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Background: The Ouabain and Adducin for Specific Intervention on Sodium in Hyperten-
sion (OASIS-HT) Trial was a phase-2 dose-finding study of rostafuroxin, a digitoxygenin de-
rivative, which selectively antagonizes the effects of endogenous ouabain (EO) on Na+,K+-
ATPase and mutated adducin. Rostafuroxin lowered blood pressure (BP) in some animal

models and in humans.

Methods: OASIS-HT consisted of 5 concurrently running double-blind cross-over studies.
After 4 weeks without treatment, 435 patients with uncomplicated systolic hypertension (140-
169 mm Hg) were randomized to rostafuroxin (0.05, 0.15, 0.5, 1.5 or 5.0 mg/d) or matching
placebo, each treatment period lasting 5 weeks. The primary endpoint was the reduction in
systolic office BP. Among the secondary endpoints were diastolic office BP, 24-h ambulatory
BP, plasma EO concentration and renin activity, 24-h urinary sodium and aldosterone excre-
tion, and safety. ANOVA considered treatment sequence (fixed effect), subjects nested with-

in sequence (random), period (fixed), and treatment (fixed).

Results: Among 410 analyzable patients (40.5% women; mean age, 48.4 years), the differ-
ences in the primary endpoint (rostafuroxin minus placebo) ranged from —0.18 mm Hg
(P=0.90) on 0.15 mg/d rostafuroxin to 2.72 mm Hg (P=0.04) on 0.05 mg/d. In the 5 dosage
arms combined, the treatment effects averaged 1.30 mm Hg (P=0.03) for systolic office BP;
0.70 mm Hg (P=0.08) for diastolic office BP; 0.36 mm Hg (P=0.49) for 24-h systolic BP; and
0.05 mm Hg (P=0.88) for 24-h diastolic BP. In the 2 treatment groups combined, systolic
(—=1.36 mm Hg) and diastolic (-0.97 mm Hg) office BPs decreased from week 5 to 10 (P for
period effect <0.028), but carry-over effects were not significant (P>0.11). All other endpoints
were not different on rostafuroxin and placebo. Minor side-effects occurred with similarly low

frequency on rostafuroxin and placebo.
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Conclusions: In 5 concurrently running double-blind cross-over studies rostafuroxin did not

reduce BP at any dose.

Trial Registration: NCT00415038 (http:/www.clinicaltrials.gov).
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Background
Rostafuroxin (173-[3-furyl]-53-androstan-3f,14,17a-triol; PST2238) is a digitoxygenin de-

rivative (Figure 1), which selectively displaces ouabain from the Na+,K+-ATPase receptor
[1,2]. Rostafuroxin has been developed in an attempt to unravel the contribution of mutated
adducin and endogenous ouabain in the pathogenesis of hypertension [3]. The compound
lowered blood pressure in Milan hypertensive rats and humans [4]. The Ouabain and Ad-
ducin for Specific Intervention on Sodium in Hypertension (OASIS-HT) Trial is a phase-2
dose finding study, which has been conducted at multiple centers in Europe [3]. The primary
objective of this double-blind trial was to identify the minimal daily dose at which rostafuroxin
in patients with uncomplicated hypertension would reduce blood pressure significantly more
than placebo. The present paper summarizes the effects of rostafuroxin on blood pressure

and sodium homeostasis and reports on drug safety.

Methods

Overview of the design of the trial

The protocol of the OASIS-HT trial (registration number [http://clinicaltrial.gov],
NCTO00415038 has been published in detail elsewhere [3]. OASIS-HT was conducted ac-
cording to rules of good clinical practice [5] at 39 European centers, which all received ap-
proval from the competent Ethics Committees and the National Regulatory Authorities.
OASIS-HT was an early phase-2 dose-finding study (Figure 2). After a run-in period of 4
weeks, eligible patients were randomized to one of 5 oral doses of rostafuroxin (0.05, 0.15,
0.5, 1.5 or 5.0 mg/d). Each dose was compared to placebo in a double-blind cross-over ex-
periment with balanced randomization. Treatment was initiated with the active drug and con-

tinued with placebo or vice versa. Each double-blind period lasted 5 weeks with an interme-
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diate visit at 2 weeks and a final visit 3 weeks later. OASIS-HT was therefore a combination
of 5 concurrent cross-over studies, one for each dose of rostafuroxin to be studied (Figure 2).
The total duration of the study, including the 4-week run-in period, was 14 weeks. The wide
range of doses used in OASIS-HT was based on preclinical studies that showed rostafuroxin
inhibited ouabain-mediated actions at doses or concentrations that were approximately 10-

fold lower than those required for antagonizing the effects of mutated adducin [2,6].

Inclusion and exclusion criteria

Women and men, aged 30-59 years, with stage | or Il hypertension according to the 2003
European guidelines [7] without any associated complications were eligible. At the screening
visit, they had to be untreated or on treatment with only one drug or a single fixed combina-
tion tablet containing no more than 2 antihypertensive agents. At the screening visit, systolic
blood pressure had to range from 140 to 169 mm Hg, irrespective of treatment status. At
screening, patients gave written informed consent and those on treatment had their anti-
hypertensive drugs discontinued. Two weeks later, while the patients were untreated, their
systolic blood pressure had to remain above 140 mm Hg. At the end of the run-in period, 4
weeks after the screening visit, the untreated systolic blood pressure had to range from 140
to 169 mm Hg. In addition to hypertension, patients had to have less than 3 other risk factors,
as defined by the European guidelines [7]. Women with childbearing potential had to apply
an adequate contraceptive technique.

The exclusion criteria included a 24-h urinary Na* excretion exceeding 200 mmol at the
end of the run-in period, malignant or secondary hypertension, disturbances of cardiac
rhythm or conductance, electrocardiographic evidence of left ventricular hypertrophy, a his-
tory of myocardial infarction within 6 months of randomization, heart disease requiring treat-

ment, a serum creatinine concentration higher than 1.3 mg/dL, microalbuminuria, gastroin-
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testinal diseases which might influence the absorption or hepatic clearance of rostafuroxin,
overt or medically-treated diabetes, a body mass index exceeding 30 kg/m2, mental disor-

ders, and substance abuse.

Randomization

Randomization followed a balanced incomplete block design. Each center was randomly
allocated to one or more incomplete blocks. Within blocks, patients were randomly assigned
to 4 or 6 of the 10 possible sequences of rostafuroxin (5 doses) and placebo (either preced-
ing or following the active drug). A computerized procedure generating random numbers
was used for randomization. Centers opted whether they would use blocks of study medica-
tion for 4 or 6 patients. At the end of the run-in period, the study manager at the coordinating
office (Leuven, Belgium) checked all entry and exclusion criteria and after stratification for
center randomized eligible patients to one of 5 doses of rostafuroxin (Figure 2). The first

patient was randomized on April 6, 2005, and the last on March 20, 2007.

Treatment

During the run-in period, the investigators informed patients on the life style changes to be
implemented, including cessation of smoking, moderation of excessive alcohol intake, regu-
lar physical activity, weight reduction in overweight patients, and a reduction of dietary so-
dium intake to 120-160 mmol/d. A 24-h urinary sodium excretion at the end of the run-in pe-
riod exceeding 200 mmol was an exclusion criterion. After randomization, in a cross-over
design, patients took one of the 5 doses or rostafuroxin or matching placebo for 5 weeks and
during the next 5 weeks switched to the alternative study medication. Short visits were
scheduled 2 weeks after the initiation of each course of double-blind medication and visits
with an extensive evaluation took place 3 weeks later at the end of each double-blind treat-

ment period.
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Uncontrolled hypertension was a blood pressure of at least 180 mm Hg systolic or 110
mm Hg diastolic on office measurement, confirmed within one week after the initial meas-
urement. Patients with uncontrolled hypertension during the first treatment period were im-
mediately withdrawn. Orthostatic hypotension was a drop in systolic blood pressure by at
least 40 mm Hg on standing up from a sitting position. Patients experiencing orthostatic hy-
pertension during the first treatment period were crossed over to the second treatment period.
Patients with uncontrolled hypertension or orthostatic hypotension during the second treat-
ment period proceeded immediately to the end-of-study evaluation.

Patients took their study medication around 8 AM before breakfast. Clinic visits were
scheduled within 8 hours of drug intake. Depending on local conditions, each center stan-
dardized the time interval between the intake of the study medication and the measurement
of the clinic blood pressure. On the days before the end-of-period visits 5 and 7 (Figure 2),
the patients fasted overnight. On these days, they took their study medication at the exami-
nation center after blood sampling and shortly before the start of the ambulatory blood pres-

sure recording and the 24-h urine collection. Patients returned unused capsules at each visit.

Blood pressure measurement

At the screening visit, the investigator determined the appropriate cuff size for each patient.

If arm circumference was less than 32 cm, a standard cuff with a bladder of 12 x 22 cm was
applied. For arms with larger circumference, cuffs had a bladder size of 15 x 31 cm. If at the
screening visit, the differences in systolic and diastolic blood pressures between both arms
were less than 10 mm Hg, all blood pressure readings throughout the trial were obtained at
the non-dominant arm. Otherwise, the arm giving the highest blood pressure readings was

used.
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At each visit, after the patients had rested for 5 minutes in the sitting position, the ob-
server measured the office blood pressure 5 times consecutively at the brachial artery, using
the validated oscillometric Omron 705/T recorder (Omron Healthcare Europe BV, Nieu-
wegein, The Netherlands). The average of the last 3 readings was used to determine eligibil-
ity and for statistical analysis. Immediately after the 5 blood pressure measurements with the
patient in the sitting position, the observer obtained 2 blood pressure readings while the pa-
tient was standing. These 2 standing measurements were averaged to determine the occur-
rence of orthostatic hypotension. Throughout the trial, each patient was followed up using
the same Omron 705IT device applied to the same arm by means of equally sized cuffs. To
detect irregularities, the quality of the blood pressure readings was monitored during the
study with respect to digit and number preference [8].

At the end of the run-in period as well as at the end of the 2 double-blind treatment peri-
ods, patients underwent 24-h ambulatory blood pressure monitoring. Validated oscillometric
Spacelabs 90207 recorders (SpacelLabs Inc, Redmond, WA [9]) were programmed to obtain
blood pressure readings at 15-minute intervals from 8 AM to 10 PM and at 30-minute inter-
vals otherwise. Daytime and night-time were defined on the basis of the short fixed clock-
time method [10] with intervals ranging from 10 AM to 10 PM and from midnight to 6 AM, re-
spectively. Intra-individual means of the ambulatory measurements were weighted by the

time interval between successive readings [11].

Other measurements

Venous blood was collected at baseline and at the end of each treatment period. Immedi-
ately after blood sampling, the patient provided a fresh urine specimen, took the study
medication and started a 24-h urine collection. Daytime and night-time urines were collected
in separate containers. In addition to the routine hematological and biochemical

measurements for safety, measurements included plasma renin activity, the plasma
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for safety, measurements included plasma renin activity, the plasma concentration of en-
dogenous ouabain, the 24-h urinary excretion of sodium, potassium, aldosterone and
creatinine, and semi-quantitative dipstick tests on a fresh urine sample. Plasma renin activity,
plasma ouabain and urinary aldosterone were measured centrally at the Divisione di
Nefrologia Dialisi e Ipertensione, Ospedale San Raffaele (Milan, ltaly). At baseline and at

the end of each treatment period, patients also underwent a standard 12-lead ECG recording.

Statistical analyses

The primary efficacy measure was the sitting systolic blood pressure measured at the office.
With significance set at 5% and power at 90%, approximately 440 patients, 88 in each cross-
over arm, had to be randomized to detect within each arm of the trial a blood pressure differ-
ence of 8 mm Hg between rostafuroxin and placebo, assuming a standard deviation of 15
mm Hg and a drop-out rate of 10%.

Statistical analyses were performed according to the intention-to-treat principle with SAS
software, version 9.2 (SAS Institute Inc, Cary, NC). The analysis set included all patients
who had at least one evaluation available for each of the 2 cross-over periods. In case of
missing data, the last observation within each period was carried forward. Patients who
withdrew from the study during the first treatment period because of uncontrolled hyperten-
sion contributed to the statistical analysis with the last blood pressure for the first period; for
the second period they were assigned the average blood pressure on the treatment, which
they should have taken during the second period.

Measurements with a skewed distribution were normalized by a logarithmic transformation.
Sodium and potassium excretions were standardized to 24 hours. The effects of rostafuroxin
on blood pressure and other measurements were evaluated using analysis of variance with

the treatment sequence (fixed effect), subjects nested within sequence (random effect), pe-
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riod (fixed effect) and treatment (fixed effect) entered as covariables. Measurements ob-
tained at the end of each treatment period were used as dependent variables. Analyses
were performed in each dosage arm separately and in all dosage arms combined. The hy-
pothesis of no sequence effect in the ANOVA model was tested to check for carry-over ef-
fects. In sensitivity analyses, we analyzed the blood pressure changes from baseline to
week 5, using Student’s t-test for paired and unpaired observations. We also adjusted the
ANOVA for 24-h urinary sodium excretion and did a separate analysis in patients whose 24-h

urinary sodium excretion was less than 200 mmol at both weeks 5 and 10.

Results

Subject characteristics

Of the 642 screened patients, 435 (67.8%) met the entry criteria and were randomized.
Twenty-five patients were not included in the analysis because they prematurely terminated
the trial in the first treatment period (Figure 3). The reasons for premature termination were
withdrawal of consent (n=16), adverse events other than uncontrolled hypertension (n=4),
intake of concomitant medication prohibited by the protocol (n=3), loss to follow-up (n=1),
and undocumented reasons (n=1).

The baseline characteristics of the 166 women and 244 men included in the present anal-
ysis were similar among all dosage and treatment arms (Table 1) with the exception of sitting
diastolic blood pressure, which was 1.9 mm Hg lower (92.0 vs 93.9 mm Hg; P=0.011; Figure
4) in the placebo-to-active arm (n=203) as compared to the active-to-placebo arm (n=207).
Mean age (xSD) was 48.4+7.9 years. Conventional blood pressure averaged 150.4£7.6 mm
Hg systolic and 93.0+7.3 mm Hg diastolic. For the 24-h blood pressure, these values were
137.3£10.9 mm Hg and 85.8+8.1 mm Hg, respectively. Seventy-two (17.6%) patients were

current smokers and 203 (49.5%) reported alcohol intake.
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Blood pressure

The conventional systolic and diastolic blood pressures decreased (P<0.0001) on average by
5.3+12.0 mm Hg and 2.9+8.1 mm Hg from baseline to week 5 (Figure 4). For the 24-h am-
bulatory systolic and diastolic blood pressures, these reductions averaged 1.5+10.5 mm Hg
(P=0.0056) and 1.5+£6.6 mm Hg (P<0.0001), respectively. However, in each of the 5 dosage
arms, blood pressures were similar on rostafuroxin as compared to placebo (Tables 2 and 3).
The between-treatment differences in the primary endpoint (active minus placebo treatment)
ranged from —0.18 mm Hg (95% confidence interval [Cl], —3.21 to 2.85; P=0.90) on 0.15
mg/d rostafuroxin to 2.72 mm Hg (CI, 0.07 to 5.36; P=0.04) on 0.05 mg/d (Table 2). Inthe 5
dosage arms combined, the between-treatment differences averaged 1.30 mm Hg (Cl, 0.10
to 2.50; P=0.03) for the systolic office blood pressure; 0.70 mm Hg (Cl, —0.09 to 1.50;
P=0.08) for the diastolic office blood pressure; 0.36 mm Hg (Cl, —0.67 to 1.38; P=0.49) for
the systolic 24-h blood pressure; and 0.05 mm Hg (Cl, —0.61 to 0.72; P=0.88) for the diastolic
24-h blood pressure. Similar results were obtained when the day- and night-time blood pres-
sures were analyzed separately. No significant (P>0.11) carry-over effect was detected in
any of the dosage arms for any of the blood pressure endpoints. In the 2 treatment groups
combined, the conventional systolic (—1.36£12.4 mm Hg) and diastolic

(—0.97+8.3 mm Hg) blood pressures decreased slightly from week 5 to week 10, leading to a

significant period effect (P=0.028 and P=0.018 respectively).

Excretion of electrolytes

At baseline urinary volume averaged 1502+574 mL/24 h and the urinary sodium and potas-

sium excretion 152.8+55.7 mmol/24 h and 62.7+35.2 mmol/24 h, respectively. The sodium

and potassium excretion rates were greater (P<0.001) in daytime (115.0£50.1 pmol/min and

50.3+£31.5 pumol/min) than nighttime urine collections (90.7+£52.3 umol/min and 30.8+26.1
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pumol/min). Both the daytime (+12.6£88.0 pmol/min, P=0.0051) and nighttime (+17.4£73.1
pmol/min, P<0.0001) sodium excretion rates, but not the potassium excretion rates, in-
creased significantly from baseline to week 5, but thereafter remained unchanged (P=0.11).
The 24-h, day- and nighttime excretion rates of sodium and potassium were similar on
placebo and active treatment in all 5 dosage arms. The between-treatment differences in the
5 dosage arms combined averaged —5.1 pymol/min (CIl, —=10.5 to 0.4; P=0.071) for the 24-h
sodium excretion and —0.2 umol/min (Cl, —2.6 to 2.2; P=0.84) for the 24-h potassium excre-

tion (Table 4). Carry-over effects were not statistically significant (P>0.55).

Plasma ouabain, plasma renin activity and urinary aldosterone excretion

At baseline the geometric means of plasma ouabain, plasma renin activity, and the urinary
aldosterone excretion were 164.3 pmol/L (Cl, 57.1 to 472.5), 0.58 ng/mL/h (Cl, 0.12 to 2.81),
and 26.3 nmol/24 h (Cl, 4.63 to 150.1), respectively. These hormones did not change during
follow-up and were similar on placebo and rostafuroxin in each of the 5 dosage arms (Table
4). The between-group ratios (active divided by placebo) in the 5 dosage arms combined
were 1.04 pmol/L (Cl, 0.98 to 1.10; N=357; P=0.192), 1.00 pmol/L (Cl, 0.94 to 1.07; N=374;
P=0.95) and 0.99 (ClI, 0.90 to 1.09; N=334; P=0.86) for plasma ouabain, plasma renin activity

and the 24-h urinary aldosterone excretion, respectively (Table 4).

Safety

Among the 435 randomized patients, a total of 96 adverse events were reported on active
treatment and 56 on placebo treatment. These events occurred in 64 and 50 patients, re-
spectively (P=0.14). Table 5 lists the adverse events that occurred in at least 3 patients.
The following adverse events led to premature discontinuation of the trial: uncontrolled hy-
pertension (3 on placebo and 6 on rostafuroxin), fatal ruptured aortic aneurysm (1 patient on

placebo), metastatic cancer (1 patient on placebo), loss of consciousness (1 patient on rosta-
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furoxin), increases in y-glutamyltransferase and alkaline phosphatase activities (1 patient of
placebo), nausea and bloated feeling (1 patient on placebo), and cough and skin irritation (1
patient on rostafuroxin). The hematological measurement and those reflecting renal and liver
function were similar at baseline and follow-up (P=0.10) and none were different on placebo
and rostafuroxin (P=0.18) with one exception. Hemoglobin was slightly lower on rostafuroxin
than placebo (8.99 vs 9.03 mmol/L; P=0.049).

At baseline, heart rate averaged 76.2+11.5 beats/min on conventional measurement (sit-
ting) and 74.5£8.5 beats/min on 24-h ambulatory measurement. The baseline values of the
ECG intervals were 157.0+24.9 msec, 85.3+11.6 msec and 381.2+40.8 msec, and
401.7+52.5 msec for PR, QRS, QT and QTg, respectively. None of these electrocardio-
graphic measurements changed during follow-up (P20.77) and all were similar on placebo

and rostafuroxin (P=0.083).

Sensitivity analyses

There was a significant period effect with a slight, but significant reduction in the conventional
blood pressure from week 5 until week 10 (see above). We therefore did an additional anal-
ysis including only blood pressures at baseline and at 5 weeks, according to a parallel-group
design based on the first randomization (Figure 2). The results for the office and 24-h ambu-
latory blood pressures appear in Tables 6 and 7. The results of this parallel-group analysis
confirmed those of the double-blind cross-over analysis.

If the ANOVA model used for the cross-over analysis of blood pressure was adjusted for
24-h sodium excretion, the mean difference (rostafuroxin all doses combined minus placebo)
was 1.32 mm Hg (ClI, 0.12 to 2.52; P=0.03) for systolic office blood pressure and 0.68 (Cl,
—0.13 to 1.49; P=0.10) for diastolic office blood pressure. Furthermore, in the 199 patients

with 24-h urinary sodium excretion below 200 mmol at baseline and at 5 and 10 weeks, the
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corresponding estimates were 0.88 mm Hg systolic (Cl, —0.85 to 2.61; P=0.18) and —0.39
mm Hg diastolic (Cl, —1.53 to 0.75; P=0.50). Finally, analyses of the office blood pressure
(Table 8) and the 24-h blood pressure (Table 9) in previously untreated patients were also in

agreement with the overall results of the trial, as shown in Tables 2 and 3, respectively.

Discussion

The primary objective of the double-blind OASIS HT trial was to identify the minimal daily
dose at which rostafuroxin in patients with uncomplicated hypertension would reduce blood
pressure significantly more than placebo. The primary endpoint was the reduction in systolic
blood pressure defined as the average of 3 office readings with the patient in the sitting posi-
tion. The key finding was that rostafuroxin compared to placebo did not reduce blood pres-
sure at any dose or at all doses combined. Side-effects were rare and occurred with similar

frequencies on placebo and rostafuroxin.

Design of OASIS-HT

Phase 2 dose-finding trials commonly implement a parallel-group design, in which patients
are randomized to incremental doses of the investigational drug and an untreated control
group. The European Project on Genes in Hypertension [12-15] and several other studies
[16,17] demonstrated that phenotype-genotype relations depend on host factors, such as sex
and age, as well as on lifestyle, in particular salt intake as reflected by the 24-h urinary excre-
tion of sodium. These reports highlighted the concept that phenotype-genotype associations
can only be studied within a defined ecogenetic context. Furthermore, previous population
studies demonstrated interaction between the plasma concentration of ouabain and the 24-h
urinary sodium excretion in relation to systolic and diastolic blood pressures [18]. Cross-over

studies compared to parallel-group designs, and ambulatory monitoring compared to the of-
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fice measurement of blood pressure, reduce the variability in the estimated effects of any an-
tinypertensive intervention and therefore allow economizing on sample size. These consid-
erations explain the design of the OASIS HT trial, which is a combination of 5 concurrent
cross-over studies, one for each dose of rostafuroxin to be studied, and the use of ambula-

tory monitoring to measure the secondary blood pressure endpoints.

Clinical development of rostafuroxin as antihypertensive agent

In placebo-controlled phase-1 studies in healthy male volunteers (Sigma Tau, data on file),
who received rostafuroxin in a daily dose ranging from 1 to 10 mg for up to 7 days, no clini-
cally significant adverse effects occurred [4,6,19]. In particular, as in the present study, the
compound had no influence on electrocardiographic measurements, including the RR, PR,
QRS, QT and QT intervals. After the initial dose, a few volunteers in the active-treatment
and placebo groups had mild complaints, mainly headache, which all subsided uneventfully.
Because of glucuronide hydrolysis, the parent compound was undetectable in urine, but the
excretion of the urinary metabolite (PST2490) linearly increased with the orally administered
dose.

In an uncontrolled phase-2 pilot study with forced titration, never-treated hypertensive pa-
tients received rostafuroxin during 3 sequential periods of 1 month in daily doses of 0.1 mg, 1
mg, and 5 mg, respectively (Sigma Tau, data on file [4]). Compared to baseline, the de-
creases in mean arterial pressure averaged 3.0 mm Hg (P=0.039), 5.0 mm Hg (P=0.007),
and 5.0 mm Hg (P=0.014), respectively. In a second study with double-blind design (Sigma
Tau, data on file [4]), 42 and 21 patients with uncomplicated hypertension were randomized
to 12 weeks of treatment with either rostafuroxin 0.5 mg/d or losartan 50 mg/d. The inten-
tion-to-treat analysis showed that at the end of follow-up blood pressure was slightly higher

on rostafuroxin than losartan, but that the proportion of patients whose diastolic blood pres-



Main results of OASIS-HT - 17 -

sure dropped to 90 mm Hg or less was 38.0% in the 2 groups. Of the 42 patients random-
ized to rostafuroxin, 38 showed a decrease in systolic blood pressure [4]. All of these 38 pa-
tients had a sodium excretion below 210 mmol per day [4]. Whether salt intake explains the
contradiction between this previous and the current study cannot be established with cer-
tainty. In the previous study (Sigma Tau, data on file [4]), mild adverse events were equally
frequent (19.0%) on rostafuroxin and losartan, and with the exception of one case of gastritis
on rostafuroxin, they were all considered to be unrelated to treatment. In agreement with
these previous observations, the present study did not reveal any serious drug-related ad-

verse event.

Interpretation of the current results
In the present dose-finding study, rostafuroxin at any dose or at all doses combined did not
lower blood pressure. In fact, compared with placebo, the office systolic blood pressure in-
creased by 1.30 mmHg (P=0.034) in all patients on rostafuroxin and by 2.72 mm Hg
(P=0.044) in those randomized to 0.05 mg/d. Several mechanisms might explain these neg-
ative findings. First, the large drop in blood pressure between baseline and the end of the
first double-blind period (Figure 4) and the slight but significant period effect in the office
blood pressure might have concealed a real antihypertensive effect of rostafuroxin. We
therefore did an alternative analysis based on the first randomization to parallel groups. The
results of this parallel-group analysis, in which we compared the blood pressure changes on
placebo and on active medication from baseline to week 5, confirmed the double-blind cross-
over analysis.

Second, previous studies demonstrated that the blood pressure lowering action of 0.5
mg/d of rostafuroxin occurred only at a 24-h urinary sodium excretion below 210 mmol. So-

dium excretion at baseline averaged 152.8+55.7 mmol/24 h (5-95th percentile interval, 69.4
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to 221.0) and subsequently increased to 170.2£74.4 mmol/24 h (5-95th percentile interval,
71.6 to 314.0) at 5 weeks and to 174.8+73.8 mmol/24 h (5-95th percentile interval, 71.2 to
295.6) at 10 weeks. A 24-h urinary sodium excretion below 200 mmol was a positive selec-
tion criterion at the end of the run-in period [3]. However, of 386 analyzable patients, only
199 (51.6%) maintained a 24-h urinary sodium excretion below this threshold at both 5 and
10 weeks. Sensitivity analyses, in which the office blood pressure was adjusted for the 24-h
urinary sodium excretion, or which were limited to patients with a 24-h urinary sodium excre-
tion below 200 mmol throughout the study, confirmed the main results given in Table 2.
Finally, of the 410 analyzed patents, 193 (47.1%) had been previously treated for hyper-
tension. Antihypertensive treatment potentially conceals the effects of mutated adducin and
ouabain on blood pressure. A 4-week period was probably insufficient to wash-out all effects
of prior treatment. However, for reasons of recruitment, it proved impossible to limit the re-
cruitment to never-treated patients, as we did before [20]. For ethical reasons, we could not
extend the wash-out beyond 4 weeks. However, sensitivity analyses in never treated pa-

tients also confirmed the main results presented in Tables 2 and 3.

Conclusion

Rostafuroxin did not reduce blood pressure at any dose. Important secondary objectives of
the OASIS-HT trial were to investigate the dependence of the blood pressure lowering activ-
ity of rostafuroxin on genetic variation in the enzymes involved in the synthesis and break-
down of this ouabain and on polymorphisms in the adducin cytoskeleton proteins. The re-
sults of these analyses are beyond the scope of this report and will be reported elsewhere.

In short, the pharmacogenomic study revealed that carriers of a genetic profile stated a priori
and representing 23% of the patients randomized in OASIS-HT showed a significant de-

crease in blood pressure. Based on these preliminary pharmacogenomic results, we are
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now starting a more focused phase-2 trial comparing the effects of rostafuroxin and losartan

in hypertensive patients with a specific genetic profile (EudraCT Number 2010-022073-34).
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Figure legends

Figure 1. Chemical structure of rostafuroxin and ouabain

Figure 2. Diagrammatic representation of the protocol. Numbers indicate patients projected

to be enrolled.

Figure 3. Trial profile.

Figure 4. Sitting systolic and diastolic blood pressures at randomization and at the end of
each treatment period. Means and standard errors are presented for the 5 dosage groups
combined. Open circles indicate the patients receiving placebo during the first treatment pe-
riod and rostafuroxin during the second treatment period. Closed circles indicate the patients
receiving rostafuroxin during the first treatment period and placebo during the second treat-

ment period.
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Main results of OASIS-HT - 37 -

Figure Legends

Figure 1. Chemical structure of rostafuroxin and ouabain

Figure 2. Diagrammatic representation of the study protocol. Numbers indicate patients pro-
jected to be enrolled.

Figure 3. Flow chart

Figure 4. Sitting systolic and diastolic blood pressures at randomization and at the end of each

treatment period. Means and standard errors are presented for the 5 dosage groups combined.

Open circles indicate the patients receiving placebo during the first treatment period and rostafu-
roxin during the second treatment period. Closed circles indicate the patients receiving rostafu-

roxin during the first treatment period and placebo during the second treatment period.
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