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Provided herein is an oral solution comprising an effective amount of telbivudine or a
pharmaceutically acceptable salf thereof. In some embodiments, the solution comprises a
pharmaceutically suitable solvent system, at least one taste-enhancing/masking agent, a
preservative system, and a buffer system. In another embodiment, the taste-

enhancing/masking agent is able to mask the bitter taste of telbivudine.

in some of the above embodiments, the oral solution comprises up to 20 mg/mL or

50 mg/mL telbivudine.

in some of the above embodiments, the preservative system is a paraben or its
respective sait, sorbic acid or its respective salts, or benzoic acid or its respective salts,

preferably a paraben salt or benzoic acid.

In some of the above embodiments, the preservative system has a concentration

range of 0.1-2.5 mg/mL.

in some of the above embodiments the oral solution is buffered with 1 N sedium

hydroxide to a pH range of about 3 to about 5, e.g., a pH of about 4.0.

Provided herein is also an oral solution comprising 20 mg/mL telbivudine or a
pharmaceutically acceptable sait thereof, 1.5 mg/mL benzoic acid, 0.2 mg/ml sodium

saccharin, 1.0 mg/mL passion fruit, water and 9.6 mg/mL citrate acid anhydrous.

Provided herein is also an oral solution comprising 20 mg/mL telbivudine or a
pharmaceutically acceptable salt thereof, 1.5 mg/mL benzoic acid, 0.2 mg/mL sodium

saccharin, 1.0 mg/mL passion fruit, water and 9.6 mg/mL citrate acid anhydrous, at a pH of

about 4.0.

Provided herein is also a method of treating a person with the oral solutions of the
above embodiments. In some embodiments, the person is selected from the group
consisting of a pediatric population, a person with difficulties in swallowing and a renally

impaired subject.
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Propyl paraben 0.2 ng 0.2 ny Napr opyl par aben 0.2 mg 0.2
WO 2009/007426 PCT/EP2008/039016

Detailed Description of the Disclosure

During deveiopment of oral telbivudine formulations, it is found that a preserved
system is not easily achievable, e.g., the pH of the solution must allow the activity of the
selected preservative. Indeed, not all preservatives provide sufficient preservation at an
acceptable pH for oral administration, especially against molds and yeasts (Aspergillus niger
and Candida albicans). However, surprisingly, with a system containing benzoic acid at a pH

of about 4, both preservation and drug stability may be achieved.

During pre-formulation, telbivudine stability is investigated within a range of pH from
2-9, at elevated temperature 50°C. tis demonstrated that a pH range from about 3-8 (for
example, a pH range from about 4-9) is optimal for drug substance stability, i.e., from assay
and thymine content (degradation product). The pH of the oral solution is a highly relevant
parameter, due to the influence pH on the retardation of microbial growth in the solution

during storage.

During development of oral telbivudine formulations there are problems of
incorporating a flavor into the oral solution while maintaining telbivudine drug product
stability. Specifically, to mask the slight bitter after taste of the telbivudine, a flavor is added
to the oral solution. It is imperative to identify a sotuble flavor which does not interfere with
the telbivudine drug product. In addition, to obtain a clear telbivudine drug solution, the flavor

should be used at a concentration that is completely miscible/soluble in the drug formulation,

Therefore, the present disclosure provides for a pharmaceutical solution suitable for
oral administration comprising telbivudine, a pharmaceutically suitable solvent system, one
or more taste-enhancing/masking agents, a preservative system, and a buffer system
suitable to allow both drug stability and preservation, i.e., wherein said solution has a pH

from about 3-5, e.g., from about 4-5. In one embodiment, the pH of the oral solution is 4.0
+/-0.5.

The maximal concentration range of the telbivudine drug substance in the oral
formulations disclosed herein is up to 50 mg/mL In one embodiment, the telbivudine drug

substance in the final oral solution is 20 mg/mi.

The preservative system the oral formulations disclosed herein, such as parabens

(e.g., including but not limited to butyl paraben, methlyparaben and propylparaben} and their
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salts, sorbic acid and salts, benzoic acid and saits could be used in a concentration range of
0.1-2.5 mg/mL.

The taste enhancing/masking agents can be a sweetener, for example, sodium
saccharin, aspartame and/or a soluble flavor{s), such as passion fruit, strawberry, cherry
flavors from Firmenich SA (Rue de la Bergére 7, CH 1217 Meyrin 2, Switzerland) in a
concentration range of 0.05-0.5%. In one embodiment, the flavoring concentration is fixed at

or below 0.1%. In yet another embodiment, 1 mg/ml passion fruit flavoring is used.

The buffer system can be, e.g., citrate buffer or phosphate buffer for a pH range of
about 4-5, e.g., about 4 +/- 0.5. Citric acid provides a buffering system at an acidic pH and is
stable and compatible with oral excipients. Citric acid also provides potential flavor
enhancing effects and chelating effects on heavy metal ions (e.g., which could emanate from

glass packaging).

The pharmaceutically suitable solvent system can be water, sorbitol syrup or ethanol.
In the case of paraben preservative system, a suitable solvent system may include, e.g.,

propylene glycol.
Example 1 — Exemplary Oral Formulations

The drug substance is dissolved and stabilized in an aqueous buffered, preserved
and sweetened system. A preservation efficacy test (PET) is performed according to the
procedure of Pharmacopeal procedures {e.g., Pharm. Eur.} The results and formulations are

shown in Tables 1 and 2.

Table 1 (Formulations and PET general results)

Formulation 46-1 46-2 172-1 [172-2 |501 50-2 1751 [175-2

Components

LDTE00A 20mg [20mg |20mg [20mg [20mg [20mg |20mg (20 mg

Methyiparaben (1.0mg [1.0mg

Na-

1.0mg N.0mg
methylparaben




0.2 ny Citrate buffer 50 MM pH 4.0 ad. 1 nL ad. 1 nL CGtrate
buffer 50 MM pH 5.0 ad-1 nL ad. 1 mL ad.1 nL ad. 1 nL Ctrate
buf f er 50 W20084#0820 ad. 1 nL ad. 1 nL PCT/EP2008/039016

Propylparaben [0.2mg 0.2 mg

Na-

0.2mg 0.2 mg
propylparaben

Benzoic acid 1.5mg [1.5mg 2.0mg [2.0mg

Propyleneglycol25 mg 25 mg

Sodium 0.2mg .2mg [0.2mg 0.2mg 0.2 mg
. 0.2 mg
saccharin

Aspartame 0.2 mg 0.2 mg

Citrate buffer ad, 1 mlL ad. 1 mL
50 mM, pH 4.0

Citrate buffer ad. 1 mLlad. 1 mLjad.1 mL ad. 1 mL
50 mM, pH 5.0

Citrate buffer . 1 mb
ad. 1 mL
50 mM, pH 6.0

PET Not met |Not met |Met IMet Not met [Not met | Met Not met

Table 2 (Formulations and PET specific results)

Formulation 46-1 146-2 |50-1 50-2 172-1 172-2 175-1 175-2
Microbe (

E. Coli Met IMet |Met Met Met Met Met Met
P.AeruginosalMet  Met [Met Met hl‘\/let Met Met Met




PET Not met Not net Met Met Not nmet Not net Met Not met Table 2
(Formul ati ons and PET specific results) Formulation Mcrobe 46-1
46-2 50- 1 80200907226l 172-2 175-1 175-2 ( E. Coll Met MECTELO08/BI0IGEL

LA, Niger Met |Met [Met Met Met Met Met Not Met
C. Albicans [Not |Not Not Met |Not Met  |Met Met Met IMet
Met |[Met

Interestingly, oral telbivudine solutions having either 2.0 mg/ml or 1.5 mg/ml benzoic
acid, 0.02 mg/ml sodium saccharin and 20 mg/ml teibivudine in citric acid buffer of pH 5.0 did
not meet the preservation efficacy criteria (solution preservation from microbes). This
indicates the importance of pH regulation in the benzoic acid preservation system for
telbivudine. Indeed, microbial limit test data shows microbial growth in oral telbivudine
formulations preserved with benzoic acid at pH greater than about 5. Thus, the preservative
benzoic acid in an oral telbivudine solution is most efficient at about pH 4, especially with

regards to fungi growth.
Example 2 — Exemplary Flavered Oral Formulations

The telbivudine drug substance is dissolved and stabilized in an agueous buffered,
preserved and flavored system. A final composition of a flavored telbivudine oral solution
using benzoic acid as the single preservative is shown in Table 3. Although only a single
preservative is used, surprisingly this formulation has a shelf life of at least 24 months.
Furthermore, little benzoic acid decrease and litte degradation of drug substance into
thymine is observed over time for the Table 3 telbivudine formulation. Benzoic acid at 1.5
mg/mL is selected in order to decrease the likelihood of any advese reaction, e.g., ina
pediatric population, while maintaining long term stability. The solution of Table 3 is effective
in preservation against E. Colf, P. Aeruginosa, A. Niger, and C. Albicans. Additionally, in the
Table 3 telbivudine formulation, passion fruit flavor remains stable, and all flavared solutions
(i.e., cherry, strawberry and passion fruit) pass the PET test. However, when a strawberry
flavor is used in place of passion fruit flavor, a component of the strawberry flavor degrades
over 4 weeks at 50°C. Thus, the solution of Table 3 is considered most desirable — having
the balanced properties of taste masking, drug substance stability, preservation against
various organisms, and a long sheff life. The benzoic acid formulation also has a density
close to water, making the solution easily mixable with a beverage if needed for

administration, especially in the case of a pediatric population.

Table 3



Met Met Met P. Aerugi nosa Met Met Met Met Met Met Met Met WO
2009/ 007426PCT/ EP2008/ 059016 A. N ger Met Met Met Met Met Met Met

Not Met C. WARHIO®OAHES Not Met Not Met Not Met PCT/EP2008/039016
Components Function mg/mL
Telbivudine Drug substance 20
Benzoic acid Preservative 1.5
Sodium saccharin Sweetener 0.2
Passion fruit Flavor 1.0
Citrate acid anhydrous Buffering system 9.6
Sodium hydroxide 1 N Buffering system ad pH 4.0+/- 0.5
Water Solvent ad 1 mL

Interestingly, in one flavored oral solution containing 20 mg/mi telbivudine, two
paraben preservatives (methyl and propylparaben}, the preservative potassium sorbate
(used against potential fungi and yeast growth) and a strawberry flavoring, there is a
significant and surprising decrease of sorbic acid at accelerated conditions (i.e., to about 72
% after 4 weeks at 50°C). The same flavored oral paraben formulation containing passion
fruit flavor displays a better sorbic acid assay at 50°C after four weeks (about 90%).
However, because of the surprisingly poor performance of the paraben flavored solutions in
the sorbic acid assay, the requirement for more than one paraben preservative, the potential
for paraben adverse reaction in a subject, and the undesirable taste of parabens, the single

preservative benzoic acid solution of Table 3 is a superior formulation.

Example 3 — Preparation of Oral Formulations

A minimal amount of water is heated up to 60-70°C, and then benzoic acid is added
and stirred until 2 complete dissolution. The benzoic acid solution is cooled to room
temperature and then each component is added and stirred until complete dissolution.
Sodium hydroxide is then used to adjust the pH to about 3-5. Finally, the final volume is

adjusted with water io the target volume.

Quantities of ingredients, represented by mg/mL pharmaceutical composition, used in

Examples 1 and 2 are set forth in Tables 1 and 3, above.
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and citrate buffer at pH pH 4.0+/- 0.5.

Claim 8. An oral solution comprising 20-50 mg/ml telbivudine or a pharmaceutically acceptable
salt thereof, sodium saccharin, at least one taste-enhancing/masking agent, sodium

methylparaben, sodium propylparaben, and citrate buffer.

Claim 10. The oral solution according to claim 9, wherein said sodium methylparaben is

present at 1.0 mg/mi and said sodium propylparaben is present at and 0.2 mg/mi.

Claim 11. The oral sclution according claim 9, wherein said oral solution is buffered to a pH

range of about 4 to about 5.
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claim1l, wherein said benzoic acid is present at 1.5 ng/m. Caim?7.
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citrate acid anhydrous.



