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hydrophilic polyners, or small nolecules that are mscible with water.

Sui tabl e excipients include, but are not limted to 35pol ysorbates,
sorbitan esters, nono and difatty acid esters, anionic surfactants, |ipids,
triglycerides, polyethylene glycols, hydrophilic polyners, such as
pon(V|nyI al cohol ), and nlxtures thereof M nor quantity in this context
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I n one enbodi nent the rel ease-enhanci ng agents are conbined with DVBO For
PVP 5 addition of DMSO is a necessity in order to have acceptabl e rel ease
of TMC278vbroemvarbsa4i npl ant. The quantity of DMSO that | #CEmPRINSGE70S t h

rel ease-enhanci ng agents may be in the range of about 2% to about 15% or
of about 3% to about 15% or of about 3%to about 10%, or about 5%to
about 10% e.g. about 10% each percentage nentioned in this paragraph
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In a further aspect the inplantable device can be enpl oyed together with an
oral fornulation (e.g. a tablet) of TMC278 or even with an oral formulation
wi th a cowbizostd7ess4of HI V inhibitors. The oral formnul at POR/EPROCINERIB W | |
imredi ately raise the plasma levels up to the mnimmrequired |evel, and
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atime interval that is in the range of two weeks to six nonths. However,
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i nvention can be inplanted subcutaneously by appropriate devices such as an
i njector needl e of sufficient diameter or via a trocar, or by intruding
into a small incision. The TMC278 inplants can also be renoved if necessary
by a scal pel making a small incision in the skin and using a forceps or
clanp to puII the devi ce through the |nC|S|on and suturlng |t shut 20 In a
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35 Exanple 1: Six grans of poly(lactic co-glycolic acid) of nmonomer ratio
65/ 35 (inherent viscosity (1V) = 0.79 dl/g) was placed in a BrabenderTM
m xer w twoaowal7esy@ of 30 cc. The mixer WO 2010/ 072844 PCT/HERRO06879367933
-12- was heated to 100C and the m xi ng bl ades were running at 60 rpm prior
to the introduction of the polyner. After-the polymer was introduced, 18
granms of TMC278 and 6 grans of PluronicTM F108 (BASF) were fed into the
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used in the present experinment. The dogs were dosed on the left flank. The
area of inplantation was first shaven and w ped down wi th ethanol and

i odi ne sol uthasher typsi afatlsasenkansgagens thiat dandendded to dvedovive ¢4 slectrddrom a
fornul ati onpWage BFBEAYD hﬂh ﬁletorr%@é p@l?m&‘s s@leé‘se&%o&‘%ﬁ&@roﬁﬁ’b%cﬁ?wﬁ edl e. The

needl e was pushed under the skin and the fornulation was released into the
subcut aneou¥yTSldEE POIXECTH .G Kiorad qémaa@en@ PRk A hersgre epmmercilyjavailabier g
dose of28 -anQ HAGé K Gnolddutur Avedgia Wit & inIBEGINES of £at LE&TI Reabo2,500 kD.

B e R PR 2Peh e S T 35 TS Oy e 90
j ugul ar vei VP K& (BASFddtWab 66 0@ dviaddble iumderpbd tredenait &olidos®!. Of interest
adm ni str ater!ilVPA%W Ej%&?ﬁ% \q{é@ﬁ t{?elt(?%ﬁ tﬁgf%ggaf%ﬁ?zsm% gh&ly placed

on 5 neltln ice an ot ec es were centrifuged

at appr oxi IS’/ argdedouy 38 kDito ahﬁlﬁlf’to@ifapf@@m@laélﬂlt@ﬁﬁﬁtpﬁ BYReKUb paplanison.

| mredi ajel ywah bely BaPa @kh&%nh@ﬁ@%@eﬁﬁ%ﬁhﬁ%& iREETBLRt BRhRb VM A8l ght
pl aced on nelting ice and stored -18C. The concentration of TMC278 in

dog plasma was determ ned by a qualified research 10 LG M5/ M5 net hod after
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colum was eluted with 3 ml nethanol! NHAOH 25% (98:2 v/v). The extract was
evaporated to dryness and reconstituted to 150 ul of ammoni um for nate,

0. 01IM (advosved7esa4pH 4 with formc acid / nmethanol (40PED)EPRIN67ITHe
flowrate to the mass 20 spectroneter was about 100 A/ mn after
splitting. LC - MS/MS analysis was carri-€d out on an APl-3000 system
(Appl i ed Bi osystens) which was coupled to an HPLC system The results of
this exper ilostharei’e, auessiran2¢4 or tesd tibh ¢%] anyRefahitst sv/ivnoli snelt egdraaliced tayhet i me

25 prior to TMC278 in plasma for fornulations in which the
F108 was abgggg’%ﬁ%ﬁﬁﬁéqﬁya{anged from7 - 21 days. The delay was foll owed

by sustained plasma | evels of TMC278 for the remai nder of the tine period
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SOSSES0SS <%e range of about E% 0 about515%, or of about 3% to about 15%, or of about 3% to
about 10% , or about 5% to about 10%, ¢.g. about 10%; each percentage mentioned in this
paragraph being weight/weight relative to the total weight of the implantable device.

10
The implantable device of the invention is solid in form such that it may be easily be
implanted and removed in case of an adverse event such as an allergic reaction to the
TMC278. The shape of the dosage form is selected such that it allows convenient
administration or removal. In one embodiment the device takes the form of arod, i.e. an

15  eclongated cylinder with a small diameter, e.g. a diameter that is in the range of about
0.5 mm to about 6 mm, or of about 1 mm to about 5 mm, or of about 1.5 mm to about 4
mm, or of about 2 mm to about 3 mm. The length of the cylinder may vary, e.g. it can be in
the range of about 1 cm to about 5 cm, or of about 2 cm to about 5 cm, or of about 2 cm to
about 4 cm, or of about 2.5 cm to about 3.5 cm, e.g. about 3.5 cm, or about 3.0 cm, or

20  about 2.5 cm. In another embodiment, the cylinder takes a coin-like (flat cilinder) shape.
In that instance the height varies between about 1 mm and 10 mm, or between 2 mm and
5 mm, or 1.5 and 4 mm, while the diameter is in the range of about 10 mm to about 25

mm, or of about 10 mm to about 20 mm, or of about 15 mm to about 20 mm.

25  The volume ofthe implantable device also determines its shape. The volume of the device
the device is equal or greater than 0.1 cc, or is equal or greater than 0.2 cc, or is equal or
greater than 0.4 cc, or is equal or greater than 0.5 cc, or is equal or greater than 0.8 cc, or is
equal or greater than 1 cc, or is equal or greater than 1.2 cc, or is equal or greater than
1.5 cc. In one embodiment the volume of the implantable device is about 1 cc. Too large

30  volumes are not practicable, an upper limit may be 2 cc or 1.5 cc. As used herein cc means

cubic centimeter.

In the event that the patient does not have any adverse effect, the device will remain until
the polymer is completely degraded. The polymer degradation products and any remaining
35  wetting agent or other excipient will be absorbed by the body without the need for

subsequent removal once all of the drug is released.
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9.

The implantable device can be prepared by melt blending the biocompatible,
biodegradable polymer, the wetting agent, the TMC278, and other excipients, if any, using
conventional techniques, such as melt blending using an appropriate mixer and hot melt
extrusion. The device material is then extruded through a die and cut into the desired

5  length.

The administration of TMC278 as in the present invention may suffice to suppress HIV

infection, but in a number of cases it may be recommendable to co-administer other HIV

inhibitors. The latter preferably include HIV inhibitors of other classes, in particular those
10 selected from NRTIs, PlIs and fusion inhibitors. Co-administration may be oral or

parenteral.

In certain instances, the treatment of HIV infection may be limited to only the
administration of an implantable device in accordance with the invention i.c. as a

15  monotherapy without co-administration of further HIV inhibitors. This option may be
recommended, for example, where the viral load is relatively low, for example, where the
viral load (represented as the number of copies of viral RNA in a specified volume of
serum) is below about 200 copies / ml, in particular below about 100 copies / ml, more in
particular below 50 copies / ml, specifically below the detection limit of the virus.

20
Alternatively, the invention can be used in the prevention against transmission of HIV
similarly as described in WO 2006/106103. As noted, for the prevention against
transmission the plasma levels of TMC278 should be kept above a minimum plasma level
of 4 ng/ml, or 10 ng/ml, or 15 ng/ml, or 20 ng/ml, or 40 ng/ml. The blood plasma levels of

25  TMC278 should preferably be kept above these minimum blood plasma levels because at
lower levels the drug may no longer be effective thereby increasing the risk of transmission
of HIV infection. Plasma levels of TMC278 may be kept at somewhat higher levels to have
a safety margin and to avoid the development of mutated HIV, e.g. above a minimum
plasma level of 93 ng/ml.

30
In a further aspect the implantable device can be employed together with an oral
formulation (e.g. a tablet) of TMC278 or even with an oral formulation with a combination
of HIV inhibitors. The oral formulation of TMC278 will immediately raise the plasma
levels up to the minimum required level, and the implantable device can maintain the

35 minimum required level for a sustained period of time. The device can be administered
intermittently at a time interval that is in the range of two weeks to six months. However, if
side effects are apparent the oral can be discontinued and the implantable can be

immediately removed.
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The implantable device of the invention is administered intermittently at a time interval of
at least two weeks, or in particular at a time interval mentioned herein, meaning that the
implantable device can be administered without any interjacent additional administrations

5 of TMC278. Or in other words, implantable device of the invention can be administered at
particular points in time separated from one another by a time period of at least two weeks,
or in particular at a time interval as mentioned herein, during which no TMC278 can be
administered. Such administration schedule is simple, requiring few administrations and
therefore dramatically reduces the problem of “pill burden” faced with standard HIV

10 medication. This in turn will improve the patient’s compliance to the prescribed

medication.

The implantable device of the invention can be administered (or implanted) at time intervals
mentioned above. In one embodiment the time interval is in the range of two to three

15 weeks, or three to four weeks. In another embodiment the time interval is in the range of
one to two months, or two to three months, or three to four months, or four to six months.
The time interval may be several weeks, e.g. 2, 3, 4, 5, or 6 weeks, or one or several

months, e.g. 2, 3, 4, 5, or 6 months or even longer, ¢.g. 7, 8, 9, or 12 months.

20 Asused herein the terms “treatment of HIV infection” or “suppression of HIV infection”
relates to a situation of the treatment of a subject being infected with HIV. The term

“subject” in particular relates to a human being.

Preferably, the implantable device is administered in a single administration, for example
25 by one injection or implantation after a time interval of at least two weeks, ¢.g. by one

injection or implant every two week or every month.

The dose of TMC278 administered, which is the amount of TMC278 in the implantable
device of the invention, is selected such that the blood plasma concentration of TMC278 is
30  kept during a prolonged period of time above a minimum blood plasma level. The term
“minimum blood plasma level” in this context refers to the lowest efficacious blood plasma
level, the latter being that blood plasma level of TMC278 that provides effective treatment
of HIV, or in alternate wording, that blood plasma level of TMC278 that is effective in
suppressing HIV. In particular, the blood plasma level of TMC278 is kept at a level above
35  aminimum blood plasma level of about 10 ng/ml, or about 15 ng/ml, or about 20 ng/ml, or
about 40 ng/ml. In a particular embodiment, the blood plasma level of TMC278 is kept

above a level of about 93 ng/ml.
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The plasma levels of TMC278 should be kept above these threshold blood plasma levels
because at lower levels the drug may no longer be effective thereby increasing the risk of
mutations. The dose of TM(C278 administered also depends on the time interval at which it

is administered. The dose will be higher where administration are less frequent.

5
The dose to be administered should be calculated on a basis of about 10 mg/day to about
200 mg/day, or about 20 mg/day to about 125 mg/day, e.g. about 25 mg/ day or about
100 mg/day, in particular 25 mg, or 50 mg, or 93 mg/day. These doses have to be multiplied
by 7 for weekly doses and by 30 for monthly doses.
10

It has been found that the implantable devices of the invention result in blood plasma levels
of TMC278 that are more or less stable, i.e. they fluctuate within limited margins and stay

at about the same level during a long period of time, thereby approaching zero order release.

15  The TMC278 containing devices in accordance with this invention can be implanted
subcutaneously by appropriate devices such as an injector needle of sufficient diameter or
via a trocar, or by intruding into a small incision. The TMC278 implants can also be
removed if necessary by a scalpel making a small incision in the skin and using a forceps or
clamp to pull the device through the incision and suturing it shut.

20
In a further aspect, it was found that, although all of the release-enhancing agent are
potentially sensitive to radical formation, and through this mechanism potentially
degrade the TMC278, a gamma irradiation terminal sterilization method was found that
did not result in TMC278 degradation (see example 7).

25
As used herein the term “about” in relation to a numerical value has its usual meaning. In
certain embodiments, the term “about” can be left out and the numerical value itself should
be applied. In other embodiments, the term “about” means the numerical value + 10%, or
+ 5%, or + 2%, or + 1%.

30
The following examples are meant to illustrate this invention, and should not be
construed as a limitation as to its scope. The terms “device” and “formulation” are used
interchangeably. The devices in accordance with the present invention are made of a
formulation comprising the ingredients mentioned above.

35
Example 1:

Six grams of poly(lactic co-glycolic acid) of monomer ratio 65/35 (inherent viscosity

(IV) =0.79 dl/g) was placed in a Brabender™ mixer with a volume of 30 cc. The mixer
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was heated to 100°C and the mixing blades were running at 60 rpm prior to the
introduction of the polymer. After the polymer was introduced, 18 grams of TMC278
and 6 grams of Pluronic™ F108 (BASF) were fed into the mixture. Mixing continued at
these pre-set conditions for an additional 5 minutes. The material was moved from the
5  mixer, cooled at ambient conditions and subsequently fed in small portions into a DACA
compounder. The barrel was pre-heated to 110°C and the screw speed was pre-set to
100 rpm. The extrudate strands were continuously collected, the diameter of the strands
ranged from 1.5 — 2 mm. Strands were cut into samples containing 50 mg of TMC278,
approximately 2.54 mm in length. Solid formulations were individually packaged in
10 aluminum — lined packaging prior to sealing, the packages were purged and flushed with
nitrogen overnight and sealed under nitrogen. Samples were terminally sterilized using

gamma irradiation, with an exposure level of 15 kgy.

Various wetting agents were incorporated into the TMC278 and PLGA matrix using this
15  melt processing method. These wetting agents included DMSO and DMSO with PVP.
In these formulations the concentration of TMC278 was a constant 26% (w/w) of the
total formulation and PLGA 65/35 varied from 73 to 74% of the total formulation.
DMSO was added to formulations at 5 and 10% of total formulation, and Pluronic™
F108 samples were prepared at 20% levels. All percentages mentioned in this example

20  are (w/w) towards the total weight of the formulation.

Example 2:
This example shows a study aimed at demonstrating that the administration of an

implantable device of TMC278/F108/PLGA results in rapid uptake into blood plasma

25  relative to the TMC278/PLGA. The study was performed in order to compare the
plasma kinetics and the absolute bioavailability of TMC278 in the beagle dog after a
single subcutancous administration (SC) of 2 rods composed of 60% TMC278 / 20%
PLGA 65/35 (IV = 0.79 dl/g) / 20% F108 relative to a single subcutancous
administration of 2 rods composed of 60% TMC278 / 40% PLGA 65/35 (IV =

30  0.79 dl/g). Six male beagle dogs (dog No. Al, A2, A3, B1, B2, B3), approximately
3 years old and weighing between 11 and 12 kg at the start of the experimental phase,
were used in the present experiment. The dogs were dosed on the left flank. The area of
implantation was first shaven and wiped down with ethanol and iodine solution.
Animals were sedated with general anesthesia. The formulation was placed in a trocar

35  with a 12 guage pointed needle. The needle was pushed under the skin and the
formulation was released into the subcutaneous space. Two rods were placed in each
dog for a total TMC278 dose of 8 - 9 mg/kg. The A group of beagles received the
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PLGA 50/ 50 TMC278/ F108/ PLGA 50/ 50 TMC278/ DMSO/ PLGA 50/50 TMC278/ DVSO/
PVP/ PLGA 50/50 1 BL 1.77 1.73 2.07 1 BL 7.86 1.92 2.47 1 BL 3.61 1.65 1.42

1 BL 4. 32w8I200/@2844 BL 3.87 BL 1.60 PCT/EP2009/067933
-14-
Time Beagle Beagle Beagle Beagle Beagle Beagle
(hours) | Al A2 A3 Bl1 B12 B13
168 <0.5 <0.5 0.612 5.34 6.52 1.78
216 <0.5 <0.5 0.884 8.86 7.06 3.83
264 <0.5 <0.5 2.01 7.84 6.85 4.62
336 <0.5 0.807 6.86 5.66 6.27 5.17
504 7.73 3.52 11.8 4.84 3.64 3.10
672 7.00 3.67 10.8 1.96 3.00 2.48
840 4.32 2.69 541 1.66 2.61 1.89
1032 6.08 1.45 3.38 1.35 1.74 1.35
1176 6.38 1.09 3.43 1.23 1.52 1.47
1344 4.51 0.832 2.70 1.23 1.75 1.26
1560 3.16 0.767 2.06 1.14 2.47 1.19
1680 3.09 0.580 2.00 0.989 1.61 <0.5
1848 2.12 0.733 2.09 1.20 1.49 1.16
2016 2.35 0.999 6.64 2.32 4.12 2.34
Example 3:

This example tests different formulations for their effect on rapid uptake into blood
plasma after implantation. The study was performed in order to compare the plasma
5  kinetics and the absolute bioavailability of TMC278 in Sprague-Dawley rats after a

single subcutaneous administration (SC) of 1 rod composed either of 1) 60% TMC278 /
40% PLGA 50/50 or 2)60% TMC278 / 20% F108/ 20% PLGA 50/50 or 3)60%
TMC278 / 10% DMSO / 30% PLGA 50/50 or 4)60% TMC278 / 10% DMSO / 5%
PVP /25% PLGA 50/50.

10
A device composed of drug and polymer and the drug / polymer device containing the
F108 were prepared as described in a previous example. A device containing DMSO
(dimethylsulfoxide) was prepared by initially feeding the 9 grams of PLGA 50/50 (IV =
0.79 dl/g) into the pre-heated (120°C) Brabender mixing bowl. After the polymer was fed

15  into the mixer, eighteen grams of TMC278 with three grams of DMSO pre-mixed in it
was added in powdered form to the mixer. Mixing continued at stated conditions for
another 5 minutes. The mixture was then removed from the mixer, cooled to ambient
conditions, and extruded using a Daca compounder. The extrudate was in rod shape with
diameter 1 — 2 mm.

20
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The device containing the excipient combination of DMSO and PVP
(poly(vinylpyrrolidone)) was prepared in a similar fashion to the previously described
devices. A 7.5 gram sample of PLGA 50/50 was placed into Brabender mixer bowl that
was pre-heated to 100°C. A 1.5 gram sample of PVP was placed in the pre-heated bowl
5  with the PLGA. Three grams of DMSO were added to the polymer mixture. The three
components were mixed at 60 rpm for 5 minutes, when they reached a consistent
formulation. Eighteen grams of TMC278 was added in powdered form and mixing
continued for another 5 minutes. Mixture was removed from Brabender, cooled and
extruded into strands of 1 — 2 mm using the Daca as described in previous experiment.
10
Eighty female Sprague-Dawley rats weighing 250 — 350 grams were used in the present
study. Animals were initially anesthetized using inhalation anesthesia (Isoflurane at
5.0%). After induction of anesthesia, the surgical site of the animal from the dorsal
cervical area to the dorsal lumbar area was clipped free of hair using an electric animal
15  clipper. The area around the site of surgery was scrubbed with chlorhexidine diacetate,
rinsed with alcohol, dried, and painted with an aqueous iodophor solution of 1%
available iodine. An incision of approximate length 1 cm, was made on the dorsum of
the thoracic region, about 2 cm caudal to the palpated inferior edge of the scapula. The
skin was separated from the underlying connective tissue to make a small pocket. The
20  rod was inserted through the incision into the subcutaneous space and implanted in place
that is about 1 — 2 cm caudal to the incision. The skin incision was closed with
2 - 3 wound clips. Mass of implants were approximately 16 — 17 mg, mass of TMC278

in each implant was 9 — 10 mg to deliver a dose of approximately 20 mg/kg.

25  Rats were euthanized at designated intervals via inhalation of carbon dioxide.
Subsequently, blood samples were collected via cardiac puncture from all rats at each
time point. Samples were immediately placed on ice, protected from light, and
centrifuged to extract the plasma within an hour of euthanasia. The TMC278 content in
plasma was measured using the same method as that described in previous example for

30  the dog plasma samples.

The results of the analysis of the plasma samples are summarized in Table 2. From these
data it is apparent that detectable levels of MC278 were not observed until 4 weeks after
implantation for samples composed of the drug and PLGA. However, each of the

35 formulations containing excipients demonstrated detectable levels of TMC278 within
1 day. The highest plasma concentrations of TMC278 were observed when F108 was

used. Formulations with DMSO but no PVP were associated with the lowest plasma
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levels. The addition of PVP to the DMSO-containing formulations dramatically
increased the TMC278 plasma levels.

Table 2: Plasma concentration of TMC278 in rats

Time T™MC278/ | TMC278/F108/ | TMC278/DMSO/ | TMC278/DMSO/
(Days) | PLGA 50/50 | PLGA 50/50 PLGA 50/50 PVP/PLGA 50/50
1 BL 1.77 1.73 2.07
1 BL 7.86 1.92 247
1 BL 3.61 1.65 1.42
1 BL 4.32 BL 1.24
7 BL 3.87 BL 1.60
7 BL 7.02 BL BL
7 BL 7.28 BL 2.50
7 BL 16.3 1.49 2.39
14 BL 3.4 BL 3.36
14 BL 1.94 BL BL
14 BL 2.85 BL 1.39
14 BL 1.23 BL 1.08
21 BL 1.59 2.28 1.39
21 BL 3.03 1.35 1.66
21 BL 1.34 BL 1.55
21 BL 1.9 2.19 1.26
28 3.49 1.99 1.43 2.35
28 2.15 1.19 BL 1.25
28 2.11 1.39 BL 1.28
28 BL 2.54 BL 1.36

BL means below level of quantification (0.5 ng/ml)

Example 4
Formulations containing TMC278 and PLGA 50/50 with and without DMSO, and an

10  additional formulation containing DMSO with PVP were prepared as described in the
previous example. Samples were incubated in PBS for 4 weeks, rinsed and dried.
Following drying the surfaces of and cross-sections of the samples were analyzed using
scanning electron microscopy. After 4 weeks of in vitro incubation significant degradation

occurs to the devices. Surprisingly, examination of the 60/40 TMC278/PLGA samples
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in 800 ml of DMSO under gentle stirring for 2 hours. One hundred milliliters of the
solution was subsequently poured into a flat bottomed aluminum mold. Solution was
lyophilized using a Dora-Stop MTS system. Lyophilized TMC278 was collected. Two

30  grams of PLGA 50/50 were fed into DACA compounder that was pre-set to 120°C with
screws rotating at 100 rpm. After the polymer was fed into the DACA and melted, two
grams of lyophilized TMC278 were fed into the compounder and mixed at the set
conditions for an additional 5 minutes. The extruded strands were collected, cooled in
ambient conditions and placed in plastic bags and stored in a nitrogen box for analysis.

35
Differential scanning calorimetery was used to test the difference in crystallinity of
TMC278 after melt processing with the PLGA. The test PLGA 50/50 samples contained
50% (w/w) TMC278 that had been recrystallized from DMSO and 10% (w/w) residual
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Brabender m xer that was pre-heated to 70C and with twin screw bl ades
pre-set to 60 rpm Subsequently 9 g of MGSA co- PEG was added fol |l owed by 9
g of TNCZ?SExamlé6p9thﬁmth&uf16@scﬁaéﬁnawe$ea@e $hHank Rl o %em pol y(monost ear oyl
gl ycerol co-succinate) and poly(ethylene glycol). e 25 nunber average of
t he pol yethyl ene glycol used to prepare the polyner was 2000 dal tons. Once
al | comioneldlg(nwmoelcadiddderidhen-terpatcatoupey@thyidne ghgool )y GSMico W G)r ai sed to
100C and th

T nut es. Tth %89%39@1&10?1# tcgpgvﬁ(&%ef) 6/5? {ngé’\'%g 1%‘[8 afrgd(% I:?Irabé”}{ziref:"gl%!oe& :tﬁ)ag@Jas

anbi ent corplethceing ttami’Cfa@d veith yras¢reyibdasdss praasad tadOema Ssibsgspanitie? god
extrudat e siaNIs-PRG \;595 R84 FNBweldlg o %Hp?mtz%emfs pollfnDaGR.AaS Riser Set

to GSCandthe screw speed was set toO he extrudate was

cont i nuous! y!1é&8M9 @w@dwgogﬁ%raﬂc%ywolzfﬁpﬁue%p%l dypody(pihyiche alyaﬁ’ét dpe

Sanpl es2of Mﬂoe@)&béru@@éfahwmgem&ayg@cémsea’ N@Eﬁa@@mmmﬁw@mml es Dwé?)
he

35 th Xt
ol et v tont O 4l sorinmies Sl pdtrbs SRe-BpR e Mt Bl a uel o
a Perkin Elmsed 8et008€ a20 theHPnEnf bf thedbowl tvhs alldBiatctoweixyforCis additiomat of

Che T soor ot iR e 4‘?%&%%%%%@%%&&?@%%‘5#‘8‘%%226- ity
wat er and 4@%ldioas and fedia emall peccasidtonPeed ¢ampiusderde sxiredaseistemd foros f or mi ¢
acid angh 10te§fM fT@Q%Eﬁ?@rh‘t‘ﬁké StA8DRAca &Q@;t)ﬂmlet o Phase t%es%re‘%“g}é@&j wab s& ¢

m/mn, coluy to 30C and tor, was s at 288 nm Te.
aver age conlt(gnrfﬂmbf Theatpis pas FaniguTly galles ChASS L a0 TEODERIRYAS Y v T 18
standard dedthmtieon of 3% 5 Pol ysorbate 80 N ne grams of Pol ysorbate 80
were pre-mxed with 9 grans of TMC278 to form a paste prior to be being
conpounded wth the polynmer. Twelve grans of poly(lactide coglycolide)
50/ 50 was fSamples of the Brtalledeere mbsaged fondtMURAES gmesniheBivedampley, (S rageh wi t h

35  mass, were cut from the extrudate and dissolved in DMSO. The DMSO completely

dissolved the entire extrudate. The solution was analyzed using a Perkin Elmer Series

200 HPLC fitted with a Discovery C18 column of dimensions 3.0 mm x 150 mm x
5 micron (s/n 105153-01). The mobile phase of the isocratic method consisted of 55%
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that was preset to 880 and 120 rpm Sanples of the extrudate were assayed
for TMC278 content as descri bed above. The average content of the TMC278 in
the five sanples was 55% (wWw) wth a 35standard deviation of 1.6% The
various polynmer inplants described above were inplanted into the scapul ar
region of a group of 5 Sprague Dawl ey male rats (250 - 350 grans) at a
respective dose of




WO 2010/ 072844PCT/ EP2009/ 067933 -21- 80 ng/ kg. Bl ood sanples fromthe tail
vein of each rat in the groups were taken at 3 hours, 24 hours, 48 hours, 7
days, 14 weaysio/@is4days and 28 days. After the bl ood sanmpCa/BrRa@Ineleh it was
centrifuged to separate out the plasnma. The TMC278 was extracted fromthe
pl asma and anal yzed for content. The res#fl-ts are sumarized in 5Table 3.
Table 3. Plasma | evels of TMC278 from pol yner inplants containing

sur f act ant sgbostas€he atergft cogfckgof the AMGEL78nndied fivid samp(dSayss) | WESEA voov IREG

Pol ysor bat eﬁg%GHﬁ%&%goé;I@% PEG F108 Vitanmin E TPGS Control 0.125 4.44

15.82 7.45 43 1 1.34 3.50 3.84 3.11 0.68 0.75 0.75

Caprolactone co-trimethylencarbonate co-Poly(ethylene glycol) (Cap-TMC-PEG)
5  (composition description can be found in US2006/0034797).
12 g of poly(lactide co-glycolide) 50/50 was fed into a Brabender twin screw mixer that
was pre-heated to 70°C and 60 rpm. Subsequently, 9 g of Cap-TMC-PEG followed by
9 g of TMC278 were added to the warmed and mixing polymer. The composition of this

batch of the polymer surfactant was 1 mole caprolacton, 1 mole trimethylene carbonate
10 and 0.15 mole poly(ethylene glycol). The number average of poly(ethylene glycol) used
in the synthesis of the polymer was 750. The molecular weight of the polymer
surfactant, Cap-TMC-PEG was 5800 daltons. The temperature of the mixing bowl was
raised to 100°C and the content was allowed to mix for an additional 5 minutes. The
mixed samples were taken out of the mixer, cooled in ambient conditions and extruded
15 into strands as described in the first example. Samples of the extrudate were assayed for
TMC278 content as described above. The average content of the TMC278 in the five

samples was 27% (w/w) with a standard deviation of 0.81%.

F108
20 6 gof PLGA 50/50 was placed in mixing bowl of a Brabender mixer that was pre-set to
100°C and 60 rpm. Subsequently 18 grams of TMC278 was added followed by 6 grams
of F108 polymer. Mixing was continued for 5 minutes after all components were added.
The sample was removed from mixer, cooled to ambient temperature and fed into a Daca
compounder that was preset to 80°C and 100 rpm. Samples of the extrudate were assayed
25  for TMC278 content as described above, The average content of the TMC278 in the

five samples was 55% (w/w) with a standard deviation of 5.02%.

Control Samples composed of TMC278 and PLGA 50/50
12 g of PLGA 50/50 were placed in mixing bowl of a Brabender mixer that was pre-set
30  to 100°C and 60 rpm. Subsequently 18 g of TMC278 was added. Mixing continued for

5 minutes after all components were added. The sample was removed from the mixer,

cooled to ambient temperature and fed into a Daca compounder that was preset to 80°C

and 120 rpm. Samples of the extrudate were assayed for TMC278 content as described

above. The average content of the TMC278 in the five samples was 55% (w/w) with a
35 standard deviation of 1.6%.

The various polymer implants described above were implanted into the scapular region

of a group of 5 Sprague Dawley male rats (250 — 350 grams) at a respective dose of



30.46 2.29 1.11 0.72 0.5 1.0 0.30 7 0.531.391.88 0.1 nfa 0.52 n/fa 8 n/la
nfan/an/a 359 n/a0.26 14 0.63 1.83 1.55 0.38 3.56 0.48 0.25
WO 2010/072844 PCT/EP2009/067933

21-

80 mg/kg. Blood samples from the tail vein of each rat in the groups were taken at

3 hours, 24 hours, 48 hours, 7 days, 14 days, 21 days and 28 days. After the blood

sample was taken it was centrifuged to separate out the plasma. The TMC278 was

extracted from the plasma and analyzed for content. The results are summarized in
5 Table 3.

Table 3: Plasma levels of TMC278 from polymer implants containing surfactants, dosed

at 80 mg/kg in a rat model

Time | MGSA | Polysorbate | DMPC | CAP- F108 Vitamin | Control
(Days) | co-PEG | 80 TMC- E
PEG TPGS

0.125 |4.44 15.82 7.45 9.70 4.20 16.07 1.43
1 1.34 3.50 3.84 3.11 0.68 0.75 0.75
3 0.46 2.29 1.11 0.72 0.5 1.0 0.30
7 0.53 1.39 1.88 0.1 n/a 0.52 n/a
8 n/a n/a n/a n/a 3.59 n/a 0.26
14 0.63 1.83 1.55 0.38 3.56 0.48 0.25
21 0.45 3.37 1.66 0.52 3.25 0.50 0.10
28 0.49 3.37 1.68 0.66 3.60 0.54 0.12

10 n/a = sample was not taken at that timepoint

Results of the experiments comparing the various surfactants on the plasma level of
TMC278 indicated that all surfactants demonstrated a higher initial TMC278 plasma
level relative to the control samples without a surfactant. In fact, the increased dose used
15  in this experiment resulted in eliminating the lag time even in the control samples,
though after peaking at the 3 hour time point a steady decrease in plasma levels was
observed for the duration of the experiment. Polysorbate 80 and Vitamin E TPGS were
associated with the highest initial plasma levels of TMC28, both about 16 ng/ml,
however only the Polysorbate 80 and the F108 were able to maintain the highest plasma
20 levels of TMC278 over the 28 days.

The F108 samples in addition to the controls were tested in one study previous to the

study testing the other enhancers since there was a limit to the number of animals that

could be tested simultaneously. The composition of the samples in the earlier study were
25  60% TMC278 and 40% (w/w) PLGA 50/50 in the case of the control and 60% (w/w)
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a | owner co%gﬁpl gt@rl %g&%ggﬁﬁdoct "bel ow) of TMC278. This was done since it
was notlhossible to process high | oadings of TMC278 for some of the other

exci pi ents. Egl'all@%l@fyogt@nhmmﬁ@m&gmrat| on of TMC278 for t he enhancer sanpl es
5 incl uded y was .reduced to. 20 - %
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executed consisting of three 8 minute vacuum purges each followed by nitrogen refilling.

The samples were transferred to the main chamber and allowed to equilibrate overnight.

The cuvettes were placed in foil pouches and the pouches were sealed before removal

from the nitrogen glovebox. Samples were removed from glovebox and irradiated as
20  directed.

Those samples that were irradiated under ambient conditions were placed in vials and
aluminum pouches, which were heat sealed under ambient conditions and were stored at
0°C until they reached that temperature. The samples that were processed at 0°C were
25  stored at 0°C. Subsequently, the samples were removed from freezer environment and
immediately placed in the irradiator. Following irradiation the samples were assayed for

TMC278 content. The results are summarized in Table 4.

Table 4: Testing of Effect of Gamma Irradiation Process Parameters on Recovery of
30  TMC278 from Polymer Specimens

Exposure level Process environment | Process TMC278 recovery
(kgy) Temperature

25 Nitrogen 0°C 90%

25 Nitrogen 0°C 89%

25 Nitrogen Room Temp 85%

25 Nitrogen Room Temp 78%
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From the data it can be seen that exposure level of irradiation is the most significant
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factor in achieving complete recovery of TMC278 from irradiated samples. Only 81% of

the TMC278 was recovered from samples that were irradiated at 25 kgy (under nitrogen)

relative to 100% average recover of samples irradiated at 15 kgy (under nitrogen). For

the two sets of samples that were irradiated at 25 kgy at ambient temperature there was

only a slight increase in recovery from samples packaged under nitrogen versus samples

packaged under ambient conditions. At 25 kgy, reduced temperature was important in

achieving complete recovery of TMC278, however, at 15 kgy, since 100% was already

achieved without reduced termperature, obviously, reduced temperature is not required.

In addition, the samples that were exposed to 15 kgy irradiation under nitrogen

environment were analyzed for impurities stemming from TMC278 degradation. A

DE/AD MS 07 TSQ Quantum mass spectrometer was used to detect impurities and

results indicated no new impurities formed by the irradiation.

Samples containing TMC278 and the various enhancers were irradiated in preparation

for animal testing. The samples were irradiated at 15 kgy in a nitrogen environment and

at ambient temperature as described above. Three samples of each type were tested at

these conditions and compared against an average of three controls (non-irradiated) per

sample type. The results are summarized in Table 5. There is virtually no difference

between the irradiated and non-irradiated in the batches containing the F108, Vitamin E
TPGS, Cap-TMC-PEG, and MGSA co-PEG. There is some variability between gamma

and non-gamma irradiated batches in the case of those devices containing either DMPC

or Polysorbate 80, however, since the error in the measuring process is about 5% it is not

a dramatic difference.

Table 5: Percentage by weight of TMC278 in irradiated samples versus non-irradiated

samples that contained surfactants

to

t he
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Cap-TMC-PEG 26.0 (0.22) 25.7 (0.46)
Vitamin E-TPGS 26.6 (0.35) 25.5(0.7)

F108 61 (1.13) 59.8 (0.64)
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4. The implantable device of any of claims 1 - 3, shaped as a cylinder.

5. The implantable device of claim 4, having a diameter that is in the range of about 0.5 mm

15 to about 4 mm, and a length that is in the range of about 1.0 cm to about 4 cm.

6. The implantable device of claim 4, having a diameter that is in the range of about 1.0 mm

to about 3.0 mm, and a length that is in the range of about 1.5 cm to about 3.5 cm.

20 7. The device of any of claims 1 - 6, wherein the device contains from about 10% to about
70%, or from about 40% to about 60%, or from about 50% to about 60%, of TMC278.

8. The device of any of claims 1 - 7, wherein the biocompatible, biodegradable polymer is
selected from copolymers of lactide (which includes lactic acid, d-, 1- and meso

25 lactide) and glycolide (including glycolic acid).

9. The device of claim 8, wherein the biocompatible, biodegradable polymer is a
copolymer of lactide and glycolide in a molar ratio of about 50% to about 65% lactide
to about 35% to about 50% glycolide.

30
10. The device of any of claims 1 — 9, wherein the device contains from about 15 % to
about 25 % of biocompatible, biodegradable polymer.
11. The device of any of claims 1 — 10, wherein the release-enhancing agent is a
35 poloxamer.

12. The device of claim 11, wherein the release-enhancing agent is poloxamer 338.



-25- Cainms 1. An inplantable device conprising a bioconpatible,

bi odegr adabl e pol yner m xed with TMC278 and with one or nore

r el ease- embanoyargg4agent s sel ected fromthe group 5consi ®CIrmP2@b/opoBbxaners,
pol ysor bates, and a conbi nati on of dinethyl sulfoxide (DMSO and pol y(vinyl
pyrrolidone) (PVP). 2. The device of2&laim 1, wherein the device weighs
nore than 100 ng. 10 3. The device of claim1l, wherein the device weighs
nor e t han 500 T device of ahy of kknimsmb a2t abhbeirdie ideecotomays 6bmcdbauntolo - 3,

shaped as a cyli . TR, | I | ce cl.al jNg a
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that is in thelcpserapbansingdgsnt 1.0 cmto about 4 cm 6. The inplantable
device of claim4, having a dianmeter that is in the range of about 1.0 nm
to about_ 3.0 mm and a length.that is in the range of abqut 1.5 cmto about
3.5 cm 20 Tﬁﬁé@ﬂ%w%éw%cms of IS whpgstnt -edSYICW@PﬁgPH’eabBEW%tO

cont ai ns fr ombaost% 1d%dm abhnu0%.8%boa 3004, enfidposout 05ed shoabosk,, &0% or

f bout 509t % of TMC278, The devi ce of fclains 1
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| acti deltand thy &ige @éabayt 37l akpul X0 of about 50%to about 65% | actide to
about 35%to about 50% gl ycolide. 30 10. The device of any of clains 1 - 9,
wherein the i ce .confain rom about 15 .%to. about 25 % of hi oconpati bl e,
bi odegradab@efésﬁ?‘ﬁ%ﬁ‘rq any 0§C%1ms Inddaadniistessd %?HBtFenc%Wé‘it AdME DTS wher ei n
t he rel ease- efilranbont@ Wk to hlsoud 3 Ixpohy faneating HIV infEgondevi ce of cl ai m 11,
wherein the rel ease-enhanci ng agent is pol oxamer 338. WO

2010/ 072844PCT/ EP2009/ 067933 -26- 13. The device of any of clainms 1 - 12,
wher ei nlx he device contains fromabout 1%to about 40%, or from about 10%
to about 30% or of about 15%to about 25% of said rel ease-enhancing
agent. 514. The device of any of clainms 1 - 13, wherein the device contains
from about 10%to about 80% or from about 10%to about 30% or from about
15 to about 25% e.g. about 20% of said bioconpatible, biodegradable

pol yner. 15. The device of any of clainms 1 - 14, wherein when present,
the amount of DMBO is in 10the range of about 3% to about 10% 16. The
device of any of clains 1 - 14, admnistered intermttently at a tine
interval from about 2 weeks to about 3 nonths, for treating H V infection.
15



