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15  drug forms or sublingual tablets. However, as is evident from Comparative Examples 1 to 3, in the

case of vardenafil administration via the oral mucosa, highly unsatisfactory plasma concentrations

with a highly variable, incomplete and slow adsorption of the active compound result.

In addition, drug formulations having a delayed release of cGMP phosphodiesterase inhibitors
have been described (WO 00/24383). Such drug formulations can solve the problem of the rapid
20  decrease in the plasma concentrations. However, delayed-release drug formulations are large and,
for some of the patients, difficult to swallow. Furthermore, they do not address at all the problem

of the low bioavailability of vardenafil.

Furthermore, drug formulations of cGMP phopshodiesterase inhibitors which disintegrate in the
mouth have been described. US 6,221,402 describes a drug formulation inter alia for active
25  compounds for impotence in which the active compound-containing core is coated inter alia with a
polymer insoluble in saliva. US 2002/0002172 describes a drug formulation of the ¢cGMP
phosphodiesterase inhibitor sildenafil which disintegrates in the mouth and which contains the
active compound as a poorly water-soluble free base. Such drug formulations which disintegrate in
the mouth have the advantage of being easy to take by the patient since the drug formulation

30 already disintegrates in the mouth. However, they neither increase bioavailability nor provide
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aqueous liquid is sufficiently high and the dissolution rate of the formulation disintegrating in the
20  mouth is sufficiently rapid. It has been found that this is ensured when at least 80% of the
vardenafil dose in the substance form employed, for example the salt or the mixture with an acid,
dissolves at 25°C in 10 ml of physiological saline and when the release rate from the drug
formulation in 900 ml of physiological saline within the first S minutes is at least 70% (37°C, USP

pedal stirrer apparatus, 50 revolutions per minute).

25 A further aspect of the invention is the application of an optimized method of administration for
the preparations according to the invention. Usually, transmucosal drug formulations are brought
into contact with the mucosa as long and as intensively as possible, for example by sticking an
active compound-containing film to the mucosa of the mouth. If this is not desired or not possible,
tablets are generally swallowed with a little liquid. It has been found that both procedures have a

30 negative effect on the obtainable bioavailability of vardenafil. In contrast, the bioavailability of
vardenafil can be increased when the patient places the drug formulation according to the
invention into the oral cavity, waits until it has disintegrated in the mouth and subsequently
swallows the resulting solution or suspension. Accordingly, the drug formulations according to the

invention are packed in a primary packaging, for example a plastic bottle or a blister pack, and
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In one of the known processes, the vardenafil salt is converted into a drug formulation which

20  rapidly disintegrates in the mouth. Here, drug formulations which rapidly disintegrate in the mouth
are to be understood as meaning drug formulations where the disintegration time (method of the
European Pharmacopoeia) is less than 3 minutes, preferably less than 1 minute. To achieve this,
the active compound is suitably mixed with sugars, sugar alcohols, disintegrants or other
substances which promote disintegration, and also with further auxiliaries, such as surfactants,

25  lubricants, flow regulators, flavourings, colorants or fillers, and compacting the mixture in a
tableting machine. Preference is given here to using sugar alcohols, such as mannitol or sorbitol, in
particular in a concentration (based on the finished tablet) of from 40% to 99%. Alternatively, the
vardenafil salt may be dissolved or suspended in an aqueous solvent together with auxiliaries such
as sugars, sugar alcohols, polymers or surfactants, and the solution or suspension is metered into

30  blister wells and subjected to a freeze-drying process. Likewise alternatively, the vardenafil salt
may be dissolved or suspended in an organic solvent together with auxiliaries such as film-
formers, plasticizers, flavourings and colorants and be processed into a film. Also possible is a
solvent-free film preparation using meltable film formulations. After the preparation, the films are

cut into pieces corresponding to an individual dose.



process in the nouth. To achieve the dissolution rate according to the

i nvent i on, BHC %1 920-Fareigmequatriea dvant ageous for the vardenafil salt in the
drug formul ation to be present in ground, anorphous or 15 already dissol ved
form The vardenafil or vardenafil salt ig preferably added in mcronized
form wth a nmean particle size of |less than 20 pm The content of
vardenafil [r L] It in the drug formulation which rapidly

di si nt egracq)m MRS lsrai s preferably between 0.8% and 25% (cal cul ated
as vardenafil base). In one of the known processes, the vardenafil salt is
converted ilewoand skmugpsorotionplatardsnatilthydiochlonierfegm e dygdoruatiog fert adminisiratiore
nout h. Fbrq,iatggfégc&‘s%mé gblgns which rapidly disintegrate in the nouth are
to be understood as nmeaning drug formul ati ons where the disintegration tine
(method of the European Pharnacopoeia) is less than 3 mnutes, preferably
| ess than BOnigf evardguefd dhideeblotide, 54 mghd methylvarahydnoryhenzoats, Sung il pyopyl xed
W th sugar S| .nt ] . Q L S anges i.Gh

pr omot o odi S HBRlpAsERE s g3t Slesp Bl el indbllfa0 Lot A EEH W il

sur f act ant 3¢ 39%sing ROYecantgh latlioavid dutioat Uyig witbrathe umiktogsis theo nadang ® atotal

fillers, an acting th Ixtuyre in . a tabletin chine. Preference is
i ven her o 0 50 Rt et sretn Dokt e o Py 03 G o fppnca
particul ar sublinguatigrifecnd matutesno (Daskfkesl Ro @orhpatissit) actubtamhgttibl@fwHidhoignslBoo t 0
99% Alternatjvely, ,%he var denafi.l stglt lrra‘%/} be di ssol yeg (gr sSus enged in an
aqueous solSVEIRWeALYER hE3ten,ARd, comRises bt dallutipg, componensa ld 854 mgapt Apembt s,
pol ymens® omyé&rdeHleredeaihpdratd MebrichfondOtdil 0 @iy &I vaSdeRa) SI08/023 fghaTtdicRerybtaliRe 30
blister wel ?ls and subjected to a freeze-drying process. Lifevvi se

al t er nat i vépiulosen@23, medd rigsplinked; pelyvippyristidenes 8623 mg abcoldaidp stiged -3rmaaf
organi ¢ SO'ﬂa%ﬁ@siuhPQ@Jn{t&rz.wltngg &y blohi 1568 50. 744G 8FMhirbgB1 4D@07838 $ng of titanium

pl astici zers, flavourings and colorants and be procesSed into agfl I m Al so
possi bl e i gligxides Bl 3k mg-dafryedow iifomopide pad 41011 bmeuefi ) inve loxidb lie admipistered by the
formul atio f r 1 i r [ .
corres pondir‘l'?ldgSS ?‘gg g%th%ﬁ'g{@irggﬁea%%gg?ab%% LH © %ﬁ%glé&}yg %gﬁbdﬁﬂ%gdu%tl l}r;ﬁl%g gbt? lﬂfm
Conpar dbi veén éongrpson td thivstandard tablayseraibg ay prefeomcols oulyr2deérfaf i | hydr ochl ori de
froma drug fornmulation for adm nistration via the nucosa of the nouth 30
g?og;I var d%%‘dalratp%déxgg‘h‘eozrl de, 54 ng of nethyl parahydroxybenzoate, 6 ngy of

Low and slow absorption of vardenafil from a drug formulation for administration via the mucosa

of the mouth

2 g of vardenafil, 0.1g of ascorbyl palmitate, 0.5 g of a-tocopherol and 7.8 g of trometamol are
20  dissolved in 250 g of Polysorbat 20, 400 g of 1,2 propylene glycol, 250 g of ethanol 96 %, 35.8 g
of 1 M hydrochloric acid and 52.6 g of water. 5 ml of this solution (corresponds to 10 mg of
vardenafil) are administered to 10 volunteers sublingually for 15 minutes. In the cross-over
comparison, the 10 mg vardenafil tablet described in Comparative Example 1, which is swallowed
with water, is administered to the volunteers as a reference. The relative bioavailability of the

25  sublingually administered solution is 18.9 %.

Comparative Example 3

Low and slow absorption of vardenafil mesilate from a drug formulation for administration via the

mucosa of the mouth

For in each case 15 minutes, a tablet consisting of 2.39 mg of vardenafil monomesilate, 0.0986 mg
30  of methane sulphonic acid, 20 mg of mannitol, 2 mg of croscarmellose sodium, 25.3 mg of

microcrystalline cellulose, 1 mg of magnesium stearate and 0.25 mg of finely divided silica is
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Comparative Example 5

Lack of increased bioavailability in the case of a non-inventive tablet which rapidly disintegrates

in the mouth

20 11 volunteers each receive a tablet which rapidly disintegrates in the mouth and consists of
10.7 mg of vardenafil dihydrate (corresponds to 10 mg of vardenafil), 5 mg of ground succinic
acid, 0.484 mg of yellow iron oxide, 0.066 mg of red iron oxide, 1.1 mg of apricot flavour, 4.4 mg
of aspartam, 6.6 mg of magnesium stearate and 191.65 mg of Pharmaburst® (commercial mixture
of auxiliaries from SPI). This tablet, which rapidly disintegrates in the mouth, is non-inventive

25  since the release of active compound in 900ml of physiological saline at 37°C and 50 rotations per
minute in the USP pedal stirrer apparatus is only 40% in 5 minutes, and the dissolution rate
criterion according to the invention is thus not met. In the cross-over comparison with the

reference tablet listed in Comparative Example 1, the relative bioavailability is 101.8 %.
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Example 7

Demonstration of increased bioavailability for an inventive tablet which rapidly disintegrates in

the mouth

11 volunteers each receive a tablet which disintegrates in the mouth and consists of 5.93 mg of
20  vardenafil hydrochloride trihydrate, 0.352 mg of yellow iron oxide, 0.048 mg of red iron oxide,
0.48 mg of apricot flavour, 0.08 mg of neohesperidin dihydrochalcone, 1.60 mg of aspartame, 0.40
mg of finely divided silica, 2 mg of magnesium stearate and 69.11 mg of Pharmaburst®. At 25°C,
91% of the active compound employed dissolves in 10 ml of physiological saline. The active
compound for release in 900 ml of physiological saline at 37°C and 50 rotations per minute in the
25  USP pedal stirrer apparatus is 78% in 5 minutes. Thus, the solubility and dissolution rate criteria
according to the invention are met. For comparison, a customary tablet to be swallowed with water
consisting of the following components: 5.926 mg of vardenafil hydrochloride trihydrate
(corresponds to 5 mg of vardenafil), 75.419 mg of microcrystalline cellulose, 4.35 mg of
crosslinked polyvinylpyrrolidone, 0.435 mg of colloidal silica, 0.87 mg of magnesium stearate,
30  1.664 mg of hypromellose, 0.555 mg of Macrogol 400, 0.455 mg of titanium dioxide, 0.092 mg of
yellow iron oxide and 0.007 mg of red iron oxide is administered in the cross-over method. The

relative bioavailability, compared to this reference tablet, is 149.6%. Even up to 12 hours after



reference tablet |listed in Conparative Exanple 1, the relative
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Denonstration of increased bioavailability for an inventive tablet which
rapidly disintegrates in the nouth |2 vokunteers each receive a tablet
which rapidly disintegrates in the nmouth and consists of 5 11.85 ng of
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15 trihydrate (corresponds to 20 mg of vardenafil), 141.797 mg of microcrystalline cellulose, 8.85 mg

of crosslinked polyvinylpyrrolidone, 0.885 mg of colloidal silica, 1.77 mg of magnesium stearate,
coated with: 3.385 mg of hypromellose, 1.128 mg of Macrogol 400, 0.925 mg of titanium dioxide,
0.188 mg of yellow iron oxide and 0.015 mg of red iron oxide is administered by the cross-over

method. The relative bioavailability, compared to this reference tablet, is 128.2 %.

20 Example 9

The following components are mixed and then subjected to dry granulation on a roll: 18.96 kg of
vardenafil hydrochloride trihydrate, 76.54 kg of microcrystalline cellulose, 20 kg of crospovidone
and 80 kg of calcium silicate. The granules are then mixed with: 1 kg of finely divided silica,
0.5 kg of sucralose, 1 kg of pulverulent orange flavour and 2 kg of sieved magnesium stearate. The
25 finished mixture is compacted in a rotary press to give tablets having a diameter of 7 mm and a

mass of 125 mg.

Example 10

The following components are mixed: 21.4 kg of vardenafil dihydrate, 60 kg of ground succinic
acid, 1.1 kg of sucralose and 342.1 kg of Pharmaburst® B2, 13.2 kg of sieved magnesium stearate
30  and 2.2 kg of pulverulent orange flavour. The mixture is compacted to tablets having a diameter of
9 mm and a mass of 220 mg (corresponds to a dose of 10 mg of vardenafil). At 25°C, 10 mg of

vardenafil and 30 mg of succinic acid dissolve completely in 10 ml of physiological saline. The



according to the invention are nmet. For conparison, a customary tablet to be
swal | oned BHGR03R020-Foreigmeguatrieng of the fol | owi ng conponents: 5.926 ng of
vardenafil hydrochloride trihydrate (corresponds to 5 ng of vardenafil),
75.419 ng of mcrocrystalline cellulose,_g 35 ng of crosslinked

pol yvi nyl pyrrol i done, 0.435 ng of colloidal silica, 0.87 ng of magnesi um
stearate, %%s&lu&§4atggf QIE tzJBYePsr i© B@% uf)§ ﬁmnu@s "i_}"f_’ée P%Edal}/?tﬁfe?g&;araﬁg%lth%é% of U of
titani um di oxi de, O. of ow I ron OXI e and red 1ron
oxide is a@hysmlggl@tl eedlme,nlt 377€ and é@gﬁ%mespmnmw. The relative

bi oavail ability, conpared to this reference tablet, is 149.6% Even up to 12
hours after BHC 05 1 020-Foreign countries -7- admnistration of the tablet
according to the invention, the plasna concentrations are higher than those
followi ng adm nistration of the standard tablet. Exanple 8 Denobnstration of

i ncreased bioavailability for an inventive tablet which rapidly
disintegrates in 5 the nouth The foll ow ng conponents are mxed in a

pl oughshare m xer: 697 g of mcroni zed vardenafil hydrochloride trihydrate,
500 g of a colorant prem x consisting of 4.4% of yellow iron oxide, 0.6% of
red iron oxide and 95% of Pharmaburst(r), 30g of apricot flavour, 5 g of
neohesperi din di hydrochal cone, 100 g of aspartane and 3518 g of

Phar maburst(r). The powder m xture is mxed in 10 a tunbler with 25 g of
finely divided silica and sieved through a 0.5 mnmsieve. This mxture is
mxed in a tunbler with 125 g of nagnesium stearate for 5 mnutes. In a
tabl et press, the finished powler m xture is conpacted to round tablets
having a mass of 170 ng, a diameter of 8 mMmand a fracture strength of
about 35 N. For conparison, a customary tablet which is to be swallowed with
wat er and which consists of the follow ng conponents: 23.705 ng of

vardenafil hydrochloride 15 trihydrate (corresponds to 20 ng of vardenafil),
141. 797 mg of mcrocrystalline cellulose, 8 .85 ng of crosslinked

pol yvi nyl pyrrol i done, 0.885 ng of colloidal silica, 1.77 ng of magnesi um
stearate, coated with: 3.385 ng of hypronellose, 1.128 ng of Macrogol 400,
0.925 ng of titaniumdioxide, 0.188 ng of yellow iron oxide and 0.015 ng of
red iron oxide is adm nistered by the cross-over nethod. The relative

bi oavail ability, conpared to this reference tablet, is 128.2 %



20 Exanple 9 The follow ng conponents are m xed and then subjected to dry
gr anul at i orPHEr0%1 pH)-ForeigpCamtries of vardenafil hydrochl oride trihydrate,
76.54 kg of mcrocrystalline cellulose, 20 kg of crospovidone and 80 kg of
calciumsilicate. The granules are then gxed with: 1 kg of finely divided
silica, 0.5 kg of sucralose, 1 kg of pulverulent orange flavour and 2 kg of
si eved magnesi um stearate. The 25 finished m xture is conpacted in a rotary
press to give tablets having a dianeter of 7 nmand a mass of 125 ny.
Exanpl e 10 The foll owi ng conponents are m xed: 21.4 kg of vardenafil

di hydrat e, 38lady of ground succinic acid, 1.1 kg of sucral ose and 342.1 kg
of Pharmaburst(r) B2, 13.2 kg of sieved nagnesium stearate 30 and 2.2 kg of
pul verul ent orange flavour. PhgmAtokindli€pdramdQaPRatRAadI0 tabl ets having a

di aneter of 9 nmand a nass of 220 ng (corresponds to a dose of 10 ny of
vardenafil). At 25C, 10 ng of vardenafil| and 30 ng, of succinic acid

di ssol ve conmpletely in 10 m |of physiol dyical saline. The BHCBO5 1
020-Foreign countries -8 digsolution rate of the tablets is 90%in 5
minutes in the USP pedal sti rrElehpisardingde hinvsntimmo| m (ptomamtallesitobg cal
saline, at 37C and 50 rot ati gn¥higherpidlyfigintegriesintis | oxpwafiey Wit ri es
-9- Table 1 Pharmacoki netic paranet er smgfthyar denaf i | &po-meampsp etV 4N cdRHi ng
to the invention Custonmary tgblgo-megnpeo. %Wy @h=#2pi dly disintegrates in the
swal | owed with water r(nuth gea nmean geo. % CV (N = 1P) geo nean gea. % CV (N
= 12) AUC [AVG/L] 34ugh32.0) 22.8 (36.20320free (A | B) [ %2848 (120.2 -
165. 2)

)T Q.= (N

fa(A:B)  [%] 140.9 (120.2 - 165.2)
Conax [ng/L] 7.51 (43.9) 7.35 (39.5)
 ma [h] 0.875 (0.50-2.50) 0.75 (0.50-2.00)
tin [h] 4.12 (22.1) 4.08 (24.0)

tmax s median (minimum-maximum)

5 fi4 as point estimate (90% confidence interval)



C.x [g/L] 7 51 é43 91: 7. 35 (39.5) t max [h] 0.875 (0.50-2.50) 0.75

(D.50-2. 00) 1%6) 4.08 (24.0) to,a, as nedian

(m ni mum maxi mum 5 fret as poi nt estimte (90% confidence interval) BHC 05
1 020-Foreign countries -10- Patent claing.l. Drug fornulation which
disintegrates rapidly in the nouth and conprises vardenafil characterized
in that at of the vardenafil dose in the substance form enpl oyed
di ssol ves a‘ﬂ;—@g@ﬁio m of physiological saline and the rate of rel ease
fromthe drug 5 formulation in 900 m of physiological saline within the
first 5 m nutes Dmg tﬂmml!ﬁ&ii@n peldet dismdgranesrraaipkyainaiﬂlasncaltth 5®d lcmtlla’iSie&)m&dpeﬁ
mnute at 37 C Ic?na ct r1 hap P least8 oogthe mc“lsn%ll dose 9% (tj)lstgr%ef loye
conpri sing var denafiPriaeh 1 RRTFR 8170 87 8% okt aC| or var enaﬁ "Wt h
an acid. 3. Drugjls‘sonvemdtazsi’(brn a@nﬂ)roﬁblmgloﬂcfglﬂ saline and the mute iof irel€pse otlahadnug

hydrochl ori de or_ vardenaf dr ochl or

for il ats on acodPHon & % mtLPSBRERH Rt i Shyties APV oty
vardenafil hydrstierbl ppardas bt J0ltyiicis Per mintie af IMPCzieak [ERf 7O th a mean particle
size of |ess than 20m 5. Drug fornulation according to any of clains Ito
4, conprisipg f 0% ta 99% f su al cohal s . formul at i on
Secordrng. th anySOE femilefien st inei Cm s RAORBI U i helOmb oA Bl than

i nf ornmati on Ieafdcg]torvhlaaﬁhl @fth pRsdkdgi ng box that the drug forrmulation is to
be inserted into the oral cavity and, after its disintegration, to be

swal | owed.

3. Drug formulation according to Claim 2, comprising vardenafil hydrochloride or vardenafil
10 hydrochloride trihydrate.
4, Drug formulation according to Claim 3, comprising vardenafil hydrochloride or vardenafil

hydrochloride trihydrate in micronized form with a mean particle size of less than 20 pm.

5. Drug formulation according to any of claims 1 to 4, comprising from 40% to 99% of sugar
alcohols.
15 6. Drug formulation according to any of Claims 1 to 5 in a drug packaging with a note on the

information leaflet, label or packaging box that the drug formulation is to be inserted into

the oral cavity and, after its disintegration, to be swallowed.





