-1 Sustained-release oral molsidomine composition for treating atherosclerosis The present
_invention relates to a novel therapeutic use of molsidomine and its pharmaceutically acceptable salts,
especially in a sustained-release oral galenical 5form effective over 24 hours, in the prevention or
treatment of atherosclerosis. Atherosclerosis is a progressive disease of the arteries which
compromises the blood supply to the downstream organs. Thus the atheromatous plaques which
appear on the wall of the coronary arteries are capable of restricting the blood supply to the heart
(ischemia), which can lead to a myocardial infarction, the 10principal cause of death in industrialized
countries. Risk factors such as hypercholesterolemia or hypertension stimulate the formation of
atherosclerotic |Esigng:ed-riiethe casenofihimaliolesterplemianthe- meshanisnk deadihgdeithe formation
of these lesions can be summarized as follows: 15Low density lipoproteins (generally called LDL)

accumulate in the tuniga intima (innermost wall of the artery), where they are oxidized to Ox-LDL.
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the lesions.  PHEHdamcé TSRS REEESr which participates in the deposition of
fibrins in the atherom&wkisiptéenseswesulting ireinbpéasinglynseverehepdotnelial lssionsiAtha
consequence gfthp@abhoyeathe adhesionarlggules, particularly 2 ICAM-1 , are involved in the

process of formation ?f thF atherosc%erotic Iegiqns. In fa%t, ICAM-1 is strcing&/ ov%rexgressed on
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the endothelium covering the atheromatous plagues in human coronary and carotid arteries. Recent

clinical studiestifanetfs plhgse ssiygaor risemaudrediaidoBassielated with the level of soluble

ICAM-1 (hereafter ICAMvl s)ertsistigroposesiin Meuseniherdsalerntg moedelsldihastheenrsaserved that
a depletion of IGA {5 leadsa aaroleaiiveols againstibe podession gl athargsclerosis. A

lowering of the levels gf soluble ICAM-1 therefore seems tgQ constitute an effective means of restoring
the normal endothelial RrdESHEERE ﬁ?@%ﬁf‘fh‘b‘?ﬁd’}%‘?iecules in the tunica intima causes the

synthesis and expression of adhesion molecules such as ICAM-1 (intercellular
adhesion molecule-1) and VCAM-1 (vascular cell adhesion molecule-1) on the
20 surface of the endothelium. |
These adhesion molecules have the property of fixing the monocytes
originating from the bloodstream, which infiftrate the vascular wall and are
transformed into macrophages.
These macrophages absorb the Ox-LDL (phagocytosis) and are thus
25 transformed slowly into foam cells saturated with lipids. Furthermore, these
macrophages release cytokines, which cause a local inflammatory reaction that
favors an even more substantial recruitment of monocytes.
The smooth muscle celis multiply and migrate into the tunica intima, where
they secrete collagen, elastic fibers and proteoglyvcans, leading to a progressive
30 thickening of the lesions.
The foam cells also synthesize a tissue factor which participates in the
deposition of fibrins in the atheromatous plaque, resulting in increasingly severe
endothelial lesions.

As a consequence of the above, the adhesion molecules, particularly



-10slowing down the progression of atherosclerosis. It is further known that molsidomine is a
_particularly useful compound in the preventive treatment of an angina attack in all its forms and acts by
causing a relaxation of the vascular smooth muscle fiber and an inhibition of the early phases of
platelet activation. 15Molsidomine was initially marketed essentially: - in the form of
immediate-release divisible tablets containing 2 mg and 4 mg doses, which were generally
administered three times a day in the treatment of anigina of effort and four times a day in the
treatment of angina of rest and severe angina of effort; and then 20- in the form of sustained-release
tablets containing an 8 mg dose, which were to be administered twice a day for the long-term
prophylactic tréatmént eFargink peeicts . procavioré ety molsidohsinediers besnimearketed
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the use of molgidgminendrvoneahitmpbarmaceiticallydcteptable fbaits tordhemanuiaectipeaof a

sustained-releqsemegicanent ade solidformcomarisiogbehvean idand 2. mg Oruse n the

prevention orct?r{e tenuation hy oral administration once per day during at least 6 S, of the
development éﬂ?@‘? GLERHSAY™  Thus, according to a first feature, the present disclosure relates to
the use dPmolsidomindadsidmmiotitsashanakyutiedihcalocmprgadhlts, especially in the form of a

sustained-release solid; gralcempasitiamrifectiveioner &41%‘1’5%3?5@@0%@%@@%%@ drug for
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angina pectoris.
More recently, molsidomine has been marketed (especially under the name
Coruno® in Belgium) in the form of a sustained-release solid oral composition
25  containing a 16 mg dose, effective over 24 hours, for the prevention and long-term
chronic treatment of stable angina pectoris. The efficacy and tolerability of this
composition have been demonstrated in a large number of patients in shori-term
and long-term studies.
It 1s in this context that it has been discovered, surprisingly and totally
30 unexpectedly, that molsidomine, especially in the form of a sustained-release solid
oral composition effective over 24 hours, makes it possible to restore the
endothelial functions and thus to prevent the physiopathological processes that lead
to atherosclerosis, and/or to slow down their progression.

More precisely, it has been discovered that the daily administration of such



of molsidomine released by the pharmaceutical form used is sufficient to produce a therapeutic plasma
concentration of at least 5 neml, preferably of at least 10 ng/ml, over a period of about 24 hours The
effects of molsidomine in the treatment of atheroéclero&s are particularly important within the

framework of g g@j&& %ﬁeﬁmglmmma@ Jhese-efiectsanenpatiisntathytremarkable on
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in that they haberanaressian ¢iaQsITG ‘[measured spectrophotornetrically at 286 or 311 nm by the

method described in the, ELrapean ERAIMaceResid skdediamiaiibSl oX bl)ipapbnprayiraB00 ml of
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between 14 angtgé c@ggspartlcularly preferably of between 16 and 20 rag Such galenical forms
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Tn the foliowing description, the term molsidomine will be used to denote
both the free form and the selified formn of this molecule.
In general, in the treatment of atherosclerasis according to the disclosure,

the molsidomine will be administered orally, especially in the form of sustained-

release tablets effective over 24 hours.
The expression “effective over 24 hours” used here means that the amoumt

of molsidomine released by the pharmacentical form nsed is sufficient to produce a
| therapeutic plasma concentration of at least 5 ng/ml, preferably of at least 10 ng/mi,

over a period of about 24 hours.
The effects of molsidomine in the trc:a'tment of atherosclerosis are

particularly important within the framework of a long-term treatment (at least 6
months). These effects are particularly remarkable on stable angina patients.




Consequantly, the relatively slow and constant release of molsidornine without pronounced and close
plasma peaks seems to constitute an important 30characteristic for obtaining the desired effect in the
treatment of atherosclerosis. The use of molsidomine in these sustained-release galenical forms is
particularly valuable insofar as this compound does not induce tolerance and the safety of its use has
been demonstrated in a large number of patients. fnonstration of the effects of molsidomine in the
treatment of atherosclerosis 5 1, Characteristics of the population studied and study desiun The
favorable effects of molsidomine in the treatment of atherosclerosis were demonstrated by a long-term
clinical study conducted op ' e ' ith stable angj ectqris. This study comprised
3 consecutive phasogg: -a 78-%2& %ﬁ%ﬁéﬂ%&?&?ggﬁg;%ea?@ﬁaég%aggﬁjéé%@%ii’&%nhﬁm
double-placebo randomisaPErSEEESelos Bfﬂlﬁ‘ﬁgﬁ%ﬁ%ﬁhﬁ@‘ﬁé{i@?ﬁéﬁ@ceﬁﬁwsﬁmw& X 2
weeks) a molsidonité:Based aioformulation obrtainiogeapcBding dosgieCurtenby:rmarkeiaskin Belgium
under the name Cqmaﬁarﬂeo@ﬂ&lmg%agqygg@u%d a motsidomine-based formulation containing a
16 mg dose, effective oveﬁggf%%lﬁ 31ci?lc;rreng}l dr%%arketed ig Belgium under the name Coruno(r) (1 daily .
" dosage unit): and . . - a 12“month study during WAICH t & 179 HAtiesE G SEsR R drrsshfSmine-
15based formulatidh ESREHR-aPEE M FERISETet Y Widddste o life Batginmrunderdtierame Comae.
‘This study can be Fépresesiteendiagrammatically as follows: Double-blind crossover study 1-year

open study 20 | In general, the galenical forms of molsidomine described in said



molsidomine 8 mg bid. = MeasuremenMeasurementMeasurement t of ICAMsof 1CAMsof ICAMs

In this diagram and the description which follows, the abbreviation "b.i.d." 30(standing for "bis in die")
is used to characterize the administration of molsidomine 8 mg in two daily dosage units, and the
abbreviation "o0.a.d." (standing for "once a day") is used to characterize the administration of
molsidomine 16 mg in one daily 6 dosage unit. It is pointed out that, during the second phase of
the study, the concomitant use of other antianginal drugs was prohibited with the exception of
sublingual (s.1.) isosorbide dinitrate (ISDN) 5 mg in taldlet form, which could be consumed ad 5libitum
to alleviate the symptoms of anginal pain. Furthermore, during the third phase of the study, the
concomitant use of beta-blockers and/or calcium antagonists was authorized, vvhile the use of oral

niro compounds angsidenaftuies sl @Mé%%bé&},ﬁ&ﬂ%&%ée%%ﬁﬂef Iopg taken

orally every morning for gone 1Qyear The study was undertaeén according to the c inical research

guidelines for anti 6 Edﬁﬁl|g%eWﬁ EPVRP R SREB N ith Good CliRiC Bractice
(step 4) as appliediitieg EeropesantCbmmumioi Rliheeourss o BidisStiny (eh &0 KK equency of
angina attacks andsthedoweeklfrieguencyof censiimption ©ts 4iSDN 5 mg tablets were noted.
Also, and of greatest mpor{gqg%(t)we 8?91%‘?&5&}18{2:51‘%"!%% ls\were measured after each of the

three phases of the study, the first measurement constituting the baseline. More precisely, the

concentrations of ICAM- T $"Rre the 4 HEF L GH0TE2356 Bisot Kiifiples (5 ml) were taken in
non-heparinized tubes. Thé§dosatpleswets kapiratrrbonsdedpedrammes and then centrifuged. The
~ serum was separated off_apghinesgdiaiely-fazensd ra04ddtitsemuirest-for analysis. The C|rculat|ng

ICAM-I was measured using a,comme(cially-available, EL.1SA fest (R&D Systems Europe).
16 —~>00% - ofmolsidomine released affer 24 hours,
the plasma peak of molsidomine obtained in vivo occwring 2.5 to 5 hours,
preferably 3 to 4 hours, following the administration of said form, and having a
value of between 25 and 40 ng/ml of plasma. .
In this context “the plasma peak of molsidomine obtained in vivo”
15 con‘eséonds to the mean maximum concentraiion of molsidomine found in the
plasma of at least 10 healthy volunteers.

Within the framework of the present disclosure, any gédenical form as
described in said mtematmnal patent application WO 01/62256 can advantageously

be used.
20 In general, these galenical forms. make it pass‘ible to .administer
" molsidomine in daily doses preferably of between 14 and 24 mg and parfoularly
preferably of between 16 and 20 mg. )
Such galenical forms of molsidomine, whose 24-hour release profile is
characterized by the absence of close peaks and excessively pronounced troughs,
25 prove particularly suitable in the freatment of atherosclerosis, guaranteeing a
constant and stable release of the molsidomine at the sites affected by
atherosclerosis. | |
Consequenﬂj, the relatively slow and constant release of molsidomine
without pronmounced and close plasma peaks seems to constitute an important
30 characterstic for obtaining the desired effect in the treatment of atheroscierosis.
. " The use of molsidomine in these sustained-release galenical forms is
~particularly valuable insofar as this compound does not induce tolersnce and the
safety of its use has been demonsirated in a large number of patients.
Demonstration of the effects of molsidomine in the treatment of atherosclerosis



25 2. Statistical analyses Descriptive statistics (means, standard deviation and %) were used to

. characterize the demography and the other parameters of the patient population of the study.
30Analyses of variance for repeat measurements, with time as the classification criterion, followed by
Bonferonni post-hoc tests when they were significant, were used to evaluate the change in the weekly
frequency of angina attacks, the weekly consumption of s.l. nitro tablets and the levels of circulating
ICAMs during the short-term part (second phase) and long-term part (third phase) 7 of the study.
Student t tests or ANOVA with one classification criterion were used to evaluate the effects of sex,
alcohol consumption, nicotine habits and the concomitant use of drugs on the levels of ICAlvls
measured after each phase of the 5study (pre-study baseline under placebo, after the four-week

treatment and afterihe. epeveaAreatpeilyon sARANSES fwari@ngesfor repeat measurements were
used to evaluate the elfk%cti% of tl% same risk factg@on.the.ch?gge in the levels of ICAM-Is. Pearson

I
correlation coefficients werd Caicutatetr i orddPs SEBE DRSBTS BetiesRHE RIS of
ICAM-1s and tH&€ortRLBIE #6fhdiraphiengaitabled israasksactorsoThesdme miethopkiiersemployed
to evaluate thepearsiationsihetwaenthvadations in the level of ICAM-1 Is and the changes in the risk
factors. Furthermarg,_t r quartiles,of the changes in the level of ICAM-Is were determined
after one year of trea?‘rilrnﬁeisr’ltg.k %&Jr? %@éﬁ%t%ﬁ#ﬁ% al %%lsﬁéation 15 criterion, followed, when
significant, by adjusted BoKFafGRRISHES-WETddascifis used to determine the effects of the changes in
the level of ICAM-Is, in thé-#vedtedarids-thus defineédudqparties)rondhe clhanges-observed (from the

baseline to the,gid of the.onesyearigaimentdn inaweskly freausneyof angina.atiacksand
consumption of ISDN tablets. 20 3. Result The demo raphé%ﬁcihgrractenstlcs of the population at

s
the baseliHe (tARERWEHITHE PRETERFIS L AdRIZpHOE0 6 ArE HetafEtF T Hbie 2 EPr 3BT, Bemographic
characteristicshawer basetierdf paiaitsy paotiadoatinigsin thdl stugplsidomine-based formulation

containing a 16 mg dose, effective over 24 hours, currently marketed in Belgium

under the name Coruno® (1 daily dosage unif); and
- a 12-month study during which the 172 patients received a molsidomine-
15 based formulation containing a 16 mg dose, currently marketed in Belgium under
the name Coruno®, '

This study can be represented diagrammatically as follows:

Double-blind crossover study 1-year open study

20

molsidomine 8 mg b.i.d.

7 days of pre- | 2 weeks 2 weeks 12 months of molsidomine 16 mg b.a.d.
study under -
placebo

25 — >

molsidomine 16 mg o.a.d.

v v v

Measuremen Measurement Measurement
1 of ICAMSs of ICAMSs of ICAMs

In this diagram and the description which follows, the abbreviation “b.i.d.”
30 (standing for “bis in die”) is used to characterize the administration of molsidomine
& mg in two daily dosage units, and the abbreviation “o0.a.d.” (standing for “once a

day”) 1s used to characterize the administration of molsidomine 16 mg in one daily



Mean SD or Vo Age (years) Duration of angina (years) Weight (kg) 172 172 172 56.2 8.34.4 + 4.5
77.7 12.0 Weekly frequency of angina attacks 107 3.7 3.8 Weekly frequency of consumption of ISDN
tablets 107 2.5 + 3.2 Diastolic blood pressure (mm Hg) 172 810 8.0 Systolic blood pressure (mm Hg)
172 131.2 15.1 Heart rate (beats/min) 172 76.6 11.0 ICAM-Is (ng/m1) 172

6

dosage unit.

It is pointed out that, during the second phase of the study, the concomitant
use of other antianginal drugs was prohibited with the exception of sublingual (s.1.)
isosorbide dinitrate (ISDN) 5 mg in tablet form, which could be consumed ad

5  libitum to alleviate the symptoms of anginal pain.

Furthermore, during the third phase of the study, the concomitant use of
beta-blockers and/or calcium antagonists was authorized, while the use of oral nitro
compounds and sildenafil was always prohibited.

Molsidomine 16 mg oc.a.d. had to be taken orally every morning for one

10 year.

The study was undertaken according to the clinical research guidelines for
antianginal drugs supplied by the CPMP, in accordance with Good Clinical
Practice (step 4) as applied in the European Community.

In the course of this study, the weekly frequency of angina attacks and the

15 weekly frequency of consumption of s.l. ISDN 3 mg tablets were noted. ‘

Also, and of greatest importance, the concentrations of [CAM-1s were
measured after each of the three phases of the study, the first measurement
constituting the baseline. |

More precisely, the concentrations of ICAM-1s were measured as follows:

20 Blood samples (5 ml) were taken in non-heparinized tubes. These samples
were kept at room temperature and then centrifuged. The serum was separated off
and immediately frozen at ~20°C until required for analysis.

The circulating ICAM-1 was measured using a commercially available
ELISA test (R&D Systems Furope).

25
2. Statistical analyses
Descriptive statistics (means, standard deviation and %) were used to
characterize the demography and the other parameters of the patient population of
the study.
30 Analyses of variance for repeat measurements, with time as the

classification criterion, followed by Bonferonni post-hoc tests when they were
significant, were used to evaluate the change in the weekly frequency of angina
attacks, the weekly consumption of s.l. nitro tablefs and the levels of circulating

ICAMs during the short-term part (second phase) and long-term part (third phase)



272 92 Sex 172 Men 117 68.0 Women 55 32.0 Nicotine habits 172 Non-smokers 81 47.1 Former
. smokers 59 34.3 Smokers 32 18.6 Concomitant treatment 172 No other antianginal medication

of the study.

Student t tests or ANOVA with one classification criterion were used to
evaluate the effects of sex, alcohol consumption, nicotine habits and the
concomitant use of drugs on the levels of ICAMs measured after each phase of the

5 study (pre-study baseline under placebo, after the four-week treatment and after the
one-year treatment).

Analyses of variance for repeat measurements were used to evaluate the
effects of the sarme risk factors on the change in the levels of ICAM-1s.

Pearson correlation coefficients were calculated in order to detect possible

10 links between the levels of ICAM-1s and the continuous demographic variables or
risk factors. The same method was employed to evaluate the correlations between
the variations in the level of [ICAM-1s and the changes in the risk factors.

Furthermore, the four quartiles of the changes in the level of [CAM-1s were
determined after one year of treatment. An ANOVA test with one classification

15 criterion, followed, when significant, by adjusted Bonferonni post-hoc tests, was
used to determine the effects of the changes in the level of I[CAM-1s, in the 4
categories thus defined (4 quartiles), on the changes observed (from the baseline to
the end of the one-year treatment) in the weekly frequency of angina attacks and
consumption of ISDN tablets.

20
3. Results

The demographic characteristics of the population at the baseline (taken

from the pre-study under placebo) are detailed in Table 1.



116 67.4 Beta-blockers 50 29.1 Calcium antagonist 2 1.2 Both drugs 4 2.3 Alcohol consumption 172

<1 glass/day 161 93.6 glass/day 11 6.4 SD = standard deviation 5 As shown in Table 1, the
patients in the study were aged 56.2 8.3 years (mean standard deviation), with males in the majority
(68.0%), and had suffered from stable angina pectoris for an average of 4.4 4.5 years. During the first
phase of the study under placebo, preceding the active 10treatments, the weekly frequencies of
angina attacks and consumption of ISDN §

Table 1. Demographic characteristics and baseline of patients participating in the

study
N Mean £ SD or %

Age (years) 172 1562483
Duration of angina (years) 172 144+45
Weight (kg) 172 | 77.7+12.0
Weekly frequency of angina attacks 107 [3.7+3.8
Weekly frequency of consumption of ISDN tablets 107 25432
Diastolic blood pressure (mun Hg) ' 172 1 82.0+8.0
Systolic blood pressure {mm Hg) 172 | 131.2+ 151
Heart rate (beats/min) 172 1 76.6 £ 11.0
ICAM-1s (ng/ml) 172 | 272+92
Sex 172
Men ' 117 | 68.0
Women 35 32.0
Nicotine habits 172
Non-smokers g1 47.1
Former smokers 59 34.3
Smokers 32 18.6
Concomitant treatment 172
No other antianginal medication 116 {67.4
Beta-blockers 50 29.1
Calcium antagonist 2 1.2
Both drugs 4 2.3
Aleohol consumption 172
<1 glass/day 161 1936
2] glass/day 11 6.4

SD = standard deviation

As shown in Table 1, the patients in the study were aged 56.2 + 8.3 vyears
(mean * standard deviation), with males in the majority (68.0%), and had suffered
from stable angina pectoris for an average of 4.4 + 4.5 years.

During the first phase of the study under placebo, preceding the active

10 treatments, the weekly frequencies of angina attacks and consumption of ISDN

tablets were respectively 3.7 :t 3.8 attacks/week and 2.5 £ 3.2 tablets/week.

Although the concomitant consumption of antianginal drugs had been
authorized during this phase of the study, 67.4% of patients took no drugs other
than molsidomine and 29.1% of patients took beta-blockers only.

15 Figure ! shows the change in the weekly frequency of angina attacks and



tablets were respectively 3.7 3.8 attacks/week and 2.5 3.2 tablets/week. Although the
concomitant consumption of antianginal drugs had been authorized during this phase of the study,
67.4% of patients took no drugs other than molsidomine and 29.1% of patients took beta-blockers
only. 15Figure 1 shows the change in the weekly frequency of angina attacks and 9 consumption of
sublingual nitro tablets during the second and third phases of the study. The results are presented
in the Corm of means standard errors in the mean (SEM); ANOVA for repeat measurements, p
<0.0001; Bonferonni post-hoc tests: 5* comparisons versus baseline, p < 0.0001; comparison
between 4 weeks and one year, p = 0.002; NS comparison between 4 weeks and one year, p = 0.105.
As shown in Figemreulnignifidant-bwerall decreabéssinitne sveekly dfreguantyhofiapiging atfacks and
consumption ofgdynitro tablets were measured (p < 0.0001; ANOVA) during the study. 10For the
frequency of angina cks, the differences were significant between the baseline and the 4-week
oatment (b < 0.00011 BSOS AN BUNCBA e GRSETHE S e S b GaieHE( < 00001,
Bonferonni). Thefifferéhtes tvdre siseasigiiicantisetivaen theldiwdek freameantsahddhiestne-year
treatment fp = :002nBaiferonrsikShae e consumption OtshRalie iabietsdhe differanses were
significant bet h eB@s line,. 4-week treatment 0.0Q01; Bonferonni) and between the
baseline and tvk%gl %’%éef ar t?éﬂg)t%maé%gt %Q%B?(ﬁ‘g%;%%n%g?ogné% ks aBPee IBEdW s ao{\?vf?s the
concentrations 'of ICAMEEGTYINA F IBES LS HGITAR e sHb Aetdrt it (Be owird lpHaaeeaad long-term
part (third phase)aofihe a2@ctudy inopadtiquiantofdetenmineadiietinfleenceefisex (aleahobconsumption,
hicotine habits anehgoncamitantdrugs,on the change in the levels of circulating ICAM-Is. ANOVA

Vallie of p {time-group.interaction) VN 1716.0 6121.0
E)é 9 F%mr t.rhe ge uvency of angina attacks, the differences were significant

between the baseline and the 4-week treatment (p < 0.0001; Bonferonni) and
between the baseline and the one-year treatment (p < 0.0001; Bonferonni). The
differences were also significant between the 4-week treatment and the one-year
treatment (p = 0.002; Bonferonni).

15 For the consumption of s.l. nitro tablets, the differences were significant
between the baseline and the 4-week treatment (p < 0.0001; Bonferonni) and
between the baseline and the one-year freatment (p < 0.0001; Bonferonni).

Table 2 below shows the concentrations of ICAM-1s {ng/ml) measured
during the short-term part (second phase) and long-term part (third phase) of the

20 study, 1n particular to determine the influence of sex, alcohol consumption,
nicotine habits and concomitant drugs on the change in the levels of circulating
ICAM-1s,



ooto t0000> 0010 100010> <0.0001 <0.0001 One

year open Mean + SD 7,766 -T. 9eZ 236 62E/1' 267 149" 249

~ANOVA Value of p (effect of time) t 000 o>

UOTBIASD DIRPUBIS = (JS 2iquoijdde 10U = YN (6070 < d JUBOIUBIS 30U = SN T0000 > d =T 1000 =0 = 44 100> d = 44§00 > d =
51593 00U-150d TULOISJUO ($NSQT Yoam-p SNSIDA / QUL[aseq SnSIdA AlfIgeqod [BONSIIRIS = 4/,

SIT0 9¢ F 7T Sy T LT IS F 9% 07 s8np og
1000°0> IS TEEPT $SF 187 ¥Y9F9LT | Of S18)00]q-B19¢]
1000°0> |, 0L FOST OLFLLT ¥l F 89T 8¢ suels

8650 1000 0> STl FIST ZIIF9LT L1t T 0827 8L 2UON
EoDesipoit JueIHosuoy

LEED 081+ 787 3ET T L6T celFs6e| € szoyows

10000 . E9 T 1T LOFLLT ILFO0LT | 6 SIYOWS JAULIO ]
7610 100070 0L F €67 vl T 79T 98 T 597 I3 SINOWS-UON
531G Y JUIOIIN

£00°0 ,LSTE0T 8C T THT £9F 85T It Aep/sses (2

671°0 1000°0> 15 COL F 65T 68 F 9LZ POFELT | 191 Aep/sseis [
sondmnsuos ooy

1000 | 4,670 F19T 871 F €62 9z1 F 16T 29 OO Ay

P160 1000°0> 5T9 F9¢T 86 T 927 DLEVIT | L1 U3
BCIN
VN 1000°0> 1766 F 91T L8 THLT TEFTLT| Tl simaned ([
Aﬁamwuwx_gmm s J UBITA] (s + HEIEA] s I UBIRA
daoid-omi) (sun yo 39519}
m.wd SWIBA d IoanjBA uado DU G-21(Rop Qﬁmwuwmﬁm Jopun
#ﬂ?@z.ﬁ @CW@ZQ Jeak @ﬁo SHe3M b IUIISE(J %ﬁ:«mlﬁ& N

S3NIP JUBITIOOU0D Puw SRy SU0ot ‘UONAWNST0d [0YOITE “Xas
Jo eouanjjul pue ‘Apnis oy Jo sued WLRl-5U0] PUR Wel-10ys 2y Suump (Jui/Su) STV JO SUORENUIOU0d 213 Ut a8ury)) 7 3jquL

01




202 25" 243 63***i

250 79Nsi*** 4 weeks double-blind Mean + SD L8 +142 264 + 58 293 128

276 89242 38 277 671 277 701 Pre-study baseline under placebo Mean + SD

11

As shown in Table 2, the 4-week treatment with molsidomine (16 mg o.a.d.

or § mg b.i.d.} had no effect on the levels of circulating ICAM-1s.

However, after 12 months of molsidomine 16 mg c.a.d., the levels of
ICAM-1s were substantially (p < 0.0001) lower (about 10%), compared with the

5 baseline values before the crossover study.

The levels of circulating ICAM-1s tended to be higher in women than in

men. However, the interaction with sex was not significant (p = 0.914) by

ANOVA, indicating that the decrease in {CAM-1s during the one-year treatment

with molsidomine was parailel overall for both sexes.

10 Consumers of alcohsl tended to show lower levels of ICAM-1s than non-

consumers of alcohol. All the differences were not significant and the change in

the level of ICAM-1s during the one-year treatment was parallel overall in both

groups {p = 0.149).

Smokers tended to have higher levels of ICAM-1s than non-smokers or

15 former smokers, but once again the change in the level of ICAM-1s was the same

overall, urespective of nicotine habits (p = 0.192).

The use of concomitant drugs such as statins, beta-blockers or a

combination of both had no influence on the level of ICAM-1s. All the differences

were not significant and the change in the level of ICAM-1s was independent of

20 the type of concomitant drug absorbed during the one-year treatment period (p =

0.598).

At the baseline there was no correlation between the concentrations of

ICAM-1s and the demographic factors or risk factors such as age (r = -0.068),

weight (r = ~0.079), duration of stable angina (r = 0.042), weekly frequency of

25 angina attacks (r = 0.137), weekly frequency of consumption of s.l. ISDN tablets
(r = 0.124), diastolic blood pressure (r = 0.051), systolic blood pressure {r = 0.097)
or heart rate (r = 0.176).

The same conclusions could be drawn as regards the correlations between

the variations in the level of ICAM-1s and the changes in the demographic factors

30 and risk factors after a one-year treatment with molsidomine (data not shown).

Figure 2 shows the decrease in the weekly frequency of consumption of

ISDN tablets as a function of the variation in the level of circulating JCAM-1s after

a one-year treatment with molsidomine 16 mg o.a.d.; the 4 categories of changes in

ICAM-1s correspond to the 4 distribution quartiles.
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‘The results are presented in the form of means * standard errors in the mean
(SEM); ANOVA, p=0.031; * Bonferonni post-hoc tests, p = 0.038.

Figure 2, with the distribution in four quartiles of the changes in the levels
of ICAM-1s during the third phase of the study, shows that the effect of the change

5  in the level of ICAM-1s on the change in the frequency of consumption of s.1.
ISDN tablets was significant (p = 0.031).

The Bonferonni post-hoc tests demonstrated that the decrease in the
consumption of ISDN between the beginning and end of the third phase of the
study (12 months later) was more pronounced in the group showing the greater

10 decrease in [CAM-1s (4th distribution quartile) (p = 0.038).

The same tendency was measured for the change in the weekly frequency of
angina attacks, but the differences between the 4 quartiles of changes in [CAM-1s
were not significant (p = 0.072) (data not shown).

15 4. Discussion
The present study made it possible to evaluate the effect of a short period (4
weeks) and a long period (one year) of treatment with melsidomine 16 mg o.a.d. in
patients presenting with stable angina pectoris.
Surprisingly, the results obtained show that, after administration of this
20 galenical form for one year, the significant antianginal effects already measured
after a 4-week treatment persist, and that the levels of circulating ICAM-1s (a
proinflammatory marker of endothelial dysfunction and a potential therapeutic
target in the pathology of atherosclerosis) are substantially reduced.
At the beginning of the study, after a seven-day pre-study period under
25 placebo, the levels of ICAM-1s were comparable to the values obtained in other
studies in patients suffering from coronary heart disease or stable angina. Women
and established smokers tended to have higher levels than men and non-smokers or
former smokers, confirming the observations of earlier studies.
The shorti-term. treaiment (4 weeks) with molsidomine did not cause any
30 effect on the levels of circulating ICAM-1. In these patients presenting with stable
angina, however, the efficacy of the 4-week antianginal treatment was significant
inasmuch as the number of angina attacks and the consumption of sublingual nitro
compounds decreased.
After 12 months of molsidomine 16 mg o.a.d., the levels of [CAM-1s were



.en 00 r-- 00 en 0 cn O el snipped Hy Sex Men Women Alcohol consumption <1 glass/day lass/da 1
_Former smokers Concomitant medication None Stat ins Beta-blockers Both drugs |l As shown in
Table 2, the 4-week treatment with molsidomine (16 mg o.a.d. or 8 mg bid.) had no effect on the levels
of circulating ICAM-Is.

substantially lower. This decrease was independent of other parameters such as
sex, alcohol consumption, nicotine habits or concomitant medication. After one
year, the antianginal effects of molsidomine were maintained or even improved and
the most pronounced decrease in consumption of sublingual nitro compounds was

5 observed in patients showing the greatest decrease in the levels of ICAM-1s (4th
quartile).

In conc¢lusion, the reduction in the ICAM-1s marker after a one-year
treatment with molsidomine 16 mg o.ad. indicates that, in addition to ifs
antianginal function, this compound favors a less activated state of the endothelium

10 and therefore makes it possible to prevent and/or slow down the progression of

atherosclerosis, especially in patients presenting with stable angina pectoris.



| lowever, after 12 months of molsidomine 16 mg o.a.d., the levels of ICAM-Is were substantially (p <
0.0001) lower (about 10%), compared with the 5baseline values before the crossover study. The
levels of circulating [CAM-is tended to be higher in women than in men. However, the interaction with
sex was not significant (p = 0.914) by ANOVA, indicating that the decrease in ICAM-1s during the
one-year treatment with molsidomine was parallel overall for both sexes. 10Consumers of alcohol
tended to show lower levels of ICAM-1s than non-'éonsumers of alcohol. All the differences were not
significant and the change in the level of ICAM-1s during the one-year treatment was parallel overall in
both groups (p = 0.149). ~  Smokers tended-to g higher levels of ICAM-1s than non-smokers or
15former smokers, but once again the change evel or ICAM-1s was the same overall,
irrespective of nicotine habits (p = 0.192). The use of concomitant drugs such as statins,
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The same conclusions could be drawn as regards the correlations between the variations in the level
of [CAM-Is and the changes in the demographic factors 30and risk factors after a one-year treatment
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consumption of ISDN tablets as a functign of the variation in the level of circulating ICAM-1s after a
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to the 4 distribution quartiles. 12 The results are presented in the form of means standard errors
in the mean (SEM); ANOVA, p = 0.031; * Bonferonni post-hoc tests, p - 0.038. Figure 2, with the
distribution in four quartiles of the changes in the levels of ICAM-Is during the third phase of the study,
shows that the effect of the change 5in the level of ICAM- 1 s on the change in the frequency of
consumption of s.|. ISDN tablets was significant (p = 0.031). The Bonferonni post-hoc tests
demonstrated that the decrease in the consumption of ISDN between the beginning and end of the
third phase of the study (12 months later) was more pronounced in the group showing the greater
10decrease in ICAM-1s (4th distribution quartile) (p = 0.038). The same tendency was measured
for the change in the weekly frequency of angina attacks, but the differences between the 4 quartiles
of changes in ICAM-1s were not significant (p = 0.072) (data not shown). 154. Discussion




The present study made it possible to evaluate the effect of a short period (4 weeks) and a long period
(one year) of treatment with molsidomine 16 mg o0.a.d. in patients presenting with stable angina
pectoris. Surprisingly, the results obtained show that, after administration of this 20 galenical form for
one year, the significant antianginal effects already measured after a 4-week treatment persist, and
that the levels of circulating ICAM-1 s (a proinflammatory marker of endothelial dysfunction and a
potential therapeutic target in the pathology of atherb%clerosis) are substantially reduced. At the
beginning of the study, after a seven-day pre-study period under 25 placebo, the levels of ICAM-1s
were comparable to the values obtained in other studies in patients suffering from coronary heart
disease or stable angina. Women and establiskgelisSiiekets tended to have higher levels than men and
non-smokers or former smokers, confirming the observations of earlier studies. The short-term
treatment (4 weeks) with molsidomine did not cause any 30 effect on the levels of ¢irculating 1ICAM-1.
In these pfgltients pr)eég?ﬁi%ewﬁh A i S howaE A i e B e SN EBI B ‘f’rﬁﬁ’gi?\al
treatment wasrslgificanbinasmichasitvenmumierof ahginaattavksent tyeacomstahiptiolisof
sublinguas nitrespeapepndsdeaciansed. Allendmanihs Qfimalsideaing 16 dnd-graduethedevels of
ICAM-1s were, L substantally, lower. This, decrease was, Independent of other parameters such as
sex, alcohol conSUmpSﬁon, NICOUNE habits Or Soncomitant medication: Aftérone year,%e antianginal
effects of molstééthires@letesthaintained or even improved and the most pronounced decrease in
consumption of sublingual nitro compounds was 5observed in patients showing the greatest decrease
in the levels of ICIAM-1 s (4th quatrtile). In conclusion, the reduction in the ICAM-Is marker after a
one-year treatment with molsidomine 16 mg o.a.d. indicates that, in addition to its antianginal function,
this compound favors a less activated state of the endothelium 10and therefore makes it possible to
prevent and/or slow down the progression of atherosclerosis, especially in patients presenting with
stable angina pectoris. 14 CLAIMS The use of molsidomine or one of its pharmaceutically
acceptable salts for the manufacture of a sustained-release medicament in the solid form comprising
between 14 and 24 mg for use in the prevention or the attenuation by oral administration once per day
during at least 6 months, of the development of atherosclerosis. 2.Use according to claim 1,
characterized in that said sustained- ease medicament contains 16 mg molsidomine. ABSTRACT
The present invention, which is applicable in the pharmaceutical industry, relates to the use of
molsidomine or one of its pharmaceutically acceptable salts, especially in the form of a
sustained-release solid oral composition effective over 24 hours, for the manufacture of a drug for
preventing or reducing the development of atherosclerosis.



