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Summary
Abstract Beraprost sodium (beraprost) is a stable, orally active prostacyclin analogue with

vasodilatory, antiplatelet and cytoprotective effects. Beraprost acts by binding to
prostacyclin membrane receptors ultimately inhibiting the release of Ca2+ from
intracellular storage sites. This reduction in the influx of Ca2+has been postulated
to cause relaxation of the smooth muscle cells and vasodilation.

Data from a large, randomised, double-blind, multicentre study indicated that
beraprost was as efficacious as ticlopidine in the treatment of patients with pe-
ripheral arterial disease (Buerger’s disease and arteriosclerosis obliterans). Most
patients receiving beraprost exhibited reduction of ulcer size, reported improve-
ment of granulation appearance of the tissue and showed improvement of pain at
rest and sensation of cold in the extremities.

In a large pivotal clinical trial in patients with intermittent claudication,
beraprost treatment was associated with statistically significant increases in pain-
free and absolute walking distances compared with those in patients receiving
placebo. Statistically significant differences in the incidence of critical cardio-
vascular events among both treatment groups were not observed but patients
receiving beraprost were more likely to be satisfied with changes in their quality
of life. However, while preliminary unpublished data from a large, phase III,
placebo-controlled study in the US suggested a trend toward fewer critical car-
diovascular events (no specific data presented), this study did not confirm the
positive results from the European phase III trial and statistical significance was
not achieved in the study’s endpoints relating to exercise.

A series of small, noncomparative clinical trials of patients with the rare con-
dition of pulmonary arterial hypertension (PAH) demonstrated that substantial
reductions of pulmonary arterial pressure and resistance, increase of cardiac out-
put, and increase of exercise capacity appeared to be associated with beraprost
therapy; however, these data are very limited and in most instances are not fully
published.

Beraprost is a well tolerated agent. Overall, the main adverse events include
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headache, hot flushes, diarrhoea and nausea. However, patients with PAH showed
higher incidence of adverse events than those with peripheral arterial disease.

Conclusion: Beraprost, an orally administered PGI> analogue, is generally
well tolerated and appears to be an effective agent in the treatment of patients
with Buerger’s disease and arteriosclerosis obliterans. Comparative data from a
large randomised trial indicated that the drug appears as effective as ticlopidine
in patients with these conditions. In patients with intermittent claudication, sig-
nificant benefits of beraprost compared with placebo were reported in a ran-
domised clinical trial; however, the use of beraprost in these patients is not
supported by recent preliminary unpublished data from a large, phase III, placebo-
controlled study. Limited data suggest some efficacy with long-term beraprost
treatment of patients with PAH, where options are few and where oral adminis-
tration of the drug could be a considerable advantage over intravenous prosta-
cyclin (PGL) therapy. Additional well-designed and, where possible, large trials
with active comparators are necessary to define more precisely the place of
beraprost in the treatment of patients with PAH, Buerger’s disease and arterio-
sclerosis obliterans.

Pharmacodynamic Beraprost sodium (beraprost) is a stable, orally active prostacyclin (PGIy) ana-

Properties logue with pharmacodynamic properties similar to those of PGI2. The mecha-
nisms of action of beraprost are currently under investigation and are likely to
involve relaxation of vascular smooth cells, inhibition of platelet aggregation,
dispersion of existing platelet aggregates, inhibition of chemotaxis and cell pro-
liferation and cytoprotective effects.

Beraprost binds to PGI2 membrane receptors linked to adenylate cyclase
which induces the production of cyclic adenosine and guanosine monophosphates
(cAMP and cGMP, respectively). It has been postulated that this effect of
beraprost on cAMP and ¢cGMP inhibits the release of Ca2+ from intracellular
storage sites reducing the transmembrane influx of Ca2+. This reduction is be-
lieved to cause relaxation of the smooth muscle cells and to induce vasodilation.

Beraprost exhibited strong antiplatelet action in vitro and in animal and human
studies. In vitro, this effect was present in human, rabbit, guinea-pig, rat, dog and
cat platelet rich plasma and was between 0.2 and 0.5 as potent as that of PGI». In
animal models, beraprost improved arterial lesions induced by sodium laureate.
In humans, multiple doses of beraprost appeared to inhibit platelet aggregation
caused by adenosine diphosphate, collagen and epinephrine.

In animal models, beraprost significantly inhibited the formation of fibrinous
thrombosis, perivascularity, fibrosis and thinning of the arterial wall and in-
creased blood flow in electrically occluded arteries. This antithrombotic effect of
beraprost was 700- and 2700-fold more potent than that of ticlopidine and
cilostazol, respectively. In humans, beraprost is associated with reductions of
pulmonary arterial pressure and resistance and with increases of cardiac output.
Beraprost also produced vasodilation in different arterial beds in animal studies
via a mechanism similar to that of PGI; and improved red blood cell deformability
in vitro and in vivo.

In vitro, beraprost inhibited the production of the cytokines interleukin-1,
interleukin-6 and tumour necrosis factor in alveolar macrophages. Moreover,
beraprost inhibited in a dose-dependent manner the production of cytotoxic oxy-
gen metabolites responsible for endothelial cell damage and reduction of endo-
genous PGI» production.

© Adis Infernational Limited. All rights reserved. Drugs 2002; 62 (1)
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Pharmacokinetic In human studies, administration of single or multiple doses of beraprost pro-

Properties duced peak plasma concentrations (Cmax) of the unchanged drug within 30 to 60
minutes. Cmaxand area under the concentration curve (AUC) values ranging from
53 to 345 ng/L and 46.7 to 455.4 ug/L « h, respectively, were obtained after
beraprost administration to healthy volunteers. Moreover, accumulation of bera-
prost and its metabolites was not observed after repeated administration. In
animal studies, beraprost was primarily detected in the liver, kidney and gastro-
intestinal tract and to a lesser extent in the lung, blood and heart. Beraprost was
excreted mainly as its main metabolite (free acid 2,3-dino-beraprost), rapidly
(<72 hours) and through the faeces (73 to 82%) and urine (13 to 15%).

Therapeutic Use Peripheral arterial disease. Results from a randomised, double-blind clinical
trial of patients with peripheral arterial disease (Buerger’s disease and arterio-
sclerosis obliterans), who had ischaemic ulcers in the extremities, indicated that
beraprost (40g three times a day, n = 84) appeared as efficacious as ticlopidine
(200mg in the morning and evening and 100mg in the afternoon, n=91). Accord-
ing to endpoint analyses of final global improvement and usefulness, similar
effect on ulcers, rest pain and cold in the extremities was reported among patients
in both treatment groups, where more than 50% of treated patients showed im-
provement in most parameters. Numerous, small (n =23 to 71), noncomparative
clinical trials that evaluated the improvement of objective and subjective symp-
toms after beraprost treatment of patients with peripheral arterial disease suggest
benefit with the drug. However, these trials were not randomised, did not include
comparator treatment, included relatively small numbers of patients and mea-
sured few objective parameters.

Data from a large (n = 422), randomised, double-blind, placebo-controlled,
multicentre study of patients with intermittent claudication indicated that at treat-
ment endpoint (6 months) more patients receiving beraprost showed an improve-
ment of >50% in pain-free walking distance (91 vs 71, p < 0.05). Also, patients
receiving beraprost showed a greater increase from baseline of pain-free (81.5 vs
52.5%, p < 0.01) and absolute walking distance (60.1 vs 35%, p < 0.01) although,
a comparable incidence of critical cardiovascular events (4.8 vs 8.9%; all com-
parisons vs placebo). However, patients in the beraprost group were more likely
to be satisfied with changes in their quality of life (p < 0.05). It is important to
note, however, that recent preliminary unpublished data from a large (n = 750),
phase 111, placebo-controlled study do not support the use of beraprost in patients
with intermittent claudication.

Pulmonary arterial hypertension. The efficacy of different dosages of bera-
prost has been evaluated in the treatment of patients with pulmonary arterial
hypertension in small noncomparative trials (n = 11 to 12) and one retrospective
comparison with historical controls. Because of the small number of patients
included and limited statistical analysis reported, the data from these trials re-
garding the efficacy of beraprost treatment are inconclusive. However, there is
some evidence that the drug decreased pulmonary arterial pressure and vascular
resistance (in some cases, significantly), significantly increased cardiac output
and improved New York Heart Association functional class in some patients.

Tolerability Beraprost is generally a well tolerated agent. Combined data of 7515 patients
with peripheral arterial disease indicated that adverse reactions were reported
in 4.9% of patients. The main adverse events (incidence <1.2% in each case) were
headache, facial hot flushes, hot flushes, diarrhoea and nausea. In a placebo-

© Adis Infernational Limited. All rights reserved. Drugs 2002; 62 (1)



Beraprost: A Review

111

Dosage and
Administration

controlled clinical trial of patients with intermittent claudication (n = 422), the
incidence of adverse events in beraprost recipients was 16.7%, with headache
(6.2%) and vasodilation (5.3%) being the most commonly reported adverse
events. In this study, 8.6 and 14.5% of patients receiving beraprost and placebo,
respectively, discontinued treatment.

Combined data from clinical studies in patients with pulmonary arterial hy-
pertension receiving beraprost therapy showed a higher incidence (60% of pa-
tients) of adverse events than in patients with peripheral arterial disease, although
tolerability data are only available for 40 patients. Headache (22.5%), increased
lactate dehydrogenase (12.5%), increased bilirubin (10%), hot flushes, diarrhoea,
nausea and increased triglycerides (all 7.5%) were the most commonly reported
adverse events.

The dosage recommendations outlined in this section focus on the use of beraprost
in Japan, South Korea, The Philippines and Thailand, where beraprost has been
approved for use in patients with peripheral arterial disease and pulmonary
arterial hypertension (not approved for pulmonary arterial hypertension in The
Philippines).

Beraprost is administered orally and should be taken after meals. In adult
patients with peripheral arterial diseases beraprost 40ug three times a day is
usually recommended. For adult patients with pulmonary arterial hypertension
beraprost treatment starts at 60pg a day divided in three doses and can be in-
creased gradually under careful observation up to a maximum of 180ug daily
divided in three or four doses. However, in a recent 12-week clinical trial patients
were administered higher beraprost dosages. In elderly patients beraprost should
be prescribed with caution and it should be administered to pregnant women only
if therapeutic benefits outweigh the risk of beraprost treatment. Beraprost is con-
traindicated in nursing women and its safety has not been defined in children.

Beraprost should be administered with care in patients receiving anticoagu-
lant, antiplatelet or fibrinolytic agents and may also increase bleeding in men-
struating patients or those with bleeding tendency. In combination with other PGI»
preparations, beraprost may further reduce blood pressure.

1. Infroduction

Beraprost sodium (hereafter referred to as
beraprost) is a stable, orally active prostacyclin
(PGIL,) analogue with antiplatelet, vasodilating and
cytoprotective properties (sections 3.1, 3.3 and
3.4), similar to that exhibited by PGI; (see review
by Vane and Botting!!1).

PGI,, an endogenous prostaglandin, is the main
product of arachidonic acid (AA), which is primarily
produced in endothelial cells (and to lesser extent
in smooth muscle cells) of all vascular tissues.[2-3]
PGI; is the most potent endogenous inhibitor of
platelet aggregation and also causes dispersion of
existing platelet aggregates in vitro and in the sys-

© Adis Infernational Limited. All rights reserved.

temic circulation.[*1 PGI, is involved in complex
interactions of the vessel wall, blood flow and
platelet function and it is postulated that it antag-
onises the platelet aggregation and vasoconstric-
tion caused by endogenous thromboxane A; (TXA)).
The mechanisms of its interactions are not fully
understood but are likely to involve relaxation of
vascular smooth cells, inhibition of platelet aggre-
gation, dispersion of platelet aggregates, inhibition
of chemotaxis and cell proliferation, inhibition of
production and secretion of endothelin and
cytoprotective effects.!-78]

On the basis of the varied biological functions
exhibited by PGI,, its potential use in different
therapeutic areas was postulated. Indeed, PGI; has

Drugs 2002; 62 (1)
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been efficacious in the treatment of patients with
pulmonary arterial hypertension (PAH),[®-101 per-
ipheral vascular disease,[!!] ischaemic disease of
the leg,'®! and Raynaud’s phenomenon.['?! How-
ever, its short elimination half-life (approximately
3 minutes), chemical instability and intravenous
route of administration hinder its therapeutic use in
some indications.['3] Reconstituted solutions of
PGI, must be stored at 2 to 8°C for no longer than
48 hours and only about 8 hours at room tempera-
ture.['*l A more stable analogue, iloprost, provided
pain relief and accelerated ulcer healing in patients
with stage III or IV critical leg ischaemia, but for
long-term treatment its intravenous administration
was impractical and could lead to clinical compli-
cations.[15:1] Moreover, an oral formulation of
iloprost was not efficacious in the treatment of pa-
tients with Buerger’s disease.[!”]

Beraprost is an orally administered PGI, ana-
logue. Under light-shielded conditions, the powder
form of beraprost is stable for 42 months at room
temperature and for 6 months at 50°C, and solu-
tions of beraprost are stable for at least 10 days (pH
=410 10).['81 The extended half-life (section 4) and
improved chemical stability of beraprost are ex-
pected to mitigate some of the problems associated
with intravenous PGI, formulations. This review
examines the role of beraprost in the treatment of
patients with peripheral arterial disease and PAH.

2. Overview of Disease States

2.1 Overview of Peripheral Arterial Disease

Atherosclerosis is a multiorgan disorder charac-
terised by localised plaque formation in selected
sites of the arterial tree, particularly coronary arter-
ies, carotid bifurcation and leg arteries, and is the
most common cause of peripheral arterial diseases.
Peripheral arterial disease symptoms are numerous
and include intermittent claudication, pain at rest,
ulceration and gangrene [as present in Buerger’s
disease (thromboangiitis obliterans) and arterio-
sclerosis obliterans].[!922] Buerger’s disease is a
nonatherosclerotic inflammatory disease that most
commonly affects the small- and medium-sized ar-
teries and nerves of the extremities. The cause of

© Adis Infernational Limited. All rights reserved.

this disease is unknown but it affects typically
young male smokers.[?3] Arteriosclerosis obliter-
ans, on the other hand, is characterised by complete
obliteration of the lumen of the artery due to pro-
liferation of the intima of the small vessels.

Raynaud’s phenomenon, a vasospastic condi-
tion, is characterised by episodic vasospasm of the
finger and toes typically caused by exposure to
cold.[2*] However, there are differences in the def-
inition of this condition in different countries and
probably among different investigators, which
might explain the high variability of the prevalence
of the disease worldwide.[?*25] Also, accurate diag-
nosis is difficult because observation of vasospastic
episodes, which rarely occur in the presence of
physicians, is required. Therefore, studies that in-
cluded patients with this condition are not included
in this review, although, it is important to note that,
so far, there is no conclusive published evidence
demonstrating the efficacy of beraprost in patients
with Raynaud’s phenomenon.

One-third of patients with peripheral arterial
disease experience the most common symptom, in-
termittent claudication (defined as pain in one or
both legs during exercise) which worsens in 25%
of the patients and causes amputation of the af-
fected limb in 5% within 5 years.[?°! Approxi-
mately 5 to 10% of patients with peripheral arterial
disease exhibit critical leg ischaemia (ischaemic
pain in the distal foot, ischaemic ulceration or gan-
grene). Although many patients do not have either
intermittent claudication or leg ischaemia at rest,
most patients with peripheral arterial disease have
limited ability to perform daily activities.[2”]

The prognosis for the limb(s) affected by inter-
mittent claudication is therefore generally benign.
Nevertheless, intermittent claudication symptoms
are often a sign of systemic atherosclerosis and af-
fected patients have a 2- to 4-fold increase in car-
diovascular mortality compared with age-matched
healthy individuals.[28-3%] Therefore, the goals of
therapy in patients with peripheral arterial disease,
including intermittent claudication, are to elimi-
nate the ischaemic symptoms, to prevent progres-
sion to vascular occlusion, to improve walking ca-
pacity and quality of life, and more importantly, to

Drugs 2002; 62 (1)
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prevent cardiovascular complications such as
stroke, myocardial infarction or death.['! For pa-
tients with more severe symptoms of the disease,
the goals of therapy also include eliminating the
ischaemic symptoms and preventing progression
of the disease to vascular occlusion.[1%:27]

Treatment of peripheral arterial diseases in-
cludes surgical (endarterectomy, bypass grafting,
amputation), endovascular (transluminal angiopla-
sty, endovascular stents, intra-arterial thrombo-
lytic therapy) and, more commonly, nonoperative
(risk factor modification, exercise, drugs) thera-
pies. Combination of risk factor modification and
exercise is to date the most effective treatment of
patients with peripheral arterial diseases, although
a substantial number of patients require pharmaco-
logical intervention.21:22]

2.2 Overview of Pulmonary Arterial
Hypertension (PAH)

PAH is a rare, life-threatening disease charac-
terised by progressive pulmonary hypertension, ul-
timately causing right ventricular failure and
death.B31-331 Clinically, PAH is defined as a mean
pulmonary arterial pressure of more than 25mm
Hg at rest or more than 30mm Hg during exer-
cise.[2%331 PAH can be due to primary pulmonary
hypertension (PPH, sporadic or familial) or related
to collagen vascular disease, congenital systemic
abnormalities to pulmonary shunts, portal hyper-
tension, HIV infection, drugs/toxins or persistent
pulmonary hypertension of the newborn, among
other factors.B34!

The aetiology of PAH is unknown but genetic
predisposition to the disease is likely (familial or
sporadic PPH).[33361 The locus of a gene linked to
familial PPH has been identified on chromosome
2q31-32 and appears to have low penetrance since
individuals carrying this gene have only a 10 to
20% likelihood of developing PPH.[34! Based on
genetic studies, 94 families have been identified as
carriers of mutations in the PPH gene world-
wide.[3* Moreover, at least 26% of patients with
sporadic PPH have these mutations.!3”) The muta-
tions are highly variable, often leading to prema-

© Adis Infernational Limited. All rights reserved.

ture termination codons (58%), indicating that ad-
ditional genetic and or environmental factors may
be responsible for the development of the clinical
phenotype.[3437-39]

The use of appetite suppressants (particularly
for more than 3 months),[*" the use of methampheta-
mine and/or exposure to other stimuli (for example,
solvents, cocaine, monocrotaline (MCT) extracts,
rapeseed canola oil, hypoxia, oral contraceptives,
HIV infection and cirrhosis) have been suggested
to trigger PAH in susceptible individuals.[31411 In
Europe and the US the annual incidence of PAH
has been estimated to be around one to two cases
per million people per year but a necropsy study
has suggested a prevalence of 1300 cases per mil-
lion.[*2l PAH affects mainly young populations
(mean age at diagnosis of 36 years) but the disease
can occur at any age.

Nonmedical treatment of PAH involves changes
in lifestyle. In general, patients with PAH should
be advised to avoid physical and mental stress. Fe-
male patients should avoid conception but the use
of oral contraceptives is contraindicated. Since
obesity also worsens the clinical course of the dis-
ease, exercise (only when possible) and a diet low
in saturated fat and salt are recommended.[*!]

Pharmacological treatment of patients with
PAH includes calcium antagonists, vasodilators,
anticoagulants (warfarin), diuretics, oxygen, nitric
oxide, and PGI, (considered the best PAH treat-
ment) and its analogues.[3341431 However, the effi-
cacy of these agents in the treatment of patients
with PAH is limited. Currently there is no cure for
PPH and only 25 to 30% of patients respond to
calcium antagonists, the most widely used drugs
for long-term therapy. After cardiac catheterisation
and acute challenge with vasodilators, patients
showing a >20% reduction in pulmonary vascular
resistance (PVR) and unchanged or improved car-
diac output, are classified as potential responders
to long-term therapy.[?%-3! Heart-lung, single-lung
or double-lung transplantation have been per-
formed in patients with PPH but the 1- and 5-year
survival rates are relatively poor (85 and 50%, re-
spectively).[*!] Additionally, many patients do not
qualify for surgical intervention and, in those who

Drugs 2002; 62 (1)
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Fig. 1. Structural formulae of prostacyclin (PGl,) and its ana-
logues, iloprost and beraprost.

do, rapid deterioration of their condition during the
waiting period associated with transplantation
(several months) is not uncommon.#!!

3. Pharmacodynamic Properties

The pharmacodynamic properties of beraprost,
an orally active agent with PGI,-like structure

© Adis Infernational Limited. All rights reserved.

(figure. 1), have been extensively investigated and
have been the subject of several reviews,[18.44-46]
These properties include antiplatelet effects,47-33!
cardiovascular effects,54-561 antithrombotic activ-
ity,157-591 anti-inflammatory properties,[® effects
on peripheral circulation,’”! inhibition of erythro-
cyte deformability’®!! and cytoprotective action!62-6]
(table I).

It is important to note that the activity of
beraprost in different models may be the result of
the combination of two or more of these effects.
For example, the antiplatelet effect of beraprost
may be associated with anti-inflammatory ef-
fects[6:60:631 and inhibition of neutrophil chemo-
taxis and superoxide generation.[62:64.65]

Beraprost binds to PGI, receptors on the plate-
let, subsequently activating adenylate cyclase and
increasing cyclic adenosine and guanosine mono-
phosphate levels (cAMP and cGMP, respectively)
in the platelet membranes of humans, dogs and
rats.['8781 It has been postulated that beraprost in-
hibits the release of Ca?* (from intracellular storage
sites) and the transmembrane Ca®* influx (figure
2). This results in the suppression of phospholipase
Aj activity, release of AA and eventually inhibition
of TXA, synthesis.'8 Contrary to the antiplatelet
and vasodilator activity of prostaglandin PGI,,
TXA; is an eicosanoid that induces platelet aggre-
gation and vasoconstriction.

3.1 Antiplatelet Effect

3.1.11n Vitro Studies

In vitro experiments showed that beraprost ex-
hibited a strong antiplatelet effect in platelet-rich
plasma of various species (human,!'831,52 rab-
bit,'8511 gyinea-pig,[!18-51] rat,l18:49-511 dogl!8] and
catl1851]) against different aggregation inducers
[AA, thrombin, adenosine diphosphate (ADP), col-
lagen, calcium ionophore and A23187]. In general,
beraprost potency (ICsy, evaluated as beraprost
concentration producing 50% inhibition of platelet
aggregation) was between 0.1 and 0.5 times that of
PGI; and depended, as in the case of PGI,, on the
species tested. The antiplatelet effect of beraprost
was stronger in human and cat platelets. In human
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Table I. Pharmacodynamic properties of beraprost

 Inhibition of platelet aggregation in vitro, ex vivo and in vivo in
several species!'®48-53 including humans(©6:67]

« Inhibition of thrombus formation in animal studies!*7-57-68:69]

* Reduction of pulmonary arterial pressure and resistance,
increase of cardiac output and vasodilating effects in vitro, in
vivo and animal studies!'8:46:54-57.59,69-75]

* Cytoprotective effect via inhibition of superoxide and cytokines
generation and inhibition of chemotaxis of polymorphonuclear
leucocytes in vitrol®2-6]

e Enhancement of wound healing in vitro via stimulation of
urokinase-type plasminogen activator in human fibroblast(®!

* Anti-inflammatory effect in vivo and in vitro via suppression of
macromolecular permeability of endothelial cells®%77]

 Inhibition of red blood cell deformability in animals caused by
hypercholesterolaemia in vitro and ex vivol®')

platelets, beraprost inhibited platelet aggregation
induced by ADP and collagen (IC5p =3.31 to 11.3
nmol and 9.44 to 15.98 nmol, respectively), and its
potency ratio was between 0.21 and 0.53 that of
PGI,.5!1 The duration of the antiplatelet effect was
dose-dependent and in rabbits was 1 and >5 hours
at beraprost 0.3 and 1 mg/kg, respectively.!]
Compared with no beraprost treatment, the anti-
platelet effect in rat platelet-rich plasma was sig-
nificant (>20% inhibition of platelet aggregate for-
mation) up to 6 hours after beraprost <1 mg/kg
administration.[4451]

Additionally, beraprost was associated with
marked improvement of macroscopic and histo-
logical features in the sodium laureate occlusion
model in rats. Injection of sodium laureate into the
artery causes injury to the endothelium followed
by platelet aggregation, platelet adhesion and pe-
ripheral circulation insufficiency. Compared with
placebo (water), beraprost 0.3 mg/kg (but not
beraprost 1 mg/kg or ticlopidine 30 mg/kg) signif-
icantly (p < 0.05) improved the lesion induced by
sodium laureate. It was suggested that the efficacy
of beraprost in this model (similar to peripheral
occlusive disease in clinical practice) was due to
the antiplatelet effect of this drug in combination
with suppression of leucocyte chemotaxis.7]

© Adis Infernational Limited. All rights reserved.

3.1.2 Studies in Healthy Volunteers

A phase I study in six male volunteers receiving
beraprost 25ug three times a day for 10 days showed
mean reductions of platelet aggregation (from base-
line) ranging from 4 to 49% (ADP-induced), 5 to 22%
(collagen-induced) and 10 to 38% (epinephrine-
induced) after 1, 2 or 9 days of beraprost adminis-
tration. Similar reductions were also reported in six
volunteers receiving 50ug three times a day.[%%
Therefore, in humans, repeated administration of
beraprost appears to inhibit platelet aggregation
induced by ADP, collagen and epinephrine.

A similar antiplatelet effect of beraprost was
also reported in a randomised, double-blind, cross-
over (1-week washout period after each treatment
period) placebo-controlled study in healthy volun-
teers (n = 12), but only after 8 days of treatment.[07]
Volunteers received beraprost 20, 40 or 60ug or
placebo three times a day except on days 1 and 8
of each treatment period, when they received single
doses of beraprost. However, the antiplatelet effect
of beraprost was not observed at any of the dosages
tested during the first day after beraprost adminis-
tration.[®”] Additionally, beraprost 20jig three times a
day showed antiplatelet activity only against ADP-
induced aggregation (ADP 10 umol/ L) and all
beraprost concentrations tested were not efficacious
against collagen 2.5 ug/mL or AA 1 mmol/L.[67]

3.2 Antithrombotic Effects

A model of electrically induced acute thrombo-
sis in rabbits showed the antithrombotic effect of
beraprost.l>7 In the control animals, the blood flow
in the femoral artery started to decrease 10 minutes
after electrical stimulation and after 20 minutes
blood flow was obstructed almost completely indi-
cating thrombus formation. However, beraprost
0.03 mg/kg completely prevented reduction of
blood flow. Judging by the dose at which 30% re-
duction of blood flow occurred (0.024 mg/kg),
beraprost was 700- and 2700-fold more efficacious
than ticlopidine and cilostazol, respectively.[>”]

Additionally, histological data indicated that,
compared with no treatment, beraprost 0.3 mg/kg
significantly (p < 0.01 for all parameters) inhibited
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Fig. 2. Mechanisms of action of vasodilator drugs used in the treatment of patients with pulmonary arterial hypertension. Calcium
antagonists inhibit the influx of Ca2* into the vascular smooth muscle cell through voltage-operated calcium channels (VOC),
reducing the intracellular free Ca?* concentration, [Ca?*].1?% Prostacyclin (PGl,) activates specific cellmembrane receptors linked
to adenylate cyclase which catalyses the formation of cGMP from GTP. cAMP and cGMP cause a reduction in [Ca?*]; by a variety
of mechanisms and are broken down by PDE Ill and PDE V, respectively. A reduction in [Ca?*]; leads to relaxation of the vascular
smooth muscle cell and results in vasodilation. PGl, and nitric oxide increase cAMP and cGMP, respectively, irrespective of the
resting state of the vascular smooth muscle cell. Calcium antagonists act preferentially in cells on which there is an increase in
Ca?*influx and an associated elevation in vascular tone (reproduced from Wanstall and Jeffery[?®l). ATP = adenosine triphosphate;
cAMP = cyclic adenosine monophosphate; cGMP = cyclic guanosine monophosphate; GTP = guanosine triphosphate; PDE =
phosphodiesterase.[?°]

the formation of fibrinous thrombosis, perivascu-
larity, and fibrosis, and thinning of the arterial wall
in rats (beraprost 0.1 mg/kg, p < 0.01).571 A similar
antithrombotic effect of beraprost was reported in
adult mongrel dogs.[68]

Beraprost 50 pg/kg/day for 60 days, but not pla-
cebo, significantly inhibited the intimal thickening
(0.134 vs 0.205, p < 0.01) and luminal narrowing
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(0.275 £ 0.04 vs 0.457 = 0.076, p < 0.01) of the
coronary arteries caused by cardiac allograft in a
cyclosporin-treated rat model.[®1 The mechanism
of this effect is not known but it was postulated that
beraprost may protect endothelial cells, inhibit pro-
liferation and migration of vascular smooth muscle
cells or maintain vascular homeostasis through
regulation of the eicosanoid cascade.[]
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3.3 Cardiovascular and Vasodilating Effects

3.3.1 Animal Studies

Intra-arterial injection of beraprost 0.1 to
3000ug in anaesthetised autoperfused dogs in-
creased blood flow in the vertebral, coronary, mes-
enteric, renal, hepatic and femoral arteries.!'8 The
magnitude of the effect was 0.1 to 0.3 times that of
PGI, and was greater with higher doses.[!8] In ver-
tebral arteries of adult mongrel dogs, values of
EDyg (drug dose increasing blood flow in the artery
by 40%) indicated that the vasodilating potency of
beraprost (ED4g = 0.80ug) was inferior to that of
PGI, (ED4y = 0.24ug), but superior to that of
ticlopidine (ED4o = 600ug) and cilostazol (ED4g =
4612).[7°1 Similar differences in EDyg values were
obtained for beraprost, PGI,, ticlopidine and
cilostazol (0.86, 0.20, 420 and 28ug, respectively)
in femoral arteries.!””) However, another study re-
ported blood flow decreases in vertebral, carotid
and femoral arteries after intravenous injection of
beraprost 1 to 100 pg/kg to anaesthetised dogs.[**]
Systemic blood pressure, oxygen consumption,
cardiac work, cardiac output and other parameters
were also decreased by beraprost but to a lesser
extent than by PGI,. No significant changes in
heart rate were observed during beraprost treat-
ment.[8]

Beraprost 102 to 10-° mol/L caused vasodila-
tion of canine isolated mesenteric, renal, coronary,
femoral, basilar and middle cerebral arteries after
contraction with PGF,, or K*.134! This effect was
greater in mesenteric and renal arteries than cere-
bral arteries, and was attenuated by treatment with
the prostaglandin antagonist diphloretin phos-
phate.3# Therefore, it appears that beraprost and
PGI, share the same mechanism of vasodila-
tion.[18-54]

In the rat model of tail gangrene induced by
subcutaneous injection of the vasoconstrictors er-
gotamine and epinephrine, beraprost 0.01 to 0.3
mg/kg (but not ticlopidine 100 mg/kg or cilostazol
30 mg/kg) significantly (p < 0.05) inhibited the
extension of gangrene in comparison with placebo
treatment (water).!5”) For example, among animals
receiving beraprost 0.1 mg/kg (n = 19) or placebo
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(n = 20) the extension of gangrene was approxi-
mately 4.2 and 6.8cm, respectively (p <0.01). Sim-
ilar inhibition of gangrene was observed at all
beraprost doses tested.l57! It was suggested that this
was the result of both the vasodilating and anti-
platelet effects of beraprost. In other rat models,
different concentrations of beraprost treatment in-
creased skin blood flow (3 to 10 pg/kg), skin tem-
perature (10 to 30 pg/kg) and facilitated recovery
(0.01 to 0.3 pg/kg) of skin and paw temperature
after topical cooling.[*4]

Moreover, the vasodilating effect of beraprost
treatment may also be associated with an improve-
ment of red blood cell (RBC) deformability.[6!]
Since RBCs must pass through capillaries nar-
rower than their diameters, RBC deformability is
pivotal to the rapid and homogenous perfusion of
oxygen in the microcirculation. In vitro and ex vivo
beraprost treatment rapidly (within 1 to 3 hours)
improved the impairment of RBC deformability
induced by hypercholesterolaemia. Three hours
after administration of beraprost to hypercho-
lesterolaemic rabbits, maximum pressure signifi-
cantly (p < 0.01) decreased from 263mm Hg at
baseline to 218mm Hg (beraprost 19.6 pg/kg) and
215mm Hg (beraprost 48.9 pg/kg). No effect on
RBC deformability was observed in rabbits with
normal levels of cholesterol.[01]

Beraprost 10 to 100 pg/kg/day decreased the
degree of pulmonary hypertension in the rat MCT-
induced pulmonary hypertension model.[®3] The
ratio of the weight of the right ventricle to that of
the left ventricle plus septum (the extent of right
ventricular hypertrophy) was significantly lower
after beraprost 30 ug/kg/day for 2 or 4 weeks, re-
spectively, compared with rats that did not receive
beraprost (0.467 and 0.353 vs 0.584, p < 0.01).
Similar reductions were reported if the start of bera-
prost treatment coincided with the MCT injection (as
above) or if beraprost treatment was initiated 1
week or 2 weeks after MCT administration.[63.80]
However, the inhibitory effect of beraprost was not
observed if beraprost was started 4 weeks after
MCT administration. 80

Drugs 2002; 62 (1)



118

Balmori Melian & Goa

3.3.2 Human Studies

Vasodilating effects have been observed in pa-
tients with PPH or secondary pulmonary hyperten-
sion after acute administration of beraprost.[70:71]
Generally, single doses of oral beraprost (20 to
100ug) induced statistically significant reductions
from baseline of pulmonary arterial pressure (rang-
ing from -2 to —29%)[7%711 and pulmonary vascular
resistance (—12 to —52%), although in some pa-
tients increases of pulmonary arterial pressure and
resistance were reported.[’!l Additionally, in-
creases (11 to 32%) of cardiac output were reported
in two studies after acute administration of bera-
prost.[70.71]

3.4 Cytoprotective Effects

The cytoprotective effect of beraprost has been
demonstrated in a series of in vitro studies.[60:02:65.77]
However, it is important to note that generally, the
beraprost concentrations used were high and un-
likely to be observed in vivo. In the MCT-induced
pulmonary hypertension model in rats beraprost
treatment inhibited the production of interleukin-1
(IL-1), interleukin-6 (IL-6) and tumour necrosis
factor (TNF) in alveolar macrophages.[®3! The in-
hibitory effect of beraprost on the production of
these cytokines was similar to that of prostaglandin
El_[63]

Neutrophils exposed to chemotaxins or phago-
cytic stimuli generate the production of superoxide
that gives rise to cytotoxic oxygen metabolites. Su-
peroxide and its metabolites cause damage to en-
dothelial cells and decrease production of PGI,,
thereby decreasing endothelial antithrombotic
function and promoting platelet aggregation.[%4! In
human neutrophils beraprost 1 to 100 pmol/L in-
hibited (by 10 to 36%) formyl-methionyl-leucyl-
phenylalanine superoxide generation in a dose-
dependent manner.!%2] It was suggested that this
inhibitory effect of beraprost was due to the suppression
of Ca?* influx through a cyclic AMP-dependent
pathway.[2] A similar cytoprotective effect of bera-
prost against active oxygen metabolites or super-
oxide was reported earlier by Kainoh and col-
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leagues,[*l who suggested the use of beraprost in
the treatment of ischaemic diseases.

Another in vitro studyl’7! suggested that the
cytoprotective effect of beraprost may also be as-
sociated with inhibition of thrombin-induced in-
flammatory effects causing increased permeability
of vascular endothelial cells.[”7! In this model, per-
meability was measured as fluorescein isothio-
cyanate conjugated (FITC) albumin transport
(1g/cm?/h) across a monolayer of cultured vascular
endothelial cells treated with thrombin or thrombin
plus beraprost. Beraprost (30 to 1000 nmol/L) in-
hibited thrombin-induced FITC-albumin transport
in beraprost-treated cells compared with that of
cells treated only with thrombin (12 to 19 vs 26.6
pg/cm?h, p < 0.01).1771 This inhibition was dose-
dependent, and at the highest beraprost concentra-
tion tested, FITC-albumin transport was compara-
ble to that observed in cells not treated with
thrombin.[’7]

4. Pharmacokinetic Properties

Available pharmacokinetic data are very lim-
ited, consisting of two studies in humans!!8-¢71 and
two in animals, summarised in a review.!!8! Bera-
prost consists of two diastereoisomers, each of
which is composed of racemic mixtures (D and
L).['8671 The main metabolite of beraprost in
plasma, liver, kidney and lungs of rats is 3H-2,3-
dinor-beraprost, a free acid product of B-oxidation.
Additionally, 3H-15-oxo-beraprost and 3H-2,3-
dinor-15-oxo-beraprost (free acids) were de-
tected.[!8] It is not known whether these same me-
tabolites are detected in humans.

4.1 Absorption and Distribution

After oral administration of a single beraprost
dose (20, 40 or 60ug for 1 day) to healthy male
Caucasians (n = 12), ty,.x [time to reach maximal
concentration (Cy,,y)] values of 36 to 54 minutes
were obtained for the two main D-isomers of
beraprost.[%”! Values of C,x and area under the
concentration curve (AUC) increased at higher
doses of beraprost and ranged from 53 to 345 ng/L
and 46.7 to 455.4 ug/L - h, respectively. In general,
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lower values of ty,x, Cnax and AUC were obtained
for beraprost L-isomer. Beraprost and its metabo-
lites did not accumulate after repeated administra-
tion (20, 40 or 60ug, three times a day for 6 days)
indicating that the drug was rapidly eliminated.[6”}

In healthy volunteers of Japanese descent, ad-
ministration of single doses of beraprost (50, 100
and 200ug) produced Cp,x values of 0.3, 0.4 and
0.9 png/L, respectively, at ty,x of 30 to 60 minutes.

In rats, high levels of radioactivity were de-
tected in the liver, kidney and gastrointestinal tract
and to a lesser extent in the lung, blood and
heart.[18]

4.2 Metabolism and Elimination

The elimination half-life of beraprost was ap-
proximately 60 minutes in Japanese volunteers.[18]
Inrats and beagle dogs, beraprost was excreted pri-
marily as its main metabolite with virtually none
excreted as the unchanged drug. Moreover, excre-
tion of the drug was rapid (48 to 72 hours) and
occurred mainly through the faeces (73 to 82%)
and the urine (13 to 15%).[!8]

5. Therapeutic Use

5.1 In Peripheral Arterial Disease

The efficacy of beraprost has been investigated
in numerous noncomparative clinical trials of 4 to
8 weeks’ duration that evaluated a variety of objec-
tive and subjective symptoms of peripheral arterial
disease (section 5.1.3).[81-87]

As well, a randomised, double-blind, 6-week,
clinical trial compared the efficacy of beraprost
with that of ticlopidine chloride, a platelet aggre-
gation inhibitor that has been proven efficacious in
the treatment of patients with peripheral arterial
diseases.[38-901 This fully published study enrolled
Japanese patients with peripheral arterial disease
who had ischaemic ulcers in the extremities (sec-
tion 5.1.1).190

The largest study is a 6-month, randomised,
double-blind trial conducted in France and Italy
comparing the efficacy of beraprost and placebo in
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patients with peripheral arterial disease who all had
intermittent claudication (section 5.1.2).[9%]

Apart from this later study, usually clinical trials
included patients with peripheral arterial disease
(arteriosclerosis obliterans and Buerger’s disease)
who showed some ischaemic signs and symptoms,
including ulceration in the extremities, pain, cold-
ness and intermittent claudication. In general,
patients were excluded from the clinical trials if
they had bleeding tendency, severe hepatic or renal
dysfunction, severe complicated disease, hyper-
sensitivity to drugs or leucopenia. Additionally,
pregnancy, breast feeding or potential pregnancy
were also reasons for exclusion from the clinical
trials.[81:82.84-87.91,93,94]

Overall, the efficacy of beraprost treatment was
measured using a combination of objective [size of
ulcers, nature of ulcer granulation, claudication
distance, ankle-brachial index (ABI) and cyanosis]
and subjective parameters (feeling of pain, cold-
ness in the extremities and numbness). Addition-
ally, in some studies improvement ratings on a 5-
point scale were given to ulcer size (healed or
markedly reduced, reduced, slightly reduced, un-
changed and enlarged), appearance of granulation,
subjective symptoms and patients’ impressions
(markedly improved, moderately improved, slightly
improved, unchanged and worsened). The sum of
these ratings determined the final global improve-
ment rating and the usefulness rating of the drug
treatment.

The optimum beraprost dosage has been deter-
mined to be 120 pg/day administered orally (40ug
three times a day) [see section 7]. At this dosage,
beraprost was found to be superior to a 20ug three
times daily dosage, as assessed by the usefulness
rating in a 6-week randomised dose-comparison
trial in 71 evaluable patients.[® However, there
were no significant differences between the groups
for any of the individual parameters tested.

5.1.1 Comparison with Ticlopidine

In a double-blind randomised study, patients (n
= 84) received beraprost 120 ng/day (40ug in the
morning, afternoon and evening) or ticlopidine
500 mg/day (200mg in the morning and evening
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Fig. 3. Comparison of the clinical efficacy of beraprost and
ticlopidine in the treatment of patients with Buerger’s disease or
arteriosclerosis obliterans. Patients received oral beraprost
120ug daily (40ug three times a day, n = 73) or ticlopidine 500mg
(200mg in the morning and evening and 100mg in the afternoon,
n = 76) for 6 weeks in a randomised, double-blind trial.l®" Effi-
cacy is presented as (a) evaluation of ulcer size, (b) evaluation
of rest pain and (c) final global improvement rating [the sum of
scale points of objective (ulcer size and granulation appear-
ance) and subjective (rest pain and sensation of coldness) pa-
rameters and patients’ impressions].
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and 100mg in the afternoon, n = 91) orally for 6
weeks.P!l Ulcer size, granulation appearance of
tissue and subjective parameters (number of pa-
tients with pain at rest or cold sensation in the ex-
tremities) were recorded at baseline and treatment
endpoint. In general, there were slight variations in
the number of patients from both treatment groups
that were included during evaluation of different
parameters. The main results from this trial are
shown in figure 3 and table II.

According to the improvement rating (table II),
beraprost and ticlopidine had similar effects on ul-
cers, rest pain and sensation of cold in the extrem-
ities. For most parameters, about two-thirds of
beraprost recipients and about 50 to 60% of those
receiving ticlopidine showed improvement. The
lowest improvement rate for both drugs was seen
for ‘sensation of cold extremities’.

However, significantly more beraprost than
ticlopidine recipients were ‘moderately or mark-
edly improved’ when appearance of granulation
tissue was assessed (67.1 vs 50.6%, p < 0.05).
Beraprost was also superior on the ‘patient’s im-
pressions’ ratings (67.6 vs 49.4, p <0.05), but there
were no significant differences between the groups
in the overall endpoint analyses of final global im-
provement and usefulness of the drug (table II).
However, it is important to note that, unlike the
case of beraprost, previous double-blind trials have
shown that ticlopidine is more efficacious than pla-
cebo and aspirin in the prevention of stroke, myo-
cardial infarction or death caused by vascular
events.[90]

5.1.2 Comparison with Placebo

The efficacy of beraprost in patients with inter-
mittent claudication was studied in a pivotal, large
(n = 422), randomised, double-blind, placebo-
controlled, multicentre clinical trial.[®?! Patients
were included in the placebo run-in phase (4
weeks) if they had intermittent claudication due to
noninflammatory arterial disease of the lower
limbs (of >6 months’ duration investigated by ar-
teriography or Doppler scan), were stable during
the previous 3 months, were not in need of invasive
interventions, had a pain-free walking distance of
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Table Il. Improvement ratings after 6 weeks’ treatment with beraprost
or ticlopidine in a randomised, double-blind triall®!! of Japanese
patients with peripheral arterial disease®

Improvement rate (% of patients)?

beraprost® ticlopidine®
(n=74) (n=79)
Ulcers 70.3 57
Appearance of granulation ~ 67.1* 50.6
tissue
Subjective symptoms:
Rest pain 58.9 43.4
Cold extremities 37.5 35.8
Patient’s impressions 67.6" 49.4
Final global improvement®  67.6 54.4
Usefulness® 67.6 56.8

a Patients had Buerger’s disease or arteriosclerosis obliterans.

b Patients who were ‘moderately or markedly improved’, except
for the ulcer rating (ulcers were ‘reduced’ or ‘healed or
markedly reduced’) and the ‘usefulness rating’ (judged
according to a 100-point scale).

¢ Dosages were beraprost 40ug three times daily, and ticlopidine
200mg in the morning and evening and 100mg in the afternoon.
Patient numbers were lower for some parameters in both
treatment groups and higher for the ticlopidine group’s
usefulness rating (n = 81).

d Determined on a 5-point scale (markedly improved, moderately
improved, slightly improved, unchanged and worsened) that
included scale points of ulcer improvement, subjective
symptoms and patients’ impression.

e Determined on a decimal point scale from 0 ('l will never use
the drug again’) to 100 (‘I will definitely use the drug again’)
and included global improvement and overall safety ratings,
as judged by a physician and a subcommittee. A score 270
evaluated the drug treatment as ‘useful’.

* p < 0.05 vsticlopidine.

50 to 300m at the treadmill exercise test (day —28)
and had no ischaemic rest pain, ulceration or gan-
grene. Patients were excluded from the run-in
placebo phase if they were receiving antiplatelet
therapy, had other diseases that affected walking,
had a history of myocardial infarction or stroke in
the previous 3 months, or had unstable or severe
angina pectoris or type I diabetes mellitus.[2] Pa-
tients were included in the treatment phase of this
pivotal trial if at the end of the placebo run-in phase
(day 0) they showed a change of pain-free walking
distance <25% (treadmill test) compared with results
from day -28. Eligible patients were randomised
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to receive placebo (n = 213) or beraprost (n = 209)
40ug three times a day for 6 months (endpoint).[?!

The primary efficacy endpoint was success, de-
fined as an improvement from baseline (day 0) of
>50% in the treadmill exercise pain-free walking
distance at the 6-month test and in =1 of the earlier
tests, in the absence of critical cardiovascular
events. Secondary efficacy endpoints were changes
in pain-free and maximum walking distances, sub-
jective walking distance and the incidence of crit-
ical cardiovascular events (death of cardiovascular
origin, myocardial infarction, unstable angina, cor-
onary angioplasty, coronary artery bypass graft
surgery, stroke, transient ischaemic attack, critical
leg ischaemia, subacute critical ischaemia, periph-
eral angioplasty, peripheral bypass graft surgery
and amputation at any level). A tertiary efficacy
endpoint was the quality of life evaluated by the
use of the Quality of Life Subjective Profile ques-
tionnaire!®! that was completed at baseline (day 0)
and endpoint.[92!

The main results of the trial, presented in table
III and figure 4, show that beraprost was superior
to placebo.

At 6 months, significantly more patients receiv-
ing beraprost were successfully treated as defined
by the primary endpoint (91 vs 71 patients, p =
0.036),[°?1 and the percentage increases from base-
line in pain-free (81.5 vs 52.5%, p < 0.01) and max-
imum walking distances (60.1 vs 35%, p < 0.01)
were significantly higher in the beraprost group
that among placebo recipients (table III). As dem-
onstrated in figure 4, the significant difference be-
tween treatment groups in percentage increase in
pain-free (figure 4a) and maximum walking dis-
tance (figure 4b) was evident at 1.5 months after
starting treatment and persisted throughout treat-
ment (except for maximum walking distance at 4.5
months, which showed no statistical difference).

At treatment endpoint, the incidence of critical
cardiovascular events was 4.8 and 8.9% of patients
receiving beraprost or placebo treatment, respec-
tively. Overall, the most common critical cardio-
vascular event was arterial thrombosis of the leg
and was reported by 8 and 14 patients in the bera-
prost and placebo treatment groups, respectively.
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Table lll. Summary of the results of a pivotal, randomised double-
blind 6-month trial in patients with intermittent claudication who
received oral beraprost 40ug three times daily or placebo!®?!

Beraprost Placebo
(n = 209) (n=213)
Success rate? 43.5% [56.5]°** 33.3[42.2]°
(% of patients)
Pain-free walking Baseline: 130 Baseline: 133
distance (m) 6mo: 280 6mo: 245
(181.5%)*** (152.5%)
Maximum walking Baseline: 275 Baseline: 271
distance (m) 6mo: 467 6mo: 378 (135%)
(160.1%)**
Incidence of critical 4.8 8.9

cardiovascular events
(% of patients)

a Defined as an improvement from baseline of >50% in the
treadmill exercise pain-free walking distance at the 6-month
test and in >1 earlier test, in the absence of critical cardio-
vascular events.

b Improvement from baseline of >50% in the treadmill exercise
pain-free walking distance at the 6-month test.

*p <0.05, **p <0.005, *** p<0.001 vs placebo.

In general, patients in the beraprost group were
more likely to be satisfied with global changes in
their quality of life than patients in the placebo
group (p < 0.05). The difference was also statisti-
cally significant (p < 0.05) in favour of patients
receiving beraprost when analysing individual
items such as ‘going out’, ‘general condition’, ‘re-
lationships with people’ and ‘concerns about
health’.?l However, it is important to note that at
baseline, there were statistically significant differ-
ences between the beraprost and placebo treatment
groups regarding lifestyle modification prescrip-
tions (57.9 vs 47.4%, p = 0.032) and level of phys-
ical activity (higher among patients receiving
beraprost, p = 0.030). These two factors may have
influenced the final results of this study.®? In this
context, it is important to note, that although recent
preliminary unpublished data from a large (n =
750), phase III, placebo-controlled study con-
ducted in the US suggested a trend toward fewer
cardiovascular events (no specific data presented),
this study did not confirm the positive results of the
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European phase III trial and statistical significance
was not achieved in the study’s endpoints relating
to exercise.[?®!

5.1.3 Noncomparative Trials

Overall, the data from noncomparative trials
seem to indicate that beraprost treatment may be of
benefit in patients with peripheral arterial diseases
represented in most studies by patients with Buer-
ger’s disease and arteriosclerosis obliterans. How-
ever, these trials were not randomised, did not in-
clude an active comparator or placebo treatment,
included relatively small numbers of patients (23
to 70) and few objective parameters.

Reductions from baseline of 37 to 53% in isch-
aemic ulcer size were reported in several stud-
ies.[81.82.87 Additionally, most patients (>60%) re-
ceiving beraprost treatment showed at least ‘mild
improvement’ in the size of the ulcers.[81-82] The
largest study (n = 70) reported reduction in ulcer
size from 7.5 at baseline to 3.5mm after at least 6
weeks of treatment (mean values, p < 0.05). Im-
provement in the appearance of ulcer granulation
was also reported in a high proportion of patients
receiving beraprost (61 to 82%).131-821 For example,
the largest study reported that at baseline the ap-
pearance of granulation was ‘slightly bad’ (66.7%)
or ‘bad’ (33.3%) in all patients with ischaemic ul-
cers (n = 16). However, at treatment endpoint
(week 6) the appearance of granulation in a high
proportion of patients was ‘cured’ (37.5%), ‘good’
(12.5%) or ‘slightly good’ (18.8%).182! Similar im-
provement rates have been reported in other clini-
cal trials.!81:87] Also, two studies reported increases
(222 and 95%) in claudication distance from 163
and 468m (at baseline) to 526 and 914m (treatment
endpoint), respectively, after 6 and 8 weeks of
beraprost treatment.[3%85]

Evaluation of subjective symptoms also appears
to show a positive effect of beraprost treatment in
patients with peripheral arterial disease. Compared
with baseline, the proportion of patients reporting
pain at rest, coldness in the extremities, numbness
and cyanosis decreased after several weeks of
beraprost treatment.[81:82:84-87] For example, at base-
line 57.9, 36, 39.4 and 39.1% of the patients in the
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Fig. 4. Effects of beraprost on walking distance. Main results from
alarge (n =422) double-blind, randomised, placebo-controlled
clinical trial of patients with intermittent claudication who received
beraprost 40ug three times a day or placebo for 6 months.92]
Efficacy was evaluated at 0, 1.5, 3, 4.5 and 6 (treatment end-
point) months as percentage change from baseline of (a) pain-
free walking distance (claudication distance) and (b) maximum
walking distance. *p < 0.05, **p <0.01, ***p<0.001 vsplacebo.

largest study exhibited ‘no symptom’ or ‘mild
symptom’ regarding pain at rest (n = 38), coldness
(n=50), numbness (n = 32) and cyanosis (n = 23),
respectively.[82] After 6 weeks of beraprost 40ug
three times a day the proportion of patients report-
ing ‘no symptom’ or ‘mild symptom’ increased to

© Adis Infernational Limited. All rights reserved.

68.4, 70, 87.5 and 73.9%, respectively (p < 0.001
for all symptoms).[82! Similar improvement was re-
ported in other clinical trials.[31-34-87]

Final global improvement ratings (markedly
improved, moderately improved, slightly im-
proved, unchanged and worsened), which included
evaluation of objective and subjective symptoms,
also suggested that patients may benefit from
beraprost treatment.[8284-87] The response to bera-
prost treatment of at least 27% (27 to 70%) of pa-
tients was evaluated as ‘moderately improved’ or
better. Response of ‘slightly improved’ or better
was recorded in at least 68.6 to 90.9% of the pa-
tients.

5.2 In PAH

The efficacy of various dosages of beraprost
in the treatment of patients with moderate to se-
vere PPH (New York Heart Association (NYHA)
functional class III to IV) has been evaluated in
several small noncomparative trials (n = 11 to
12)170.72.97.98] and one retrospective comparison
with historical controls (n = 58)1% [table IV]. Sev-
eral trials also included patients with other types of
PAHLL70.97.98)

As all trials were reported as abstracts or short
communications, study and patient details were
few and statistics were not always provided. The
studies evaluated cardiovascular and exercise pa-
rameters, and effect on NYHA functional class af-
ter 1 to 12 months’ treatment. The retrospective
study followed patients treated with beraprost for
a mean of 30 months and calculated survival rates
using Kaplan-Meir curves for both the beraprost
group and the historical controls who were given
usual therapy (calcium antagonists, nitrates, digi-
talis and diuretics).l%

Available data from these small trials are insuf-
ficient to draw any firm conclusions regarding the
efficacy of beraprost in PAH. However, there is
some evidence that the drug may be beneficial in
this condition. Pulmonary arterial pressure and
pulmonary vascular resistance decreased during
beraprost treatment; in some, but not all, instances
these decreases were significant (table IV). Car-
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Table IV. Efficacy of beraprost in patients with moderate to severe pulmonary arterial hypertension (NYHA functional class Ill to 1V)

Reference No. of Dosage regimen Effects on cardiovascular/exercise parameters (change from NYHA class
evaluable (duration) baseline)
patients PAP (mm Hg) PVR co exercise
(W) (L/min)
Noncomparative prospective studies
Nakayama 110 20-40ug tid (1-2mo) —22.5 (32%)° -5.8 (29%)°  +0.5 (17%)°
et al.l’0k
Okano etal.72a 124 80-180 pg/day -8 (12%) -5 (26%) Improved in
(severe) (average 2mo) 8/12 pts (67%)
Shimizu et al.7l2 14 Average 96 pg/day Maximal load
(severe)  (3mo) T12watts (14%)**
peak VO, T115
ml/min (12%)*
Vizza et al.l%k 12f 100-360 pg/kg in -~ =7 (8%) NS 6MWT: T102m ! from3.5to
3-4 doses/day + (48%)*** 2.6%*
usual therapy
(12 mo)
Retrospective comparison with historical controls
Nagaya et al.® 249 60-180 pg/day + —-13%*** —25%*** +17%** Improved in
usual therapy (at 53d) (at 53d) (at 53d) 16/24 pts
(mean follow-up (67%)

30mo)

Abstract!’%97:98] or short communication.”?!

-~ ®O QO O T ©

Included patients with moderate to severe PPH or inoperable thromboembolic puimonary hypertension.

Difference from baseline stated to be significant but no p-values given.

Included patients with PPH unresponsive to calcium antagonists and inhaled nitric oxide.

Included patients with PPH (6) and thromboembolic pulmonary hypertension (8).

Included patients with PPH (7), chronic pulmonary thromboembolism (4) and Eisenmenger’s syndrome. These patients received

beraprost in adjunction with oral anticoagulants, digoxin, furosemide, enalapril and/or nifedipine.
g 34 historical controls received usual therapy only (calcium antagonists, nitrates, digitalis and diuretics); no data were provided for this

group.

6MWT = 6-minute walk test; CO = cardiac output; NS = not significant; NYHA = New York Heart Association; PAP = pulmonary arterial
pressure; PPH = primary pulmonary hypertension; PVR = pulmonary vascular resistance; tid = three times a day; T = increased; | = decreased;

*p<0.05 *p<0.01, "™ p <0.001 vs baseline.

diac output increased significantly in both studies
measuring this parameter. NYHA functional class
also improved in 67% of patients in one study!’?!
and significantly decreased (improved) in an-
other.[8

Beraprost therapy [1 to 3 ug/kg daily or highest
dose tolerated (96p1g daily)] may also be associated
with improvement in the exercise capacity of pa-
tients with PAH. Significant increases from base-
line values of total distance in a 6-minute walk test,
maximal load and peak VO, were reported in pa-
tients receiving beraprost treatment for 371 or
1281 months (table IV).

© Adis Infernational Limited. All rights reserved.

Beraprost treatment appeared to be associated
with greater 1-, 2- and 3-year survival rates (96, 86
and 76%, respectively) than conventional therapy
(77,47 and 44%) in the retrospective study. During
a mean follow-up period of 30 £ 20 months, 4 of
24 patients from the beraprost treatment group died
of cardiopulmonary causes compared with 27 of 34
in the conventional therapy treatment group (44 *
45 months follow-up period).[*?! It is important to
note, however, that the time point for the enrolment
and the follow-up period differed between the two
treatment groups, which might bias the results of
this study,[®”! and the trial was not designed as a
mortality study.
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6. Tolerability

Tolerability data from clinical trials and unpub-
lished studies indicate that in general beraprost is
a well tolerated agent.[92:93:100.1011 Data in this sec-
tion are derived from a combined analysis of pa-
tients with peripheral arterial disease (n=7515) or
PAH (n = 40) presented in the manufacturer’s
prescribing information!'%! and from individual
clinical trials.

6.1 Peripheral Arterial Disease

Adverse events were reported in 370 of the 7515
patients (4.9%) in the combined analysis.[1%! The
most commonly reported adverse events were vas-
odilatory (headache, facial hot flushes, hot flushes)
or gastrointestinal (diarrhoea and nausea), and
each occurred in <1.2% of patients (figure. 5a).
Drug related rash was noted rarely.®!l Laboratory
abnormalities were also reported in some stud-
ies.[81:8291.941 No significant differences were ob-
served in the overall incidence of adverse events in
patients from the beraprost (15.6%) and ticlopidine
(24.4%) treatment groups. A comparison of bera-
prost (n = 77) and ticlopidine (n = 86) treatment
reported abnormal hepatic function (one patient),
abnormal lipid levels (three patients) and de-
creased erythrocyte levels (one patient) among pa-
tients receiving beraprost.’!l However, as in other
studies,81:82.94] these symptoms were mild, disap-
peared during or after completion of beraprost
therapy, did not require treatment and did not cause
treatment withdrawals.[°!]

The main tolerability data in patients with inter-
mittent claudication receiving beraprost treatment
are from the randomised, double-blind, placebo-
controlled clinical trial described in section 5.1.2
(figure. 5b).1921 Adverse events (including critical
cardiovascular events) considered to be drug-related
were recorded in 16.7 and 7% of patients from the
beraprost (n =209) and placebo (n =213) treatment
groups, respectively. Additionally, 18 (8.6%,
beraprost) and 31 patients (14.5%, placebo) dis-
continued treatment because of adverse events. The
most common adverse events in the beraprost group
were headache (6.2%) and vasodilation (5.3%).%]

© Adis Infernational Limited. All rights reserved.

6.2 PAH

According to the limited data available, the in-
cidence of adverse events in patients with PAH re-
ceiving beraprost appears considerably higher than
in patients with peripheral arterial disease. Com-
bined data from clinical studies in patients with
PAH receiving beraprost treatment indicated oc-
currence of adverse events (including laboratory
abnormalities) in 24 of 40 patients (60%, total of
65 events).[1% The most frequent adverse events
were headache (22.5%), increased lactate dehydro-
genase (12.5%), increased bilirubin levels (10%),
hot flushes (7.5%), diarrhoea (7.5%), nausea
(7.5%) and increased triglycerides levels (7.5%)
[figure. 5¢]. Combined data are not available on the
severity of these symptoms and their effect on
compliance with beraprost treatment. However, in
12 patients receiving beraprost and adjunctive
standard therapy for up to 12 months no major
beraprost-related adverse events were reported.[®8]

7. Dosage and Administration

The efficacy of beraprost has been evaluated for
the treatment of numerous indications related to
peripheral vascular disorders (see section 5). Bera-
prost has been approved for use in patients with
PAH and peripheral arterial disease in Japan (1992),
South Korea (1997) The Philippines (2001, only
peripheral arterial disease) and Thailand (2001).
Currently, beraprost is being considered for the
treatment of patients with intermittent claudication
and PAH in the US and Europe.

Beraprost is administered orally and should be
taken after meals. In adult patients with peripheral
arterial disease the recommended dosage of bera-
prost is 120ug daily divided in three doses. For
adults with PAH beraprost treatment should be
started at 60pg divided in three doses. For these
patients beraprost dosage can be increased grad-
ually under careful monitoring up to a maximum
dosage of 180ug daily divided in three to four
doses.[1% However, in patients with PAH included
in the recent 12-week ALPHABET trial, the dos-
age was increased from 20ug four times a day up
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Fig. 5. Combined data of the most frequently reported adverse
events (including laboratory abnormalities) during beraprost
therapy among patients with (a) peripheral arterial disease (n =
7515),[1%] including (b) intermittent claudication!®? (n = 422) or
(c) pulmonary arterial hypertension (n = 40).['%0 Data from the
large pivotal, randomised, double-blind study!®? (section 5.1.2)
in patients with intermittent claudication presented in figure 5b
may also be included in the data presented in figure 5a. LDH =
lactate dehydrogenase.
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to a mean and maximum dosage of 80 and 120ug
four times a day, respectively.102]

The manufacturer recommends exercising cau-
tion when prescribing beraprost in the elderly. The
safety profile of beraprost in pregnant women has
not been established so it should be administered
only when therapeutic benefits outweigh the risk
of beraprost treatment. Beraprost is contraindi-
cated in nursing women (beraprost is secreted in
milk of rats) and its safety has not been established
in children.!100]

Beraprost should be administered with care in
patients receiving anticoagulant (e.g. warfarin),
antiplatelet (e.g. aspirin, ticlopidine) or fibrinolytic
(e.g. urokinase) agents, since it may intensify the
effect of these drugs. As beraprost may increase
bleeding tendency, caution is recommended in
menstruating patients or those with a bleeding ten-
dency.l'%1 Also, beraprost in combination with
other PGI, preparations may further reduce blood
pressure.

8. Place of Beraprost in the
Management of Peripheral
Arterial Diseases and PAH

8.1 Peripheral Arterial Disease

Primary prevention of peripheral arterial dis-
ease, estimated to have an age-adjusted prevalence
of approximately 12%,?% consists of modifying
lifestyle factors (i.e smoking) and managing com-
orbid conditions such as diabetes mellitus and hy-
pertension!%-20-271 to reduce the risk of cardiovas-
cular morbidity (see section 2).127!

Pharmacological agents for the treatment of pa-
tients with peripheral arterial diseases are numer-
ous and their use has been recently reviewed.[?7-1031
These include antiplatelet, vasodilator and antico-
agulant agents. However, the efficacy of many of
these agents is questionable and current data do not
support their widespread use.?”1931 PGI, and
iloprost have shown efficacy when given intrave-
nously but this route of administration can be prob-
lematic and costly (section 2). Although the Amer-
ican College of Chest Physicians recommends
aspirin 81 to 325 mg daily for the treatment of pa-
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tients with peripheral arterial disease, a US Food
and Drug Administration (FDA) panel of experts
did not find sufficient evidence to approve its use
for this indication.”?” Ticlopidine and clopidogrel
may reduce the severity of claudication and the
need for vascular surgery, but ticlopidine and
rarely clopidogrel also are associated with risk of
thrombocytopenia, neutropenia and thrombotic
thrombocytopenic purpura. Pentoxifylline use in
patients with intermittent claudication (approved
by the FDA) has also been questioned, since sev-
eral studies have not found significant differences
between pentoxifylline treatment and placebo.[27-103]
Moreover, a recent evaluation of drugs approved
in Belgium for the treatment of patients with inter-
mittent claudication concluded that there was
scarce evidence for the use of cinnarizine, cyclan-
delate, isoxsuprine, naftidrofuryl, pentoxifylline,
xanthinol nicotinate and buflomedil.'®! In pa-
tients with intermittent claudication, the type III
phosphodiesterase inhibitor cilostazol in dosages
of 100mg twice a day was significantly superior to
placebo and pentoxifylline treatment, although this
drug is not recommended in patients with heart
failure.[27,104-106]

Beraprost, a stable oral analogue of PGI,, ap-
pears to be efficacious in the treatment of patients
with Buerger’s disease and arteriosclerosis obliter-
ans. Among these patients, beraprost was as effica-
cious as ticlopidine.!! In general, the mechanism
of action of beraprost in these indications is not
fully understood and is probably the result of the
simultaneous action of different pharmacody-
namic characteristics of the drug (section 3).

Data from the large 6-month pivotal trial dis-
cussed in section 5.1.2 appeared to indicate that
beraprost treatment (40ug three times a day for 6
months) improved the condition of patients with
intermittent claudication. Compared with patients
receiving placebo, patients in the beraprost treat-
ment group exhibited significantly greater im-
provement in pain-free and absolute walking dis-
tance. Additionally, patients receiving beraprost
were significantly more likely than placebo recip-
ients to report satisfaction with changes in their
quality of life (see section 5.1.2).°21 However,
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while preliminary unpublished data from a large (n
=750), placebo-controlled, multicentre study, with
similar entry criteria and study endpoints sug-
gested a trend toward fewer critical cardiovascular
events (no specific data presented), this study did
not confirm the positive results of the European
phase III trial and statistical significance was not
achieved in the study’s endpoints relating to exer-
cise.®!

Evaluation of ulcers among patients with Buer-
ger’s disease or arteriosclerosis obliterans receiv-
ing beraprost treatment (40ug three times a day) in
the 6-week comparison with ticlopidine indicated
that 70.3% of patients showed ‘reduced’ or better
response to treatment. Compared with those re-
ceiving ticlopidine treatment, a greater proportion
of patients receiving beraprost exhibited ‘moder-
ately improved’ or better granulation appearance
of the tissue (67.1 vs 50.6%, p < 0.05). Similar
improvement rates were reported in several non-
comparative studies of 4 to 8 weeks’ duration dis-
cussed in section 5.1.3. Additionally, adverse
events due to beraprost treatment among patients
with peripheral arterial disease were uncommon,
and all laboratory abnormalities observed were
mild and disappeared during or after termination
of beraprost treatment.

There are, however, several shortcomings con-
cerning the study of patients with peripheral arte-
rial diseases. The diagnostic criteria of some pe-
ripheral arterial diseases vary in different parts of
the world, which hinders the correct evaluation of
their prevalence worldwide. For example, Buer-
ger’s disease appears to be more prevalent in the
Middle East and Far East than in North America
and western Europe, but these differences are
likely to be influenced by differences in diagnostic
criteria.[?3] Also, clinical efficacy is often evalu-
ated using a wide range of subjective parameters
(section 5), which makes comparison across differ-
ent clinical trials inaccurate. Moreover, in patients
with intermittent claudication, changes in exercise
performance are not always evaluated using the
graded treadmill test (constant speed of 3.2 km/h
with increases of grade of 2 to 3% every 2 or 3
minutes). Unlike the constant-load treadmill test
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(traditional test, 2.4 to 3.2 km/h at a defined grade
of 0 to 12%), results using the graded treadmill test
correlate with improved patient ambulatory func-
tion, and small percentage improvements are more
likely to be clinically relevant.l'07]

At present, however, there are few well de-
signed clinical trials in the literature that included
patients with peripheral arterial diseases who re-
ceived beraprost therapy, and most studies were of
short duration. Also, direct comparison of bera-
prost treatment with patients undergoing super-
vised exercise therapy and lifestyle changes or with
patients receiving cilostazol have not been re-
ported.

8.2 PAH

PAH is a progressive disease that until recently
was considered universally fatal, with transplanta-
tion being the only option for patients with this
condition.[?*#3] Currently, the treatment of PAH is
complex, controversial and potentially dangerous,
but recent advances and refinements in the use of
pharmacological agents (vasodilators in conjunc-
tion with anticoagulant agents; see section 2.2) and
PGI, in particular, have markedly improved the
quality of life and extended survival of patients
with PAH.[1429:43,102,108] For example, compared
with baseline values, long-term (>12 months) aero-
solised iloprost treatment of patients with PAH
increased the distance in the 6-minute walk test and
cardiac output, and reduced mean pulmonary arterial
pressure and resistance.l'%! Improvement of these
parameters were also observed after administration
of subcutaneous treprostinil (a PGI, analogue) for
12 weeks!'1% and oral bosentan (endothelin-1 antag-
onist) for 8 weeks.[102.111]

Continuous intravenous delivery of PGI, is
currently considered the most efficacious treat-
ment of patients with severe forms of PAH (NYHA
class IIT or IV) who do not respond to conventional
treatment (calcium antagonists).l''2-1161  Acute
challenge with PGI, induces a dose-related de-
crease in pulmonary artery pressure and an increase
of cardiac output and systemic oxygen delivery in
a substantial proportion of patients with PAH
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(=50%). Additionally, patients who do not show
these haemodynamic improvements after acute ad-
ministration can respond to long-term intravenous
administration of PGI,.#1116-1181 [ ong_term therapy
with PGI, has shown sustained clinical benefits
and improved long-term survival in patients with
PAHL[112-115,119]

There are, however, limitations to PGI, therapy.
Because of its chemical instability (half-life of 3
to 5 minutes), PGI, must be administered by
continuous intravenous infusion. Infection, cath-
eter thrombosis and pump failure are associated
with this method of delivery. Particularly, inter-
ruption of the infusion or underdosing of PGI, may
induce acute return of the symptoms that can be
life-threatening.133-120] Additionally, the high cost
of long-term PGI, therapy (cost of the drug, the
ambulatory pump and intravenous lines and sup-
plies) must be considered.[!20:1211 Because of the
severity and rarity of PAH, large, randomised, double-
blind and placebo-controlled trials evaluating the
long-term use of intravenous prostacyclin have not
been conducted.[#3-120]

Beraprost is a more stable PGI, analogue with a
half-life in healthy adults of 0.9 to 1.1 hours.[6°]
This added stability is of critical importance be-
cause allows for oral administration of the drug. It
has been suggested that intermittent doses of
beraprost do not provide consistent levels of the
drug in the bloodstream needed to treat the most
critically ill patients with PAH.!'2] Therefore, de-
velopment of a slow-release formulation of bera-
prost may improve its efficacy.

The strongest evidence of the efficacy of bera-
prost in the treatment of patients with PAH comes
from a long-term noncomparative study of 12 con-
secutive patients with severe PPH (see section 5.2).
After 2 months of beraprost treatment pulmonary
arterial pressure and resistance decreased from
baseline values (12 and 26%, respectively). Im-
provement in NYHA functional class was also re-
corded in most patients (9 of 12) and after 12 to 18
months receiving the same dose of beraprost 8§ pa-
tients were still alive.l’2! These results are promis-
ing, since the patients included in this study pre-
viously did not respond to calcium antagonists or
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inhaled nitric oxide. Other studies appeared to
indicate that beraprost may have beneficial effect
on the survival®! (60 to 180 pg/day) and exercise
capacity®7%81 (96 ug/day) of patients with PAH.

Based on this evidence it seems that beraprost
treatment may be of use for patients with PAH be-
fore starting intravenous PGI, therapy or patients
with less severe forms of the disease (not NYHA
functional class 1V), who may respond to long-
term beraprost treatment. Indeed, a recent ran-
domised, double-blind, placebo-controlled multi-
centre study, the ALPHABET trial, included
patients (n = 130) with PAH of NYHA class II and
III who received beraprost for 12 weeks. This is the
largest study of patients with PAH, who received
beraprost doses much higher than those recom-
mended by the manufactures, but its results have
not been published yet (see section 7).

However, PAH clinical trials included small
number of patients, lacked patient details and often
did not provide relevant statistical data (see section
5.2). Also, studies directly comparing the efficacy
of oral beraprost with that of intravenous PGI,
treatment are necessary to define the place of
beraprost in the treatment of patients with PAH.

8.3 Conclusions

There are two factors that confound the precise
definition of the place of beraprost in clinical set-
tings. Firstly, the mode of action of beraprost (and
generally PGI, and its analogues) in peripheral ar-
terial diseases and PAH is not fully understood;
hence establishment of the correct dosage has been
difficult, particularly in patients with PAH. Sec-
ondly, there is a limited amount of large, well de-
signed studies in the literature evaluating the clin-
ical efficacy of beraprost in patients with these
conditions.

Beraprost, an orally administered PGI, ana-
logue, is generally well tolerated and appears to be
an effective agent in the treatment of patients with
Buerger’s disease and arteriosclerosis obliterans.
Comparative data from a large randomised trial in-
dicated that the drug appears as effective as ticlo-
pidine in patients with these conditions. In patients

© Adis Infernational Limited. All rights reserved.

with intermittent claudication, significant benefits
of beraprost compared with placebo were reported
in a randomised clinical trial; however, the use of
beraprost in these patients is not supported by re-
cent preliminary unpublished data from a large,
phase III, placebo-controlled study. Limited data
suggest some efficacy with long-term beraprost
treatment of patients with PAH, where options are
few and where oral administration of the drug
could be a considerable advantage over intrave-
nous PGI, therapy. Additional well designed and,
where possible, large trials with active compara-
tors are necessary to define more precisely the
place of beraprost in the treatment of patients with
PAH, Buerger’s disease and arteriosclerosis oblit-
erans.
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