1 PHARVACEUTI CAL FORMULATI ONS FOR THE PROLONGED RELEASE OF | NTERFERONS AND
THEI R THERAPEUTI C APPLI CATIONS 5 The present invention relates to novel
pharmaceutical fornul ati ons based on stable, fluid aqueous coll oi dal
suspensi ons for the prolonged rel ease of protein active principles, nanely
interferons (IFN), and to the therapeutjc applications of these
formul ati ons. These active pharmaceutical formulations are of interest in
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- Interferons are understood here as meaning all forms of interferons, such as

interferon alpha, beta or gamma. The IFN can be produced by genetic engineering.

The requirement of pharmaceutical formulations for the prolonged release

20 of IFN is to ensure as far as possible that the patient’s plasma IFN concentration is
close to the value observed in the healthy subject.

This objective is compromised by the short life of IFN in the plasma; this
makes it necessary to inject them repeatedly, which is very restricting. The plasma
concentration of therapeutic protein then has a “sawtooth” profile characterized by

25  high concentration peaks and very low concentration minima. The concentration
peaks, which are very much greater than the basal concentration in the healthy
subject, have very pronounced harmful effects due to the high toxicity of IFN.
Furthermore, the concentration minima are below the concentration that is
necessary to have a therapeutic effect, so the patient receives poor therapeutic

30 cover and suffers serious long-term side effects.

Also, to ensure that the patient’s plasma interferon concentration is close to
the ideal value for the treatment, the pharmaceutical formulation in question has to
allow the prolonged release of the therapeutic protein so as to limit the variations in
plasma concentration over time. v

35 Furthermore, this active formulation should preferably meet the following



pl asma concentration over tinme. 35 Furthernore, this active fornulation
shoul d preferably neet the following 2 specifications already famliar to

those skilled in the art: | - prolonged rel ease of one or nore active and
non-denatured (unnodified) interferons so that the plasma concentration is
mai nt ai ned at the therapeutic level, 52- liquid formsufficiently fluid

to be easily injectable and sterilizable by filtration on filters with a
pore size less than or equal to 0.2 mcron,.3. - stable liquid form 4-
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name VIRAFEROMI-MMEMZEMREYef f ect of this chenmical nodification is to
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time, the bioactivity of 25 the nodified protein is greatly.reduced.
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has a lower affinity for its receptors and its half-life in the general circulation
increases considerably. The amplitude of the variation in concentration between
the plasma protein concentration peaks and troughs is thereby considerably
20 reduced. As an illustration of this first approach, it is pointed out that an interferon
alpha 2b chemically modified by the grafting of a polyethylene glycol (PEG) chain
of molecular weight 12 kD is marketed by Shering Plough under the name
~ VIRAFERON® PEG. The effect of this chemical modification is to increase the
half-life in the patient from 6.8 to 33 hours. At the same time, the bioactivity of
25 thé modified protein is greatly reduced. Moreover, the irreversible modification of
the protein, which is, now no longer a human protein, can lead to toxicity and
immunogenicity problems in the long term.
In a second approach, it has been proposed to increase the duration of
action by using formulations containing at least one polymer and one active
30 principle which are liquid at ambient temperature and in the ambient atmosphere,
are injectable and become more viscous after injection, for example under the
effect of a change in pH and/or temperature.
Thus, in this vein, patent US-B-6 143 314 discloses an organic polymer
solution for the controlled release of AP that forms a solid implant after injection.

35  This solution comprises:



effect of a change in pH and/or tenperature. Thus, in this vein, patent
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| polymer solutions which contain an AP in dissolved or colloidal form, can be
administered to warm-blooded animals, especially by injection, and form a gelled

20  deposit of AP (e.g. insulin) in vivo because the physiological temperature is above
their gelling point. The gel formed in this way releases the AP in a prolonged
manner. These particular biodegradable polymers are ABA .or BAB tri-blocks,
where A = polylactic-glycolic copolymer (PLAGA) or polylactic polymer (PLA)
and B = polyethylene glycol. The liquid/gel transformation temperatures of these

25  tri-block polymers are e.g. 36, 34, 30 and 26°C. Like the polymers (A) according
to US-B-6 143 314, in vivo hydrolysis of these ABA or BAB tri-block polymers
produces acids which may not have the correct local tolerance.

PCT application WO-A-98/11874 describes pharmaceutical formulations

comprising a lipophilic active principle, a gelling polymer (Gelrite® = deacetylated

30 gellan gum or ethylhydroxy cellulose) and a surfactant. The polymer/surfactant
interaction, and perhaps only the presence of electrolytes, such as Ca*" ions, in a
physiological concentration, in the case of the polymer Gelrite®, leads to the
formation of a gel consisting of a polymer/surfactant aggregate, to which the
lipophilic active principle bonds non-covalently. This formulation is intended for

35 local administration to a target organ (e.g. the eye). The aggregate/active principle



30 gellan gum or ethyl hydroxy cellul ose) and a surfactant. The
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possible to administer the native protein in a liquid formulation of low viscosity.

According to a first method of prolonged release, the prolonged-release
nanoparticle suspension consists of suspensions of liposomes in which the
25 unmodified native therapeutic protein is encapsulated. After injection, the protein
is released from the liposomes gradually, prolonging the time for which the protein
is present in the general circulation. Thus, for example, in the article Cancer Res.
43, p. 546, 1983, Frossen et al. describe the encapsulation of antineoplastic agents
in liposomes in order to enhance the therapeutic efficacy. However, the release of
30 the drug is too rapid to give a true prolonged release. In its patent US-B-5 399 331,
Liposome Company, Inc. proposes to improve the in vitro release time of
interferon 2 by grafting it covalently to the liposome, so said method suffers from
the same shortcomings as the first “modified protein” approach referred to above.
To overcome the lack of stability of liposomes while at the same time
35 retaining the advantages of a liquid nanoparticle formulation of low viscosity,
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(AP)/poly[Glu] or poly[Asp] are disclosed in patent application WO-A-00/30618.
Said patent application particularly describes cclloidal suspensions of pH
7.4 comprising associations of human insulin with nanoparticles of
25  “hydrophobically modified” polyglutamate. @~ The Table below shows the
“hydrophobically modified” polyamino acids used and the degrees of association

obtained in the Examples of WO-A-00/30618.

EXAMPLE POLYMER Degree of
association

(%)

1 poly[(Glu-O-Na)y ¢3-block-(Glu-O-methyl)o37] 55

2 | poly[(Glu-O-Na)g 6¢-block-(Glu-O-ethyl)o 34] 26

3 poly[(Glu-O-Na)g 65-block-(Glu-O-hexadecyl)g 35] 36

4 poly[(Glu-O-Na) ss-block-(Glu-O-dodecyl)g 1] >90
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can be used for the prolonged release of AP (insulin). They are biocompatible and

biodegradable and proteins, particularly therapeutic proteins, adsorb spontaneously
onto these nanoparticles without undergoing chemical modification or
20  denaturation.
Said patent applications further relate to novel pharmaceutical, cosmetic,
dietetic or phytosanitary compositions based on these polyamino acids.
The amphiphilic “hydrophobically modified” polyamino acids according to
French patent application no. 02 07008 comprise aspartic units and/or glutamic
25  units carrying hydrophobic grafts that contain at least one alpha-tocopherol unit,
e.g. polyglutamate or polyaspaﬁate grafted with alpha-tocopherol of synthetic or
natural origin.
Said unpublished patent application specifically discloses a colloidal
suspension which contains nanoparticles formed of polymer/active protein
30 associations and which is obtained by mixing 1 mg of a polyglutamate grafted with
alpha-tocopherol and 7 mg of insulin in 1 ml of water at pH 7.0.
The amphiphilic “hydrophobically modified” polyamino acids according to
French patent application no. 02 09670 comprise aspartic units and/or glutamic
units carrying hydrophobic grafts that contain at least one hydrophobic unit and are
35 joined to the aspartic and/or glutamic units via a rotating linkage containing two
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In partlcular the “hydrophobically modlﬁed telechehc omopolyammo
acids are e.g. a poly[GluONa] with PheOC18/C18 ends or a poly[GluONa] with
PheQC18/alpha-tocopherol ends.  Said unpublished patent application also

describes a colloidal suspension which contains nanoparticles formed of polymer/
active protein associations and which is obtained by mixing 10 mg of one of the
25  above-mentioned polymers and 200 IU of insulin (7.4 mg) per millilitre of water at
pH 7.4. |
The in vivo release time of the insulin “vectorized” by the suspensions
according to said unpublished patent applications could profitably be increased.
Whatever the case may be, none of this prior art relating to colloidal
30 suspensions of nanoparticles of hydrophobically modified polyamino acids
discloses a formulation that makes it possible to:
(I) sufficiently increase the release time of the active protein after parenteral
injection, particularly subcutaneous injection;
(I) and/or reduce the plasma concentration peak of the active protein after

35 injection of the formulation containing it.
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t ol er ance. 84 A 11@1;@@{&@ al- object of the invention is to propose a

pharmaceutical for ation, ow prolo d rel ease ,of interfer on(s)
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20 particles of polymer PO that are auto-associated with at least one interferon, the

polymer PO being a water-soluble biodegradable polymer carrying hydrophobic
groups.

Another essential object of the invention is to propose a pharmaceutical
formulation for the slow prolonged release of interferon(s) in vivo, this formulation

25 being an aqueous colloidal suspension of low viscosity comprising submicronic
particles of polymer PO that are auto-associated with at least one interferon, the
polymer PO being e.g. a polyamino acid formed of aspartic units and/or glutamic
units, at least some of these units carrying grafts containing at least one hydro-
phobic group (HG), PO also being biodegradable, water-soluble and amphiphilic.

30 Another essential object of the invention is to propose derived products
and/or precursors of the formulation referred to in the objects listed above.

It is particularly to the Applicant’s credit to have developed aqueous liquid
pharmaceutical formulations of low viscosity at the physiological temperature
which, surprisingly, form a gelled deposit in vivo after easy parenteral administra-

35 tion to humans or warm-blooded mammals, the formation of this deposit not being
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20 presence of:

* aphysiological electrolyte in a physiological concentration,
* and/or at least one surfactant.

Advantageously, this gelling in vivo does not result from a change in pH
and/or temperature or from the dispersion in vivo of one or more organic solvents

25  that may be present in the injected formulation.

Without wishing to be bound by theory, one may consider that the physm-
logical proteins present in vivo in physiological concentrations allow aggregation
of the nanoparticles of PO associated with at least one interferon. Such gelling
takes place e.g. in one hour or more, 24 h, 48 h or 72 h, inter alia.

30 The gelled deposit obtained after parenteral injeétion of the formulation
allows a valuable prolongation of the release time of the protein, as well as a
reduction in the plasma concentration peak of interferon(s).

In an optimized embodiment of the invention, the concentration of [PO] is
such as to form a gelled deposit in vivo after parenteral injection.

35 According to one mode of definition, which is based not on an in vivo
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hi gh val ue §@teid5> allow the formation of a gelled deposit in vitro, in the
presence of at | ﬁge%éra lr}]/? R" ?1qu1cp pharmaceutical formulation according to the
invention is characterized in that its concentration of [PO] is such that:
= [PO]=0.9.C1,
20 = preferably 20.C1 >[PO] = Cl,
» and particularly preferably 10.C1 = [PO] = C1,
where C1 is the “induced gelling” concentration of the particles of PO, as
measured in an IG test. '

The gelled deposit obtained after parenteral injection of the formulation

25 allows a valuable prolongation of the release time of the protein, as well as a
reduction in the plasma concentration peak of interferon(s).

The release time of the AP is significantly increased compared with that of
the formulations of the prior art, particularly those described in published PCT
application WO-A-00/30618 and unpublished French patent applications no.

30 0207008, 02 09670, 03 50190 and 01 50641.

The prolongation of the in vivo release time induced by the formulations
according to the invention is all the more valuable because the interferons released
are still fully bioactive and non-denatured.

Interferons in terms of the present disclosure are arbitrarily unmodified or

35 modified interferons, e.g. interferons modified by the grafting of one or more
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Thus the viscosity of the formulations according to the invention can be e.g.

between 1.10° and 5 Pa.s, preferably between 1.102 and 0.8 Pa.s and particularly

20  preferably between 1.10% and 0.5 Pa.s.

This low viscosity makes the formulations of the invention not only easy to
inject parenterally, particularly intramuscularly or subcutaneously, inter aliz, but
‘also easy to sterilize at reduced cost by filtration on sterilization filters with a pore
size of 0.2 pm.

25 This liquid state or low viscosity of the formulations of the invention exists
both at injection temperatures corresponding to ambient temperatures, for example
of between 4 and 30°C, and at the physiological temperature.

The formulation according to the invention is preferably an aqueous
colloidal suspension of nanoparticles associated with one or more interferons and

30 optionally one or more other AP. This means that, according to the invention, the
dispersion medium of this suspension is essentially formed of water. In practice,
this water represents e.g. at least 50% by weight, based on the total weight of the
formulation.

In terms of the invention, the word “protein” denotes either a protein or a

35 peptide, it being possible for this protein or peptide to be unmodified or modified
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spont aneous presence,, of Si oI |caI r n wi t hout the
P lyhysmloglcal electrcﬂyte” is Enc%:rstoo n termg ocil ﬁw gnv)eh’uon as

meaning any electrolyte species (for example Ca"™ ions) present in warm-blooded
mammals.

20 “Physiological concentration” is understood in terms of the invention as
meaning any physiological concentration encountered in warm-blooded mammals
for the physiological medium in question.

In addition, the formulations according to the invention are non-toxic, have
a good local tolerance and are stable.

25 It is also to the inventors’ credit to have developed an in vitro IG test for
selecting a population of preferred formulations according to the invention and
determining the appropriate concentrations of PO in the formulations.

According to the invention, the IG test for measuring the gelling
concentration C1 is a reference test for defining the critical concentration Cl1,

30 hereafter called the induced gelling concentration C1, which characterizes each
colloidal formulation according to the invention.

The IG test for determining the induced gelling concentration C1 is as
follows:
The concentration C1 is determined by preparing colloidal formulations

35  having variable concentrations of amphiphilic polymer according to the invention
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a good Ioca'T]I erance and a is also to the inve
credit to hmenltea/ced e‘rd@tloﬁﬁfIh?rﬂnetlﬁi%mlo@lﬂegthef@}um%%@ %‘iqcﬁ’@tr%noé’o‘%& tion of

preferred fongulat jONg A Ee&t{cdl fetelP irke aujm@at iton gaRd theledeirsil nipRgeinhe
approprlate concentratiQ

POip the f Iatlons or di t he
i nventi on, emsent@tionsior thefoppulation HT e¥am 8 k@ﬁﬁéﬁ‘%"éﬁ@%% is a
r e}‘ ler gnCﬁ tesg f?ge dé‘ﬁlﬁllldiﬂaﬂgfdrhﬁllaﬂdnhl pﬁba%anﬁemgmsﬁtw?—n afd ,mixa0 ivmheaL ter
call ed the induced gelli ncent r.at 1 on ch .c [iz e
col | oi dal f%ﬁf}ﬁ?'ﬁll%"ctf:‘g rﬁqgﬁ%‘%r a?ciH o Sft BRYIRG, Sk &?Pumllﬁe&f%%t gglilta%?ng 36
det erm ni ngmtghﬁl |aﬁdtﬂmﬂc@ahﬂugagfardr5aannnastat660031pms Tae mixthreowes: stifted
concentyation ryned b oidal formulations 35
havi ng Vari S8R fSBZ%g é‘ﬁnrﬁgov%ed%ggﬁ%f‘%&gn%a?pgl ymer according to the
i nvention 13 an@he viscoelpstivitycoeasorements ane mada pre aabd Jnsteumenss KL0090 t hi s
end, increa r ioni zed
water. The éﬁp&ete%n%“%ﬁgw o SRR PP ROy Wittt ot E*‘eg?‘.‘ g Pr no.
bef ore bei n#.58).x dddeforrhation ¢ Qr@érli@df Sitaared an thq bﬂeaéwl%cﬁéllagﬁ‘é%t UYHRoBei n.
The vol une s‘é&@ﬁfﬁ]@gfdaﬂy ORe0f fleQiigneg ramkebi BétvsféEnTOhEbﬁd)SOO irgd/pr dthei N ar e

adjusted to esited protein con atio efo mul ati on
[for exknpl enpegtpg/qfithesample é?lfe@F BoPstAnh A d}ﬁby m?ﬂ?e* ‘?%‘l 1%% e 1f or mul ati ons
prepared in thi S’Iﬂ@)ﬁ €ndyi spREtravof | meameamemfrewsedu;a@andshsmaamuusmfof
15" m nut 6. HSCaBEOT ﬁ‘%s% S@%Cﬁq@" R S L
t hen recovefig@ THrwhibhriaaefined akreoas the reciprocal of the frequency at which the
modulus of elasticity G’ intersects the modulus of viscosity G”. A detailed account
20 of these questions will be found in the work by Ferry entitled Viscoelastic
Properties of Polymers, J.D. Ferry, J. Wiley, NY, 1980, and in the article by J.
REGALADO et al., Macremolecules, 1999, 32, 8580.
Measurement of the relaxation time Tr as a function of the polymer
concentration of the formulation makes it possible to define the concentration C1 at
25  which this time Tr exceeds 1 second. Examples of values of the gelling
concentration C1 will be given in Example 7 below.
Likewise, it is possible to define the concentrations C0.1 and C10 at which
the relaxation time exceeds 0.1 s and 10 s, respectively. These concentrations are
classed in the following increasing order: C0.1 < C1 < C10.
30 In one variant of the formulation according to the invention:
>» [PO]>=C0.1,
> preferably [PO] > Cl,
> and particularly preferably [PO] > C10.
According to an advantageous additional characteristic: [PO] < 20.C1.
35 In terms of the invention and throughout the present disclosure, the words



The viscoel asticity neasurenents are made on a TA Instrunents AR1000
rheonet er equi pped with a cone-and-plate geonetry (dianmeter 4 cm and angl e
1.59). A deformation of 0.01 rad, situated in the linear viscoelasticity
dormain, is inposed sinusoidally over a frequency range of between 0.1 and
300 rad/s. The 15 tenperature of the sddple is kept constant at 20C by
.means of a Peltier cell. The frequency spectra of the nodulus of elasticity
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polyamno enot |nprt|cu ar th |vep|nC|p

(are) bdndeghitosanstadissinyeepe yyacph@rlcteﬁbgelékmdemtweﬁéhemﬁ no acid(s)]
non-coval ently, f0LneXseRRID¥mBbERiehOSdfathicC ifveaidhOPANYidr Qddrelli Grom

i nteraction and/ or. hydrogen bo%gl ng and/ or steric hi ndrance. The pol yners
PO accordi r@nﬁlépblﬁécPﬂ‘?)@ﬁPWBr?c e wat er -sol ubl e bi o- degradabl e pol yners
carrying hydr ophmbieemg bﬁtl{bsmb’&;tlo'ﬁh@dhmdmghbmbﬂhe peeseripdisclosure pthei wordeduced

nunber rel af I0 y%n}zgo tagz%’”rc%%tér }c)tht ‘in'go%m%'lgl ac"f‘irc‘i(sj cg%prlgﬁlgafrgl%cf ‘?9 20 “amino

20  acid” units and polyamino acids comprising more than 20 “amino acid” units.
Preferably, the polyamino acids according to the present invention are
oligomers or homopolymers comprising glutamic or aspartic acid repeat units or
copolymers comprising a mixture of these two types of “amino acid” units. The
units in question in these polymers are amino acids having the D, L or D/L

25  configuration and are bonded via their alpha or gamma positions in the case of the
glutamate or glutamic unit and via their alpha or beta positions in the case of the
aspartic or aspartate unit.

The preferred “amino acid” units of the main polyamino acid chain are
those having the L configuration and a linkage of the alpha type.

30 In one particularly preferred embodiment of the invention, the polymer PO
is a polyamino acid formed of aspartic units and/or glutamic units, at least some of
these units carrying grafts containing at least one hydrophobic group HG. These
polyamino acids are especially of the type described in PCT application WO-A-
00/30618.

35 According to a first possibility, the PO of the formulation is (are) defined



| aterally to the chain or intercalated in the chain and be distributed
randomy 10 (random copol yner) or distributed in the form of sequences or
.grafts (block copolyners or sequenced copol yners). Wthout inplying a
limtation, the hydrophobically nodified polynmers PO can be selected from
the group conprising anphi philic copoly@&m no acids, polysaccharides
(preferably those in the subgroup conprising pullulans and/or 15 chitosans
and/ or mucopol ysacchari.d elatins and m xtures thereof. In one
preferred g@b%%eﬁ%?%@améb‘o Jjention, POis selected from anphiphilic
copolyam no acids. In terns of the invention and throughout the present
~di sclosure, the words "polyam no acid' cover )ODURQN i goam no aci ds
conprising from2 to 20 "am%%I 20 $agi d" runi 86 ang pol yam no aci ds

conprising nore than 20 "am NyR' t he pol yam no aci ds
according to the present iq3 NJ0 or hornopol yners
conprising glutamc or aspartic acid'nepgalt uniffs]gs copolyners conprising
a mxture of these two type® Aanmi no acidtl" ur®ts. The units in question
in these polyners are ami no aqgids having the D, L or D)L 25 configuration
and are bonded via their al g/hak“or gamma positions in the case of the
glutamate or glutam c udGH]land via their al pha or beta positions in the
case of the aspartic or aspartate uni The preferred "am no acid" units
of the main polyamno acid chain are ose having the L configuration and
a linkage of the al pha type. 30 In one particularly preferred enbodi nent of
t he inventiinghig e polynmer PO is a polyamno acid fornmed of aspartic units
and/ or gl utam ¢ units, at |east sonme of these units égb;%ﬁ]g grafts

cont ai ni ng "t R dadd, arineay §opsh 680 calkyloern bigacheh, £3eto n&HBIlde are
especi al l'y of térﬁﬁnzﬂﬁﬁﬁn(gjgf_ﬁﬁﬁﬂiﬁ%g-k‘hL - application WO A- 00/ 30618. 35
o i ned 15 * b cnty 4 ThernbPa| Plosabar easied (16 KR ka2
10 pyroglutamate or -R*-[HG];
» R3is H or a cationic entity preferably selected from the group comprising:
- metal cations advantageously selected from the subgroup comprising
sodium, potassium, calcium and magnesium,
- organic cations advantageously selected from the subgroup comprising:
15 e cations based on amine,
e cations based on oligoamine,
e cations based on golyamine: (polyethylenimine being particularly
preferred),
e and cations based on amino acid(s) advantageously selected from the
20 class comprising cations based on lysine or arginine,
- and cationic polyamino acids advantageously selected from the subgroup
comprising polylysine and oligolysine;
» R*is a direct bond or a “spacer” based on 1 to 4 amino acid units;
= A independently is a radical -CH»- (aspartic unit) or -CH,-CH»- (glutamic unit);
25 = p/(n+ m) is defined as the molar grafting rate and its value is sufficiently low
for PO, dissolved in water at pH 7 and at '25°C, to form a colloidal suspension
of submicronic particles of PO, n/(n + m) preferably being between 1 and 25
mol% and particularly preférably between 1 and 15 mol%;
» n + m is defined as the degree of polymerization and varies from 10 to 1000

30 and preferably between 50 and 300;



‘nlm pyg HO [GH / RAm 5inwiich: "R is H alinear C2 to Cl0

al kyl or branched C3 to C10 al kyl, benzyl, a termnal amno acid unit or
-R4-THG; R2is H alinear C2 to Cl0 acyl or branched C3 to C10 acyl
group, a 10 pyroglutamate or -R4-[HG; »~ R3is Hor a cationic entity
preferably selected fromthe group conptésing: - netal cations

advant ageousl y sel ected fromthe subgroup conprising sodium potassium
cal cium and ]91 esi Lil ﬁlganl c cations advantageously selected fromthe
subgroup corfpr P&y ydsaphoRISEroR “hased on ani ne, cations based on

ol i goanm ne, cat iAusrding &da sstopd pyssibility, (hed?Q of l'bd fennniatien hes (tgrve) one
particul arly referre t] d on am no acid(s)

advant ageoué’ifﬁgléeé"lﬂ?é{n@@g? %&mgl%@%ilbg@?conprl sing cations based on

| ysine or arginine, - and cationic polyam no aci ds advant ageously sel ected
fromthe subgroup conprising polylygkee and ol i gol yeo@e’ NR4is a direct
bond or a "spacer" based on,1 to 4/ am no acid un|t |ndependently is a.
radi cal -CH2- (aspartic uni CI—IZ-CZ'FIZ- utamc uni t) ; 23 GH nf(n + m
is defined as the ni6iHir g4 It;NW R'trent y low-
for PO dissolved in water at|p g at B5C forim™ col | oi dal

suspensi on ofagubm cronic particl & of PO n/(n®% nf! preferably being

bet ween 1 and nol % and particularly preferably between | and 15 nol % *
n+inis defined as the degree of polymsrlzatlon and varies from10 to

1000 30 and preferably between 5 o®Rd 300; 16 (PQ;Ra hydr ophobi ¢ group.
According to a second poss ility, the PO ofp the A rrruIHatl on has (have) one
of general formul ae I nd I bello GH
g & H/E 10l et
(1D
/COORB‘
TR
[GH] GH
4/N\H/‘\T - R4/[ ]
(IV) (0] H
10
in which:

s  HG is a hydrophobic group;
= R isalinear C2 to C6 alkyl group;
» R?is H or a cationic entity preferably selected from the group comprising:
15 - metal cations advantageously selected from the subgroup comprising
sodium, potassium, calcium and magnesium,
- organic cations advantageously selected from the subgroup comprising:
e cations based on amine,
e cations based on oligoamine,
20 e cations based on polyamine (polyethylenimine being particularly
preferred), ‘
e and cations based on amino acid(s) advantageously selected from the
class comprising cations based on lysine or arginine,
- and cationic polyamino acids advantageously selected from the subgroup
25 comprising polylysine and oligolysine;
» R¥isaC2 to C6 alkyl, dialkoxy or diamine group;



" /COORS /COOR O "~ 0 [CGH\N 4N ~N1II N4i [GH Rso 5(H HOmMROH
COORS COCRS HA 00 A H[GH RA~-NRso Nm [GH ' R(I~) O HHO COX

HAO[GH RiINViIi a/[GH yn ROH (IV) 10 in which: " HGis a

. hydrophobic group; " R30 is a linear C2 to C6 alkyl group; R3 is Hor a

cationic entity preferably selected fromthe group conprising: 15 - netal

cations advantageously selected fromthe subgroup conprising sodium

pot assi um cal cj um and magnesi um - organi c cati ons advant ageously sel ect ed

from t he subgrRup aclirept basidmy:a “specer’| based padde 4amiaaiasid unitgat i ons based on

ol i goami ne, .2 Ah&géﬁ&ﬂﬁy@@§%1&[‘ -0y aPahite wihf)loy eCy CHY- meanbleluag)

particularly pref catigns based on am.no a

rred
advant ageou8| yt' sefeéf ad 1$ ﬂ%ﬁ%‘i‘qdl"?ét g dsgee @ %W@tl%??%ﬁ %a@% 191 ysi ne
or arginine, aim)@oqlﬁa gé}b@b@qiey@eemmﬂm advant ageously sel ected fromthe
2 | i N RA0 i
ZFE?[ ou([:?)ﬁ al Eoi;) Iva]%xg yy hé%&e P8 aglcl) I}/dséingnedenﬂy ) (c))né anéther ar%% 6
monovalent rad1ca1 of the formula below:

H @)
lilw/uxi\ 6
/{/ MR
R®
HG)
10
in which: _
- R’ is a methyl (alanine), isopropyl (valine), isobutyl (leucine), sec-butyl
(isoleucine) or benzyl (phenylalanine); ‘
- RS is a hydrophobic radical containing from 6 to 30 carbon atoms;
15 - lvaries from O to 6.

According to one noteworthy characteristic of the invention, all or some of
the hydrophobic groups RS of the PO are independently selected from the group of
radicals comprising:

» 3 linear or branched alkoxy containing from 6 to 30 carbon atoms and capable
20 of containing at least one heteroatom (preferably O and/or N and/or S) and/or at

least one unit of unsaturation,
» an alkoxy containing 6 to 30 carbon atoms, having one or more fused
carbocyclic rings and optionally containing at least one unit of unsaturation
and/or at least one heteroatom (preferably O and/or N and/or S),
25 = an alkoxyaryl or an aryloxyalkyl having 7 to 30 carbon atoms and capable of
- containing at least one unit of unsaturation and/or at least one heteroatom
(preferably O and/or N and/or S).
In practice and without implying a limitation, the hydrophobic radical R of
the graft of the PO is derived from an alcohol precursor selected from the group
30 comprising octanol, dodecanol, tetradecanol, hexadecanol, octadecanol, oleyl
alcohol, tocopherol and cholesterol.
In a first embodiment of the invention, the main chains of the polyamino



""" RRis a direct bond or a "spacer" based on 1 to 4 amno acid units; A

i ndependently is a radical -CH - (aspartic unit) or -CHZ-CH2- (glutamc
unit); ~n" + mM or n" is defined as the degree of polynerization and
varies from10 to 1000 and preferably between 50 and 300. 5

Advant ageously, the HG of the PO each il18dependently of one another are a
nonoval ent radical of the fornmula below HOJI\R6 R (HG 10 in which: -
R5 is a nmethyl (al ani ne) i soprop line), isobutyl (leucine), sec-butyl
(i sol euci ne3cidy arpalphptL-ghyanste aF éfi{?h%riygaiutanm hpmogolypisFbphobi ¢ r adi cal

containing fromg, 4 §bo%9d eAibbaimedt 0ffie intdntion| bhérnhaﬁﬁ chiiasobtietolpesiasdi ng to
one noteworth cha{ cteristic of Hjihgi'l nventj on or sone of the

hydr ophobi caGf<oipsinrg-TopsheHatesba ﬁﬂ@&&%‘@ﬂ?@ Y0&Sect ed fromthe group
of radicals COFTIHa$h1ftgem®o@uﬂelnﬂeﬁthd)mvbmtmmItl&drrﬁiﬂ(ﬁhajns:oflﬂﬂlpulyegmhoom 6 to
30 carbaon ato an ab e of c ta| nin t Jeast m
(pref er asg %ESZ?{BF QWSY"E a%haa% ?mgtte Or%g)g'ft Sﬁpear%%fg@h% %ga%{ugr ation,
A an al koxyccqml},tlﬁérml ng 6 to 30 carbon atons, having one or nore fused
car bocyclic ri ng 0 |1 [ caH]3
unsat uration é%ilglgg@ cc)%éﬁ ozlrdglatt{g%?n&%n m ah‘a‘? t& and/ or
S), 25 A anmainkmdyanmlo apid aMarOfltbe(%)l quuchéhatﬁge ?eSﬂJBHIHJPQiXmeFﬁ @zthm and
capabl e of I;[aﬁ&% p&lﬁ%ﬁﬂ@ggg elﬂﬂﬂﬁblg{i IB,liggaturatl on and/ or at |east

a and/ or .

one hetero ractice and w t hout

i nplyind a | | m t if@ﬁbl}’Iﬂilé P@Hﬁﬁp‘ﬁdb@ formadation ac%rdgfg otthe IRjfeation has ghe PO
I's derived Hmf‘w%kg}%@'bea{z&%@mraxﬁemmmwcqrﬁhafiﬁeﬁfmspof BérwzeApr i si ng
oct anol, do ecano tet rad?canol hexadecanol, octadecanol,” ol eyl al cohol,
tocopher ol W axd In a first enbodi nent of the invention, the

mai n chai ns of tHﬁa ﬁﬁﬂtb@éﬂ:ﬂéﬂ embodiment of the formulation, the hydrophobic radical

6 of the graft of the PO is derived from an alcohol precursor formed of

15  tocopherol, and:
¢ 1% <[n/(n+m)] x 100 < 10%,
¢ preferably 3.5% < [n/(n + m)] x 100 <7.5%,
¢ n-+m varies from 100 to 400 and preferably between 120 and 300.
In a second preferred embodiment of the formulation, the hydrophobic
20 radical R® of the graft of the PO is derived from an alcohol precursor formed of
cholesterol and:
¢ 1% <[n/(n+m)]x 100 <10%,
¢ preferably 3.5% < [n/(n + m)] x 100 < 6.5%,
¢ n -+ m varies from 100 to 400 and preferably between 120 and 300.
25 In both these preferred embodiments of the formulation of the invention,
the concentration of polymer [PO] is advantageously between 15 and 50 mg/ml.
In one variant, the PO of the formulation according to the invention carries
at least one graft of the polyalkylene glycol type bonded to a glutamate and/or

aspartate unit.

30 Advantageously, this graft is of the polyalkylene glycol type and has
formula (V) below: |
4 rS8
/R \Xﬁ/ O+lll R
R’

V)



18 acids are al pha-h-glutamate or al pha-L-glutam c honopolyners. In a

second enbodi nent of the invention, the main chains of the polyamno acids
are al pha-L-aspartate or al pha-L-aspartic honopolyners. In a third

. enbodi nent of the invention, the main chains of the polyamno 5 acids are.

al pha-L-aspartat e/ al pha-L-gl utamate or i@ pha-L-aspartic/al pha-L-glutamc
copol ynmers. Advant ageously, the distribution of the aspartic and/or
glutam c units of the nain polyamno acid chain of the POis such that the
resulting polyner is either randomor of the block type or of the

mul ti bl ock L) 10 Preferably, the PO used in the fornulation according to
the invention S a nolecular weight of between 2000 and 100, 000 g/ nol and
pref er abl y of Roeiswelirect BOBIOTa $pa@TObwred Opdl to 4 amigofacidsyniisi ef er r ed

embodi ment  of 5t he , ikdPhiBhi Qlec écf'?rom’ @feoﬂaﬁﬁic%rﬂlﬁlﬂhfgabxyl%ﬁ,t fftrdgBe aapaft of

1
the POis derived froman al cohol precurSor” formed of ocopherol, and:
1 %<_ [Pn/(n Uy x 100 < 10% preferably 3.5%5 [n/(n + m)] x 100<_
7.5% n + inpahLige iﬁ&ééjéh&&@lyta@em&aaméaiaceft@mbdmyl,bet ween 120 and 300. In

adl ool R6 of i hewiare 49 4 pedtbed etrdi, 5 1 30 ol vonor pr ecur sor

LT o, ) St gt s R pibtng o 2, O
between 120 and 308. defgaglﬁ ?)%Pﬁd}?%etg eﬂlﬁrwgwoé’d?%rn%d frf?g?{t gerc??&fl%eg of Y
f or mul atoi onpadyalkylend glyeoitgrafting td herydome éno 8a%d. on of polymer [PQ is :
For mil ati on_ accol i ROVEBIpRACiRUREDRS, slsb Rafhetfrhfable WIRAE oils WP |
pol yal kyl ermljgstshio|grafiipg rifonthss dispeaseginuwaientat pEhdAote-g- axisluat phaspbatet . 30
%Ag\rlﬁlrjllt 29?8/) eefr)otwéigf %}ﬁigal',sﬁﬂ{%f&g}%ﬂ%p?' yal. k;./l ene glycol type and has
Furthermore, the 'interferon active principles or other AP selected from
15 proteins, peptides and small molecules can associate spontaneously with
nanoparticles comprising these polyamino acids PO.

It should be understood that the PO based on polyamino acids contain
carboxyl groups which are either neutral (COOH form) or ionized (COO™ anion),
depending on the pH and the composition. For this reason, the solubility in an

20  aqueous phase is a direct function of the proportion of free COOH groups in the
PO (not grafted with the hydrophobic unit) and of the pH. In aqueous solution the
countercation can be a metal cation such as scdium, calcium or magnesium, or an
organic cation such as triethanolamine, tris(thydroxymethyl)aminomethane or a
polyamine like polyethylenimine. ‘

25 The PO of the polyamino acid type that are capable of being used in the
formulation of the invention are obtained e.g. by methods known to those skilled in
the art. Random polyamino acids can be obtained by grafting the hydrophobic
graft, previously functionalized with the “spacer”, directly onto the polymer by a
conventional coupling reaction. Block or multiblock polyamino acids PO can be

30 obtained by sequential polymerization of the corresponding amino acid N-carboxy
anhydrides (NCA).

For example, a homopolyglutamate or homopolyaspartate polyamino acid
or a block, multiblock or random glutamate/aspartate copolymer is prepared by
conventional methods.

35 To obtain a polyamino acid of the alpha type, the most common technique



(V) 19 in which: R4 is a direct bond or a "spacer" based on 1 to 4 amino
acid units; Xis a heteroatomselected fromthe group conprising oxygen,
nitrogen and 5 sulfur; R7 and R8 independently are Hor a linear d to 4
al kyl; n"' varies from10 to 1000 and preferably from50 to 300. In
practice, the polyal kyl ene glycol is e.zp a polyethylene glycol. It is
desirabl e according to the invention for the nolar percentage of 10

pol yal kyl ene glycol grafting to vary from1 to 30% The, polyamnm no_acids PO
are al so exisbased pnyhg pelpmenzationreftaminp eaidIN-cadhexy enbysirides (B nyhick e
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obt ai ned bypefyart pﬁgletaiphmwa@mwﬁ.@tangﬂaw eﬁ@@ qsaféqnyo fpart (Ped with

the "spacer givedi pSAGHIYinARidR) FolRwRA by Bisi®HydolysRN¢L Mdneidalet aRUPbIAGT,
reaction. {gwe 15 9mfllt| bl o%:k pol yaynélnﬁo ac?lds yI%Or(}:éan be 30 obt ai ?],2% by

sequenti al b%?ﬂ'ﬁi f“l‘%ﬁ’@n of the corresponding am no acid N carboxy
anhydri ggs (NCA) Coplings@ihipgeaft Mthamapmll gtobpibAtietpelyaiertio oaxilyleffesedryat e
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and optlonally a catalyst such as 4-dimethylaminopyridine, in an appropriate
solvent such as dimethylformamide (DMF), N-methylpyrrolidone (NMP) or
dimethyl sulfoxide (DMSO). The carbodiimide is e.g. dicyclohexylcarbodiimide

20 or diisopropylcarbodiimide. The grafting rate is controlled chemically by the
stoichiometry of the constituents and reactants or by the reaction time. The
hydrophobic grafts functionalized with a “spacer” are obtained by conventional
peptide coupling or by direct condensation under acid catalysis. These techniques
are well known to those skilled in the art.

25 A block or multiblock copolymer is synthesized using NCA derivatives
previously synthesized with the hydrophobic graft. For example, the hydrophobic
NCA derivative is copolymerized with NCA-O-benzyl and the benzyl groups are
then selectively removed by hydrolysis.

The synthesis of polyamino acids PO preferably produces aqueous

30 suspensions of nanoparticles of PO.

Such suspensions can be converted to powdered nanoparticles of PO by
drying in an appropriate manner known to those skilled in the art, for example by
heating (oven, etc.), evacuation, use of desiccants, lyophilization or atomization.

These nanoparticles of PO, in suspension or in the pulverulent state, form a

35  starting material for the preparation of the formulations according to the invention.



|

“conventional nmethods. 35 To obtain a polyamino acid of the al pha type, the

nost comon technique 20 is based on the polynerization of amno acid
N- car boxy anhydrides (NCA), which is described e.g. in the article

- "Bi opol yners", 1976, 15, 1869, and in the work by H R Kricheldorf

entitled "Al pha-am no acid N-carboxy anpydride and related heterocycles",
Springer Verlag (1987). The NCA derivatives are preferably 5 NCA-O0- M,
NCA- O-Et or NCA-O- Bz derivatives (Me = nethyl, Et = ethyl and Bz =
benzyl ). The pol yhéRay Reestatedrathis Poj ethat g fompgdations ascordisadior thsns t o
gi ve the poliyBtioh RedulliSfrofl thef Asiltovhiles @ssRidHRASoRhdpaRRIOPastdQn at
description_ given (hn ‘Eatent FRI-!@-Z 801 226 f.o the C@ﬁgl i cant. A nunber of
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pogy( a: pha- L- asE@blt itlfe) p;eﬁ&aﬁ?ﬁ,ytham@and,logthgtiﬁf&fél}on(@?daﬁﬂ@k A ?Eﬂﬁibﬁélam c)
and pol y(gamm- L- gl ut an. € var i e ecul ar [ , are
Comrer o1 51 TyNBhsn ek Soudfum ReBeBly ¢ B Eda RofRr o hagdohn ity ype i s
obt ai ned by colilsidslaidensausmensioh).aspartic acid (to give a polysuccinimde)
foll owed by basic¢ hydrolysis f...Tqoni da .e . RPokyner, .. 1997
4733738 15 Coult REERr B PR dRterbion s R biated Hbtnyilbt | o
easibl 3(; ef f gdieemth‘ferom(g)ams i(arg) lakﬂecpmdymﬂln&leamlmhr{s) RO pr.gsencer ahom
car bodi i m upl. y,
a2 et hyl aBe RO il b BREbr mAPHoRR! LARFIN £ o5 B0 en A bl or
di met hyld or eewalens chgnvicpl bandget hyl pyrrol i done (NWP) or di met hyl sul f oxi de
(DVMBO) . The carbagLim | g bs o eel S QMhe
di i sopropyl car bodi Fm Jgﬁqlireﬁeﬁ)ér%ﬁ‘sﬁlgmgr g?gxé(ﬂsﬁg%%?g%éﬁ e ﬁéﬁ‘gﬁlﬂctgﬁl;oby t he
st oi chi onet aseogding f thegp¥entionae éesgﬁlgeql Enpattigelar By p@sntapplicatian WEr A e.
The hydr oppoBp61 9" Théy crisint tih dRBEPESEhNA 18as? ons RACEErond(aid PRk ¥r HekebY
conventi onal ept | ge coupl j n%los . bg }(l:h [ ec cegndensatl on under acid
catal ysis. FHESROSIIGAHYGELINCIICS) fpip {the, megiymm GORtauyng pAWPARIesOta ¢ . 25
A bl ocki ilar pol tbLgbémkchﬁMEusmﬁnsiﬁﬁ gfnm:ﬁip@stidmio?mm dsksiated Wtdnﬁ&ﬁ
previously synthesized w t he [ ohi.g..araft. .For anpl e, the
hydr ophobi cn%ﬁ'd& edteff?‘%? P\“&/gn? & %lg%o?tg%enrolg%gggﬁﬁY%pﬂfﬂplﬁggenzyl and t he
benzyl groups ar &he inventier fether velhies te pprectsh Jortthe podpasition ofithe spovdiesi s of
pol yam no aﬁfegﬁ?rﬁgégﬁgﬁlﬁi@ﬁ”y produces aqueous 30 suspensions of

. SuC

nanoparticlés 0 suspensi ons can be converted to powdered
nanoparti cl es of IP@ fisst preferred mode of carrying out the invention, this process is

20  characterized in that it consists essentially in:

¢ taking a colloidal suspension of nanoparticles of at least one PO,
¢ mixing this colloidal suspension of nanoparticles of PO: with at least one
interferon (and one or more other possible active principles), preferably in
aqueous solution,
25 & optionally adding at least one excipient,
adjusting the pH and/or the osmolarity if necessary, and
¢ optionally filtering the resulting suspension.
- Advantageously, the interferon (and one or more other possible active
principles) is in the form of an aqueous suspension or solution for mixing with the
30  colloidal suspension of nanoparticles of PO.
In a second mode of carrying out the invention, this process is characterized
in that it consists essentially in:
¢ taking a powder of at least one polymer PO,
¢ mixing this powder with an aqueous suspension or solution of at least one
35 interferon (and one or more other possible active principles), preferably in



~drying in an appropriate manner known to those skilled in the art, for

exanpl e by heating (oven, etc.), evacuation, use of desiccants,
| yophili zation or atom zation. These nanoparticles of PO in suspension or

- in the pulverulent state, forma 35 starting material for the preparation

of the fornulations according to the imgention. 21 It may be stated at
this point that the fornulations according to the invention result fromthe
non-coval ent associ ati on of nanoparticles based on at |east one PO and at

| east one AP, dqueeus @figus |iquid medium For the preparation, the PO

and/ or the inter:f : Pbn@Bycigidal, tional 5 AP) can be in solid form
s o%‘cﬁélﬁ?é%nﬂé ANd4sP bn@BYCifi |

(preferably a powd or in liquid, form (preferably a coll oidal
aqueous susperasiusting thewk apdrer @H@&W%ééﬁggﬁgeﬁ%(gure, interferon(s)/PO
associ at i on yTeafRnhIPfltedikithe Bésaltity WBfesins (are) associated with the
pol ymer(s) PO [e.g. one or. nore .polyam.no_ acids]_,by.aone ar r ds
other than a covgﬁén“t%r@ﬁ E%IO% ﬁ?rH“fOW%\nge?'}?cycq?eﬁ?%vgpggotﬁdgag’rhe
techni ques howd@ssqulinaby the coneertionainnhethbdd lendvenid thesenskilied tnethP@rt, suchor di ng
to the invention are described.in .particular | a PRl LGSk dN A-
00/ 30618. ThAeyCUSRRIFA{On ﬁbx n@Sﬁmlg{li "y §¥§H°é%[&n?o%§£|}nﬁ? erB#Oer orfio?xanagoone or
more ot her lypphiizblien, datkei aléa. fFliese inuthesly campptiatadly lbegaimbineddi um cont ai ni ng
nanoparticles of 15 PO to. di 'gﬁl-m j %pé}{a}&%es
| oaded or associ 5{1‘3886 \gﬂef%lsgan%&rgﬁ?sﬁ%égbl _teé@%ﬁ?ﬁ%ﬁgic%ﬂr}ge r “nmor e, ot her
possi bl 8) acof \iqujt ifomidbtéas. acteedingite nthie omventians dhisy Biimk aodeceepidless f or
t he preparat.| Osﬁ‘sn?%i he above- nentioned fornmulation. In a first preferred
u

N "the invention, this prgce,ss is .20 char %ct e{jjf tzh%d in

node of carryrng ]
that it con®i gekingsspawilen pipdused by dying the hgwdfognplabion Achidge

nanoparti cl es Qf{eion BAHnNSIE, rub bag this colloidal suspension of
nanoparticles of POwth at | east one .. nt.grf ron a%d bg}r)e.ﬁr Lo e ot her
possi bl e act¥ @lmg%m%%,mﬁwé’f%w 1qHHA M SR VYR, SUYEHE,
optionaly addigipnally h&RSE atdesst exeepiipioht, adj usting the pH and/or the

Suspensi on. AHIAGEE R FRaleR BRIl SRR o “ror o ot her possi bl e
active priRcigjtionnlly filtering the résmitingxfuspensmgueous suspensi on or sol ution for
mxing wth the Examples of excipients that can be added are antimicrobial agents, buffers,
antioxidants and agents for adjusting the isotonicity, which are known to those
20 skilled in the art. Reference may be made e.g. to the work entitled Injectable Drug
Development, P.X. Gupta et al., Interpharm Press, Denver, Colorado, 1999.
If appropriate, the liquid formulation can be sterilized by filtration on filters
with a porosity of 0.2 pm, for example. It can then be injected directly into a
patient.
25 All these examples of the preparation of liquid formulations according to
the invention are advantageously carried out in the ambient atmosphere and at
ambient temperature (e.g. 25°C). 4
In one valuable variant of the formulation according to the invention, its
weight fraction of interleukin(s) not associated with the submicronic particles [non-
30 associated interleukin(s)], in %, is such that:
o [non-associated interferon(s)] < 1,
o preferably [non-associated interferon(s)] < 0.5.
According to the invention, the preferred interferon is interferon alpha.
According to another of its features, the invention encompasses any derived

35  product obtained from the liquid formulation according to the invention as defined



30 col | oi dal suspension of nanoparticles of PO In a second node of
carrying out the invention, this process is characterized in that it
consists essentially in: taking a powder of at |east one polynmer PO
-mxing this powder with an agueous suspension or solution of at |east one
35 interferon (and one or nore other po3%ible active principles),
preferably in 22 aqueous solution, opti onal |y adding at |east one

exci pient, adjusting the pH and/or, the I ar ﬁ{é} cessary,

optional |y PPPYeanf§OMBESING SHPHICHIE B%‘Tb‘é Iptgy: ﬁ‘iﬁ’Pé’t"Pé‘t‘Pé’glgﬁi ai ned

in this way ;gaRiafiloasaddfirduboved to gel s, povvder or filmby the
conventional nethods kno to,tho

. ae s(ﬁli&%led in Ige arIll E#Ch. iias
concentration by BiPESHCEr Beseoderpied SaisisAanPnsiShETRCHE LY S HONASES, §Rlsor
| yophi | i zat ii@plantsdrefilng| inter a]ihese met hods can optionally be conbi ned. Hence

there is_a third de of ca he he. pr ratl 10
of 1iqui A formul Col’ eﬁ%?:lb ed {e &% g qﬁl&eﬁﬁe EOI{ %ﬁlthetlﬁfecga%g%glgh%
essenti al | y foremratict asndpfinad abévaki ng a powder produced by drying the liquid

Lt i o accordinth W Llifeet PARAE a7 pRi0o0 ARG crPhihRA, i ©

powder with an aqueous um pr | P
optional | y #udinvgntaen ﬁa‘&m relates éx @i ppenss for ﬂa@;mgmarﬁ@rt hﬁa mGIW&intlﬂ@mVQ%e

osml arity %ngnp&%%ﬁﬁmguoﬁagdeﬁ&etabeﬂ@kﬁlg gwcle&senselﬂ chddSetbgsddl ihithet said

suspensi on. excl pl ent are antim crobi al

agent s, 1®uf pewder 1s&hta1@;d|byadwmgéh@ %@é@@nﬁéﬂeﬁ’éﬁmﬁg the isotonicity,
whi ch are known trt fa@eglatiéh a%Kd)ﬂdi@dtd thet fQeidn lﬁpf&é@mgpﬁma@@ﬁmde e.g.
to the work entltI}Eeygln ectaleégrg eloiggent al .,

| nt er phar m Prdeyt exelpdiae cogelis efetia 95 ghytopaniigry Sm%%t@nst%@nr}seﬂﬁ at
formul ation lé‘aﬁtnoﬂ%?PSt & ddfineddhbbye, fdt [1éasabh® interferbh | dndraptionkilh adlepstr @sd ty of

0 2 m for e .1t ¢ n then be injected directly into a patient. 25
t hese e?ﬁ’r%}g‘étéved?m’tc ‘preparation of liquid fornulations according to

t he i nveRnti on ar e\cadsdimg s dlou givgnioay, rthe gossible i additiomab attivenprisdipiesgher e and

at  ambi ent tﬁa%%elﬁ%%é;&l éa?l' tra 6‘1%%1’1, a glycoprotein, a protein bonded to one or more
polyalkylene glycol chains [preferably polyethylene glycol (PEG) chains:
“PEGylated protein™], a polysaccharide, a liposaccharide, an. oligonucleotide, a

polynucleotide or a peptide.

20 This additional active principle can be selected from haemoglobins,
cytochromes, albumins, interferons, cytokines, antigens, antibodies, erythropoietin,
insulin, growth hormones, facters VIII and IX, haemopoiesis stimulating. factors,
and mixtures thereof.

In one variant, this additional active principle is a “small” hydrophobic,

25  hydrophilic or amphiphilic organic molecule, examples being peptides such as
leuprolide or cyclosporin, or small molecules such as those belonging to the
anthracycline, taxoid or camptothecin families, and mixtures thereof.

The primary properties of the formulation according to the invention
include its injectability and its ability to form a deposit at the injection site, in vivo,

- 30 by gelling or by aggregation of the nanoparticles, in the presence of physiological
proteins or analogues.

The formulation according to the invention can be injected especially by the
parenteral, subcutaneous, intramuscular, intradermal, intraperitoneal or
intracerebral route or into a tumour.

35 The formulation according to the invention can also be administered by the



~In one valuable variant of the fornulation according to the invention, its
wei ght fraction of interleukin(s) not associated with the subm cronic
particles [non- 30 associated interleukin(s)], in % is such that: o

. [ non-associated interferon(s)] s 1, o preferably [non-associ ated
interferon(s)] <_ 0.5. According to th&4invention, the preferred interferon
is interferon al pha. According to another of its features, the invention
enconpasses any derived, 35 product, obtained fromthe liquid fornulation
accordi ng t@abRasalvaemal.eeulas ogISCAIRUES  above, and comprising subni cronic
particles fornmedagladtiddonsier therformilation oy altended fas sigc prpumtisnast dies, ned
above. In pragtice, flheaZie .deri vedb9r duct s can cot?crs?i st espe%i al | g 1of

powder s, gd?%?lcul?r%bl 9h tAdogRISEatqRs bY; e pargpieral, sUGqRianequs \IUSH W fher

rel ates to amidefretungaseriddneaher intjaeatbial eodte quimto af tnmuir,acn oy thesordkf i ned
above. Still an the .subject of these derived products, it nust be

enphasi Zed r{aﬁgltva lﬂ%lqrr?'\‘i'é { 1% further relates to a process for the
preparati on of aAphowidr ther formalationomredrdingotoruthst iilnyendiondds i preteralipve,
this process _being..characterized. 4 8o JUES(0) () p by
drying the ‘fegl%llg%lh glgst ddec*elgngelglf axtc?\i}@e ?ﬁbeﬂ?%c}nfeg%nwa?g%?{#g o the
i nventi on iferpuletiensalsoyppisiagneic kaast eae PQi ahdafined @bowk mgdces sy one

dietetic or j f:a&;m4 ations conprising at |east one PO as
(PRUSARRIL Xl

defi ned above, st one I nhterferon_and optionally at |east one other
active Ifiri nci pl eAcasdingderyst ARther Athids featHars, it MVEREOD 528ep (@ 2RIBFSSF onal
e LR T o AL, ot sk pl
oy of or abi yrbeftybavy | GHemgRH: BN Bt ORRE SVBErTadl e of o
pol ysaccharihfiea tiindurPOSBE tHeasralg @asal rvagina onoedleodoutte charactprizedincthewit i de or
habmogl obi rEORSisGy SR, L kSt SphlaiRuFuRE QeRfed Brte bt AL o
ant i bodises, degivyd prazinot &td/or, anyipreutson of spidfermulgiamnes, factors VIII and IX
thi s additional M | petiion Tl relEC, & M ifiod, W Mhropdu) el @iedlr i
or anphi phidonsistng assentiaty @ca:i?@pis@twpd@iowlﬁgorp%w%@be%m:ﬁleaeresent
disclosure by the parenteral, subcutaneous, intramuscular, intradermal,
intraperitoneal or intracerebral route or into a tumour, or by the oral, nasal, vaginal
20  or ocular route.
In one particular variant of the invention, this method of therapeutic
treatment consists essentially in administering the formulation as described above
by injection by the parenteral, subcutaneous, intramuscular, intradermal,
intraperitoneal or intracerebral route or into a tumour, preferably in such a way that
25 it forms a gelled/crosslinked deposit at the injection site.
The invention will be understood more clearly and its advantages and
variants will become clearly apparent from the Examples below, which describe
‘the synthesis of the PO formed of polyamino acids grafted with a hydrophobic
group, their conversion to a system for the prolonged release of an interferon,
30 namely a formulation according to the invention (stable aqueous colloidal
suspension), and the demonstration of the ability of such a system not only to
) associate with an interferon, but also, in particular, to gel/crosslink in order to

release the interferons in a very prolonged manner in vivo.



" leuprolide or cyclosporin, or snmall nolecul es such as those belonging to
the anthracycline, taxoid or canptothecin famlies, and m xtures thereof
The primary properties of the formulation according to the invention
-include its injectability and its ability to forma deposit at the
injection site, in vivo, 30 by gellin@5or by aggregation of the
nanoparticles, in the presence of physiological proteins or anal ogues. The
formul ati on according@%o t he invention can be injected especially by the

parent er al , DESERIPTION,OF THE BHeURES:r | i ntradermal, intraperitoneal or

| ntracer ebr glouf @Yl €ules bR plasmdIAN cordentfattonk ¢pizuabisanl)acconrde mgheo t he
i nvention can So be adm njstered.by the 24 oral, nasal, vaginal, ocular

or buccal réagater AARSHANSIEHINGCHON Ofie” f or mul ation is intended for the
prepar at i one OkheTAN Sormudatidn @ sxcbididgoto thdrinvension dEkampley X &elQacanter al |
subcut aneous, intranuscul ar, intradernal, intraperitoneal or intracerebral
route of into a tOnour, or by the oral, 5 nasal, vaginal or ocular route.
Al t hough the fad g adrteod [ENClrduhtoh ¢D) het acvoedihg an thes inverfien ditample
pharmaceutical .. this d&es not exclude cosnetic, dietetic or phytosanitary

|
formul ations {BMSPIEm#

af—l’east one PO as defined above and at | east one
cor r espondi®zg fanttioreofthe timiepl’ & hal@s AwtatradiIRY dose p€60 aghigher of its
features, the invention relates to a process for the preparation of drugs,
particularly for adm nistration by the parenteral, subcutaneous,

i nt ramiSculBXAMPEES&der mal , intraperitoneal or intracerebral route or into
a tunour, or by the oral, nasal, vaginal or ocular route, characterized in
that it consists essentjally in using at |east one fornulation defined
above and/ déxample 13 Amphiphdic poSmMsE®land/ or any precursor of said

for mul at i orgynth&id oW$ pblyluthinatd erafted itk alpha-focophérell opéyrithetiepeigin c

SRl A R R R TS

i nt ramuscul @000 Maf adlativ@lto a ipotyoapethylenn etindand, iantlr cliteinedrigl theopoly-or into

part cul ar g of Fhadiols AR REy SRRDRCA et il bRAE,

consi sts espplitatain FR-A-280 226t arei sejubibiged onnb? ami oof dimethyléormsetidabove

by inj ecti qinpi) bLhenddRhE H AL fof U HBLANEOMEe thoHoRMSCH! Mubilifdd, ader mal ,
temperature is allowed to drop to 25°C and 1.49 g of D,L-alpha-tocopherol (>98%,

20 obtained from Fluka®), previously solubilized in 6 ml of DMF, 0.09 g of 4-
dimethylaminopyridine, previously solubilized in 6 ml of DMF, and 0.57 g of
diisopropylcarbodiimide, previously solubilized in 6 m! ¢f DMF, are added in
succession. After 8 hours at 25°C, with stirring, the reaction medium is poured
into 800 ml of water containing 15% of sodium chloride and hydrochloric acid (pH

25  2). The precipitated polymer is then recovered by filtration and washed with 0.1 N
hydrochloric acid and then with water. The polymer is subsequently resolubilized
in 75 ml of DMF and then reprecipitated in water containing, as previously, salt
and acid to pH 2. After two washes with water, the precipitate is washed several
times with diisopropyl ether. The polymer is then dried in an oven under vacuum

30 at40°C to give a yield in the order of 85%.

Example 2: Amphiphilic polymers P2, P3, P4, PS and P6
These polymers are obtained in the same way as the polymer P1. Table 1 below
summarizes the characteristics of these polymers. Those of the polymer P1 are

35 given by way of comparison.
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e poﬁymer solution is kept at 35°C for 16 hours, with

magnetic stirring. The osmolarity of the solution is adjusted to 275 + 20 mOsmol

with the aid of a Fiske Mark 3 osmometer by introducing the necessary amount of
5.13 M aqueous NaCl solution (30% w/w). The pH is adjusted to 7.4 £ 0.2, if

15

necessary, by the addition of IN NaOH solution. The polymer concentration is

adjusted to 45 mg/ml by the addition of sterile 0.15 M aqueous NaCl solution. The
polymer solution is subsequently filtered on a filter with a pore size between 0.8

and 0.2 micron, and then stored at 4°C.

20

(b) Association of the protein with the polymer:

26.65 ml of the above colloidal solution of polymer P6 and 1.85 ml of IFN solution

(PC GEN; concentrated solution containing 2.42 mg/ml) are then mixed in a glass
flask. The osmolarity and the pH are readjusted to 300 + 20 mOsmol and 7.4 £
0.2, if necessary, by the addition of 0.1 N sodium hydroxide solution and sterile

25

0.9% sodium chloride. The solution loaded with protein is aged for 5 h at 25°C in

an oven and then filtered on a 0.8-0.2 micron filter. This gives 30 ml of a ready-to-

inject formulation containing 0.15 mg/ml of IFN and 40 mg/ml of polymer P6.




" 25 2). The precipitated polyner is then recovered by filtration and washed
with 0.1 N hydrochloric acid and then with water. The polyner is
subsequently resolubilized in 75 m of DWF and then reprecipitated in

- water containing, as previously, salt and acid to pH 2. After two washes
with water, the precipitate is washed s¥veral tines wth diisopropyl

ether. The polyner is then dried in an oven under vacuum 30 at 40C to give

a yield in the order_of 85% A po yne 2, P4, P5
and P6 ThesExpeipjertr Brepasatien a?tﬁ@quqg-w@@ﬁﬁnﬂfawas eﬁgﬁrﬁﬁeﬂ%ﬁ) Tabl e
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interferon B bas ol yner (a) Pre Jon f a
col | oi dal smnmnroaﬂcmfamhpﬂ adhistmentp are made by the @dCB?lOIr ygmq? er of

t he anphi ph ROUMANM QIdfdnd P6 of Exanple 2 10 above are |ntroduced
into a flas%dl‘%ﬁ 2 powder 1s dissolved in 30 mM of sterile water for

inj ectidh. The pol yner solution is kept at 35C for 16 hours, with magnetic

stirring. g i@iaMetayu&fmédie 0$Okh¥ i @Ban Shpdijodynathié odRifbete0ofrCHRD|
with the ai

Amount of . Banepaptisles o diiisasesp a3 REET O 1esbbAe s SRS "S0 Lt e (o
7.4 0.2, ifThdmeantedtdyyamicyditthetendfithe panticdés d>ﬂ\p0\1lw@er B0 agcpuhing Ththepol yner
concent r ati ﬁlr\]/erilt?on is measured by the Md procedure defined below.
15 The PO solutions are prepared at concentrations of 1 or 2 mg/ml in 0.15 M NaCl

medium and stirred for 24 h. These solutions are then filtered on a 0.8-0.2 um

filter before being analysed by dynamic light scattering using a Brookhaven

apparatus operating with a vertically polarized laser beam of wavelength 488 nm.

The hydrodynamic diameter of the nanoparticles of polymer PO is calculated from

720 the electric field autocorrelation function by the summation method, as described in

the work “Surfactant Science Series” volume 22, Surfactant Solutions, Ed. R.

Zana, <hap. 3, M. Dekker, 1984.
The following results are obtained for the polymers PO P2, P3, P4 and P6 of

Example 2:
25
TABLE 2
Polymer Mean hydrodynarmc diameter (nm)
P2 60
P3 90
P4 ‘ 30
P6 15

Example 6: Spontaneous association of a protein with the nanoparticles of

polymer PO
30 A 25 mM phosphate buffer solution is prepared from powdered NaH,PO4 (Sigma
ref. S-0751) and adjusted to pH 7.2 with 1 N sodium hydroxide solution (SDS ref.

3470015).



adjusted to 45 ng/mM by the addition of sterile 0.15 M aqueous NaCl
solution. The polynmer solution is subsequently filtered on a filter with a
pore size between 0.8 and 0.2 micron, and then stored at 4C. 20 (b)
- Association of the protein with the polyner: 26.65 nil of the above
col | oi dal solution of polymer P6 and 1285 nl of IFN solution (PC GEN,
concentrated solution containing 2.42 ng/m ) are then m xed in a gl ass

flask. Th larjt dth H j WSt 3 . d 7.4
0. 2. 1 'necasolpytal psoenon dhrBsREIcGT P ag e L A Brsd B THRERIE S andi
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of polymier, the protein is associated with the nanoparticles of polymer.
20
Example 7: Determination of the gelling concentration C1 for the polymers
PO P1 to P4 and Pé ‘
The IG test is applied to IFN formulations associated with the polymers P1 to P6 of
Examples 1 and 2. The protein concentrations of these formulations are shown in
25  the Table below. The relaxation time of the formulations in the presence of BSA
(concentration 30 mg/ml) is measured by the procedure of the IG test. The critical

concentration C1, for which the relaxation time exceeds 1 s, is shown in Table 3

for IFN.
30 TABLE 3
Induced gelling concentration for IFN formulations

Polymer P1 P2 P3 P4 P6

IFN concentration | 0.3 0.15 0.15 0.15 0.3
(mg/ml)

Concentration C1 17 >30 16 17 >50
(mg/ml)




The followi ng results are obtained for the polynmers PO P2, P3, P4 and P6 of
Exanpl e 2: 25 TABLE 2 Pol ynmer Mean hydrodynam c dianeter (nm P2 60 P3 90
P4 30 P6 15 Exanple 6: Spontaneous association of a protein with the
_nanoparticles of polynmer PO 30 A 25 mM phosphate buffer solution is
prepared from powdered NaH2PO4 (Sigma npef. 5-0751) and adjusted to pH 7.2
with 1 N sodi um hydroxide solution (SDS ref. 3470015). 28 A coll oidal
‘'suspensi on of nanoparticles of polynmer P1 isrdprepared by dissolving 5
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pr ot ei n- pol ATHS AqOmpiuestech IMe3 B3kl | zed separately. Further details on
this techni bt d t] t QWi : | :

L SNt o4, TR RS BSRR GBEd Borch RS, ki lmy o
anal yseg0ar ahds fier protanged osleasn ofdhd proteiGirgo g scappaoatnascdeyith proatrol t h a
fused silicg, x%iﬁ?ﬂ a)al?l'o‘c L?«{]o}‘diéélf&ﬁle%@%m@@oggﬂ% (ccﬂﬂa&tﬁﬁi hd.3 Yhg/tine first

pl at eau, correspon rotein Ie to determ ne

the concent raadlamplmphl mob@mcﬁ%(@@cewmé@ 1l ef. Ws 1 Epgample &)
amounts of ﬁaxﬁﬁ!n% Foit 8f ofewo rtﬁ’é 9fdlorig%hoﬂ onfle Ré1EaSERIT, IFNNBy lﬂith ein
's associat eormujlatlor'{s a%ccr)] Pn?gpt%rﬂgé ﬁlvgr?ué)n is estmvaated by measuring:
15 (a) the time Tmax, which is the median of the time for which the plasma
concentration is at a maximum,
(b) the time T50, which is the mean of the time after which the area under the
plasma concentration curve reaches 50% of its measured maximum value.
In the éase of this formulation, the times Tmax and T50 have the following values:
20 Tmax = 48 hours,

T50=  54.2 hours.

Example 9: Pharmacokinetics of IFN in the dog after subcutaneous injection
of various IFN formulations based on amphiphilic polyamino acids
25  The following formulations are prepared by the procedure described in Example 4:

TABLE 4
Formulation | Polymer Polymer IFN ' Relaxation
concentration | concentration time Tr
(mg/ml) (mg/ml) ()
A P1 30 0.3 >10
B P1 10.5 0.15 <0.3
C P2 15 0.15 <0.03
D P6 40 03 0.4

The polymer concentration of the formulation A is greater than the gelling



20 Exanple 7: Determ nation of the gelling concentration Cl1 for the
polymers PO P1 to P4 and P6 The I1Gtest is applied to IFN fornmul ati ons
associated with the polynmers P1 to P6 of Exanples 1 and 2. The protein
concentrations of these fornulations are shown in 25 the Table bel ow. The
rel axation time of the fornulations in3Phe presence of BSA (concentration
30 ng/mM) is neasured by the procedure of the IGtest. The critical

concentration C ich t | axa | e d j in
Tabl o 5t gronpangaiss hapeeouerrin SEE) 71 b dBeCHERR] I rdipckiopgRen

for mul at i Ol’lﬁeasﬁfﬂdymaﬂleH]G R3t R3gfedtePahan FNecenk e Thisaforpmlatios 4. therefores 0. 15
0.3 (mni ncen ti 1 1 | e 8

Phar macoki n %’f ?}feF%gecqo écc lr‘;&{n%]?t'to]e—gle éggﬁt%&a%e%@ql%?%%?%%{m fean | FN
f ormul at i omdneémraglong afo thfhéowlémnso& aecandiilpgateolesh el ﬁ%v@ﬁ’cfl gelling

formul atd on (A} of: | EN (Gong, Jthasdleamhicebidinetonabymer P1
(concentsr at 5% glﬁ g Oh;%() Sﬁl S prg%gyé%@o 80ﬁ1é%%ﬂ8geduree descri bed§| n Exarrpl e
4. 5 This fmwmicmtl on is injected subcutaneously into Beagle dogs (n = 3)

at a dose | o 5 6 R
96, 120 12{" es?g%ﬂﬁtlﬂg% omRSirt ThjsemRif® BéRld ak@natad ddse Le/kg4, a

O N L M R R S

pl asma Concﬂﬁﬁrﬁeﬂm@oﬁeﬁﬁaﬁcﬁl s hesasured afigihe ereviowtExcmpde.ear | y 10 shows t he

prol onged rel ease of the to the s C [ d r ol

f or mul atG onll @}me%%fnaé@eép@%rﬁrﬁ]&tg ﬁ%s gig% a%ﬂﬁ?'a_% concea¥ e?fjon 0.3
nmg/ M) andyedgphi philic pol ymer P6 (concent ration 40 ny/ n1 ) (cf. Table 5,
Exanple 9). Froma quantitative point of view, the prolongation of the

rel ease of IFN by the formnulations according to the invention is estinmated
by measuring: 15 (a) the time Tnax, WABEE3s the nedian of the ti for

U

whi ch the pl ajm Re@egitdfati qn i s dtmax @xi mum (b) tH® t)me T50, which is
the mean of the tigr,ghiieqn Whilch the area under|the

A 48 54.2

B 5 16.7

C 11 19.3

D 5 17.3

15  Thus the formulation A, which belongs to the selection according to the invention,
has a considerably longer release time than the formulations B, C and D, which do

not belong to the selection according to the inventicn.

Example 10: Observation of the gelling of the formulations according to the
20 invention in vivo after subcutaneous injection

The subcutaneous behaviour of the formulations according to the invention was

studied in the domestic pig. Six domestic pigs were injected under the abdominal

skin, to a depth of 4 mm, with 0.3 ml of the following formulations:

Formulation A: isotonic aqueous solution, pH 7.3, of the polymer P6 of Example 2
25  ata concentration of 45 mg/ml.

Formulation B: isotonic aqueous solution, pH 7.3, of the polymer P1 of Example 1

at a concentration of 20 mg/ml.

Samples were taken from the injected sites 72 hours after administration. Histo-

logical examination discloses the presence of a gelled deposit of polymer for the
30 formulation B. It takes the form of uniformly coloured plaques. By contrast, this



pl asma concentration curve reaches 50% of its measured maxi mum val ue. In
the case of this fornulation, the tinmes Tnax and T50 have the foll ow ng
values: 20 Tmax = 48 hours, T50 = 54.2 hours. Exanple 9: Pharmacokinetics
- of IFNin the dog after subcutaneous injection of various IFN fornulations
based on anphi philic pol yam no acids 253IThe follow ng formul ations are
prepared by the procedure described in Exanple 4: TABLE 4 Fornulation

Pol yner Pol yrrer | FN Rel axati on ongentratjan c ent (my/m
mm) (s) APReROBENEN IS NP O %"rﬁd% o1L “iég ‘Qcﬁ)ﬁz %‘ﬁf‘éﬁ flalsD P6 40
0.3 0.4 ThenﬂﬂﬁMﬂ&be@@%ﬁemimﬂhganﬁmhsthe fornulatlon Ais greater t han t he

gelling 30 _concentra as t he

rel axation i PRETH 55‘? (ﬂ? Fﬁh ’? @?1?1 e§fec{ b%d%gfsag\ég%gﬁmfhl S
formul ati ontha ttsbmMsmompld:iellyanlgmetddouﬂsexomﬂémw afieradlcdaydi ng to the
invention. On the other hand, the concentrations of the fornulations B, C
and D are less than their gelling 5 concentrations, so said formul ati ons do
not belong to the selection according to the invention. These fornul ations
are injected into Beagle dogs at a dose of 60 g/kg. Plasma sanples are
taken at 1, 5, 11, 24, 36, 48, 72, 96, 120, 144, 168 and 240 hours. The
plasma | FN concentration is neasured as in the previous Exanple. 10 The
times Tmax and T50 for the formulations A, B, C and D are shown in Table 5
bel ow. TABLE 5 Reference of Trmax (h) T50 (h) fornulation A 48 54.2 B 5
16.7 C 11 19.3



D5 17.3 15 Thus the forrmulation A which belongs to the selection
according to the invention, has a considerably |onger release tinme than the
formul ations B, C and D, which do not belong to the selection-according to
the invention. Exanple 10: Observation % the gelling of the fornul ations
according to the 20 invention in vivo after subcutaneous injection The
subcut aneous behavi our of the formul ati ons according to the invention was

. studied in the donestic pig. Six do”ﬁﬁEAﬁwﬁ'gs were injected under the
abdomi nal skin, to a depth of 4 mMm w't 3 mM of the following .

formul ati ons: Fornulatlon A isotonic aqueous solution, pH 7.3, of the

pol yrrer PoL0f ExapRl %hgrma%éut%al TGaANaRRH f&tthéfbr%n%&i ARILAe. of BéAhA LN B

i sotonic aqu e? o] uti on, éé el at a
concentrat 10#99991?“%‘1 Stv@ﬁe@%?é‘?ﬂ’fqpé’ﬁpﬁ a; %(aétc?%‘ﬁh%rl rd¥e 72
hours afte n@dipre APY r}ﬁ{afe@dbly i &t aqudogkélatio eadi ahddquesudiéaids espeiddon

Phe T or i opt Gty PRRAin salimiR it Fariclsd o yifersfui hiodeBu s Botlsr o s

not obser vARD) arryidpehydoophobat gronpsAHG) rsalwrpactﬁcld:si’lbeipg) hymeovédasly assdadted at ed

- between th L -ne . rix B
i's perfect?ﬂtﬁ%l 0 gl?e?%efr IE{“? tjéé:ngﬁ? XY}@ §a:§d;§ﬁlg§ c‘%‘nﬁitl% g?‘ %ﬁrﬁgg@{lo its
nor mal statnethatfter 21 days. 32 CLAIMS 1. Liqui d phar maceut i caI formul ati on
for the prgl Qﬂé@gl?érﬁbﬁ%%uﬁﬁ ofﬂie%ﬁﬁ‘ern%ﬁ%ésenn&lw éonfsf%fs”&{*@étbxon conprising at

| east one inter optional Iy at least. anot Her active. pringi pIe (AP),

preferabl y* ﬁtSamnaﬂ\P@aeg of P isost afa%ﬂlfgﬁleaﬁﬁétﬂbswé‘éﬁ r%@léﬁaw the fopepiation  of

| ow vi scosi t o basgidcten &téhf&aryomd%aafdmﬁﬁg% eied@dRkit SO R, eridfRgeasadabl e
pol ymer (PO carg%ct{f%{ %drophobl C groups (Hé) said parti cl es bei ng

non- coval entl with said interferon and optionally with said

ot her active qromdiepdre HaARbeinghaicast garily edhised by thizhst onetphgsidiogivel piotein

medi um of the suspe tS| on essentially consists of water, its concentration
of [PQ is set B2 SufPei ently high value to allow the formulation to be
i nj ected par ent axdabhytheiother hand froakinggf posgiblld & pridps iand icantrolvthe inhiigo

formation . of . are@éaalsé anéi Sp% %ntérfero’n “and ’opti‘on’ally‘"the"‘"oth’er “AP- bCYOHd 24-hafter— —

administration,

¢ it is liquid under the injection conditions,

¢ and it is also liquid at the physiological temperature and/or pH and/or in the
presence of:
* aphysiological electrolyte in a physiological concentration,

* and/or at least one surfactant.

2. Liquid pharmaceutical formulation for the prolonged release of interferon(s) and

optionally other active principles (AP), this formulation:

o being liquid in the ambient atmosphere,

o also being liquid at the physiological temperature and/or pH and/or in the presence
of:

* aphysiological electrolyte in a physiological concentration,
* and/or at least one surfactant,

o and comprising at least one interferon, optionally at least another active principle
(AP), preferably in an aqueous solution, and an aqueous colloidal suspension of low
viscosity based on submicronic particles of water-soluble biodegradable polymer PO
carrying hydrophobic groups HG, said particles being non-covalently associated
with said interferon and optionally said other active principle AP, and the dispersion



0 on the one hand being at |east partly caused by at |east one

physi ol ogi cal protein. present in vivo, o and on the other hand making it

possi ble to prolong and control the in gvo rel ease- tine of the

interferon and- optionally the -other AP beyond 24 . after admnistration,

it is liquid under the injection conditions, and it is also liquid at the

physi ol ogi cal tenperature and/or pH and/or in the presence of: * a

Iphysi ol ogi Cahr%e‘di&ﬁbfﬂiegsheﬁ)_dnio@de@&%‘lﬁhl@} agis(g_ﬁhg?ﬁ?;@%nt [ati on, f * and/ or at
east one gsurfactant. . L1 qui ar tic Qr atiaon .for the

pr ol onged ‘?‘@fa@%’?@e‘gfn fhat & F‘gchﬁtrgt)‘o ?rﬁﬁﬂﬁ? Fegr%lf‘ ﬁﬁﬁé{ﬁlﬁ%}% Yaue %raiuf?é’\’ pl es

(AP), t hi sthé dormaltiatiod n:gebeddepogit in gitriodin the pteseraeinf @hleasttomeppdteine, o al so

being liquid at the physiol ogical tenperature and/or pH and/or in the

presence of: * a physiological electrolyte in a physiological

concent r at3-on, Formmationracgerdingtot W@eﬂﬁ’/th%léte&mmg claame, chorgstarigpdity thet | east

one i nterfar OpcedPlioARMR[PY] Alsub@st: another active principle (AP),

preferably I n_an aqueous solution, and an aqueous col | oi dal suspension of

| ow Vi scosi tU;)/O])%§ Cén subni cronic particles of water-soluble

bi odegr adabl grgfehye10.EO> [Pe| WENg hydr ophobic groups HG said particles
bei ng non-coval ent|l SsSoci a i d.interferon and optionally said
other active? ﬁap?fgfﬁlﬁgyﬂﬁ%@hg’d&%@ %Hgéikqmﬂ]on 33 nmedium of the suspension
essenti al | wwheetdi stthelinmdlicambgaling cdmcattation o€ dhd partiblet of PO, @e naniredin on of

[PO is set & sufficiently high value to allow the formation of a

gel | ed dvepa(?si t|n vitro, in the presence of at |east one protein. 3.

Formul ati on according to any one of the preceding clains, characterized in
that its gonc ' 4o e , . 2 0. : ferably
20.CL ? [P%] ?eﬁgfﬁﬁlﬁ%% %g?’{fi?%ﬁoa% y pibefmt‘tggg’i?f 3&@% lél‘mg 6]6“59& %_t?‘aﬁher e
O is the the fudeshobienily mpdifieshpelymest Poh ats salprsech fom dhegrap FENpTsiNg
neasur ed ipblyaiinb Cadi@S!t polsadchadidbsaipreferate oheiddnt theaRYibB8p OborhftBing

recedi ng cl ai ns, aracterized in th . . .
P d pull%llans ang)gr cl%tosans and/or mucopg‘fysacchandes), gelatins and mixtures thereof.

5. Formulation according to any one of the preceding claims, characterized in that
the hydrophobic groups HG are attached laterally to the chain

6. Formulation according to any one of the preceding claims, characterized in that
the polymer PO is a polyamino acid formed of aspartic units and/or glutamic units, at
least some of these units carrying grafts containing at least one hydrophobic group
(HG).

7. Formulation according to claim 6, characterized in that the PO is (are) defined
by general formula (I) below:

3.

’ o X __COOR

|

N NHR'

R? II\]
n
m
oj/ A H 0

R4
[GH] -~
0]
in which:
* R'is H, a linear C2 to C10 alkyl or branched C3 to C10 alkyl, benzyl, a terminal



t he hydrophobi.cally nodified polynmers PO are selected fromthe group
conprising polyam no acids, polysaccharides (preferably those in the
subgroup conprising pullulans and/or chjtosans and/ or

mucopol ysacchari des), gelatins and m xtlUres thereof. 5. Fornul ation
according to any one of the preceding clains, characterized in that the
hydr ophobi ¢ groups HG are attached laterally to the chain 6. Fornul ation
accordi ng toagmM)Qﬁ@uﬂﬁthé' MGEE edlng clalns characterized inthat the

I PO f { d/ t
inits, at +1 Bk FRlEGC, ?peéﬂo ARTLEE PP hg o CAPCEY R EE e oy
one hydr ophobr GRg[Hﬂip (HG. 7. For rrul ation according to claim®é,
ooac & | SRl e B BBl AR e BRUR bR 2, )
which: ~ Rl Fs mtahcammmaadvmtag@uslyoseédqudl from mmwp@mmlms@m

benzyl , aterm 3 Lﬁﬂﬂ&h{i% -R4-[HG; R2is H alinear C2
to C10 acyl anc éé: 1% 5 0 ac 1](m roup, a pyrogl utanate or -R4-[HG;

R3 is Hor a- caQI‘%TﬁP eawua@yarm&epéq"lamlyct@%ﬁ@mf@a SERESRYR AEMBHYDS conpri si ng:

- et al catlons.a@mﬁﬂkqggguﬁiMnﬁﬁlected fromthe subgroup conprising
sodi um  potassium . calci neS| um - organic cations advantageously
sel ected from the"%t&fB}jr ?J?S{T‘]E:rb&b%q cations based on amne, cations

based on ol i goadr m@uonsaaabempdlﬁ.ﬁﬁﬁemlpahylammﬁe beiag yeitieulaelyiprefoeedei ng
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or arginine, - andomatisiopicetiqslibaset eolysine ds amihinst ageously sel ected from

the subgroup_ and cationic polyamino acids advantageously selected from the subgroup

comprising polylysine and oligolysine;

» R*is adirect bond or a “spacer” based on 1 to 4 amino acid units;

* A independently is a radical -CH,- (aspartic unit) or -CH,-CH,- (glutamic unit);

= nf/(n+m) is defined asthe molar grafting rate and varies from0:5to 100 mol%;

* n/(n + m) is defined as the molar grafting rate and its value is sufficiently low for
PO, dissolved in water at pH 7 and at 25°C, to form a colloidal suspension of
submicronic particles of PO, n/(n + m) preferably being between 1 and 25 mol% and
particularly preferably between 1 and 15 mol%;

» n+mvaries from 10 to 1000 and preferably between 50 and 300;

* HG is a hydrophobic group.

8. Formulation according to claim 6, characterized in that the PO has (have) one of
general formulae (II), (IIT) and (IV) below:
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conprising polylysine and oligolysine; R4 is a direct bond or a "spacer”
based on 1 to 4 amno acid units; A independently is a radical -CH2-
(aspartic unit) or -CH2-CH2- glutamc nit); ~n/(n+mM is defined
as-the nolar grafting rate and varies f?%mo 5to 100 mol% ~ n/(n + m is
defined as the nolar grafting rate and its value is sufficiently |ow for
PO, dissolved in water at pH 7 and at 25C, to forma colloidal suspension
of submcronic particles of PO, n/(n + m preferably being between i and
25 nmol % and particularly preferably between JC d 15 mol% ~ n + in varies
from 10 to 1000 and preferably between 50 and/ N HG is a hydrophobic
group. 8. Fornulation according to clai hara terlzed in that the PO
has (have) one of general forniAH e (1L \Hrﬁ [@4l ow. COOR3 COORS
[GH I~IRg N N, N NR4i [ GH| IJmRaR‘h ILI S COORS OAA
[GH [GH R4 N V. mM\R4 (~1) 0 HH B 35‘"3 COCRHAOIGHI 4~N N
/I[GH R1 J"~\R (I OH in which: » HGis a hydrophobic group; ™ R30 is
a linear C2 to C6 alkyl group; R3, is Hor a cationic entity preferably
?el ect ed fimowhiche group conprising: netal cations advantageously sel ected

romthe sybgreyp, ﬁ?ﬁBﬁﬁ@Ji@&oﬁBfﬂi um potassium cal cium and magnesi um
» R*isalinear C2 to C6 alkyl group;
= R¥isH or a cationic entity preferably selected from the group comprising:
- metal cations advantageously selected from the subgroup comprising sodium,
potassium, calcium and magnesium,
- organic cations advantageously selected from the subgroup comprising:
e cations based on amine,
e cations based on oligoamine,

e cations based on polyamine (polyethylenimine being particularly preferred),

o ~and cations based on amino acid(s) advantageously selected from the class
comprising cations based on lysine or arginine,
- and cationic polyamino acids advantageously selected from the subgroup
comprising polylysine and oligolysine;
» R*%isaC2to C6 alkyl, dialkoxy or diamine group;
» R*isadirect bond or a “spacer” based on 1 to 4 amino acid units;
* A independently is a radical -CH,- (aspartic unit) or -CH,-CH,- (glutamic unit),
* n'+m orn” is defined as the degree of polymerization and varies from 10 to 1000
and preferably between 50 and 300.

9. - Formulation according to claim 7 or 8, characterized in that the HG of the PO

each independently of one another are a monovalent radical of the formula below:

(HG)
in which:
- R’ is a methyl (alanine), isopropyl (valine), isobutyl (leucine), sec-butyl (isoleucine)

or benzyl (phenylalanine);



- organic cations advantageously selected fromthe subgroup conpri sing:
cations based on am ne, cations based on oligoam ne, cations based on
pol yam ne (pol yethylenim ne being particularly preferred), and-cations
based on am no acid(s) advantageously s# ected-fromthe class conprising
cations based on lysine or arginine, - and cationic pol yam no acids
advant ageousl y sel ected fromthe subgroup conprising polylysine and

ol i gol ysine; ,6R50 i A . ) ial igmne group;, R4 is a
direct bond or 1%ah¥%r§§}el_(%c%%é%gc%%qgogéfﬂgﬁgﬁg Cgfztfog agérﬁlgs; A

i ndependent | y vagesfremdl tofl. - CH2- (aspartic unit) or -CH2-CH2- (glutamc
unit); n" + mM or n" is defined as the degree of polynerization and varies

from10 to 1000 and preferably between 50 and 300. 9. Fornul ation
accordi ng t& cl Bermutatsn gecosting Aot driny del Gharactesieed e thid 6‘21 rheonpoof dhe h

i ndependentydosfobN@dRARIRTESE thE POrsRitiepe deftly aedtedtronf the geoupaiiradisalbel ow.
HO M 6 TR .R5 (HG in which: R5 i's a nethyl (alanine), isopropyl
(valine), Y¥OHUE84 (| eucine), sec-butyl (isoleucine) or benzyl

(phenyl al ani pelieaBd6r brankthed alkaxiyditapiabiromr Gdo Gal cactmmt atbmisragd faapahlé of o 30

char act or  zosorfnibge! i o Teractop Brest b SR SHER ST R BT 0 oo

ia_re i ndepeBdanehlyitS)éhasanadﬁcbn,om the group of radicals conprising: ™ a
i near or pr 2 bR I . bl
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of containing ] et er oat om era and/or N and/
and/ or at | eaigs apde@ptinnallyofoniaisiag @ dapiopne unihohpRegipatéemend/on #dewt o8e 30
car bon atom,hef&?(ﬂt&ﬂ(ﬁﬁ@er%l paeybusaddeashocyclic rings and optionally
containing at |east one unit of t [
% an alkoxyaryl oru a}1 arylox#aqﬁﬁ I?JV?IEgI C}ntoa%j /c%;boant a‘lo?nass gnc? rc]:gpable of
containing at least one unit of unsaturation and/or at least one heteroatom

(preferably O and/or N and/or S).

'11. = Formulation édédfdiﬁg to ¢laim 9 or 10, characterized in that the hydrophobic
radical R® of the graft of the PO is derived from an alcohol precursor selected from the
group comprising octanol, dodecanol, tetradecanol, hexadecanol, octadecanol, oleyl

alcohol, tocopherol and cholesterol.

12. Formulation according to claim 6, characterized in that the PO consists of an
alpha-L-glutamate or alpha-L-glutamic homopolymer.

13.  Formulation according to claim 6, characterized in that the PO consists of an

alpha-L-aspartate or alpha-L-aspartic homopolymer.

14. Formulation according to claim 6, characterized in that the PO consists of an

alpha-L-aspartate/alpha-L-glutamate or alpha-L-aspartic/alpha-L-glutamic copolymer.

15. Formulation according to claim 14, characterized in that, in the PO, the
distribution of the aspartic and/or glutamic units carrying grafts containing at least one
HG unit is such that the resulting polymer is either random or of the block type or of the
multiblock type.



het eroatom (preferably 0 and/or N and/or S), ~ an al koxyaryl or an

aryl oxyal kyl having 7 to 30 carbon atons and capable of containing at

| east one unit of unsaturation and/or aé | east one heteroatom (preferably
0 and/or N and/or S). 11. Fornulation a zording to claim9 or 10,
characterized in that the hydrophobic radical R6 of the graft of the POis
derived froman al cohol precursor selected fromthe group conprising
octanol , doglecaR@imuladd atocan®to clagx adeeanddrizedGh Ate B Aloleddl £ Weighdlogohol

t ocopherol ,and chol esterol = 12. F | at | on,accor dj to cl.aim 6
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al pha- L- gl ghnaohi ¢ honopol yner. 13. Fornul ati on according to claim6,
characterized in that the PO consists of an al pha-L-aspartate or

al pha-L-aspartic honopol ymer. 14. Fornul ation according to claim6,

char act eri ¥&d i Fomnmgatiathecdo@ling s ickins Dandif, characterized in that the hydrophobic

al pha- L-as e/ z - OF Ak i/ = L 1 C
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wei ght of et e+ BO/drtes B em to400Gnd e 220 00@weé R0 a3 gl ef er abl y bet ween
5000 and 40,000 g/nol. 17. Formul ation according to claim?7 and 9,

characterized in that the hydrophobic radical R6 of the graft of the POis
derived fr d%n anFainndhtodn proecding ¢o claomieand$, chapatqired dh,thatritie ihydtophobic | %<
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For nul at i othadest®pdi ng to claim 7 and 9, characterized in that the

hydr ophobi ¢ padiiggh +#8)af 160he10%aft of the PO is derived froman al cohol
precursor forned erol (n+m ] x100<_10% preferably

f _choles 19% 5[ n
3.5% [n/ (& Pf?ifﬂa%k/ IOt fré&%t/&n)]ﬁlﬂoéé/% es from 100 to-400 and
pr ef er abl y sbet waevaried Froan d0BO400 and preferably between 120-and 300. '

19.  Formulation according to claim 17 or 18, characterized in that the concentration
of polymer [PO] is between 15 and 50 mg/ml.

20.  Formulation according to any one of claims 1 to 19, characterized in that its

viscosity is less than or equal to 5 Pa.s at 20°C.

21.  Formulation according to any one of claims 1 to 20, characterized in that its
weight fraction of interferon(s) not associated with the submicronic particles [non-
associated interferon(s)], in %, is such that:

o [non-associated interferon(s)] < 1,

o preferably [non-associated interferon(s)] < 0.5.

22.  Formulation according to any one of claims 1 to 21, characterized in that the

interferon is interferon alpha.

23.  Formulation according to any one of claims 1 to 22, characterized in that the
additional active principle(s) other than interferon is a protein, a glycoprotein, a protein
bonded to one or more polyalkylene glycol chains [preferably polyethylene glycol



19. Fornul ation according to claim17 or 18, characterized in that the
concentration of polymer [PQ is between 15 and 50 nmg/m . 20. Fornul ation
according to any one of clainms 1 to 19, characterized in that its
viscosity is less than or equal to 5 Pa3% at 20C. 21. Fornul ation accordi ng
to any one of clainms 1 to 20, characterized in that its weight fraction of
interferon(s) not associated with the subm cronic particles [non-

associ at ed er n(s Rq%e ch, t n- as
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glycol 38 (PEG chalins: "PEGyl ated protein"], a polysaccharide, a
| i posaccharide, an oligonucleotide, a polynucleotlde or a peptide, this
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haenopoi esingras¢rbnal muitm@r lﬁ@céttblns)urand m xt ures thereof 24. Formulation
according to any one of claims 1 to 23, characterized in that it is
i njectable by the parenteral, subcutaneous, .intramuscul ar ncs
i nt raperi t dheal Formulptgn according 40 ary gpe obelaims d 18 444 Cfe?@e PbF Fta}§| on

accordi ng @Ry fsmleqirelsdrgﬁdﬁoﬂdms %ﬁm@iwaryafbtr Qﬂhﬁﬁ@tratﬁbri bathd paréreral,
i ntended for the arati on of drugs ié’]ﬁrt”:“' mn| trat on
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a
the par ent 8fbgptane ghiar mtrpde gﬁrlto?‘??ﬁ PgHg’faﬁﬁ‘ie ral 5oy EBEF’W (a.)neal
or intracengioa) orrhyuhEOml riasdlpvapindl oroeudar routeby t he oral, nasal, vagi nal or
ocular route. 26. Process for the preparation of drugs, parti cul arly for
adm nistration by the parenteral, subcutaneous, intranuscular;

i ntrader maR6. | nPrca:p@r iforotheapreparation refcémesr particylady dfooradnrinistration pithe or
by the ora uBEAnBAs, b #cﬁfarr Rt n&i‘aﬁfﬁfaﬁaﬁﬁt&%ﬂ of iftRkrebidl

consi sts egsentl al Fy I N usli n east” one ormJ atron accord |ng to any one
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27.  Derived product, characterized in that it comprises submicronic particles formed
of non-covalent PO/AP associations as defined in claim 1, and in that it is obtained from

the formulation according to any one of claims 1 to 25.

28.  Derived product according to claim 27, characterized in that it consists of a

powder or a gel.

29.  Process for the preparation of the formulation according to any one of claims 1

to 25, charécterized in that it consists essentially in:

¢ taking a colloidal suspension of nanoparticles of at least one PO,

¢ mixing this colloidal suspension of nanoparticles of PO with at least one interferon
(and one or more other possible active principles), preferably in aqueous solution,

¢ optionally adding at least one excipient,
adjusting the pH and/or the osmolarity if necessary, and

¢ optionally filtering the resulting suspension.



the formul ati on according to any one of clains 1 to 25. 28. Derived product
according to claim27, characterized in that it consists of a powder or a
gel. 29. Process for t he preparation of the formulation according to any
one of claims 1 to 25, characterized i"fl that it consists essentially in:
taking a colloidal suspension of nanoparticles of at |east one PO m xing
this coll oidal suspension of nanoparticles of POwth at |east one ’

dinterferong (am,QReaQbrdRE & amm Qﬁ&%bt'%h@ecﬁﬁa&hé’t&h@!?\ﬂ@ l(daiepﬁ,)the poref & abl y

i n aqueous sol ution, optional ¥ addi easi1 e ent adj usti ng
e oH ananoRauERES GURRIPRIT §r i Sl HBEo SR Fing gt B, OISR, STHepuPt it ho
resul tingns; et PE9 30. Process according to claim 29, characterized

inthat the AP is (are) in the formof an aqueous suspension or solution
for mxing with the colloidal suspension of nanoparticles of PO 31.
Process f @i. t h@rpeeap forahe prepafatiohefftior fomnatation aacarding tegany ®namyf clavas df
clains | i raste nsists essentially in: taking
a powder o % %Fla%{%?lzg& &%f?g()ﬁsq%&%éndahy% this powder with an aqueous
suspensi ore otakmlanqmrofafalﬁaﬂteagpolam@rP@t erferon (and one or nore ot her
possi bl e a&t fn*(ﬁng mlygwaasmh RS Qi&%ﬁ?kdéﬁér{blcﬁ%&%ﬂﬁm%%ﬂh& et oneCleeH‘éfb%' ly

addi ng at | east XCl pi ent usti he Hané’r th eosm) arity if
necessary, atf@donggt P’@?Fa?‘]h9r quﬁlpkr‘i%e PHEGP]&%P{‘% Prgblyus 3erRqUs soluon, pr gcess

for the prep tﬁ)tnpagpagﬁmgaﬂeﬁgroﬁgbﬁ&p@ﬁt according to any one of claims 1 to
25, charact eﬁdzed |£ It consists essenti al l@%’ taki ng a powder
produced by ## theR I@&{ﬂrahq‘ L R CE R q‘ng to any one of clains 1
to 25, m«i ﬂ@dnhllﬁﬁjll@ﬂﬁl@thewestdﬁtmglsmgmmms liquid nmedium preferably with
stirring, optionally adding at | east one excipient, adjusting the pH
and/or the osnmolarity if necessary, and optionally filtering the

resul ti ng 32uspdirsiess for3Be pRrpacatios. dfdhe fdmufatiop aceerimg tofany qrevafelainerli ved
fromthe ftgggn,ghg} C&:legg, fdi Rg%nsgﬁs %ynt%? Iﬁf clainms 1 to 25, characterized

in that sal I'S tal ne farmul ati on accordi ng tto any
one of cl at ntakingt Ebp(zxgder produced by drying the 1quid formulation according to any one o

claims 1 to25, ' '

mixing this powder with an aqueous liquid medium, preferably with stirring,

optionally adding at least one excipient,

adjusting the pH and/or the osmolarity if necessary, and

* & & o

optionally filtering the resulting suspension.

33.  Process for the preparation of a powder derived from the formulation according
to any one of claims 1 to 25, characterized in that said powder is obtained by drying the
formulation according to any one of claims 1 to 25.





