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LONG TERM TREATMENT OF
HIV-INFECTION WITH TMC278

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage application of Patent
Application No. PCT/EP2007/050516, filed Jan. 19, 2007,
which application claims priority from EPO Patent Appli-

cation No. 06100677.1, filed Jan. 20, 2006, both of which
are hereby 1ncorporated by reference in their entirety.

FIELD OF THE INVENTION

This mvention relates to the long term treatment of HIV
infection by mtermittently administering a parenteral for-
mulation comprising the NNRTI TMC278 at relatively long
time 1ntervals.

BACKGROUND OF THE INVENTION

The treatment of Human Immunodeficiency Virus (HIV)
infection, known as cause of the acquired immunodeficiency
syndrome (AIDS), remains a major medical challenge. HIV
1s able to evade mmmunological pressure, to adapt to a
variety of cell types and growth conditions and to develop
resistance against currently available drug therapies. The
latter include nucleoside reverse transcriptase inhibitors
(NRTIs), non-nucleoside reverse transcriptase inhibitors
(NNRTTIs), nucleotide reverse transcriptase mnhibitors (INtR-
TIs), HIV-protease ihibitors (PlIs) and the more recent
fusion inhibitors.

Although effective in suppressing HIV, each of these

drugs, when used alone, 1s confronted with the emergence of

resistant mutants. This led to the introduction of combina-
tion therapy of several anti-HIV agents usually having a
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different activity profile. In particular the introduction of 45

“HAART” (Highly Active Anti-Retroviral Therapy) resulted
in a remarkable improvement in anti-HIV therapy, leading to
a large reduction 1n HIV-associated morbity and mortality.
Current guidelines for antiretroviral therapy recommend
such triple combination therapy regimen even for initial
treatment. However, none of the currently available drug
therapies 1s capable of completely eradicating HIV. Even
HAART can face the emergence of resistance, oiten due to
non-adherence and non-persistence with antiretroviral
therapy. In these cases HAART can be made eflective again
by replacing one of its components by one of another class.
If applied correctly, treatment with HAART combinations
can suppress the virus for many years, up to decades, to a
level where 1t no longer can cause the outbreak of AIDS.

50
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One class of HIV drugs often used in HAART 1s that of 60

the NNRTIs, a number of which are currently on the market
and several others are in various stages of development. An
NNRTI currently 1in development 1s the compound 4-[[4-
[[4-(2-cyanoethenyl)-2,6-dimethylphenyl]-amino]-2-pyrim-
idinyl]-amino]-benzonitrile, also referred to as TMC278.
This compound not only shows pronounced activity against
wild type HIV, but also against many of 1ts mutated variants.

65
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The compound TMC278, 1ts pharmacological activity as
well as a number of procedures for 1ts preparation have been

described 1n WO-03/16306. Various conventional pharma-
ceutical dosage forms, including tablets, capsules, drops,
suppositories, oral solutions and injectable solutions are
exemplified therein.

Because of their pharmacokinetic properties and the need
to keep plasma levels above a mimimum level, currently used
ant1-HIV drugs require frequent administration of relatively
high doses. The number and/or volume of dosage forms that
need to be administered are commonly referred to as the
“pi1ll burden”. A high pill burden 1s undesirable for many
reasons, such as the frequency of intake, often combined
with the inconvenience of having to swallow large dosage
forms, as well as the need to store and transport a large
number or volume of pills. A high pill burden increases the
risk of patients not taking their entire dose, thereby failing
to comply with the prescribed dosage regimen. As well as
reducing the eflectiveness of the treatment, this also leads to
the emergence of viral resistance. The problems associated
with a high pill burden are multiplied where a patient must
take a combination of different anti-HIV agents.

Therefore, 1t would be desirable to provide HIV inhibitory
therapy that reduces pill burden in that it involves the
administration of dosage forms of relatively small size and
additionally does not require frequent dosing. It would be
attractive to provide anti-HIV therapy involving the admin-
istration of dosage forms at long time intervals such as one
week or longer, or even one month or longer.

It now has been found that the intermittent administration
of parenteral formulations of the NNRTI TMC278 at time
intervals of one week or longer such as up to one year,
results 1 plasma levels that are adequate 1n suppressing
HIV. This allows for a reduced number of administrations
thereby being beneficial 1n terms of pill burden and drug
compliance of the patient.

SUMMARY OF THE INVENTION

In one aspect the present invention relates to the use of a
parenteral formulation comprising an anti-virally effective
amount of TMC278 or a pharmaceutically acceptable acid-
addition salt thereof, and a carrier, for the manufacture of a
medicament for the treatment of a subject infected with HIV,
wherein the formulation 1s to be administered intermittently
at a time 1nterval that 1s 1n the range of one week to one year.
Or, the present invention relates to the use of a parenteral
formulation comprising an anti-virally eflective amount of
TMC2'/8 or a pharmaceutically acceptable acid-addition salt
thereol, and a carrier, for the treatment of a subject infected
with HIV, wherein the formulation 1s to be administered
intermittently at a time interval that i1s 1n the range of one
week to one year.

In another aspect, there 1s provided a method of treating
a subject infected with HIV, said method comprising the
administration of a parenteral formulation comprising an
anti-virally effective amount of TMC2/78 or a pharmaceuti-
cally acceptable acid-addition salt thereof, and a carrier,
wherein the formulation 1s administered intermittently at a
time 1nterval that 1s 1 the range of one week to one year.

In one embodiment the invention concerns a use or a
method as specified herein, wherein the parenteral formu-
lation 1s administered or 1s to be administered at a time
interval that 1s 1n the range of one week to one month, or 1n
the range ol one month to three months, or 1n the range of
three months to six months, or in the range of six months to
twell months.
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In another embodiment the invention concerns a use or a
method as specified herein, wherein the parenteral formu-
lation 1s administered or 1s to be administered once every
two weeks, or once every month, or once every three
months.

DETAILED DESCRIPTION OF TH.
INVENTION

(1]

The compound used in the ivention 1s 4-[[4-[[4-(2-
cyanoethenyl)-2,6-dimethylphenylJamino]-2-pyrimidinyl]
amino |benzonitrile, having the generic name rilpivirine, also
known as TMC2/8 (or previously referred to as R278474).
TMC278 1s 1n clinical development as a HIV 1inhibitor
belonging to the class of the NNRTTs.

TMC278 can be used 1n base form or as a pharmaceuti-
cally acceptable salt form, 1n particular as an acid addition
salt form. The pharmaceutically acceptable addition salts are
meant to comprise the therapeutically active non-toxic salt
forms. The acid addition salt forms can be obtained by
treating the base form with appropriate acids as inorganic
acids, for example, hydrohalic acids, e.g. hydrochloric,
hydrobromic, and the like; sulfuric acid; nitric acid; phos-
phoric acid and the like; or organic acids, for example,
acetic, propanoic, hydroxyacetic, 2-hydroxypropanoic,
2-oxopropanoic, oxalic, malonic, succinic, maleic, fumaric,
malic, tartaric, 2-hydroxy-1,2,3-propanetricarboxylic, meth-
anesulfonic, ethanesulfonic, benzenesulionic, 4-methylben-
zenesulfonic, cyclohexanesulfamic, 2-hydroxybenzoic,
4-amino-2-hydroxybenzoic, and the like acids.

The term addition salts also comprises the hydrates and
the solvent addition forms that can be derived of the com-
pound TMC278. Examples of such forms are e.g. hydrates,
alcoholates, and the like.

TMC278 occurs 1n stereoisomeric forms, more 1n particu-
lar as E- and Z-1someric forms. Both 1somers may be used
in the present invention. Whenever reference 1s made herein
to TMC278, the E- or the Z-form as well as any mixture of
both forms are meant to be included. A preferred form of
TMC278 for use 1n the invention i1s the E-isomer, 1.e.
(E)-4-[[4-][[4-(2-cyanoethenyl)-2,6-dimethylphenyl]-
amino |-2-pyrimidinyl]-amino]-benzonitrile, which may be
referred to as E-TMC278. The Z-isomer of TMC278, 1.e.
(7)-4-[[4-[[4-(2-cyanoethenyl)-2,6-dimethylphenyl |-
amino |-2-pyrimidinyl]-amino]-benzonitrile, which may be
referred to as Z-TMC278), can also be used.

Whenever reference 1s made herein to the E-form of
TMC278 (1.e. E-TMC278), the pure E-1somer or any 1so-
meric mixture of the E- and the Z-forms wherein the E-form
1s predominantly present 1s meant to be comprised, 1.e. an
1Isomeric mixture containing more than 50% or 1n particular
more than 80% of the E-form, or even more than 90% of the
E-form. Of particular interest 1s the E-form substantially free
of the Z-form. Substantially free in this context refers to
E-Z-mixtures with no or almost no Z-form, e.g. 1someric
mixtures containing as much as 90%, 1n particular 95% or
even 98% or 99% of the E-form. Equally, whenever refer-
ence 1s made heremn to the Z-form of TMC278 (i.e.
Z-TMC278), the pure Z-1somer or any 1someric mixture of
the Z- and the E-forms wherein the Z-form 1s predominantly
present 1s meant to be comprised, 1.e. an 1someric mixture
containing more than 50% or 1n particular more than 80% of
the Z-form, or even more than 90% of the Z-form. Of
particular interest 1s the Z-form substantially free of the

E-form. Substantially free in this context refers to E-Z-
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mixtures with no or almost no E-form, e.g. 1someric mix-
tures containing as much as 90%, in particular 95% or even
98% or 99% of the Z-form.

Also meant to be included for use in this mmvention are
salts of the stereoisomeric forms of TMC278, 1n particular

the salts mentioned above of Z-TMC2/8 or of E-TMC278.

Whenever used herein, the term “TMC278” refers to as

well the base form as any pharmaceutically acceptable
acid-addition salt thereof, and also to the stereoisomeric
forms of TMC278 as well as any pharmaceutically accept-
able acid-addition salt of said stereoisomeric forms. In
particular, the term “TMC278” refers to the E-1somer of
TMC278 as well as 1ts pharmaceutically acceptable acid-
addition salts.
The administration of TMC278 as 1n the present invention
may suflice to treat HIV intection, but in a number of cases
it may be recommendable to co-administer other HIV inhibi-
tors. The latter preferably include HIV inhibitors of other
classes, 1n particular those selected from NRTIs, Pls and
fusion inhibitors. In one embodiment, the other HIV 1inhibi-
tor that 1s co-administered 1s a PI. In another embodiment,
the other HIV inhibitor that 1s co-administered 1s a NRTI.
HIV 1nhibitors that may be co-administered may be those
used 1n HAART combinations comprising an NNRTI. For
example two further NRTIs or an NRTT and a PI may be
co-administered. Such co-administration may be by oral
administration or parenterally.

In certain instances, the treatment of HIV infection may
be limited to only the administration of a parenteral formu-
lation of TMC278 1n accordance with the methodology of
this invention, 1.e. as monotherapy without co-administra-
tion of further HIV inhibitors. This option may be recom-
mended, for example, where the viral load 1s relatively low,
for example where the viral load (represented as the number
of copies of viral RNA 1n a specified volume of serum) 1s
below about 200 copies/ml, in particular below about 100
copies/ml, more 1n particular below 50 copies/ml, specifi-
cally below the detection limit of the virus. In one embodi-
ment, this type of monotherapy 1s applied after initial
treatment with a combination of HIV drugs, in particular
with any of the HAART combinations during a certain
period of time until the viral load 1n blood plasma reaches
the afore mentioned low viral level.

Thus, 1n a further aspect the present invention relates to
the use of a parenteral formulation comprising an anti-
virally effective amount of TMC278 or a pharmaceutically
acceptable acid-addition salt thereof, and a carner, for
treating a subject infected with HIV, or for the manufacture
of a medicament for treating a subject infected with HIV,
wherein the formulation 1s to be administered after treatment
of said subject with a combination of HIV inhibitors and the
formulation 1s administered intermittently at a time interval
that 1s 1n the range of one week to one year.

Or 1n a further aspect, the present invention provides a
method for the long term treatment of a subject infected with
HIV, said method comprising
(1) the treatment of said subject with a combination of HIV
inhibitors; followed by
(11) the intermittent administration of a parenteral formula-
tion comprising an eflective amount of TMC278 or a phar-
maceutically acceptable acid-addition salt thereof, and a
carrier, wherein the formulation 1s administered at a time
interval that 1s 1n the range of one week to one year.

In one embodiment, 1n the use or method mentioned 1n the
previous two paragraphs, the intermittent treatment with a
parenteral formulation of TMC278 1s or 1s to be started after
the treatment with a combination of ant1-HIV drugs reducing
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the viral load to below about 200 copies/ml, in particular
below about 100 copies/ml, more in particular below 50
copies/ml, or below the detection limit of the virus.

The parenteral formulations of TMC278 are administered
intermittently at a time interval of at least one week, or 1n
particular at a time interval mentioned herein, meaning that
the parenteral formulation 1s administered without any inter-
jacent additional admimstrations of TMC278. Or with other
words, TMC278 1s administered at particular points 1n time
separated from one another by a time period of at least one
week, or in particular at a time 1nterval mentioned herein,
during which no TMC278 1s administered. Hence the admin-
istration schedule 1s simple, requiring few administrations,
and therefore dramatically reduces the problem of “pill
burden” faced with standard HIV medication. This 1n turn
will 1improve the patient’s compliance to the prescribed
medication.

The parenteral formulations of TMC278 can be adminis-
tered at time 1ntervals mentioned above. In one embodiment
the time 1nterval 1s 1n the range of one to two weeks, or two
to three weeks, or three to four weeks. In another embodi-
ment the time interval 1s 1 the range of one to two months,
or two to three months, or three to four months. The time
interval may be at least one week, but may also be several
weeks, e.g. 2, 3, 4, 5 or 6 weeks, or at time intervals of one
month, or of several months, e.g. 2, 3, 4, 5 or 6 months or
even longer, e.g. 7, 8, 9 or 12 months. In one embodiment,
the parenteral formulation 1s administered at a time 1nterval
of one, two or three months. These longer periods between
cach admimstration of the parenteral formulation consist 1n
an even further improvement of “pill burden” and compli-
ance. To further improve compliance, patients can be
istructed to take their medication at a certain day of the
week, where the formulation 1s administered on a weekly
schedule, or at a certain day of the month 1n case of a
monthly schedule. The time intervals between each admin-
istration of a parenteral formulation of TMC278 may vary.
For example, the intervals may be shorter where the blood
plasma levels of TMC278 are deemed too low, e.g. when
these approach the mimimum blood plasma level specified
heremnafter. The intervals may be longer where the blood
plasma levels of TMC278 are deemed too high. In one
embodiment, the parenteral formulations of TMC278 are
administered at the same time 1ntervals, for example every
week, or every two weeks, every month, or at every time
interval mentioned herein. Having time intervals of the same
length has the advantage that the administration 1s e.g. at the
same day in the week, or the same day in the month, thereby
contributing to compliance of the therapy.

As used herein the term “treatment of HIV infection”
relates to a situation of the treatment of a subject being
infected with HIV. The term “subject” 1n particular relates to
a human being.

Preferably the parenteral formulation 1s administered in a
single administration, for example by one 1njection atfter a
time interval of at least one week, e.g. by one injection every
week or by one 1njection every month.

The dose of TM(C278 administered, which 1s the amount
of TMC27/8 in the parenteral formulation for use i1n the
invention, 1s selected such that the blood plasma concentra-
tion of TMC27/8 1s kept during a prolonged period of time
above a minimum blood plasma level. The term “minimum
blood plasma level” 1n this context refers to the lowest
ellicacious blood plasma level, the latter being that blood
plasma level ol TMC278 that provides eflective treatment of
HIV, or in alternative wording, that blood plasma level of
TMC2'/8 that 1s effective 1n suppressing HIV.
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The terms “effective treatment of HIV”, “eflectively sup-
press viral load”, or similar terms mean that the treatment
results 1n the multiplication of HIV being suppressed to such
a level that the viral load 1s relatively low, for example to a
viral load (represented as the number of copies of viral RNA
in a specified volume of serum) below about 200 copies/ml,
in particular below about 100 copies/ml, more in particular
below 30 copies/ml, specifically below the detection limit of
the virus. An “eflective amount” refers to such an amount of
TMC2'/8 that, upon administration, reduces the viral load, 1n
particular reduces the viral load below the number of copies
mentioned above. The term “eflective blood plasma levels™
refers to those blood plasma levels of TMC278 that result in
a reduction of the viral load, in particular below the number
ol copies mentioned above.

In particular, the blood plasma level of TMC278 1s kept
at a level above a minimum blood plasma level that 1s 1n the
range of about 5 to about 300 ng/ml, or about 5 ng/ml to
about 200 ng/ml, or about 5 ng/ml to about 100 ng/ml, or
about 10 ng/ml to about 50 ng/ml. More 1n particular, the
blood plasma level of TMC278 1s kept at a level above a
minimum blood plasma level that 1s in the range of about 5
to about 50 ng/ml, or 1n the range of about 10 to about 50
ng/ml, or in the range of about 15 to about 50 ng/ml. In
certain embodiments, the blood plasma level of TMC278 1s
kept at a level above a minimum blood plasma level of about
10 ng/ml, or about 15 ng/ml, or about 20 ng/ml, or about 40
ng/ml, or about 100 ng/ml, or about 200 ng/ml, or about 400
ng/ml. In a particular embodiment, the blood plasma level of
TMC2/8 1s kept above a level of about 13.5 ng/ml, or about
20.3 ng/ml.

The plasma levels oI TMC278 should be kept above these
threshold blood plasma levels because at lower levels the

drug may no longer be eflective thereby increasing the risk
ol mutations.

The dose of TMC278 administered also depends on the
time interval at which 1t 1s administered. The dose will be
higher where administrations are less frequent.

The dose to be administered each time should be calcu-
lated on a basis of about 0.5 mg/day to about 50 mg/day, or
about 1 mg/day to about 20 mg/day, or about 1 mg/day to
about 10 mg/day, or about 3 mg/day to about 7 mg/day, e.g.
about 5 mg/day. This corresponds to a weekly dose of about
3.5 mg to about 350 mg, or about 7 mg to about 140 mg, or
about 7 mg to about 70 mg, or about 21 mg to about 49 mg
¢.g. about 35 mg or a monthly dose of from about 15 mg to
about 1,500 mg, or about 30 mg to about 600 mg, or about
30 mg to about 300 mg, or about 90 mg to about 210 mg, e.g.
about 150 mg. Multiplying the above mentioned per day
doses by the number of days 1n a given time interval gives
the doses or dose ranges for that time interval.

It has been found that, once administered, the blood
plasma levels of TMC278 are more or less stable, 1.e. they
fluctuate within limited margins. The blood plasma levels
have been found to approach a steady state mode during a
prolonged period of time. By “steady state” 1s meant the
condition where the amount of drug present in the blood
plasma of a subject stays at more or less the same level over
a prolonged period of time. The plasma levels of TMC278
generally do not show any drops below the minimum plasma
level at which the drug 1s eflective. The term ““stays at more
or less the same level” does not exclude that there can be
small fluctuations of the plasma concentrations within an
acceptable range, e.g. within about 30% 1n particular, within
about 20%, further in particular within about 10%.

The concentration (or “C”) of TMC278 1n the plasma of
a subject 1s generally expressed as mass per unit volume,
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typically nanograms per milliliter (ng/ml). For convenience,
this concentration may be referred to as “plasma drug
concentration” or “plasma concentration” herein.

The plasma concentrations of TMC278 may reach rela-
tively high levels, without causing significant side effects but
should not exceed a maximum plasma level (or C_ ), which
1s the blood plasma level where TMC278 causes significant
side effects. As used herein, the term ‘significant side eflects’
means that the side effects are present 1n a relevant patient
population to an extend that the side eflects aflect the
patients’ normal functioning. The C,___ for TMC278 can be
determined from the extrapolation of test data in cellular
assays or from the evaluation of clinical testing and prefer-
ably should not exceed a value of about 1000 ng/ml.

In some instances there may be a small mitial plasma
concentration peak shortly after administration, after which
the plasma levels achieve a ‘steady-state’ as mentioned
above.

The parenteral TMC278 formulations may be adminis-
tered by intravenous injection or preferably by subcutaneous
or itramuscular administration.

The present invention 1s based on the use of parenteral
tformulations of the active ingredient TMC278 and therefore
the nature of the carrier will have to be selected such as to
suit parenteral administration. The carrier will be liquid and
may be oily but in most cases will be aqueous. In the latter
instance, the carrier comprises sterile water, though other
ingredients may be included. The carrier may also contain a
co-solvent, for example an alcohol such as ethanol, propa-
nol, ethylene glycol, propylene glycol, or a polymer acting
as co-solvent such as polyethylene glycol (PEG) or poly-
cthoxylated castor o1l (Cremophor®).

To enhance solubility of the active compound additional
ingredients may be added to the parenteral formulations of
the active ingredient TMC278 that have a solubility pro-
moting eflect such as solubilizers and surfactants, or ingre-
dients being both a surfactant and solubilizer. Examples of
such additional ingredients are cyclodextrins or cyclodextrin
derivatives. Appropriate cyclodextrins are o.-, p-, y-cyclo-
dextrins or ethers and mixed ethers thereol wherein one or
more of the hydroxy groups of the anhydroglucose units of
the cyclodextrin are substituted with C,_.alkyl, particularly
methyl, ethyl or 1sopropyl, e.g. randomly methylated -CD;
hydroxyC,_calkyl, particularly hydroxyethyl, hydroxypro-
pyl or hydroxybutyl; carboxyC,_.alkyl, particularly car-
boxymethyl or carboxyethyl; C, _alkylcarbonyl, particularly
acetyl. Especially noteworthy as complexants and/or solu-
bilizers are p-CD, randomly methylated (-CD, 2,6-dim-
cthyl-p-CD, 2-hydroxyethyl-f3-CD, 2-hydroxyethyl-p-CD,
2-hydroxypropyl-pf-CD and (2-carboxymethoxy)propyl-{3-
CD, and 1n particular 2-hydroxypropyl--CD (2-HP-p-CD).

Other such ingredients with surfactant properties are
poloxamers, which are polyoxyethylene, polyoxypropylene
block copolymers that conform generally to the
tormula ~ HO—[CH,CH,O] —[CH(CH,)CH,0],—CH,
CH,O].—H wherein x, y and z can have various values,
available under the tradename Pluronic®, e.g. Pluronic®
F108, corresponding to poloxamer 338 1n which the average
values of X, v and z are respectively 128, 54 and 128. Still
other such ingredients are the o-tocopheryl polyethylene
glycol succinates, i particular Vitamin E TGPS; the poly-
oxyethylene sorbitan fatty acid esters (also referred to as
polysorbates), available under the tradename Tween®, e.g.

Tween® 80; the polyethylene glycols (PEGs) such as PEG
400.

The parenteral formulations of the active ingredient
TMC2'78 may further comprise suspending agents and bui-
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ters and/or pH adjusting agents, and optionally preservatives
and 1sotonizing agents. Particular ingredients may function
as two or more of these agents simultaneously, ¢.g. behave
like a preservative and a bufler, or behave like a builer and
an 1sotonizing agent.

Buflering and pH adjusting agents should be used in an
amount suflicient to render the dispersion neutral to very
slightly basic (up to pH 8.5), preferably 1n the pH range of
7 to 7.5. Particular builers are the salts of week acids.
Buflering and pH adjusting agents that can be added may be

selected from tartaric acid, maleic acid, glycine, sodium
lactate/lactic acid, ascorbic acid, sodium citrates/citric acid,

sodium acetate/acetic acid, sodium bicarbonate/carbonic
acid, sodium succinate/succinic acid, sodium benzoate/ben-

zoic acid, sodium phosphates, tris(hydroxymethyl)ami-
nomethane, sodium bicarbonate/sodium carbonate, ammo-
nium hydroxide, benzene sulfonic acid, benzoate sodium/
acid, diethanolamine, glucono delta lactone, hydrochloric
acid, hydrogen bromide, lysine, methanesulfonic acid,
monoethanolamine, sodium hydroxide, tromethamine, glu-
conic, glyceric, gluratic, glutamic, ethylene diamine tet-
raacetic (EDTA), trniethanolamine, including mixtures
thereof.

Preservatives comprise antimicrobials and anti-oxidants
which can be selected from the group consisting of benzoic
acid, benzyl alcohol, butylated hydroxyanisole (BHA), buty-
lated hydroxytoluene (BHT), chlorbutol, a gallate, a
hydroxybenzoate, EDTA, phenol, chlorocresol, metacresol,
benzethonium chloride, myristyl-y-piccolintum chloride,
phenylmercuric acetate and thimerosal. Radical scavengers
include BHA, BHT, Vitamin E and ascorbyl palmitate, and
mixtures thereol. Oxygen scavengers include sodium ascor-
bate, sodium sulfite, L-cysteine, acetylcysteine, methionine,
thioglycerol, acetone sodium bisulfate, 1soacorbic acid,
hydroxypropyl cyclodextrin. Chelating agents include
sodium citrate, sodium EDTA and malic acid.

Isotonizing agents_are, for example, sodium chlonde,
dextrose, sucrose, fructose, trehalose, mannitol, glycerin,
sorbitol, xvlitol, lactose, sodium sulfate. The suspensions
conveniently comprise from O to 10% (w/v), 1n particular O
to 6% of 1sotonizing agent. Typical nonionic 1sotonifiers are
preferred, 1n particular glycerin, as electrolytes may aflect
colloidal stability.

In some instances, the parenteral formulations with
TMC278 may be formulated with or 1n a suitable controlled
release or sustained release or sustained release carrier.

For example, the active ingredient TMC278 may be
encapsulated 1nto small polymeric microspheres that
degrade slowly and release the active mngredient at a con-
trolled rate. One form of microspheres are those wherein the
active ingredient 1s encapsulated in a biodegradable polymer
such as polylactide/polyglycolide polymers or copolymers.
Another polymer based technology 1s the ReGel™ technol-
ogy from MacroMed, which uses triblock copolymers of
poly(lactide-co-glycolide) and polyethylene glycol. These
are thermosensitive and biodegradable polymers that
become a gel upon heating and return to their original state
upon cooling. These polymers/hydrogels systems are
applied as solutions at administration temperature and
become 1nsoluble gels at the mjection site. An msoluble gel
depot 1s formed immediately upon injection and remains at
the site for a period of several weeks. Drug release 1s
controlled through a combination of diffusion from and
degradation of the polymer. Another type of sustained
release 1njectable dosage forms are based on liposomal
systems, which can be used in case of lipophilic drugs or
lypophilically modified pro-drugs. The liposome particles

can be coated, e.g. with polyethylene glycol to evade the
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immune system. Still another type of sustained release
injectable dosage forms are the microscopic, spherical par-

ticles known as DepoFoam™ {rom SkyePharma. These
particles, essentially lipid in nature, contain a multitude of
small aqueous chambers encapsulating the drug to be deliv-
ered.

Preferably the carrier 1s selected such that the dosage form
1s well-tolerated, with minimal or no side effects.

The parenteral dosage forms of TMC278 when adminis-
tered 1n accordance with the present invention provide
cllective treatment of HIV infection in that the viral load 1s
reduced while keeping viral replication suppressed. The
limited number of drug administrations and the lack of
undesirable side effects after each administration adds to the
patients’ compliance with the therapy. Patients’ compliance
may further be improved when selecting parenteral formu-
lations showing good local tolerance and ease of adminis-
tration.

EXAMPLE

This example shows a study aimed at demonstrating that
the administration of a parenteral formulation of TMC278
results 1n stable blood plasma levels during a prolonged
period of time. By increasing the dose of TMC278 of the
parenteral formulation higher blood plasma levels are
obtained, for example a dose of about 10 mg/kg 1s expected
to result 1n effective blood plasma levels. By administering
the parenteral formulation intermittently at time intervals of
one month, stable blood plasma levels of TMC278 are
obtained, effectively suppressing viral multiplication.

The study was performed in order to study the plasma
kinetics and the absolute bioavailability of TMC278 1n the
beagle dog after single mtramuscular administration (IM) of
an aqueous 30% dimethylacetamide (DMA)/50% polyeth-
ylene glycol 400 (PEG400) solution of TMC278 at 2.5
mg/kg. The dogs were dosed 1IM.

Two male beagle dogs (dog No. 16924 and 16854),
approximately 3 years old and weighing between 11 and 12
kg at the start of the experimental phase, were used 1n the
present experiment. The dogs were dosed intramuscularly at
0.1 ml’kg body weight by injecting the formulation 1n the
left (dog No. 16924) or right (dog No. 16854) m. biceps
femorais.

One day before dose administration, TMC278 was for-
mulated 1n an aqueous 30% (w/v) DMA/50% (w/v) PEG400
solution at 25 mg/ml. The ingredients of the solution were:
TMC278, DMA 30% (w/v), PEG 400 50% (w/v) and
pyrogenic Iree water. The content of TMC278 1n the for-
mulation was checked using LC. The concentration of
TMC278 1n the formulation was 25 mg/ml.

Blood samples (4 ml on EDTA) were taken from a jugular
vein from the dogs at O (=predose), 0.5, 1, 2, 4, 8, 24, 32, 48,
72, 96, 144, 192, 240 and 312 h after dose administration.
After sampling, the blood samples were immediately placed
on melting 1ce and protected from light. Blood samples were
centrifuged at approximately 1900xg for 10 minutes at 5° C.
to allow plasma separation. Immediately after separation,
plasma samples were protected from light, placed on melt-
ing 1ce and stored at =—18° C. until analysis. Frozen plasma
samples were transierred for bioanalysis. Since TMC278
was still detectable 1n the plasma samples at 312 h post-dose,
additional blood samples of both dogs were collected on the
days 36, 50, 64, 78, 92, 106, 120, 134 and 148. These
samples were analogously processed and analysed.

On day 232 post-dose, a biopsy was performed (dog No.
16924 only) on the 1liac lymph node (at the side of injec-
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tion), on a muscle from the non-injected hind leg and on a
muscle at the side of 1njection after ultrasonographic exami-
nation. All tissue samples were protected from light as much
as possible and stored on melting ice. All samples were
protected from light and stored at =—18° C. Finally, an
additional blood sample was collected on day 272. This
sample was processed and analysed similarly to the other
blood samples.

The concentration of TMC278 1n dog plasma was deter-
mined by a qualified research LC-MS/MS method after solid
phase extraction (SPE). Plasma concentrations of TMC278
were determined after proper sample clean up. The samples
(0.1 ml aliquots of plasma) were extracted using a solid
phase extraction method (Bond Elut Certify solid phase
columns, 130 mg, SPE, Varian). The SPE column was

conditioned with 3 ml methanol, 3 ml water and 1 ml acetic
acid 1 M.

After addition of 3 ml acetic acid to 0.1 ml aliquots of
plasma, the samples were extracted on the column followed
by washing the column with 1 ml water, 1 ml acetic acid 1

M and 3 ml methanol. The column was eluted with 3 ml
methanol/NH,OH 25% (98:2, v/v). The extract was evapo-
rated to dryness and reconstituted in 150 ul of ammonium
formate 0.01 M (adjusted to pH 4 with formic acid)/
methanol (50/50). 20 uyl-aliquots were mjected onto a
reversed phase LC-column (100x4.6 mm ID, packed with 3
um Hypersil C18 BDS) with a flow of 800 ul/min. The
clution mixture was ammonium formate 0.01 M (adjusted to
pH 4 with formic acid)/methanol (40:60, v/v). The flow-rate
to the mass spectrometer was about 100 ul/min after split-
ting. LC-MS/MS analysis was carried out on an API-3000
system (Applied Biosystems), coupled to an HPLC-system.

The concentration of TMC278 1n dog tissue samples was
also determined by a qualified research LC-MS/MS method.
Tissues samples were homogenized with a 10-fold dilution
in Milli-QQ water by means of an Ultra-Turrax. The tissue
homogenates (200 ul aliquot) were extracted by adding of
600 ul methanol (containing TMC278 and/or R152929
and/or methanol). After vortexing and centrifugation, the
supernatant was transferred to an HPLC wvial and 20 ul
aliquots were 1njected. The LC and the MSMS conditions
were the same as described above. The lower limit of
quantification was 10.0 ng/g tissue. Samples were protected
from light during the bioanalytical analysis.

Individual plasma concentration-time profiles were sub-
jected to a non-compartmental pharmacokinetic analysis.
Peak plasma concentrations (C, ) and corresponding peak
times (T, ) were determined. The AUC from time 0 to time
t (AUC,_,, where t 1s the time point associated with the last
measurable concentration above the limit of quantification)
was calculated by means of the linear/log trapezoidal rule:
1.e. linear trapezoidal rule up to T, : AUC =2[(t

0-Tmax i+1
t)(CA+C, . ,)2], and log trapezoidal tor the remainder of the
curve: AUC

=2[(t;,,—-t,)(C,~C, ) )/In(C/C, )], €, and
C

ITmax-t 7+ 1

.., being the plasma concentrations at times t, and t_,,
respectively. The area under the curve extrapolated to infin-
ity (AUC,_..) and the absolute bioavailability of TMC278 1n
the present formulation could not be calculated adequately
since plasma concentrations remained fairly constant or
slightly increased between 72 h and 312 h after dosing. The
halt-life was calculated between 1 h and 24 h (t,,, | 54 ,) Or
Shand24h(t,, 5., ;) and between 24 h and 72 h post-dose
(t1/2, 24.72 ) according to t, ,=In(2)/k, with k corresponding
to the rate constant over the respective time ranges. Mean
(n=2) plasma concentrations and pharmacokinetic param-
cters were calculated.
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Individual and mean (n=2) plasma concentrations and/or
some basic pharmacokinetic parameters are reported in
Table 1 and Table 2. Tissue levels (iliac lymph node,

muscle), collected on day 232 after dosing, are showed in the
Table 3.

After intramuscular administration of an aqueous 30%
DMA/30% PEG400 solution of TMC278 at 2.5 mg/kg,
mean peak plasma concentrations (C, ) amounted to 31.9
ng/ml. The individual peak plasma levels were reached
within 1 to 8 h after dosing. After C__ ., plasma levels
declined rapidly till 24 h post-dose, followed by a more
slowly decline up to 72 h after dosing with an hali-life
(ti/5, 24.72 ) of 63 h. After 72 h post-dose, plasma levels
remained fairly constant or slightly increased up to 312 h
post-dose. The mean AUC,_;,, , value amounted to 1863
ng-h/ml.

Since plasma concentrations remained fairly constant or
slightly increased between 72 h and 312 h post-dose, addi-
tional blood samples were taken on the days 36, 50, 64, 78,
92, 106, 120, 134 and 148. During this wash-out period,
plasma levels remained fairly constant (range: 1.24-4.23
ng/ml). Therefore, a biopsy was performed on the iliac
lymph node (at the side of injection), on a muscle from the
non-injected hind leg and on a muscle at the side of
injection. The biopsy was performed on day 232 in dog No.
16924 only. The levels of TMC278 1n the muscles were
below the limit of quantification (10.0 ng/g). The level in the
lymph node amounted to 72.6 ng/g, which was high with

respect to the plasma concentrations on day 148 (1.e. on
average 1.33 ng/ml) and on day 272 (<1.00 ng/ml).

TABLE 1

Individual and mean (n = 2) plasma concentrations (ng/ml) and some basic
pharmacokinetic parameters of TMC278 in beagle dogs after single
intramuscular administration of an aqueous 30% DMA/50% PEG400

solution of TMC278 at 2.5 mg/kg.

Dosage group

2.5 mg/kg
Dog No.
Time (h) 16854 16924 Mean
0 <1.00 <1.00 <1.00
0.5 13.5 21.3 17.4
1 17.0 23.8 204
2 20.6 20.9 20.8
4 27.2 17.1 22.2
8 39.9 15.1 27.5
24 11.4 7.70 9.55
32 10.77 6.65 8.68
48 9.03 6.03 7.53
72 7.37 3.90 5.64
96 6.40 3.97 5.19
144 3.19 3.65 342
192 2.80 3.57 3.19
240 6.16 4.3%8 5.27
312 4.24 5.97 5.11
C,ux ng/ml 39.9 23.8 31.9
1, h 8 1 5
t1/2.1-247 h g.9b) 15.1 NC?
Ly 224728 h 75.2 51.0 63.1
AUCy 3,5,  ng - h/ml 2122 1603 1863
l)tuzja-zam

ANC: Not calculated.
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TABLE 2

Individual and mean (n = 2) plasma concentrations (ng/ml) of TMC27% 1n
beagle dogs during the wash-out period after single intramuscular
admuinistration of an aqueous 30% DMA/50% PEG400 solution of

TMC278 at 2.5 mg/ke.

Dosage group

2.5 mg/kg
Dog No.

Day 16854 16924 Mean
36 3.66 3.05 3.36
50 4.10 2.12 3.11
64 2.18% 2.42 2.30
78 2.62 1.69 2.16
92 2.32 2.51 2.42

106 2.02 1.75 1.89

120 1.87 4.23 3.05

134 1.67 1.61 1.64

148 1.41 1.24 1.33

272 ND?U <1.00 ND

DND: Not determined.
TABLE 3

Tissue concentrations (ng/g) of TMC278 1n beagle dogs on day 232 after
single intramuscular administration of an aqueous 30% DMA/50%
PEG400 solution of TMC278 at 2.5 mg/ke.

Dosage group

2.5 mg/kg

Dog No.
Tissue 16924
iliac lymph node at the side of injection 72.6
muscle from the non-injected hind leg <10.0
muscle at the side of injection <10.0

The mnvention claimed 1s:

1. A method of treating HIV infectiorn 1in a subject com-
prising administering to the subject [a solution] an agueous
parenteral formulation comprising

an amount of 4-[[4-[[4-(2-cyanoethenyl)-2,6-dimeth-

ylphenyl|Jamino]-2-pyrimidinylJamino |benzonitrile
(TMC278) or a pharmaceutically acceptable acid-ad-
dition salt thereof, and a carrnier,

wherein the [solution] aqueous parenteral formulation is

administered intermittently by subcutaneous or intra-
muscular administration at a time interval that 1s once
every [one] month or once every four weeks,

and wherein the amount of TMC278, or the pharmaceu-

tically acceptable acid-addition salt thereot, 1s effective
in keeping a minimum blood plasma level of TMC278
in the subject during the time interval, and the minimum
blood plasma level is about 5 ng/ml to about 500
ng/mlL.

2. The method according to claim 1, wherein the [solu-
tion] aqueous parenteral formulation is administered intra-
muscularly.

[3. The method according to claim 1, wherein the mini-
mum blood plasma level 1s about 5 ng/mL to about 500
ng/mL.]

4. The method according to claim 1, wherein the mini-
mum blood plasma level 1s about 5 ng/mL to about 200

ng/ml.
5. The method according to claim 1, wherein the mini-
mum blood plasma level 1s about 5 ng/mL to about 100

ng/mlL.
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6. The method according to claim 1, wherein the mini-
mum blood plasma level 1s about 10 ng/mL to about 50
ng/mlL.

7. The method according to claim 1, wherein the subject’s
HIV viral load is below about 200 copies/mL, prior to °
administration of the [solution] aqueous parenteral formu-
lation.

8. The method according to claim 1, wherein the [solution
is an aqueous solution] amount of TMC278, or the pharma-
ceutically acceptable acid addition salt thereof, constitutes
a dose calculated on a basis of about 0.5 mg/day to about
50 mg/day of the time interval.

9. The method according to claim 1, wherein the time
interval 1s once every four weeks.

10. The method according to claim 1, wherein the time
interval 1s once every one month.

11. The method according to claim 1, wherein the
TMC2'78 or the pharmaceutically acceptable acid-addition
salt thereof 1s E-TMC278. 20

12. The method according to claim 1, wherein the carrier
comprises polyethyleneglycol.

13. The method according to claim 8, wherein the carrier
comprises polyethyleneglycol.

14. The method according to claim 1, wherein the sub- 25
Ject’s HIV viral load is below 50 copies/ml, prior to admin-
istration of the agueous parventeral formulation.

15. The method according to claim 2, wherein the
TMC278 or the pharmaceutically acceptable acid-addition

salt thereof is TMC27S. S

16. The method according to claim 2, wherein the
TMC278 or the pharmaceutically acceptable acid-addition

salt thereof is I-TMC278.

17. The method according to claim 8, wherein the aqueous
parenteral formulation is administered intramuscularly.

18. The method according to claim 17, wherein the
TMC278 or a pharmaceutically acceptable acid-addition
salt thereof is E-TMC278.

19. The method according to claim 18, wherein the 4

amount of E-TMC278 is a dose calculated on a basis of
about 20 mg/day of the time interval.

20. The method according to claim 18, wherein the
amount of E-TMC278 is about 600 mg.

21. The method accovding to claim 16, wherein the time 45
interval is once every month.

22. The method accovding to claim 18, wherein the time
interval is once every month.

23. The method accovding to claim 19, wherein the time
interval is once every month. 50
24. The method accovding to claim 20, wherein the time

interval is once every month.

25. The method according to claim 21, wherein the
intramuscular administration is administered via a single
administration. 55

26. The method according to claim 22, wherein the
intramuscular administration is administered via a single
administration.

27. The method according to claim 23, wherein the
intramuscular administrvation is administered via a single 60
administration.

28. The method according to claim 24, wherein the
intramuscular administvation is administered via a single
administration.

29. The method according to claim 25, wherein blood 65
plasma levels of E-TMC278 approach a steady state mode
during a prolonged period of time.
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30. The method according to claim 26, wherein blood
plasma levels of E-TMC278 approach a steady state mode
during a prolonged period of time.

31. The method according to claim 27, wherein blood
plasma levels of E-TMC278 approach a steady state mode
during a prolonged period of time.

32. The method according to claim 28, wherein blood
plasma levels of E-TMC278 approach a steady state mode
during a prolonged period of time.

33. The method according to claim 27, wherein the
E-TMC278 is suspended in the aqueous parventeral formu-
lation.

34. The method according to claim 28, wherein the
E-TMC278 is suspended in the aqueous parenteral formu-
lation.

35. The method according to claim 18, wherein the
minimum blood plasma level is above 13.5 ng/mlL.

36. The method according to claim 23, wherein the
minimum blood plasma level is above 13.5 ng/ml.

37. The method according to claim 24, wherein the
minimum blood plasma level is above 13.5 ng/ml.

38. The method according to claim 27, wherein the
minimum blood plasma level is above 13.5 ng/mlL.

39. The method according to claim 28, wherein the
minimum blood plasma level is above 13.5 ng/mlL.

40. The method according to claim 18, wherein the
aqueous parenteral formulation further comprises polox-
amer 330.
41. The method according to claim 40, wherein the
minimum blood plasma level is above 13.5 ng/ml.
42. The method according to claim 41, wherein the
intramuscular administration is administered via a single
administration.
43. The method according to claim 18, wherein the time
interval is once every four weeks.
44. The method according to claim 43, wherein the
minimum blood plasma level is above 13.5 ng/mlL.
45. The method according to claim 44, wherein the
intramuscular administration is administered via a single
administration.
46. A method of treating HIV infection in a subject
comprising administering to the subject an aqueous paren-
teral formulation comprising
an amount of 4-[|4-[[4-(2-cvanoetheny!)-2,6-dimeth-
viphenvl|aminol-2-pyrimidinyllamino|benzonitrile
(TMC278) and a carrier,

wherein the aqueous paventeral formulation is adminis-
teved intermittently by intramuscular administration at
a time interval that is once every two months,

and wherein the amount of TMC278 is effective in keeping
a minimum blood plasma level of TMC278 in the
subject during the time interval, and the minimum
blood plasma level is about 5 ng/mlL to about 500
ng/mli.

47. The method according to claim 46, wherein the
minimum blood plasma level is about 5 ng/mlL to about 200
ng/mlL.

48. The method according to claim 46, wherein the
minimum blood plasma level is about 5 ng/mlL to about 100
ng/mlL.

49. The method according to claim 46, wherein the
minimum blood plasma level is about 10 ng/mlL to about 50
ng/mlL.

50. The method according to claim 46, wherein the
subject’s HIV viral load is below about 200 copies/mL, prior
to administration of the aqueous parventeral formulation.
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51. The method according to claim 46, wherein the
subject’s HIV virval load is below about 50 copies/mL, prior
to administration of the aqueous parventeral formulation.

52. The method according to claim 46, wherein the
amount of TMC278 is a dose calculated on a basis of about >
0.5 mg/day to about 50 mg/day of the time interval.

53. The method according to claim 46, wherein the
amount of the TMC278 is a dose calculated on a basis of

about 10 mg/day to about 20 mg/day of the time interval.

54. The method according to claim 46, wherein the 10
TMC278 is E-TMC278.

55. The method according to claim 54, wherein the
amount of E-TMC278 is a dose calculated on a basis of
about 0.5 mg/day to about 50 mg/day of the time interval.

56. The method according to claim 355, wherein the :
minimum blood plasma level is above 13.5 ng/ml.

57. The method according to claim 54, wherein the
amount of the E-TMC278 is a dose calculated on a basis of
about 10 mg/day to about 20 mg/day of the time interval.

58. The method according to claim 54, wherein the
intramusculay administration is via a single administration.
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59. The method according to claim 58, wherein blood
plasma levels of E-TMC278 approach a steady state mode
during a prolonged period of time.

60. The method according to claim 55, wherein the
aqueous parventeral formulation further comprises polox-

amer 338.
61. The method according to claim 60, wherein the

minimum blood plasma level is above 13.5 ng/mlL.

62. The method according to claim 61, wherein the
intramuscular administration is administered via a single
administration.

63. The method according to claim 55, wherein the
intramuscular administration is administered via a single
administration.

64. The method according to claim 63, wherein blood

plasma levels of E-TMC278 approach a steady state mode

during a prolonged period of time.

65. The method according to claim 63, wherein the
E-TMC278 is suspended in the aqueous parventeral formu-
lation.
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