 mg/kg in rats an
180 mg/kg in monkeys. 
759
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Rostafuroxin was devoid of mutagenicity in
man lymphocytes, Chinese hamster lung cells
d the bone marrow of mice. At a dose of
0 mg/kg, rostafuroxin decreased spermatogene-
 in male rats, and in female rats and rabbits fol-
ed up until the 7th day of pregnancy it led to

turbances in the embryo–fetal development.

 Phase I studies
 placebo-controlled studies in healthy male
lunteers who received rostafuroxin in a daily
se ranging from 1–10 mg for up to 7 days, no
nically significant adverse effects occurred. In
rticular, the compound had no influence on
ctrocardiographic measurements, including
e RR, PR, QRS, and QS intervals. Following
e initial dose, a few volunteers in the active-
atment and placebo groups had mild com-
ints, mainly headaches, which all subsided
thout sequels. After glucuronide hydrolysis,
e parent compound was undetectable in
ine, but the excretion of the urinary metabo-
e (PST2490) increased linearly with the orally
ministered dose.

 Phase II studies
 an uncontrolled pilot study with forced titra-
n, never-treated hypertensive patients received
stafuroxin during three sequential periods of

onth in daily doses of 0.1, 1 and 5 mg,
pectively. Compared with the baseline, the
creases in mean arterial pressure averaged 3.0
mHg (p = 0.039), 5.0 mmHg (p = 0.007), and
 mmHg (p = 0.014), respectively.

In a second study with double-blind design, 42
d 21 patients with uncomplicated hypertension
re randomized to 12 weeks of treatment with

either rostafuroxin 0.5 mg/day or losartan
50 mg/day. The intention-to-treat analysis
showed that at the end of follow up blood pressure
was slightly higher with rostafuroxin than losar-
tan, but that the proportion of patients whose
diastolic blood pressure dropped to 90 mmHg or
less was 38.0% in the two groups. Mild adverse
events were equally frequent (19.0%) on both
drugs and, with the exception of one case of gas-
tritis on rostafuroxin, they were all considered to
be unrelated to treatment. No serious adverse
events occurred.

3. Design of the OASIS-HT trial
3.1 Objectives
The primary objective of the double-blind
OASIS-HT trial is to identify the minimal daily
dose at which rostafuroxin in patients with
uncomplicated hypertension reduces blood pres-
sure significantly more than placebo. The pri-
mary end point is the reduction in systolic blood
pressure defined as the average of three clinic
readings with the patient in the sitting position.
Secondary end points include the reduction in
diastolic blood pressure on clinic measurement,
the decrease in the 24-h blood pressure, and the
incidence of end points related to safety. An
important secondary objective is to investigate
the dependence of the blood pressure lowering
activity on the plasma concentration of endog-
enous ouabain, and on the genetic variation in
the enzymes involved in the synthesis of this
hormone and the adducin cytoskeleton proteins.

3.2 Experimental design
OASIS-HT is an early Phase II dose-finding study,
which will be conducted across 39 European

igure 1. Chemical structure of rostafuroxin and oubain.
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Stage I or II
30–59 y

T

centers. After a run-in period of 4 weeks, eligible
patients will be randomized to one of five oral
doses of rostafuroxin consisting of 0.05, 0.15, 0.5,
1.5, or 5.0 mg/day. Each dose will be compared
with placebo in a double-blind crossover experi-
ment with balanced randomization. Treatment
will be initiated with the active drug and contin-
ued with a placebo or vice versa. Each double-
blind period lasts 5 weeks. OASIS-HT is therefore
a combination of five concurrent crossover studies,
one for each dose of rostafuroxin to be studied.
The total duration of the study, including the run-
in period, is 14 weeks. The wide dose range used
in OASIS-HT is based on the preclinical studies
that showed rostafuroxin inhibited the ouabain-
mediated changes at doses or concentrations that
were approximately tenfold lower than those
required for antagonizing the effects of mutated
α-adducin [16,18].

3.3 Selection of patients
Patients with hypertension qualify for randomiza-
tion if they meet all entry criteria and if they have
none of the characteristics leading to exclusion.

3.3.1 Positive selection criteria
Female and male patients are eligible in the pres-
ence of additional positive selection criteria:

• Age should range from 30–59 years.

• At the screening visit, patients should be

untreated or on treatment with only one dru
or one combination tablet containing n
more than two antihypertensive agents. 
should be possible to stop antihypertensiv
drug treatment at the screening visit.

• Patients should have Grade I or II hyperten
sion according to the 2003 European guid
lines [19] without any associated conditions. A
the screening visit, systolic blood pressu
must range from 140–169 mmHg, irrespe
tive of treatment status. Two weeks later, whi
the patients are untreated, their systolic bloo
pressure must remain higher tha
140 mmHg. At the end of the run-in perio
4 weeks after the screening visit, the untreate
systolic blood pressure must range from
140–169 mmHg.

• In addition to hypertension, patients shou
have less than three other risk factors includ
ing: age above 55 years if male, smoking, tot
cholesterol of 250 mg/dl or higher, low-den
sity-lipoprotein cholesterol of 155 mg/dl o
higher, or family history of cardiovascular di
ease occurring before 55 years in men o
65 years in women.

• Women with childbearing potential shou
apply an adequate contraceptive technique.

• Patients should provide written informe
consent.

mmatical representation of the study protocol.

nts, 88 in each crossover arm, are required in the study.

5 parallel groups
Crossover with balanced randomization
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.2 Exclusion criteria
e following criteria lead to exclusion:

A 24-h urinary Na+ excretion exceeding
200 mmol at the last run-in visit.
Severe or malignant hypertension or second-
ary hypertension (which includes a history of
renal arterial disease).
Disturbances of cardiac rhythm or conduct-
ance, including atrial fibrillation, first degree
atrioventricular block with a PR-interval of
240 ms or longer, or left or right ventricle
bundle branch block.
Electrocardiographic evidence of left ventricu-
lar hypertrophy [20–22], defined as a Sokolow-
Lyon index of 38 mm or more or as a Cornell
voltage product exceeding 2440 mm × ms.
A history of myocardial infarction within
6 months of randomization or heart disease
requiring the intake of blood pressure lower-
ing medications, vasodilators, antiarrhythmic
drugs, or digitalis.
Diseases of the kidney or liver as evidenced
by a serum creatinine concentration of
1.3 mg/dl or higher, microalbuminuria in
excess of 2.5 mg per mmol of creatinine in
men or 3.5 mg per mmol of creatinine in
women, or a twofold or higher increase in
alanine or aspartate aminotransferase activ-
ity in serum compared with the normal
reference values.
Surgery or diseases of the gastrointestinal sys-
tem, which might influence the absorption or
hepatic clearance of rostafuroxin.
Pregnant or nursing women, or women with
childbearing potential not applying adequate
contraception.
Metabolic disturbances, including a body
mass index exceeding 30 kg/m2 or overt or
medically-treated diabetes mellitus.
Any condition that might be predictive of a
lack of collaboration, such as substance abuse
or mental disorders.
Treatment with any other investigational drug
within 6 months of randomization.

 Randomization
ndomization will follow a balanced incom-
te block design. Each center will be ran-
mly allocated to one or more incomplete
cks. Within blocks, patients will be ran-

mly assigned to four or six of the ten possi-
 sequences of rostafuroxin (five doses) and
cebo (either preceding or following the

active drug). A computerized procedure gener-
ating random numbers will be used for
randomization.

Centers will opt whether they will use blocks
of study medication for four or six patients. A
copy of the randomization code of each individ-
ual patient will be kept in sealed envelopes at the
Drug Safety Unit (Sigma-Tau, Pomezia, Italy)
and at each center. Breaking of the code is only
allowed when, in the patient’s best interests, a
serious adverse event cannot be handled other-
wise. Code breaks should be recorded in the case
report forms.

3.5 Overview of the study procedures
At the initial screening visit (V1, -4 weeks), inves-
tigators will assess the potential eligibility of
patients, discontinue antihypertensive drug treat-
ment, obtain informed written consent, and plan
further follow-up during the run-in period, while
the patients remain off antihypertensive drug
treatment. Eligibility will be further assessed at
visit 2 (V2, -2 weeks) and visit 3 (V3, baseline).

Patients complying with all enrolment criteria
will be randomized to the double-blind study
medication. They will be started on active study
medication for 5 weeks and then be crossed over
to placebo, or vice versa. Each of these two treat-
ment periods runs over 5 weeks. Short visits (V4
and V6) are scheduled 2 weeks after the initiation
of each course of double-blind medication and
visits with an extensive evaluation are scheduled at
the end of each treatment period (V5 and V8).
The time window allowed for each visit is the pro-
grammed time plus up to 7 days. Figure 3 provides
an overview of the examinations to be performed
at each visit.

4. Treatment of patients
The 440 patients randomized in OASIS-HT will
be treated according to the 2003 guidelines of
the European Society of Hypertension and the
European Society of Cardiology [19].

4.1 Lifestyle
Patients eligible for enrolment in OASIS-HT
have mild hypertension, Grade I or II, without
associated conditions and no more than two
additional cardiovascular risk factors. In keeping
with current guidelines [19], the treatment strat-
egy in such patients should, for several months,
consist of the reinforcement of lifestyle measures
and regular follow-up. The hygienic measures to
be implemented include cessation of smoking,
Pharmacogenomics (2005)  6(7)
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moderation of excessive alcohol intake, regular
physical activity, weight reduction in overweight
patients, dietary measures to control dyslipi-
demia, and, most importantly, in relation to the
hypothesis under investigation a reduction of
dietary Na+ intake to between 120 and
160 mmol/day.

4.2 Study medication
The pharmacist of each center will be responsible
for the receipt and storage of the study medica-
tion at a secure location and at a room tempera-
ture below 25 °C. The study medication will be
provided as gelatinized capsules containing 0.05,
0.15, 0.5, 1.5, or 5.0 mg of the active substance
and matching placebo capsules. For each patient,
the parcel will include two boxes, labeled
‘period 1’ or ‘period 2’. Each box will contain two
bottles, respectively labeled ‘weeks 1–2’ or
‘weeks 3–5’ with sufficient capsules (21 or 28,
respectively) for the 2- or 3-week treatment peri-
ods plus 7 extra days. All labels will be printed in
the language of the center. The label of each bot-
tle has a tear-off part, which fully identifies the
bottle and the patient and which the investigator
has to stick onto the case record form when the
study medication is dispensed.

Patients should take the study medication
around 8 AM before breakfast. Clinic visits have
to be scheduled within 8 h of drug intake.
Depending on local conditions, each center
should standardize the time interval between the
intake of the study medication and the measure-
ment of the clinic blood pressure. On the days
before visits five and seven, the patients should
go to the clinic following overnight fasting. On
these days, they should take their study medica-
tion at the examination center after blood sam-
pling and shortly before the start of the
ambulatory blood pressure recording and the
24-h urine collection.

Patients should return unused capsules at the
next visit. The investigator will note the number
of unused capsules on the case record forms and
return unused or partially used bottles of study
medication to the sponsor at the end of the trial.
Patients will be classified as compliant if they
took at least 80% of the prescribed study medi-
cation and if they did not miss any dose on the
days of the clinic visits and the days immediately
preceding these visits.

4.3 Use of other medications
Patients cannot use medications that might have
an influence on the outcome variables under study:

• Drugs used for the treatment of cardiovascul
disorders, including diuretics, α- and β-block
ers, calcium-channel blockers, angiotensin
converting enzyme inhibitors, angiotensin 
type-1 receptor blockers, and centrally actin
antihypertensive drugs.

• Medications causing systemic vasodilatation o
vasoconstriction, including theophyllin
papaverine, tricyclic antidepressants, neurolep
tics, nitrates, and sympathicomimetic drugs 
aerosol for bronchial or nasal application.

• Digitalis and antiarrhythmic agents.
• Steroids and nonsteroidal anti-inflammator

drugs, with the exception of aspirin, at a do
of less than 100 mg/day or at a higher dose fo
a period of less than 1 week.

• Immunosuppressive or cytotoxic agents.
• Potassium supplements.

5. Measurement of phenotypes
High-fidelity phenotyping is a cornerstone to th
research goals of OASIS-HT.

5.1 Guidelines for 
blood-pressure measurements
The blood pressure measured at the clinic is th
primary outcome variable in the OASIS-HT tria
Blood pressure will also be monitored und
ambulatory conditions. Investigators will have 
comply with the recommendations of the Euro
pean Society of Hypertension for convention
and ambulatory blood-pressure measurement [23

For measurement of blood pressure at th
clinic, all centers will employ validated [24] oscillo
metric Omron 705IT recorders (Omron Health
care Europe BV, Nieuwegein, The Netherlands
Although for ambulatory monitoring any val
dated ambulatory recorder can be employed, mo
centers will use oscillometric SpaceLabs 9020
devices [25]. The following guidelines for standard
ization apply equally to clinic blood pressu
measurement and ambulatory monitoring.

5.1.1 Selection of the cuff size
At the screening visit, the investigator must dete
mine the appropriate cuff size for each patient. 
arm circumference is less than 32 cm, a standar
cuff with a bladder of 12 × 22 cm can be applie
For arms with a larger circumference, cuffs mu
have a bladder size of at least 15 × 31 cm.

5.1.2 Selection of the arm
At the screening visit, the investigator must asce
tain that there is no clinically significant differenc
in the brachial blood pressure as measured on th
763
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t and right arm. After the patient has rested for
min in the sitting position, the observer must,
thin an interval of less than 1 min, obtain one
od-pressure reading on each arm, always start-
 with the nondominant arm. If the systolic and
stolic differences in blood pressure between
th arms are less than 10 mmHg, all blood-pres-
re readings must be obtained on the nondomi-
nt arm. Otherwise, the arm giving the highest
od pressure readings must be chosen.

.3 Logging of devices
unique number will identify each electronic
vice used for blood pressure measurement at the
nic, or under ambulatory conditions. For each
paratus, investigators must maintain a log book
cumenting checks of calibration, defects and
airs, and other maintenance procedures, such

the purchase of a new cuff or bladder. Through-
t the trial, each patient must be followed up
ing the same devices applied to the same arm by
ans of equally sized cuffs.

 Clinic blood pressure
e investigator will measure the clinic blood

essure with the Omron 705IT device after the
tient has been seated for 5 min in a quiet room,
cording to the 2003 European guidelines [23].
e patient’s chair should provide comfortable

ck support. If possible, the same observer must
asure each patient’s clinic blood pressure,
ays in the same examination room and at

proximately the same time of the day.
Investigators should be familiar with the man-
l of operations of the Omron 705IT monitor
d proceed as outlined below:

The investigator should first clear the memory.

After the patient has rested for 5 min or
longer, the observer will obtain five consecu-
tive blood pressure readings at intervals of
30–60 s, while the patient remains in the sit-
ting position. The investigator will then ask
the patient to stand up. Immediately after the
patient has assumed the upright position, the
observer will obtain two additional blood
pressure readings. The results of all the read-
ings must be immediately recorded onto the
study forms, as well as the value of the pulse
rate at the last of the sitting and standing
measurements. The last three measurements
in the sitting position should be averaged and
also recorded onto the patient form.

Immediately after the five sitting, and two
standing, blood-pressure measurements have

been recorded, the investigator must print these
values (systolic and diastolic blood pressure,
pulse rate and time of day), label the paper strip
with the patient’s randomization number, ini-
tials, center code, and date, and clip the paper
strip to the patient form.

5.3 Ambulatory blood pressure monitoring
5.3.1 Selection of the ambulatory blood pressure 
monitoring device
The devices used in OASIS-HT must have
passed validation according to the guidelines of
the Association for the Automation of Medical
Instrumentation (AAMI [26]), the British Hyper-
tension Society [27], or the International
Protocol [24]. The recorders should be pro-
grammed to obtain measurements every 15 min
from 8 AM–10 PM and every 30 min for the
remainder of the day. An updated list of
validated devices is available at [101].

5.3.2 Instructions for investigators
The 24-h ambulatory blood pressure recordings
should be initiated and downloaded from the
monitor in a standardized way:

• Before the recording, the investigator must
check whether the memory of the recorder has
been cleared and whether the patient identifi-
cation has been correctly entered.

• After the patient has been seated for at least
5 min, the cuff of the blood pressure monitor
is applied to the arm and two test readings are
obtained with the ambulatory monitor. The
cuff of the monitor is then replaced by that of
the Omron device. Two blood pressure read-
ings are obtained by means of the Omron
device and noted on the patient’s diary card.
Thereafter, the cuff of the ambulatory moni-
tor is again applied to the arm and two further
test readings are obtained by means of the
ambulatory monitor.

• The patient is briefed on the technical details
of the recording and is given the diary card,
which has to be completed during the record-
ing. The patient must also receive a telephone
number, where a doctor or technician can be
called should technical problems arise during
the recording.

• Immediately after the recording, the investiga-
tor must print a hard copy of the results and
clip it to the patient form. In addition, the
investigator must also forward the recording
and the patient’s diary card to the Study
Coordinating Center in Leuven, Belgium.
Pharmacogenomics (2005)  6(7)
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Editing of the ambulatory recordings is not
allowed. Editing criteria encoded in the moni-
tor must be disabled. If this feature cannot be
programmed off, limits should be set as wide
as possible.

5.3.3 Instructions for patients
The patients will be encouraged to wear the
monitors for at least 25 h to ensure that blood
pressure readings are collected over a full 24-h
period. When awake, patients must hold their
arm still during inflation of the cuff. On the
days of the recordings, the patients will com-
plete a diary card, from which it must be possi-
ble to retrieve when sleep at night commenced
and ended. Sleep is defined as the period elaps-
ing from the moment when the patient went to
bed with the intention to sleep to the time of
the first visual sensation after sleep. In addition,
the diary card must report symptoms, if any, the
time of their occurrence, the intake of medica-
tions, and indicate when during the day the
main meal was consumed.

5.3.4 Quality assurance
The ambulatory recordings must comply with
the following quality criteria:

• At least ten readings from 10 AM–10 PM and
five from midnight–6 AM.

• The whole recording should cover at least
20 h with no interval between two successive
readings exceeding 3 h.

5.4 Biochemical phenotypes
At visits three, five and seven (Figure 3), venous
blood must be collected after overnight fasting
and prior to intake of the study medication.
Blood samples are required for:

• DNA extraction and amplification and geno-
typing (only at visit 3).

• Measurement related to Na+ homeostasis,
including plasma renin activity and the serum
concentrations of Na+, potassium, endog-
enous ouabain, and aldosterone.

• Measurements related to drug safety:
- Hematological determinations, including

hemoglobin, hematocrit, red blood cell
count, total and differential counts of white
blood cells, and platelet count.

 - The serum concentrations of calcium, inor-
ganic phosphorus, total protein, albumin,
total bilirubin, total cholesterol, triglycerides,
uric acid, and creatinine.

 - The activity in serum of enzymes, includin
alkaline phosphatase, alanine (ALT/GPT
and aspartate (AST/GOT) aminotransferas
and γ-glutamyl-aminotransferase.
At visits 3, 5 and 7 (Figure 3), the patien

should also provide a fresh urine sample fo
measurement of specific gravity and pH, dipstic
measurement of glucose, ketones, protei
hemoglobin and bilirubin, and a microscop
examination.

Measurement of plasma renin activity and th
serum concentration of endogenous ouabain w
be centralized. Local laboratories will perform a
other measurements. They should prove compl
ance with national standards of quality contr
and provide reference values. The measuremen
for safety at visit one are not required, if suc
biochemical analyses were performed withi
6 months prior to randomization.

5.5 The 24-h urine collection
At visits three, five and seven, the patients shou
collect a 24-h urine sample simultaneously wit
the recording of their 24-h ambulatory bloo
pressure. They have to use wide-neck containe
to separately collect their daytime and night tim
urine, passing urine directly into the container
The procedures at visits three, five and seven w
be strictly standardized.

• On the day before the clinic visit, patients hav
to go to the local examination center in th
morning after an overnight fast without havin
taken their study medication. This introdu
tory visit has the following components:

- First, venous blood will be sampled for th
biochemical measurements outlined in se
tion 5.4.

 -  Next, the patients have to empty their bladd
to provide a fresh urine specimen. Th
moment marks the start of the urine collectio

 -  The investigator initiates the device for ambu
latory blood pressure monitoring, as outline
in section 5.3.

 - The investigator witnesses the intake of th
study medication by the patient.

- The investigator notes the starting time 
blood pressure monitoring and the urine co
lection, as well as the time of the intake of th
study medication, onto the patient’s diary car

- The patient then leaves the examination cente

• After the initiation of the urine collection, th
patient has to pass all urine into the contain
for the daytime collection. At night, befo
going to sleep, the patient has to empty the
765
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ECG: Electrocardiogram; PRA:
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Informed consent
bladder in the daytime container. Thereafter,
until rising the next morning, the patient has
to pass urine into the night time container.
Immediately after rising, the patient has to
void a last time in the night time container.
All urine produced thereafter has to be col-
lected in the daytime container. Patients log
the time of going to bed and getting up onto
the diary card.
On the day of the clinic visit, the patient takes
the study and other medication as usual in the
morning before breakfast and notes the hour
on the diary card.
On the day of the clinic visit, the patient ter-
minates the urine collection by emptying their
bladder into the daytime container. The inves-
tigator measures the volume of the daytime
and night time urine and sends aliquots of
these samples to the local laboratory for the
measurement of Na+, K+ and creatinine, and
to the central laboratory for the measurement
of aldosterone and the metabolite of ros-
tafuroxin. The investigator terminates the 24-
h ambulatory recording and downloads the
readings from the device as outlined in section
5.3. They also measure the conventional

blood pressure as described in section 5.1, col-
lect the unused study medication, and per-
form the other measurements as required for
each clinic visit.

5.6 Electrocardiography
At visits one, three, five, and seven, a standard
12-lead electrocardiogram (ECG) should be
obtained. ECG recordings in multicenter trials,
such as the OASIS-HT, require standardization
of the procedures of registration and coding.

5.6.1 Registration of electrocardiograms
All centers will implement similar procedures:

• The ECG room should have an ambient tem-
perature, which is sufficiently high to avoid
muscle tremor. The subject, stripped to the
waist, is asked to lie on the recording table
with the arms relaxed and breathing quietly,
and avoiding movements. Subjects whose
ECG is taken for the first time should be
reassured that there will be no discomfort.

• A calibration mark must be recorded in each
channel. If necessary, this calibration mark has
to be adjusted to exactly 10 mm with the

rview of the protocol.

 Plasma renin activity.
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ECG filters de-activated. Leads recorded with
a reduced calibration (because of high voltage)
should be preceded by a calibration mark of
exactly 5 mm.

• The tracings are recorded at a paper speed of
25 mm per second. For each lead (I, II, III,
aVr, aVI, aVf, and V1–V6) a strip of at least
5 seconds (125 mm) should be recorded.

• If baseline noise or baseline fluctuations
occur during the recording, the procedure
should be stopped, the patient, the electrodes
and the apparatus should be checked, and
the ECG recording should be repeated in
better conditions.

• Each ECG should contain a complete patient
identification (center code, initials, enrol-
ment number, and randomization number).
The technician should appropriately label all
leads. The physician in charge should review
all ECGs. The original ECG has to be
clipped onto the patient form. Investigators
should keep a duplicate recording in the local
patient file.

5.6.2 Phenotypes to be determined from 
the electrocardiogram
The ECG measurements are relevant to the eligi-
bility of patients and the assessment of drug
safety. ECG intervals will be measured in lead II
if the T-wave is positive and not deformed by a
U-wave. Otherwise, the intervals will be meas-
ured in another standard lead or a unipolar lead,
in which the QRS interval is widest.

At the screening visit, ECG intervals and QRS
voltages should be measured.

• The intervals include atrioventricular conduc-
tion time (PR), the depolarization time of the
ventricles (QRS), and the electrical systole
uncorrected (QT) and corrected (QTc) for
heart rate (RR) by Bazett’s formula. Patients
with a PR-interval of 240 ms or more cannot
be randomized.

• The Sokolow-Lyon index is the sum of the
S-wave in V1 plus the tallest R-wave in either
V5 or V6 [20,22]. Eligible patients should have
a Sokolow-Lyon index of less than 38 mm
(3.8 mV).

• The Cornell voltage × duration index is com-
puted as the sum of the R-wave in aVl plus the
S-wave in V3 + 8 mm if female, the resultant
being multiplied by QRS duration in ms
[20,21]. Eligible patients should have an index
of less than 2440 mm × ms or 244 mV × ms.

At visits 3, 5 and 7, only the measurements 
the ECG intervals should be repeated as part o
the evaluation of drug safety.

6. Measurement of genotypes
To our knowledge, OASIS-HT is the fir
Phase II dose-finding study, which will test 
pharmacogenomic hypothesis during the deve
opment of a new antihypertensive drug. Th
DNA will be extracted, stored and genotyped 
an academic core laboratory, which is independ
ent of the sponsor (Division of Nephrology an
Hypertension, San Raffaele Hospital, Mila
Italy). Genotyping will be carried out on an AB
Prism® 7700 Sequence Detection System
(Applied Biosystems, Inc., CA, USA) using a 
nuclease detection assay.

The statistical analysis of the associatio
between phenotypes and genotypes will be carrie
out at the Coordinating Office in Leuven, Be
gium. The a priori genetic hypothesis is that, whi
accounting for the daily dose of the investigation
drug, patient characteristics including sex and ag
the 24-h urinary Na+ excretion as an index 
habitual salt intake, and the plasma concentratio
of ouabain, the blood pressure lowering activity 
rostafuroxin will depend on genetic variation 
the adducin subunits and the enzymes involved 
the generation of endogenous ouabain.

• Primers and probes for the α-adduc
Gly460Trp (rs4961 dbSNP), β-adduc
C1797T (rs4984 dbSNP) and γ-adduc
IVS11+386A>G (rs3731566 dbSNP) polymo
phisms have been described previously [6,28,29

Screening of the adducin genes is currently 
progress and haplotypes will be reconstructe
and tested for their functionality before OASIS
HT will report on the genetic results.

• Genetic variation in cholesterol side chain clea
age by cytochrome P450, lanosterol syntha
(LSS), 3β-hydroxy-steroid dehydrogena
(HSD3B1) and other enzyme systems implicate
in the biosynthesis or metabolism of ouaba
will also be measured as potential determinan
of the primary and secondary outcomes.

The database generated by the OASIS-H
trial will also create the possibility of running
number of post hoc analyses on gene variants no
defined at the outset of the trial.

7. Discontinuation of randomized 
treatment
Patients leaving the randomized part of the tri
should be classified as withdrawals or defector
767
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e investigators have to document the reasons
 stopping randomized treatment in the case
ort forms.

 Withdrawals
 any time, doctors can withdraw patients from
e trial:

Any condition which, according to the inves-
tigator’s clinical judgment, puts a patient at
risk if the study medication is continued must
lead to withdrawal. Reasons for withdrawal
are adverse events, unexpected worsening of a
patient’s clinical condition, the necessity to
administer drugs not allowed by the study
protocol, uncontrolled hypertension, or
orthostatic hypotension.

Uncontrolled hypertension is a blood pressure
of at least 180 mmHg systolic or 110 mmHg
diastolic on office measurement, confirmed
within one week after the initial measure-
ment. Patients with uncontrolled hyperten-
sion must be withdrawn.

Orthostatic hypotension is a drop in the systo-
lic blood pressure by at least 40 mmHg. The
orthostatic change is the difference between
the blood pressure measurements in the sitting
and standing positions at the clinic visits.
Patients experiencing orthostatic hypotension
during the first double-blind period should
not be withdrawn from the trial, but should be
immediately crossed over to the second period.
If the event occurs during the second period,
the patient will first undergo the end-of-study
evaluation and will then be withdrawn.

 Defectors
tients can also take the initiative to stop
domized treatment.

The patient can withdraw informed consent
or request to stop the study for any reason.

Patients who discontinue double-blind treat-
ment because of symptoms or adverse events
between visits should be invited for a further
evaluation at the clinic to fully document the
nature of the event.

 Definition & documentation of 
verse events
 adverse event is any undesired or unexpected

edical event that occurred in a patient during
e study, even if there is no apparent relation to
e study medication, including any intercurrent
ess. Adverse events must be classified as

serious or nonserious. Investigators have to
record all adverse events on the case report
forms. Patients withdrawn from the trial for an
adverse event must be followed up until the final
outcome is known. The sponsor and the investi-
gators will comply with international and
national regulatory requirements with regard to
the reporting of adverse events.

7.3.1 Serious adverse events
Serious adverse events are those that lead to
death, are life-threatening, require or prolong
hospitalization, cause persistent disability or dis-
comfort, or necessitate an intervention to pre-
vent any of the aforementioned outcomes.
Investigators should report serious adverse events
immediately to the sponsor.

7.3.2 Nonserious adverse events
All adverse events not meeting the criteria of a
serious adverse event should be classified as
nonserious. This category also includes elective
surgery or hospitalizations planned before the
study, but taking place during the trial provided
that no condition necessitated advancing the
date of the procedure.

8. Statistical methods
Database management will be done with a vali-
dated software system that complies with the
21 Code of Federal Regulations [102]. All statistical
analyses will be performed with SAS software,
version 9.1 (SAS Institute, Inc., NC, USA).

8.1 Sample size
Sample size calculations assumed a standard
deviation of systolic blood pressure of
15 mmHg and a drop-out rate of 10%. A total
of 440 patients, 88 in each crossover arm, are
required to detect, on two-sided tests within
each arm of the trial, a mean difference in systo-
lic blood pressure of 8 mmHg between rosta-
furoxin and the placebo with 90% power and
5% significance. The same sample size allows
the detection of a mean difference of 5 mmHg
in systolic blood pressure between the doses of
rostafuroxin with 70% power and 5% signifi-
cance on one-sided tests.

8.2 Patient populations to be analyzed
The statistical analysis will consider three groups
of patients:
• Analysis of drug safety will primarily involve

all randomized patients who received at least
one dose of the double-blind medication.
Pharmacogenomics (2005)  6(7)
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However, because of the dose-ranging nature
of the trial, the safety analysis will be repeated
in the group of patients qualifying for the
per-protocol analysis.

• The intention-to-treat analysis will include all
patients who have at least one evaluation avail-
able for each period of double-blind treatment.
In the case of missing data, the last observation
will be carried forward. Patients dropping out
from trial during the first of the two rand-
omized treatment periods will contribute to
the analysis with their last measured blood
pressure for the first period, which will be
compared with the mean blood pressure of the
second period of the patients assigned to the
same dose of rostafuroxin and the same order
of rotation of the double-blind medication.

• The per-protocol analysis involves all patients
who fulfilled all eligibility criteria, took at
least 80% of the prescribed study medication,
did not take any drugs prohibited by the pro-
tocol, and underwent a complete evaluation at
the end of each treatment period. Patients
crossed over early during the first double-
blind period due to orthostatic hypotension
(see section 7.1), or withdrawn during the sec-
ond phase because of uncontrolled hyperten-
sion (see section 7.1), will contribute to the
per-protocol analysis with their last blood
pressure measurement during each period.

8.3 Analysis of primary and secondary 
end points
The primary end point consists of the difference
in the sitting systolic blood pressure between ros-
tafuroxin and placebo, and will be tested by
repeated measures analysis of variance within
each arm of the trial for each dose of the active
drug. If preliminary analyses reveal carry-over
effects with a two-sided α-level of 10%, then
only the second observation of each crossover
period will be used. In a second step of the anal-
ysis, the doses of rostafuroxin, which compared
to the placebo had a significant blood pressure-
lowering effect, will be compared with each
other for the primary outcome.

Secondary end points measured on a continu-
ous scale, such as the differences in diastolic blood
pressure on clinic measurement and those in the
24-hour systolic and diastolic ambulatory blood
pressures, will be analyzed in the same manner as
the primary end point. The secondary analysis
will also include binary blood pressure end points,
which will be analyzed by McNemar’s test.

• Responders have a decrease in their systol
blood pressure on active treatment by at lea
10% of the value on placebo.

• Patients with a normalized blood pressure w
have a decrease in their systolic blood pressu
on active treatment to a level of less tha
135 mmHg.

To determine a responder profile, the continuou
and binary blood pressure end points will b
subjected to multiple linear and logistic regre
sion. The independent predictors to be consid
ered are sex, age, the 24-h urinary Na+ excretion
the plasma concentration of endogenous ou
bain, and the variation in the genes encoding th
adducin subunits and the enzymes involved i
the synthesis of ouabain.

8.4 Analysis of the ambulatory recordings
Daytime and night time are defined on the bas
of the short fixed clock-time method [30], wit
intervals ranging from 10 AM–10 PM and from
midnight–6 AM, respectively. Within-subje
means of the ambulatory measurements will b
computed for 24 h, during daytime and nigh
time, with weighting for the time interv
between successive readings [31]. Trough:pea
ratios will be computed from diurnal bloo
pressure profiles, which are synchronize
according to the hour of intake of the doubl
blind medication [32,33]. The trough and pea
levels are the blood pressure means over the la
time interval of the recording and those withi
the interval with the maximal reduction i
systolic blood pressure, respectively. Initially, th
trough:peak ratio will be determined from
blood pressure profiles with a 1-h resolution
The effects of smoothing will be investigated b
substituting 1-h means by moving (1-h steps) o
fixed 2-h intervals [32,33].

8.5 Analysis of safety
While accounting for concurrent medication
the safety and tolerability analysis will involv
clinical signs and symptoms, adverse events, lab
oratory tests on blood and urine, and the EC
measurements. Adverse events will be code
using the Medical Dictionary for Regulatory Acti
ities (MedDRA [103]) and medications accordin
the coding system of the World Health Organ
zation [104]. After conversion to SI units, the bio
chemical measurements will be normalized to
unique reference range [34]. To facilitate identif
cation of outliers, normalized values at baselin
and follow up will be plotted against each othe
769
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r categorical variables, tables will be con-
ucted demonstrating shifts from baseline to
low up.

 Ethics
SIS-HT will fully comply with the ethical

inciples and guidelines for good clinical practice
tlined in the Helsinki declaration [35], as well as
th all international, European and national reg-
tions. Each participating center received
proval for the study from the competent Ethics
mmittee and National Regulatory Authorities.

. Discussion
stafuroxin selectively displaces ouabain from

e Na+/K+-ATPase receptor and lowers blood
essure in rodent models of hypertension and in
pertensive patients [16,18]. OASIS-HT is an
rly Phase II dose-finding study of this new
mpound, in which eligible patients will be
domized to one of five oral doses of rostafuro-
 consisting of 0.05, 0.15, 0.5, 1.5, or
mg/day. Each dose will be compared with a

cebo in a double-blind fashion. The decrease
blood pressure is the main outcome variable in
ms of efficacy.
To our knowledge, OASIS-HT is the first
ase II dose-finding study in which a genetic
pothesis will be tested. The assumption is
at the blood pressure lowering activity of ros-
uroxin will depend on the Gly460Trp
adducin polymorphism, which might inter-
t with other genes, such as those encoding
e β- and γ-adducin subunits [28,29], the angio-
sin-converting enzyme [5,6] or the aldoster-
e synthase [6]. As extensively reviewed
ewhere [36], rat experiments [1,3], in vitro
nsfection studies [4], interventions in never-
ated hypertensive patients [5], and, finally,
idemiologic studies [6,7] revealed a logical
uence of events, leading from a point muta-
n in the α-subunit [3] to a cellular dysfunc-
n characterized by higher activity of the Na+

mp [4]. This in turn led to increased tubular
+ reabsorption in the kidney [5] and, ulti-

ately, hypertension [6]. In Caucasians, the
utated α-adducin allele and the deletion
lymorphism of the angiotensin-converting
zyme gene jointly predicted the incidence of
pertension [6]. In cross-sectional analyses of
e same population, these two polymorphisms
mbined were associated with increased femo-
 intima-media thickness [37], higher serum
atinine concentration [7] and more

oteinuria [7].

More recently, the adducin hypothesis was
further substantiated by the observation that
hypertensive carriers of the mutated α-adducin
experienced less cardiovascular complications
when they were treated with diuretics instead of
drugs that do not antagonize the enhanced tubu-
lar Na+ reabsorption [38]. Furthermore, in a pro-
spective population study [39], we noticed strong
interaction between systolic blood pressure at
baseline and the α-adducin polymorphism in
relation to the incidence of total and cardio-
vascular mortality, and all cardiovascular, cardiac
and coronary events. For all fatal and nonfatal
cardiovascular events combined, the median fol-
low up was 7.2 years [39]. The relative hazard
ratio associated with the 460Trp allele relative to
GlyGly homozygosity was 2.94 in patients with
Grade II systolic hypertension (≥160 mmHg)
and 0.83 in the other participants. In the former
subgroup, the positive predictive value and the
attributable risk associated with the 460Trp allele
were 76.9% and 44.3%, respectively [39].

Phase II dose-finding trials commonly imple-
ment a parallel-group design, in which patients
are randomized to incremental doses of the inves-
tigational drug and an untreated control group.
The European Project on Genes in
Hypertension [28,29,40,41] and several other studies
[42–44] demonstrated that phenotype–genotype
relations strongly depend on host factors, such as
sex and age, as well as on lifestyle and, in particu-
lar, salt intake, as reflected by the 24-h urinary
excretion of Na+. These reports highlighted the
concept that phenotype–genotype associations
can only be studied within a defined ecogenetic
context [28,29,40–44]. Furthermore, previous studies
in the general population demonstrated strong
interaction between the plasma concentration of
ouabain and the 24-h urinary Na+ excretion in
relation to systolic and diastolic blood
pressures [14]. Furthermore, crossover studies com-
pared with parallel-group designs, and ambula-
tory monitoring compared with the clinic
measurement of blood pressure [45],  reduce the
variability in the estimated effects of any antihy-
pertensive intervention [46,47], and therefore
allowed sample size to be economized [46,47].
These considerations explain the design of the
OASIS-HT trial, which is a combination of five
concurrent crossover studies, one for each dose of
rostafuroxin to be studied, and the use of ambula-
tory monitoring to measure the secondary blood
pressure end points.

In 1993, it was observed in 160 volunteers
that during the day there was no correlation
Pharmacogenomics (2005)  6(7)



www.futuremedicine.com

Design of OASIS-HT – STUDY DESIGN

n
s-
e
e

al
e-
es
re

w
h
st
re
e
e
r
e
is
-
d
-

of
of
es
n
al
5]

e
to
e
e

se
7]

at
s
d
.

d
-
)

re
l.
w
d
o
d
d
ic
-

of
e
o
e-
at
 a
between blood pressure and urinary Na+ excre-
tion, whereas at night, when the urinary aldos-
terone:kallikrein ratio fell, the rate of Na+

excretion was positively correlated with blood
pressure [48]. During sleep, the balance between
Na+-retention and Na+-conservation favors Na+

excretion, so that pressure-natriuresis may
become more readily evident [48]. In normoten-
sive subjects, Na+ excretion is usually maximal in
the early afternoon, whereas in hypertensive
patients this maximum occurs later during the
day [49,50] and plasma volume increases in the
afternoon [51]. When the renal capacity to excrete
Na+ is reduced, such as in carriers of the mutated
460Trp α-adducin allele [52], Na+ excretion
might shift to the night time. To detect these
possible alterations, the patients enrolled in
OASIS-HT will collect separate samples of their
daytime and night time urine, while undergoing
24-h ambulatory blood-pressure monitoring.

In a first Phase II study, summarized in the
investigators’ brochure, mildly hypertensive
patients were randomized to losartan
(50 mg/day; n = 21) or rostafuroxin (0.5 mg/day;
n = 42). Over 3 months of follow up, both drugs
decreased blood pressure, losartan slightly more
than rostafuroxin on a continuous scale, but the
numbers of responders or patients with normal-
ized blood pressure were similar in both groups.
Among the responders to rostafuroxin, most had
a 24-h urinary Na+ excretion of less than
200 mmol/day, whereas patients whose blood
pressure did not fall on rostafuroxin consistently
had a Na+ output higher than 200 mmol/day
(data on file, Sigma-Tau, Pomezia, Italy). In view
of these observations, and the interaction
between Na+ excretion and the plasma concentra-
tion of ouabain in a Flemish population [14],
patients are only eligible for randomization in
OASIS-HT if, in line with current recommenda-
tions [19], they observe a moderate reduction in
their salt intake, as evidenced by a 24-h urinary
Na+ excretion of less than 200 mmol at baseline.

From a statistical point of view, OASIS-HT is
sufficiently powered to detect, within each arm
of the trial, a mean difference in systolic blood
pressure of 8 mmHg between rostafuroxin and
placebo on two-sided tests with 90% power and
5% significance. Since the sample size calcula-
tions assumed a standard deviation of 15 mmHg
for systolic blood pressure, which is more than
should be expected in a crossover study, the trial
is overpowered for the comparison of the blood
pressure changes on rostafuroxin and placebo.
Furthermore, the proposed sample size allows for

the detection of a mean difference of 5 mmHg i
systolic blood pressure between the doses of ro
tafuroxin with 70% power and 5% significanc
on one-sided tests. These comparisons involv
multiple testing and have a lower statistic
power than conventionally used. However, on
sided tests are acceptable for explorative analys
of a secondary end point, although they a
usually not recommended.

Rostafuroxin is the parent compound of a ne
class of blood pressure-lowering drugs, whic
undergoes Phase II testing at a time at which mo
established classes of antihypertensive drugs a
going off patent. In view of the multitude of th
antihypertensive drugs currently available [19], on
might speculate whether there is any need fo
more compounds. However, hypertension is th
age-related disorder that single-handedly 
responsible for most drug prescription in the mid
dle-aged and older segments of most develope
and developing nations [53]. Any man normoten
sive at 50 years has a probability of over 90% 
becoming hypertensive during the remainder 
his lifetime [54]. On the other hand, control rat
of hypertension are in general much lower tha
would be desirable. In the USA, the Nation
Health and Nutrition Examination Survey [5

revealed that the awareness of the hypertensiv
population improved from 50% in the 1970s 
70% in the 1990s. However, over the same tim
interval, the proportion of treated hypertensiv
patients with normalized blood pressure only ro
from 10–29% [55]. Recent studies in Europe [56,5

and other parts of the world [58] confirmed th
the rule of halves still exists, and that the fraction
of hypertensive patients with properly controlle
blood pressure range from approximately 5–45%
Even in highly standardized and well-conducte
clinical trials, such as the Valsartan Antihyperten
sive Long-term Use Evaluation (VALUE
study [59], in spite of the systolic blood pressu
initiative [60], blood pressure control was not idea
Indeed, systolic pressure only dropped belo
140 mmHg in 64% of the amlodipine-treate
patients and in 58% of the group randomized t
valsartan [59]. At the end of the trial, only 62 an
56% of the patients reached the predefined bloo
pressure targets of less than 140 mmHg systol
and 90 mmHg diastolic [59]. Part of these low con
trol rates might be due to the noncompliance 
patients and the insufficient motivation of th
health professionals to treat hypertension, or t
various other factors [61]. Nevertheless, the afor
mentioned health statistics [54–58] illustrate th
new and efficacious antihypertensive drugs with
771
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. Conclusion
SIS-HT is a Phase II dose-finding trial of ros-

uroxin, an ouabain analog, which is the parent
mpound of a new class of antihypertensive

drugs. In a double-blind fashion, this study will
compare the blood pressure-lowering efficacy of
the active compound administered in a 100-fold
dosing range and that of a placebo. The wide
dosing range accounts for the preclinical studies,
which demonstrated that the effects of rostafuro-
xin mediated via ouabain occur at a dose or con-
centration approximately ten-times lower than
those interfering with mutated α-adducin [17,18].

The enrolment of centers started on January 1,
2005. The first patient was randomized on
April 6, 2005. On July 31, 2005, 17 of the 39
centers had obtained ethical and regulatory
approval. Of 127 patients screened, 94 were still
going through the run-in period, 33 had failed to
meet the entry criteria, 82 had been randomized,
53 were continuing double-blind follow-up, and
29 had completed the trial. If these rates of screen-
ing, randomization and follow-up are sustained,
OASIS-HT should achieve full recruitment and
follow up by the end of 2005, and report within
6 months of this milestone.
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