DALBAVANCIN COMPOSITIONS FOR TREATMENT OF BACTERIAL INFECTIONS

_ FIELD OF THE INVENTION
{0001]  This application relates to dalbavancin campositions and methods of use of such
compositions in methods of treatment of bacterial infections.

CROSS-REFERENCE TO RELATED APPLICATIONS
[0062]  This application is an international filing based on U.S. Application Serial No. [Attorney
Docket No. 892,280-225], filed on April 26, 2005, which is a continuation-in-part of U.S,
Application Serial No. 10/834,395, filed April 27, 2004, which is a continuation-in-part of U1.S.
Application Serial No. 10/714,261, filed November 14, 2003, which claims the benefit of U.S.
Provisional Patent Application Serial Nos. 60/427,654, filed November 18, 2002, 60/485,694,
filed July 8, 2003, 60/495,048, filed August 13, 2003, and 60/496,483, filed August 19, 2003, the

disclosures of all of which are incorporated herein by reference in their entireties,

BACKGROUND OF THE INVENTION
{0003]  According to the U.S, Center for Disease Contro! and Prevention, nosocomial bloodstream
infections are a leading cause of death in the United States, Approximately five percent of the
seven million central venous catheters (CVCs) inserted annually in the United States are associated
with at least one episode of bloodstream infection (apprdximatcly 350,000 a year). Catheter-related
bloodstream infections occur when bacteria enter the bloodstream thmugh an intravenous catheter
and can be life threatening. )
[0004] Skin and soft tissue infections (SSTIs) (also known as complicated and/or uncomplicated
skin and skin structure infections (SSSIs)) are 2 common medical condition and often the

consequence of trauma or surgical procedures. Staphylococcus aureus and Streptococcus pyogenes
are the pathogens most frequently isolated from patients with deep tissue infections, although any
pathogenic organism, inciuding those found on healthy skin, may cause infection. Many SSTIs are
mild to moderate in severity, permitting successful treatment with oral antimicrobial agents and
local cleansing. In contrast, more severe or compiicated infections, which frequently oceur in

patients with underlying risk factors (e.g., vascular compromise, diabetes) and/or infections caused
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by difficult-to-treat or multiply-resistant bacteria, may require potent intravenous antimicrobial
therapy and aggressive surgical debridement. '
(0005}  Staphylococci are a clinical and therapeutic problem and have been increasingly
associated with nosbcomial infections since the early 1960s. The coagulase-positive species
methicillin-resistant Staphylococcus aureus (MRSA) has long been problematic in both community-
acquired and nosocomial infections, and s'everal'coagulas&ncgative staphyvlococei have been
recognized as opportunistic human pathogens, especially in the treatment of critically ill patients in
intensive care units. Another major cause for clinical concern is the increasing isolation of
penicillin-resistant Streptococcus preumoniae strains in many parts of the world.
{0006] The glycopeptide antibiotics vancomycin and teicoplanin have been used against serious
nosocomial infections caused by multi-drug-resistant Gram-positive pathogens, particularly MRSA,
coagulase-negative staphylococci (CoNS), and enterococci. Vancomycin and teicoplanin are used
for infections caused by MRSA, and until recently, all isolates were uniformiy susceptible.
However, the isolation of Staphylococcus aureus strains with intermediate susceptibility or
resistance to teicoplanin as well as vancomycin has now been reported with increasing frequency.
A number of vancomycin-resistant strains, classified “VanA,” “VanB,” or 4VanC,” based on the
mechanism of resistance, have been reported. Thus, alternative treatment options are needed.
[6607] Teicoplanin is at least as active as vancomycin against most Gram-positive bacteria and
appears o cause fewer adverse events. Both forms of treatment require at least once daily dosing to
~ effect complete recovery. Currently, the therapeutic options for severe infections caused by some
of these pathogens are quite Jimited. The emerging resistance of Gram-positive pathogens to
vancomycin makes the availability of new antibiotics with potential for increased effectiveness
highly desirabie.
J6008] In addition, less frequent dosing regimens than currently-available therapies would be
desirable to enhance patient comfort, especially for parenteral, e.g., intravenous or intramt.fscular,
antibiotic administration. Hospital stays are sometimes pecessitated by the need for multiodai‘ly
antibiotic administration by parenteral means, and less frequent dosing would be advantageous to
permit such treatment to be done on an outpatient basis.
[6009] Although less frequent dosing is a desirable feature of an antibiotic administration
regimen, the “pharmaceutical window,” i.e., the toxicity profile, of the administered antibiotic must
be sufficiently acceptable to permit a large single dose to be administered without jeopardizing
treatment by causing severe adverse reactions in the treated patient. Further, even when an
antibiotic exhibits a suitable pharmaceutical window, less frequent dosing is possible only if the
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antibiotic exhibits a suitable serum half-life to maintain therapeutic effectiveness over the dosiﬁg
interval desired. The serum half-life of an antibiotiz dictates both the longevity of a drug in vivo
and the Icngth of ime after administration when the serum level will reach a minimum trough level
which is still bantar{cidaﬂy effective. The serum trough level éver tirne afier administration of a
first dose of antibiotic dictates when a further dose must be admmxstemd to retain a2 minimum
bactmcxdal level of the antibiotic in vive.

[0010] Rcccntiy, successful giycopeptide antxbmtzcs have been rationally synthesized ﬁ-om
natural glycopeptides. Far.examplc, the semisynthetic glycop:pt:de dalbavancin was synthesized

" from the nafural antibiotic A 40926, originally isolated from an Actinomadura culture (Malzbarba
‘et al., 1998, U.S. Patent No. 5,750,509). Dalbavancin has shown greater efficacy against various
bacterial strains than mmycin or the antibjotic linezolid and represents a pmmxsmg new
treatment for skin and soft fissue infections (ses, e. & Jabés er al., 2004, Antimicrob, Agents
Chemother, 48:1118-1123), According o U.S. Patent No. 5,750,509, dafbavancin is 2 glycopeptide
antibiofic with a monomethyl moiety at its N amino (see FIG. | for numbering), and this N*-
monomethy] amino couid be fres (i.e. -NHCH;) or protected with an amino protecting group sw:.h
as f-butoxycarbonyl, carbobenzyloxy, arylalkyl or benzyl. The method for making certain-of the
dalbavencin components reported in the “509 pmnx also produced le,ﬁ 1'J'-clila]lcyl anaiogs of |
dalbavancin in minor quantities, but these molecules were not characterized.

1001-1] in view of the above pathogens, further antfbiotics possessing activity against on. or more
-mcmbes, including antibiotic resistant bacteria, would be of commercial value and would sansfy a
long-feit need in the art.

SUMMARY

[8912} The present disclosure provides compositions, methods and kits for treatment or preventzon of a
bacterial infection with dalbavancin. Surprisingly, stabihzed formulations of dalbavancin havc
been found to exhibit both 2 pharmaceutical window as well as a prolonged serum half-life to

permit treatment regimens of about once every 5-7 days or longer, while retaining antibscterial
properties in vivo.
[0012a]  According to a first aspect, there is provided a dosage form comprising;
a sterile, stable, partigzle~free dalbavancin powder suitable for reconstitution with a
‘pharmaceutically acceptable vehicie comprising dalbavancin factor By, at least one
additional dalbavancin factor selected from the group consi‘sting of dalbavancin factors Ag,
Ay, By, By, Co, and C; and mannitol or lactose or a mixture of mannitol and lactose;
wherein the content of factor By is not less than about 75 percent HPLC distribution
of all dalbavancin components present and wherein the content of isoBg does not exceed

about 3.5 percent HPLC distribution of all dalbavancin components present.



[0012b]  According to a second aspect, there is provided a pharmaceutical composition
comprising:

dalbavancin factor B, at least one additional dalbavancin factor selected
from the group consisting of dalbavancin factors Ag, Ay, By, By, Co, and Cpand
mannito! or lactose or a mixture of mannitol and lactose; and

wherein the content of factor By is not less than about 75 percent HPLC
distsibution of all dalbavancin components present, and wherein the content of

150Bg does not exceed about 3.0 percent HPLC distribution of al} dalbavancin

COmponents present.

[0012¢]  According to a third aspect, there is provided a dosage form comprising:

a sterile, stable, particle-free dalbavancin powder suitable for reconstitution
with a pharmaceutically acceptable vehicle comprising dalbavancin factor Bg,isoBg
and mannitol or lactose or a mixture of mannito] and lactose; and ' ,

wherein the content of factor By is not less than about 75 percent HPLC
distribution

of all dalbavancin components present and wherein the content of isoBy does not exceed

about 3 percent HPLC distribution of all dalbavancin compenents pres'ent.

[0012d] According to a fourth aspect, there is provided a pharmaceutical composition
comprising:

dalbavancin factor Be,isoBg and mannitoi or lactose or a mixture of mannitol and
lactose; and

wherein the content of factor Bg is not less than about 75 percent HPLC distribution

of all dalbavancin components present, and wherein the content of isoBg does not exceed 3

percent HPLC distribution of all dalbavancin components present.

[0012e] According to a fifth aspect, there is provided a dosage form comprising:

a'sterile, stable, particle-free dalbavancin powder suitable for reconstitution with a
pharmaceutically acceptable vehicle comprising dalbavancin factors Bg and Bz and

mannito! or lactose or a mixture of mannitol and lactose; and
wherein the content of factor By is not less than about 75 percent HPLC distribution

of all dalbavancin components present and wherein the content of B, is not less than
about 3.0 percent HPLC distribution of all dalbavancin components present.
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[0012f] According to a sixth aspect, there is provided a dosage form comprising:

a sterile, stable, particle-free dafbavancin powder suitable for reconstitution with a
pharmaceutically acceptable vehicle comprising dalbavancin factors By and B, and
mannitol or lactose or a mixture of mannitol and lactose: and

wherein the content of factor By s not Jess than about 75 percent HPLC distribution
of all dalbavancin components present and wherein the content of B, does not exceed about
3.0 percent HPLC distribution of all dalbavancin components present.

[0012g]  According to a seventh aspect, there is provided a pharmaceutical composition
comprising:

‘dalbavancin factor By, wherein the content of factor By is not less than about 75
percent HPLC distribution of all dalbavancin components present;

dalbavancin factor By, wherein the content of B> is not less than about 3.0 percent
HPLC distribution of all dalbavancin components present; and

mannito} or lactose or a mixture of mannitol and lactose.

[0012k] According to an eighth aspect, there is provided a pharmaceutical composition

comprising:

dalbavancin factor By, wherein the content of factor By is not less than about 75
perceni HPLC distribution of ali dalbavancin components present;

dalbavancin factor B,, wherein the content of B, does not exceed about 3.0 percent
HPLC distribution of all dalbavancin components present; and

mannitol or lactose or a mixture of mannitol and lactose.

[0012i] According to a ninth aspect, there is provided a pharmaceutical composition

comprising:

dalbavancin factor B,, wherein the content of factor B, does not exceed about 3.0
percent HPLC distribution;

dalbavancin factor isoBg, wherein the content of factor 1s0Bg does not exceed about
3.0 percent HPLC distribution;

MAG, wherein the content of MAG does not exceed about 3.0 percent HPLC
distribution; and

mannitol or lactose or a mixture of mannitol and iactose.
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[0812j]  According to a tenth aspect, there is provided a pharmaceutical composition

comprising:

dalbavancin factor B,, wherein the content of factor B: does not exceed about 3.0
percent HPLC distribution;

dalbavancin factor isoBg, wherein the content of factor 1508, does not exceed shout
3.0 percent HPLC distribution, and

mannitol or lactose or a mixture of mannitol and lactose.

{0012k]  According to an eleventh aspect, there is provided a method for drying dalbavancin,
comprising the steps of:

providing wet dalbavancin comprising dalbavancin, water, and a sojvent:

drying the wet dalbavancin at a temperature of about 30 °C or less, at a vacuum
pressure of about 50 mbar or less, until the water level of the wet dalbavancin is less than
about 20% (w/w);

adding water to the dalbavancin; and

drying the wet dalbavancin at least once more at a temperature of about 30 °C or
less, at a vacuum pressure.of about 50 mbar or less, until the solvent level of the

dalbavancin is less than about 3.0% (w/w).

[00121] According to a twelfth aspect, there is provided a pharmaceutical composition
comprising:

dalbavancin factor By, at least one additional dalbavancin factor selected from the
group consisting of dalbavancin factors Ag, Ay, By, B, Cg, C1,150Bg, and MAG and
mannitol or lactose or a mixture of mannitol and lactose; and

wherein the content of factor By is not less than about 75 percent HPLC distribution
of ali dalbavancin components present, and wherein a content of acetone does not exceed
about 2.5%.

104. The pharmaceutical composition of claim103, wherein the composition
comprises dalbavancin factors By and MAG, and wherein a content of MAG is less than

about 3.0%

- {0013]  In one embodiment, a pharmaceutical composition is provided that includes a unit

~ dose of dalbavarncin in an amount sufficient to provide a therapeutically or prophylactically
effective plasma level of dalbavancin in an individual for at least five days, 2 stabiliz;r_, and a
pharmaceutically acceptable carrier. - '
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[0014]  Phbarmaceutical compositions of the present disclosure are generally formulated in a
pharmaceutically acceptable form for administration to an individual, such as & pharmaceutically
acceptable aqueous formulation. Such pharmaceutical compositions are preferably administered by
parenteral, e.g., intravenous or inu'amuscular; routes. Accordingly, in this preferred embodiment,
these pharmaceutical compositions are typically sterile.

{0015] In some embodun::nts, a unit dose of dalbavanein is pmwded in dry pawdar (eg.,
tyophilized) form and reconstitutad in a pharmaceutically acceptable camer such as a sterile
agueous formulation, prior to administration to an individual, In one cmbodlmcnt, the
phannaccutlcally acceptable carrier includes 5% dextrose in water, A pharmacem“xmi composition
of the present disclosure may be administered to a mammal in need of treatment or prevention of a bacterial
infection, such as & human. In some embodiments, 2 pharmaceutical composmon may include at

 least one antibjotic that is not dalbavancm, such as an antibiotic that is effective (e.g., bactericidal)
againsta Gram-ncganvc bacterium and/or an antibiotic that is effective against Gram-positive
species against which dalbavancin is not effective, such as VanA vancomycm~_1‘esxstant bacterial
[8616]  The present disclosure provides compositions, methods of making, and methods for treatment or
prevention of a bacterial infection with 2 room-t..mperamm stable dalbavancin pharmecentical
Composinon.

[0017] in some embodiments, one or more stabilizing substances are employed to inhibit
degradafion of one or more dalbavancin components during storage as a dry powder (e.g..
tyophilized) formulation and/or as an aqueous formulation prior to administration to an individual,
Over txme, depradation can result in the undesirable formation of less active and/or inactive
components which could potentially cause adverse effects in vivo, Preferred stabilizers include
nonionic components such as sugars or sugar alcohols, e. g., & mono-, di-, or polysaccharide, or
derivative thereof, such as, for example, mannitol, lactose, sucrase, sorbitol, giveerol, cellulo& ‘
trehalose, maltose, or dextrose, or mixtures thereof,

[0018] In one embodiment, the present disclosure encompasses a pharmaceutical composition
comprising stable dalbavancin.

{00191  In another embodiment, the present disclosure encompasses a pharmaceutical

composition comprising ;lalbavancin and a stabilizer.

[0620] 1o yet another embodiment, the present disclosure encompasses a pharmaceutical composition
comprising dalbavancin and & stabilizer at a pH of about 1-7, more preferably 2-6. In another
embodiment, the composition is at a pH of about 3-5. The stabilizer may comprise 2 carbohydrate
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or an amino acid. The carbohydrate may be mannitol, lactoss, or a combination of mannitol and
lactose. The mannitol and lactose may be added in equal or unegual amounts. In one embodiment,
equal amounts of mannitol and lactose are added and the pH is-adjusted 1o about pH 4.5.
{0021} In another embodiment, the present disclosure also encompasses a pharmaceutical composition
comprising dalbavancin and manritol at a pH of about 3. In one embodiment, the pH of the
composition is about 3.3. In another embodiment, this composition may further comprise lactose.
The lactose and mannitol may be added in equal or unequal amounts, ‘
[8022]  In another embodiment, the present disclosure also encompasses a pharmaceutical composition
comprising dalbavancin and a stabilizer, whersin the stabilizer comprises mannitol and lactose, The
mannitol and lactose may be added in equal amounts. The pH of this composition may optionally
range from 1-7, more preferably 2-6, more preferably 3-5, more preferably 4-5, more preferably
approximately 4.5.
[0823] Glycopeptides, and dalbavancin in particular, are very unstable due to the plycosidic
linkage, There maiy be some degradation at room temperaturs and more degradation at 40 °C,
Some of the formulations descﬁbed above may need special storage mn&itions. In particular,
 refrigeration may be desirable (e.g., 40 to 10 °C, alternatively -20 to 9 °C, more preferably 2 10 8
°C). The formulations may additionally be sterilized. They will form 2 stable, clear, particle free
solution when administered. The solution should be stable and not contain a precipitate.
[0024] The pharmaceutical compositions described zbove preferably degrade by no more thaz
about 4% at about 25 °C after about 2 years, more preferably by no more than about 3%, more
preferably by no more than about 2%, more preferably by no more than about 1%, rmare preferably
by no more than sbout 0.5%. Alternatively, the pharmaceutical compositions described above have
no more than about 4% MAG at about 25 °C afier abouf 2 years, more preferably have no mors than
about 3% MAG, more preferably have no more than about 2% MAG, more preferably have no
thore than about 1% MAG, more preferably have 1o more than about 0.5% MAG. *
[0025] in another embodiment, the pharmaceutical compositions described above prcferabl;
~ degrade by no more than about 6% at about 40 °C afier sbout 3-6 months, more preferably by no
more than about 5%, preferably by no more than about 4%, preferably by no more than about 3 Y,
preferably by no more than about 2%, preferably by no more than about 1%. Alternatively, the
pharmaceutical compositions described above preferably have no more than about 6% MAG at
about 40 °C after about 3-6 months, more preferably have no more than about 5% MAG, preferabiy
have no more than about 4% MAG, preferably have no more than about 3% MAG, preferably have
no more than about 2% MAG, and even more prefcrabiy have no more than about 1% MAG. A
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stable compound at 40 °C would be desirable, especially in places that are not able to store the

compounds in a refrigerator or af room temperature (.2., third world countries and Indian

ressrvations), ‘ ' -

[6626] In yet another embodiment, the pharmaceutical curhposiﬁons degrade by no more than 3%

at about 2-8 °C after about 2 years, more preferably by no more than about 2%; more preferably by

* no more than about 1%:; more preferably by no more than about 0.5 %. Alternatively, the
pharmaceutical compositions have no more than 3% MAG at about 2-§ °C after about 2 years, more
preferably havctno more than about 2% MAG; more preierably have no more than about 1% MAG;
more preferably have no more than about 0.5 % MAG. o -
[0027] The present disclosure includes dalbavancin compositions that may comprise a combination of any
of the dalbavancin factors. . These factors igciude dalbavancin factor Ay, A, Bi, By, G, Gy, 15084,
and MAG.
[0628] Thé present disclosure also include a drying process for reducing the level of solvent in the

. dalbavancin composition. The method includes the steps of providing wet dalbavancin comprising
dalbavancin, water, and a solvent, drying the wet dalbavancin at & temperature of about 30 °C or
Iess and at a vacuum pressure of about 50 mbar or less, untit the water level of the wet delbavancin
is less than about 20% (w/w). Water is then added to the wet dalbavancin and the dryingstep is
repeated. These steps of adding water and drying the wet dalbavancin are repeated until the solvent
level is less than about 3.0% (w/w). These steps can be repeated once, twice, three times, four
times, fivé fimes, six fimes, or as many as neccsséryto reach the desired solvent content. Similarly,
the present disclosure also includes a dalbavancin composition that has a low level of solvent. In one
embodiment, the ievel of solvent may be below 3.0 % (w/w), altematively below 2.5 % (w/w),
alternatively beiow 2.0 % (w/w), alternatively below 1.5 % (w/w), élternativc‘:ly below 1.0 %o (wiw),
alternatively below 0.5 % (wfw), alternatively below 0.1 % (w/w). The solvent may be acetone,
Alternatively, the soivént may be any of ethanol, methanol, propanol, butanol, ether, methirlene '

...chioﬁdz,.tetrahydroﬁxan, chloroform, 1,4-dioxane, wrichloroethyiene, benzene, carbon tet:acl':ioride,
1,2-dichioroethane, 1,1-dichioroethane, 1.1,1-trichioroethane, acetonitriie, chiorobenzene,
cyclobexane, dichloromethane, 1,2-dimethoxyethane, N,N-dimethylacetamids, N,N-
dimethylformamide, 1,4-dioxane, 2-ethoxyethanol, ethylencglycol, formamide, hexane, 2-
methoxyethanol, methylbutyl ketone, methyleyclohexane, N-methylpyrrolidone, nitromethane,
pyridine, sulfolane, tetrafin, tolusne, 1,1,2-trichloroethans, xylene, acefic acid, anisole, 1-butanol, 2-
butanol, bufyl acetate, tert-butyimethyl ether, cumene, dimethyl sulfoxide, ethyl acetate, ethyl ether,
ethy] formate, formic acid, heptane, isobutyl acetate, isopropyl acetate, 3-methyl-1-butanol, '
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factors

methylethy! ketone, methylisobutyl ketone, 2-methyl-1-propanol, penianc, 1-pentanol, {-propanol,
2-pfopano[, propyl acetate, 1-1,diethoxypropane, l,l—diméthoxymcﬂxanc, 2,2-dimethyoxypropane,
isootcane, isopropy! ether, methylisopropyl ketone, meihyiteu;hydroﬁmn, petroleum ether,
trichloroacetic acid, and trifiuoroacetic acid. Additionally, the drying process may be conducted at
a temperature of about 28°C or less, alternatively ata temperature of about 26°C or less,
alternatively at a temperature of about 24°C or less, alternatively at 5 temperature of sbout 22°C or
less, alternatively at a temperature of about 20°C or less, alternatively at a temperature of about
15°C or less, alternatively at a temperature of about 10°C or less. The vacuum pré:ssurt of the |
drying procedure may be about 50 mbar or less, altemnatively about 45 mbar or less, alternatively
about 40 mbar or less, alternatively about 35 mbar or less, alternatively about 30 mbar or less,
alternatively about 25 mbar or less, alternatively about 20 mbar or less, alternatively about 15 mbar
or less, alternatively about 10 mbar or less, altcmaﬁvely about 5 mbar or less, Adﬁiﬁbnaliy, the
water level may be less than about 25% (w/w), altematively less than about 20% (w/w),
alternatively less than about 15 % (w/w). |

{0029] In addition to the low solvent content, the drying process may also reduce the.amount of
MAG present in the dalbavancin composmon The amount of MAG present may be below about
5% HPLC distribution, aliernatively below about 4.5% HPLC distribution, altematively below
abom 4.0% HPLC distribution, aiternatively below about 3.5% HPLC distribution, altemauvely
below about 3.0% HPLC distribution, altcmatw:iy below about 2.5% HPLC distribution,

alternatively beiow about 2.0% HPLC distribution, alternatively beiow about 1.5% HPLC

distribution, altermatively below about 1.0% HPLC distribution, alternatively below about 0.8%
HPLC distribution, alternatively below about 0.6% HPLC distribution, altematively below about
0.5% HPLC distribution, alternatively below about 0.4% HPLC distribution, altematively below
about 0.3% HPLC distribution, alternatively below about 0.2% HPLC distibution, alternatively
below about 0.1% HPLC distribution. |

. [B630]  The present disclosure also includes a pharmaceutical composition comprjsing dalbavancin

B and is0Bg. The content of each of B; and is0Bg can independently not exceed about 3.0 percent
HPLC distribution, alternatively can independently not exceed about 2.5 percent HPLC distribufion,
alternatively can independently not exceed about 2.0 percent HPLC distribution, alternatively can
independently not exceed about 1.3 percent HPLC distribution, alternatively can independentty not
exceed about 1.0 percent HPLC distribution, alternatively can independentiy not eﬁceed about 0.5

percent HPLC distribution, or alternatively can independently not exceed about 0.1 percent HPLC
distribution.



[0831]  Additionally, the present disclosure also includes a pharmaceutical composition comprising
dalbavancin factors Bs, isoBg, and MAG. The content of each of B,, isoBg, and MAG can
independently not exceed about 3.0 percent HPLC distribution; elternatively can indepandently not
excesd about 2.5 percent HPLC distribution, alternatively can indépcndentiy not exceed about 2.0
percent HPLC distribution, alternatively can independently not excesd about 1.5 percent HPLC
distribution, alternatively can independently not exceed about 1.0 percent HPLC distribution,
alternatively can independently not exceed about 0.5 percent HPLC distribution, or altemaﬁvély
can independently not exceed about 0.1 percent HPLC distribution. | '
[0832] The present discloéure also includes methods for treating a bacterial infection comprising
providing at least one of the pharmaceutical compositions described above to patient in need thereof
and administering a therapeutically effective dose of sterile, stable, particie-free, clear dalbavancin
to the patient. The method may further include admmrstenng a single subsequent therapentically
effective dose. The single subsequent therapsutically effective dose may be administered
approximately five to ten days, or about a week, afier the initial dose. The single subsequent
therapeutically effective dose may also be administered approximately five to ten days, or about 2
week, afier the inifial dose, without any intervening doss of dalbavancin. In another smbodiment,
the method may include administering multiple subsequent doses. The multiple subsequent doses
may be administered at approximately five to ten day intervals, or one wesk intervais. The multiple
subsequent doses may also be adrmmstered at approximately five to ten day intervals, or one week
intervals, without any intervening doses of dalbavancin, The method may aiso include the further
step of monitoring the infection after administering the first dose and, optionally, adjusting the
subsequent dose(s) accordingly.

[6033]  The present disclosure also includes methods for treating a bacterial infection in a patient with
renal impairment comprising administering a therapeutically effective dose of sterile, stable,
particle-free, clear dalbavancin to the patient. The impairment can range from mildto severe. in
one embodiment, the therapeutically effective dose achieves a peak concentration in the patie;lt
(Cona) Of 8t least 100 mg/l.. In another embodiment, the ﬂaerdpﬂuﬁcaﬂy sffective dose achieves a
patient exposure (area under the curve) of at least 13,000 mgeh/L. The method may include
administering a single dose of dalbavancin of about 300-1200 mg, altemanvciy about 400 mg,
alte_ms;wely ebout 500 mg, alternatively about 600 mg, alternatively about 700 mg, altsrnatively
about 800 mg, alternatively about 300 mg, alternatively about- 1000 mg, alternatively about 1100
mg, alternatively about 1200 mg.



[0834] The method for treating a bacterial infection in a patient with renal impairment may also
include administering multiple doses of dafbavancin. In one embodiment, two doses may be
administered about five to about ten days apart, such as about one week apart, or alternatively about
ten to about eighteen days apart, such as a bout two weeks (or 14 days apart). Alternatively, dose
frequency may be, for example, twice weekly doses, thrice weekly doses, or maultiple weekly doses.
Alternatively, the dosing interval may be, for example, any of about 2, 3, 4, 3,6,7,8,9,10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21,22, 23, 24, 25, or more days apart. The number of doses given,
can be, for example, one, two, three, four, five, six, or more doses, each dose afier the initial dose
being given afier the selected dosage interval,

{0035]  In one embodiment, the first dose may be about 750 mg and the second (or subsequent)
dose may be about 250 mg. In another embodiment, the first dose may be about 750 mg and the
second (or subsequent) dose may be about 150 mg. In ancther embodiment, the first dose may be
about 750 mg and the second (or subsequent) dose may be about 125 mg. In another embodiment,
the first dose may be about 1000 mg and the second {or subsequent) dose may be about 500 mg.
[0636] In another embodiment, the first dose may be about 200 mg to about 1500 mg,
altematively about 200 mg to about 1300 mg, alternatively about 100 mg to about 1500 mg,
alternatively about 200 mg to about 1400 mg, altematively about 300 mg to about 1360 mg,
alternatively about 400 mg to about 1200 mg, alternatively about 500 mg to about 1100 mg,
alternatively about 600 mg to about 1000 mg, altematively about 1000 mg, alternatively about 950
mg, alternatively about 900 mg, alternatively about 850 mg, alternatively about 800 mg,
alternatively about 750 mg, alternatively about 700 mg, alternatively about 650 mg, alternatively
about 600 mg, alternatively about 550 mg, or alternatively about 500 mg. The second or
subsequent dose may be about 200 mg to about 1500 mg, alternatively about 200 mg to about 1300
mg, alternatively about 100 mg to about 1500 mg, alternatively about 200 mg 1 about 14(}0 mg,
alternatively about 300 mg to about 1300 mg, alternatively about 400 mg 1o about 1200 mg,
aliernatively about 500 mg to about 1100 mg, or alternatively about 600 mg to about 1000 mg,
alternatively about 600 mg, alternatively about 550 mg, alternatively about 500 mg, alternatively
about 450 mg, alternatively about 400 mg, altematively about 350 mg, alternatively about 300 mg,
alternatively about 250 mg, alternatively about 200 mg, alternatively about 150 mg, or alternatively
about 100 mg, It is to be understood that any of the above first doses may be combined with any of
the above second or subsequent doses in a dosing regimen. _

{0637]  In a multiple dosing regimen for renal or normal patients, the ratio between the first and
second (or subsequent) doses may be defined by a factor. The amount of the first dose may be
9



greater than about | times the amount of the second dose. Alternatively, the first dose may be '
greater than about 1.5 times, greater than about 2 times, greater than about 2.5 times, preater than )
about 3 times, greater than about 3.5 times, greater than about 4 times, greater than about 4.5 times,
greater than about 5 times, greater than about 5.5 times, or greater than about 6 times the amount of
the s=cond (or subsequent) doses.
[0038] Similarly, the amount of the second (or subsequent) dose may be about 6 times less than
the amount of the first dose. Alternatively, the amount of the second (or subsequent) dose may be
about 5.5 times, alt=rnatively less than about 5.0 times, alternatively less then about 4.5 fimes,
alfernatively less than about 4.0 times, alternatively less than about 3.5 times, alternatively less than
about 3.0 fimes, alternatively less than about 2.5 times, alternatively less than about 2.0 times,
alternatively less than about 1.5 times, alternatively less than about 1.0 times the amount of the first
dose, '
[0039] The method for treating a bactzrial infection in a patient with renal impairment may
inchude administering & single dose of dalbavancin, The patient may have mild, moderate; severe,
or end-stage renal impairment. The amount of this single dose may be.about 1200 me, alternatively
about 1150 mg, alternativsly about 1100 mg, alternatively about 1050 mg, alternatively aﬁouf 1000
mg, alternatively about 950 mg, alternatively about 900 mg, alternatively about 850 mg,
alternatively about 800 mg, altematively about 750 mg, alternatively about 700 mg, alternatively
about €50 mg, altematively about 600 mg, alternatively about 550 mg, alternatively about 500 mg.
The amount of the single dose may also be between about 250 mg to about 1300 mg, alternatively
betwoen sbou: 300 mg 10 about 1200 me, altematively between about 350 mg to about 1100 me,
alternatively between about 400 mg to about 1000 mg, alternatively between about 450 mg to about
1000 mg, alternatively between about 500 mg to about 1000 mg, alternatively betwesn about 550

. mg to about 950 mg, alternativeiy between about 600 mg to about 300 mg, alternatively between
about 650 mg to about £50 mg. » , . -
[8640]  The present disclosure also includes methods of making the pharmaceutical compositions
described above comprising providing dalbavancin and adding a stabilizer. In ons embodiment, the
stabilizer is a carbohydrate dr a sugar. In another embodiment, the stabilizer is mannitol, lactose, or
& combination thereof. ,
[6041] In yet another embodiment, the method further includes the step of adjusting the pH of the
composition, if necessary. In one embodiment, the pH is adjusted to about 1-7, more preferably
about 2-6, more preferably about 3-5. The pH may be adjusted with 2 pH modifier. pH modifiers
inciudc inorganic bases of alkali and alkaline earth metals such as NaOH, Ca(OH});, KOH, and
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Mg(OHh. Inorganic oxides, carbonates, bicarbonates of alkali and alkaline earth metals may also
be used as pH 'modiﬁ'crs. Alkali and alkaline salts of inorgaziic weak acids and amphoteric acids
such as phosphoric acid, boric acid, sulfuric acid, and all other sulfur-containing acids may also be
used as pH modifiers. Amino acids such as lysine, megiumaine, arginine, n-methyl glucosarnine,
may also be used to modify the pH. Organic beses, iﬁciuding all amines, phenols, weak carboxyiic
acids, dicarboxylic acids, hydi'oxy carboxylic acids, and their salts, may also be utilized to modify
the pH of the composition. '
{8642}  In another embodiment, methods are provided for treating a bacterial infection in an individual
in necdltbc'raof, including administering at least one unit doss of dalbavancin in an amount
sufficient 1o provide a therapeutically effective plasma level of dalbavancin in the individual for at
least five days, and 2 pharmaceutically acceptable carner. A therapsutically effective plasma level
of dalbavancin is generally at least about 4 mg of dalbavancin per liter of plasma. In ons
embodiment, the desage amount of dalbavancin administered is an amount that is clinically
effective and also has reduced adverse side effects in comparison 1o the standard of care with drugs
such as teicoplanin and vancomycin. _ |
[0043] Dalbavancin may be administered as a singie dose or &s multiple doses. In some
embodiments, z single dose of about 100 mg to about 4000 mg, for exampie 3000 mg, of
dalbavancin is administered. In various embodiments, a single dalbavancin dose may include at
least about any of 0.1, 0.25, 0.5, 1, 1.5, 2, 2.5, or 3 grams, |
[6044] In other embodiments, two doses are administered about five o about ten days apart, such
 as about one week apart. The first dose may be about 500 to about 5000 mg of dalbavancin and the
second dose may be about 250 mg 1o about 2500 mg-of dalbavancin, Ofien, the first dose includes
about 1.5 to about 3 times, often at least about twice as much of the amount of dalbavancin
contained in the second dose. For example, the first dose may be about 1000 mg and the second
dose may be about 500 mg of dalbavancin. In another embodiment, the first dose may be ;.t.bo.ut B
1200 mg and the second dose may be about 600 mg. in methodﬁ in which two doses are
administered, the plesma trough level of dalbavancin in an individual prior to administration of the
second dose is generally at least about 4 mg, ofien. at 1east about 10 mg, often at least about 20 mg,
mors often at least about 30 mg dalbavancin per liter of plasma, and still more often at least about
40 mg dalbavancin per liter of plasma.
f0045]  Often, methods of the present disclosure include parenterat administration, for example
intravenous administration. In some embodiments, administration 15 intravenous with the rats of
administration controlled such that administration accurs over at least éboui 30 minutes or longer.
11



[0046] Methods of the present disclosure may be used to treat a Gram-positive bacterial infection, such as,

for exampie, & Staphylococcus aureus or Streptococcus pyogenes skin and soft tissue infecfion. In
some embodiments, the infection is penicillin-resistant and/or multi-drog resistant,
[8047]  In another embodiment, a method for preventing a bacterial infection is provided which includes
administering at ieast one unit dose of dalbavancin in an amount sufficient to provide a
pmphyiacﬁcauy effective plasma ievel of dalbavancin in the individual for at least about one day,
thres days, five days, one week, or ten days or longer, and a pharmaceutically acceptable carrier,
The dosage of dalbavancin may‘_bc, for example, about 100 mg to about 1600 mg. In some
embodiments, dalbavancin is administered prioe, during, or subssguent to 2 medical procedure ora
stay in the hospital, ‘
[0048] Therapeutic or prophylactic methods of the present disclosure may include administration of at
least one antibiotic that is not dalbavancin, preferably an antibiofic that is effsctive against 2 Gram-
negative bacterium and/or &n antibiotic that is effective against Gram-positive strains that
dalbavancin is not ﬂffecuvc against, such as VanA strains, ' | ‘
[0845%]  In another embodlment kits are provided that include at least one unit dose of dalbavancin in an
aﬁodut sufficient to provide a therapeutically effective plesma level for at least about five days ora
prophylactically effective plasma level of dalbavancin for at least about one day in an indiﬁdﬁal,
and instructions for use in 2 method of treatment or prophylaxis of & bacterial infection. A kit may
contsin fwo unit dosages, with a first dosage including 1.5 to 3 fimes, ofte at least about twice as
much of the amount of dalbavancin included in & second dosage. Kits may also include an
antibiotic that is not dalbavancin, preferably effective against a Gram-pegative bacterinm,
[0€50] - In one emmbodiment, kits are provided that include 2 first container containing a dry
powder (e.g., tyophilized) dalbavancin composition and a second container containing a
 predetermined amount of a phiysiologically acceptable aqueous solution for admixing with the
~ dalbavancin composition. ‘Such solutions are preferably sterile aqueous solutions. In on-
embodiment, kits inciude a d»h\!t:t)! means for admmst:nng the dalbavancin compcsmun to an
individual, for example & syringe or intravenous administration means. .
| [0€51] The present disclosure also provides N¥, NP-dialky! antibiotic compounds with utility
agai.nsf infectious microbes. The compounds of the present disclosure are useful for treating and/or
preventing microbial infections, such zs SSTIs and other bacterial infections.
{0852]  The present disclosure is based, in part, on the discovery of N*, N-dialkyl antibiotic
compounds having antimicrobial activity af least comparabie to, or even greater than, previously
known N’ -monoalkyl antibiotic compounds such as dalbavancin compounds. in addition, as
12



described in the examples below, certain N'°, N*-dialkyl antibiotic compounds of the present disclosure
show activity sgainst a broader spectrum of microbess when compared 1o the previously known M-
monoalky! antibiotic compounds such as N2 -monomethyl dalbavancin cormpounds.

{0053] In one embodiment, the present disclosure provides N*, N*.dialkyl antibiotic compounds
according to formula (T):

The N*°, N*3-dialkyl antibiotic compounds of the present dlsclosure (having atoms numbered. according to
Fig. 26) comprise two alky] substituents-on the arnino terminal nirogen. In other words, in formula

(D R'and R are alkyl. In most preferred embodiments of the present disclosure, R' and R are methyl.
The other substituents of formuia (I) are described in detail beiow. Preferred subsutuﬁsnts mc’xude
those found on antibiotic A 40926 compounds and/or dalbavancin compounds known to those of
skill in the art For instance, in preferred embodiments G and M are plycosyl moieties such as the
aminoglucuronyl and mannopyranosyl moisties described in the sections below. In certain
bédimcn’cs, the aminoglucurony! moisty is acylated, for example, with a fatty acid, and in certain
embodiments, the mannopyranosyl moiety is acetylated.

[0854] In certain embodiments, X s OH while in further emboa’.imcnm Xis aminoalkylamino

The aminocalkylamino group can be any aminocalicylamino group known to those of skill in the art,
inchuding those. described in U.S. Patent No. 5 ,750,509. In preferred emmdlments X is N.N-
dimethylarninopropytamine. As described in detail in the examples bejow, compounds accordmg

to formula (I) wherein X is aminoalkylamino show antibiotic activity comparable to or greater than
corrssponding dalbavancin compounds, such as those described in U.S. Patent No. 5,75€,509.
Although compounds wherein X is aminoalkylamino are preferred, compounds wherein X is OH

are useful, for example, for the preparation of compounds of the present disclosure wherein X is
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aminoalkylamino, and they can also be useful themsstves for treating and/or prevennng microbial
infections.

[8055] In another embodiment, the present disclosure provides compositions comprising an N'°, N

-dialkyl antibiotic compound of the present disclosure and a second compound. The second compound can

be any compound known to those of skill in the art. In particular embodiments, the secona
compound is an antibiotic compound, for i instance an antibiotic A 40926 compound ora

dalbavancin compound. In further embodiments, the second compound is also an N° N -dxaikyi
antibiotic compound of the present disclosure. Exemplary compositions of the present disclosure include mixtures
of antibiotic A 40926 compounds and/or dalbavancin compounds that further comprise a compound
according to formuta (f). In particular embodiments, the compositions are enriched in the N*° N7-
dialkyl antibiotic compound of the present disclosure. The enrichment can be reiat@ve to antibiotic A 40926
compounds and/or dalbavancin compounds of the composition, or relative o other compounds of

the composition, or both. In certain embodiments, the present disciosure provides compositions
comprising a purified N'*, N'*-dialky! antibiotic compound of the disclosure, an isolated N, N'%

dialkyl antibiotic compound of the present disclosure or a purified and isolated N**, N”-dialky} anﬁbiotic :
compound of the present disclosure. |

{0856] In a further embodiment, the present disclosure provides pharmaceutical compositions
compri;ing a N*5 N'-diaiky! antibiotic compound of the present disclosure. Preferred compositions
comprise compounds according to formuta (T) wherein X is aminoalkylamino The compositions

can further comprise other active ingredients, including antibiotic A 40926 compounds.and/or
dalbavancin compounds known to those of skill in the art. In certain embodiments, the -
pharmaceutical compositions further comprise 2 pharmaceutically acceptable carrier, E:xcipient or
dilvent. In particﬁlar embodiments, the present disclosure provides pharmaceutical unit dosage of a
compound of the disclosure for use, for example, in the treatment and/or prevention of microbial
infections. . ' . a
{8057]  n a further embodiment, the present disclosure provides a dosage form comprising a sgerﬂe,
stable, particie-free dalbavancin powder suitable for reconstitution with 2 pharmaceutically

acceptable vehicle comprising dalbavancin factors By and By, The ‘namss Bs, Cs, and N N5
dimethyl dalbavancin By have been used interchangeably. In one embodiment, the content of factor
Byis not less than about 75 percent HPLC distribution, alternatively not less than about 80 percent
HPLC distribution, alternatively not less than about 85 pereent HPLC distribution, altematively not
less than about 90 pe:rcent HPLC distribution, alternatively not less than about 95 percent HPLC
distribution. The content of B; is not less than about 4.0 percent HPLC qzs!:nhuﬁqu, alternatively
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not less than about 5.0 percent HPLC distribution, alternatively not less than about 6.0 percent

HPLC distribution, alternatively not less than about 7.0 percent HPLC distribution, alternatively not
less than about 8.0 percent HPLC distribution, alternativety not less than about 9.0 percent HPLC
distribution, altematively not less than about 10.0 percent HPLC distribution, alternatively not less
than about 15.0 percent HPLC distribution, alternatively not less than abmn 20.0 percent HPLC
dis&ibuﬁom, altemnatively not less than about 25.0 percent HPLC distribution, alternatively not less
than about 30.0 percent HPLC distribution, altemnatively not less than about 40.0 percent HPLC
distribution. The percent HPLC distribution of parficular components can be calculated by

_comparing the ares of each single component to the total chromatography arez. The desagé‘fom
may further include at least one additional factor, such as dalbavancin factor Ag, A, By, Ce, or Cy.
[MSS] In a further embodiment, the present disclosure provides for a pharmaceutical composition

~ comprising dalbavancin factors By and By, In one smbodiment, the content of factor By is not less
than about 75 percent HPLC distribution. alternatively not less than about 80 percent HPLC
distribution, alternatively not less than about 85 percent HPLC distribution, altematively not iess
than about 90 percent HPLC distribution, alteratively not less than about 95 percent HPLC
distribution. The content of B; is not less than about 3.0 percent HPLC distribution, alt=rmatively

_ not less than zbout 4.0 percent HPLC distribution, alternatively not less than about 5.0 percent
HPLC distribution, alfernatively not less than about 6.0 percent HPLC distribution, alternatively not
less than about 7.0 pcrcént HPLC distribution, alternatively not less than about 8.0 percent HPLC
distributioﬁ, alternatively not less than about 9.0 percent HPLC disiribuiion, alternatively not Jess
than about 10.0 percent HPLC distribution, altzmatively not less than about'15.0 percent HPLC
distribution, alternatively not iess than about 20.0 percent HPLC distribution, altsrnatively not less
than about 25.0 percent HPLC distribution, alt=matively not less than about 30.0 percent HPLC
distribution, alternatively not less than about 40.0 percent HPLC disiributién. As defined above;
the percent HPLC distribution of particular components can be calculated by comparing the area of
each single component to the total chromatography area. The pharmaceutical composition mz;y :
further inciude at least one additional factor, such as dalbavancin factor Ag, Ay, By, Cg, 0rCs.
[0059]  In another emBodiment, the present disclosure also provides for the de-enrichment of the B,
component. In one embodiment, the content of factor B, is not more than about 5.0 percent HPLC
distribution, alternatively not more than about 4.5 percent HPLC disu'iiiution, alternatively not more
than about 4.0 percent HPLC distribution, altematively not more than about 3.5 percent HPLC
distribution, alternatively not more than about 3.0 percent HPLC distribution, alternatively not more
than about 2.5 percent HPLC distribution, alternatively not more than about 2.0 percent HPL.C
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distribution, alternatively not more than about 1.5 percent HPLC distrbution, alternatively not more
 than about 1.0 percent HPLC distribution, alternatively not more than about 0.5 percent HPLC
distribution, alternatively not more than about 0.] percent HPLC distribution.
[0860] In another embodiment, the present disclosure provides methods of treating and/or preventing
microbial infections in a subject in need thereof, The methods can comprise the administration of
an effective amount of N'°, N'*-dialky] antibiotic compound or cémposi’tion of the present disclosure to the
subject. The present disclosure encompasses the prevention or freatment of gram-positive or antibiotic-
‘resistant bacterial infections, such as 2 Bacillus, Corynebacteriz, Listeria, Enterococcus,
Staphylococcus, Streptococcus, Neisseria, or Clostridium genus infection, in particular
Staphylococcus aureus, Staphylococcus epidermidis, Staphviococcus hemolytim, Streptococcus
pyogenes, Streptococcus pnewmoniae, Groups A and C Streptococeus, Enterococcus faecalis, |
Bacillus subtilis, Neisseria gonorrhoeae, or Clostridium difficile. Other infections that can be -
prevented or treated using the N', N~dialky] antibiotic compounds, compositions, and methods of
the present disclosure include gram negative bacterial infections, such as a Bartonella, Bruceila,
Campylobacter, Enterobacter, Escherichia (as well as other Proteobacteria), Francisella,
Helicobacter, Hemophilus, Klebsiella, Legionelia, Leptospira, Morganella, Moraxelle, Prot=us,
Providencia, Pssudomonas, Sakmonella, Serratia, Shigeila, Stenotrophomonas, Vibno and Yersinia

genns infection, in particular Esckmchza coli, Proteus vuigaris, Pseudomonas aerugmasas and
- ycast, such as Candide albicans, infections.

BRIEF DESCRIPTION OF THE DRAWINGS
[0061] Figure 1A depicts the amount of dalbavancin component By versus time in various
pharmaceutical compositions, with and without mannitol, at 25 °C.
[0862] Figure 1B depicts the.amount of MAG versus time in various phammaceutical
compositions, with and without mannitol, at 25 °C. |

¥

[0063] Figure 2A depicts the amount of dalbavancin component By versus ﬁmc in various
pharmaceutical compositions, with and ‘without mannitol, at 40 °C.
[0064] Figure 2B depicts the amount of MAG versus time in various pharmacsutical
compositions, with and without mannitol, at 40 °C. :
[0665] Figure 3A depicts the amount of dalbavancin component By versus time in various
pharmaceutical compositions containing mannito} and/or lactose at 25°C.
[0066] Figure 3B depicts the amount of MAG versus time in various pharmaceutical
compositions containing mannitol and/or lactose at 25 °C, ‘
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[0067] Figure 44 depicts the amount of dalbavancin component By versus time in various
pharmaceutical compositions containing mannitol and/or lactose at 40 °C.
[0068] Figure 4B depicts the amount of MAG versus time in various pharmaceutical
compositions containing mannitol and/or lactose at 49 °C,
[6069] Figures depicts dalbavancin plasma concentration versus time following a single 1000
mg intravenous infusion of dalbavancin. _
[0070]  Figure 6 depicts isothermal titration calorimetry data for dalbavancin binding to human
serum albumin (top) and a graphical representation of the data fitted to a curve determined from a
2:1 binding model of dalbavancin:protein (bottom).
[0071] Figure 7 depicts an electrospray ionization mass spectrum of dalbavancin,
[0072Z] Figure 8 is a graph of dalbavancin concentration vs. population ratio of dalbavancin
multimer to monomer and depicts an increase in population ratio of dalbavancin multimer to
monomer with increasing dalbavancin concentration. .
[0073] Figure 9 is a graph of pH vs. population ratio of dalbavancin multimer to monomer and
depicts an increa.ﬁ: in population ratio of dalbavancin multimer to monomer with increasing pH.
{0074] Figure 10 depicts an electrospray ionization mass spectrum of dalbav.ancin in an
ammonium formate 5mM pH 5 solution, .
[0075]  Figure 11 depicts an electrospray jonization mass spectrum of dalbavancin in an
ammonium formate 50 mM pH 5 solution.
[0076] Figure 12 depicts an electrospray ionization mass spectrum of dalbavancin in an
ammonium forrnate 100 mM pH § solution.
{0077} Figure 13 depicts an electrospray ionization mass spectrum of teicoplanin (50 pg/mL) in
watet,
[60678] Figure 14 depicts an electrospray ionization mass spectrum of teicoplanin (100 pg/mL) in
water. ‘ “
{0079]  Figure 15 depicts the effect of HSA on the apparent dissociation constant for
dalbavancin/tri-peptide binding at 26°C (pH 7.4). _
[0080] Figure 16 depicts a comparison of isothermal calorimetry (ITC) data for binding of tri-
peptide to vancomycin and dalbavancin under identical conditions, using the same tri-peptide
solution.
[0081] Figures 17A and 17B depict the possible interaction of dalbavancin monomers and
multimers (inchuding dimers) with tri-peptide ligand and HSA. Figure 17A depicts dalbavancin in
monomer-dimer equilibrium in solution, binding as monomer to two separate sites on HSA. Figure
17



17B depicts ligand binding to dalbavancin dimer in solution and more weakly to dalbavancin

monomers attached to HAS

{0082] Figure 18 provides mean dalbavancin plasma concentration-time profiles,

[6083] Figure 19 provides mean dalbavancin plasma concentration-time profiles.

[€084] Figure 20 provides additional mean dalbavancin plasma concentration-time profiles.

[0085] Figure 21 provides a graph of dalbavancin exposure through the relative treatrent period

vs. creatinine clearance. _

[0086] Figure 22 provides a comparison of exposure during the relative treatment period vs.

overall exposure.

[0087] Figure 23 provides dalbavancin concentration-time profiles for subjects with normal renal

function and subjects with severe renal impairment.

{0088] Figure 24 provides dalbavancin plasma concentration time profiles.

[0089] Figure 25 provides a comparison of dalbavancin exposure through the treatment period.

[0090] Figure 26 provides the structure of antibiotic A 40926 compounds and dalbavancin
compounds including the numbering of selected atoms;

[0091] Figure 27 provides the structure of dalbavancin Bg;

[0092] Figure 28 provides the structure of an exemplary N> N*’_dimethyl antibiotic compound of
the invention; '

[0093] Figures 29-31 provide schemes illustrating examples of the invention that verify the
structure of an N N**-dimethyl antibiotic compound of the invention;

[0094] Figures 32-33 provide ESI and HPLC chromatograms verifying the structure of the N'° N~
dimethyl antibiotic compound;

[0695] Figure 34 provides the structure of dalbavancin By,

[0096] Figure 35 provides an infrared spectrum of dalbavancin B, (N, M*-dimethy! dalbavancin

© Boj -

[0097] Figure 36 provides an ESI-MS spectrum of dalbavancin B; (W, A"’ -dimethy! dalbavancin
Bo); and _

[0098] Figure 37 illustrates an HPLC trace of a composition of the invention.

[0899] Figure 38 provides a mass spectrum of isoBg.

[00100] Figure 39 illustrates an HPLC trace of isoB.

[68101] Figures 40A-C provides mass spectra of isoBg.

[00162) Figure 41 provides a 'H-NMR spectrum of isoBs.

{001€3] Figure 42 provides a *C-NMR spectrum of isoBy.
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[80104] Figure 43 provides the identification of the location of the protons for dalbavancin.
[60105] Figure 44 provides the plasma pharmacokinetics of dalbavancin in thigh-infected mice.
{00106} Figure 45 provides the effect of single doses of dalbavancin on the in vivo killing of S,
preumoniae over time. _ '

[00167] Figure 46 provides the effect of single doses of dalbavancin on the in vive killing of S.
aureus over time. '

{00108] Figure 47 provides the relaticnship between dalbavancin dosing interval and efficacy
against S. pneumoniae.

{00109] Figure 48 provides the relationship between dalbavancin dosing interval and efficacy
against S. aureus.

{00110] Figure 49 provides the relationship between dalbavancin PK/PD parameters and efficacy
against S. pneumoniae.

[08111} Figure S50 provides the relationship between dalbavancin PK/PD parameters and efficacy
against S. aureus.

100112] Figure 51 provides the dose-response curves for dalbavancin aginst various strains,
[66113] Figure 52 provides the dose-response curves for datbavancin aginst S. pnewmoniae and S.
aureus.

[08114] Figure 53 provides the dose-response curves for dalbavancm in both normal and
neutropenic mice infected with S. pneumoniae.

[08115] Figure 54 provides the dose-response curves for dalbavancin in both the iung and thigh
infection models.

DETAILED DESCRIPTION OF THE INVENTION

4

Definitions . )
[00116] When describing compounds of the invention, pharmaceutical compositions containing
such compounds and methods of using such compounds and compositions, the following terms
have the following meanings unless otherwise indicated.

[60117} “Antibiotic A 40926 compound” refers to a glycopeptide antibiotic known to those of skill
in the art, Exemplary antibiotic A 40926 compounds are described in U.S. Patent Nos. 4,935 L2238,
4,868,171 and 4,782,042, the contents of which are hereby mcoxporated by reference in their

entxretxes
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{00118] “Dalbavancin compound” refers to a glyéopepﬁde antibiotic described in U.S. Patent No.
5,750,509 and U.S. Patent Application Publication No. 2004/0142883, the contents of which are
hereby incorporated by reference in their entireties. The systematic name of an exemplary
daibavancin compound known to those of skill in the art is ristomycin A aglycone, 5,31-dichloro-
38-de{methoxycarbonyl}-7—demethyi-19»deoxy-56~0—(2—deoxy-2-(( 10-methyl-1-
oxoundecyl)amino)-beta-D-glucopyranuronosyl)-3 8-((3~(dimethylamino)propyDamino}-carbonyl)-
42-0-alpha-D-mannopyranosyl-N' 5—methyi-. Exampies include those depicted in Figs. 26 and 27.
Dalbavancin compounds include those compounds with optional sugar moieties at the 56 and 42
positions and optional acyl groups, such as fatty acids, on the sugars. Dalbavancin compounds can
be derived from the natural antibiotic A-40926 known to those of skill in the art. Exemplary
dalbavancin corﬁpounds include those described U.S. Patent Application Publication No.
2004/0142883 such as dalbavancin Ay, Ay, Bo, By, Cpand C;.

[00113] “N*’ N”-dialkyl antibiotic compound,” described in detail in the sections below, refers to
& compound of the invention, i.e. an antibiotic compound having two alkyl groups on its N'*
nitrogen. A N'° N Sdialkyl antibiotic compound of the invention can be derived from an antibictic
A 40926 compound or from a. dalbavancin compound such as dalbavancin Ag, Ay, By, By, Cop and
Ci. _ _ '
[06120] “N*’ N'.dimethy! antibiotic compound,” described in detail in the sections below, refers
o & compound of the invention, i.e. an antibiotic compound, having two methyl groups on its N'°
nitrogen. ' -

100121] “Acyl”referstoa radical -C(O)R, where R is atkyl.

[00122] “Alkyl” refers to monovalent saturated aliphatic hydrocarby! groups preferably having
from 1 to.about 11 carbon atoms, more preferably from 1 to 8 carbon atoms, and still more
preferably from 1 to 6 carbon atoms. The hydrocarbon chain may be either linear or branched.
This term is exemplified by groups such as methyl, ethyl, n-propyl, isopropyl, s-butyl, iso-i)utyl,
dert-butyl, ﬁéhexyl, n-octyl, tert-octyl and the like. The term “lower aliyl” refers to alkyl grox;ps
having from 1 to 6 carbon atoms. 7

[00123] “Alkylene” refers to divalent saturated aliphatic hydrocarbyl groups preferably having
from 1 to 11 carbon atoms and more preferably 1 to 6 carbon atoms which can be finear or
branched. This term is exemplified by groups such as methylene (-CH;-), ethylene (-CH,CH;-), the
propylene isomers (e.g., -CH;CH,CHo- and -CH(CH;)CH>-) and the like,

[00124] “Amino” refers to the radical -NH;.

[00125] “Alkylamino” refers to the radical -NH-alky! or -N(alkyl),.
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{00126] “Aminoalkylamino” refers to a radical of the form -NR-(alkyl}-NR’R” wherein each R, R’
and R” independently represent hydrogen, alkyl, substituted aikyi,. aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, cycloheteroatkyl, substituted cycloheteroalkyl, heteroaryl or substituted
heteroaryl group. Preferred R, R’ and R” groups include hydrogen and alkyl. Exemplary
aminoalkylamino groups are described in U.S. Patent No. 5,750,509, the contents of which are
hereby incorporated by reference in their entirety.

[00127] “Carboxy" refers to the radical -C(O)OH.

{00128] “Dialkylamino” means a radical -NRR’ where R and R’ each independently represent an
alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl, cycicheteroalkyl,
substituted cycloheteroalkyl, heteroaryl or substituted heteroary} group as defined herein.

[00128] “Halo” or “halogen” refers to fluoro, chiore, bromo and iodo. Preferred halo groups are
either fluoro or chioro. '

100130] “Percent HPLC distribution” of a particular component is cacluated by comparing the area
of the peak corresponding to the particularcomponent to the total chromatographic area.

[00131] “Pharmaceutically acceptable” means approved (by a regulatory agency for investigational
or commercial use) of the federal or a state government or listed in the U.S. Phannacopoexa or other
generally recognized pharmacopoeia for use in animals, and more particularly in humans.

[00132] “Pharmaceutically acceptable salt” refers to a salt of a compound of the invention that is
pharmaceuticaily acceptable and that possesses the desired pharmacological activity of the parent
compound. Such salts include: (1) acid addition salts formed with organic or inorganic acids such
as hydrochloric, bydrobromic, sulfuric, nitric, phosphoric, acetic, trifluoroacetic, trichloroacetic,
propionic, hexanoic, cyclopentylpropionic, glycolic, glutaric, pyruvic, lactic, malonic, succinic,
sorbic, ascorbic, malic, maleic, fumaric, tartaric, citric, benzoic, 3-(4—hy21roxybemyl)bcnzoic,
picric, cinnamic, mandelic, phthalic, lauric, methanesulfonic, ethanesulfonic, 1 ,2~ethane-disulfonic,
2-hydroxyethanesulfonic, benzenesulfonic, 4-chlorobenzenesulfonic, 2- naphthaienesuifomc 4~
toluenesulfonic, camphoric, camphorsulfonic, 4-methylbicycio[2.2. 2}-oct-2-ene~1-caxboxyhc,

. glucoheptonic, 3-phenylpropionic, trimethylacetic, tert-butylacetic, lauryl sulfuric, gluconic,
benzoie, glutamic, hydroxynaphthoic, salicylic, stearic, muconic acid and the like acids; or (2) salts
formed when an acidic proton present in the parent compound either (a) is replaced by a metal jon,
e.g., an alkali metal ion, an alkaline earth ion or an aluminum ion, or alkali meta! or alkaline earth
metal hydroxides, such as sodium, potassium, calcium, magnesium, and barium hydroxide,
ammonia or (b} coordinates with an organic base, such as aliphatic, alicyclic, or aromatic organic
amines, such as methylamine, dimethylaminem, diethylamine, picoline, ethanolamine,

21



diethanolamine, triethanolamine, N-methylglucamine and the like (see, e.g., U.S. Patent Na.
5,606,036).

[00133] Saits further include, by way of example only, sodium, potassium, calcium, magnesium,
ammonium, tetraatkylammonium and the like, and when the compound contains a basic
functionality, salts of non-toxic organic or inorganic acids, such as hydrochloride, hydrobromide,
tartrate, mesylate, acetate, maleate, oxalate and the like. The term “pharmaceutically acceptable
cation” refers to a non-toxic, pharmaceutically acceptable cationic counterion of an acidic
functional group. Such cations are ekempliﬁed by sodium, potassium, calcium, magnesium,
ammonium and tetraalkylammonium cations and the like.

{00134] “Pharmaceutically acceptable vebicle” refers to a dituent, adjuvant, excipient or carrier
with which a compound of the invention is administered.

[08135] “Solvate” refers to a compound of the present invention or a salt thereof, that further
includes a stoichiometric or non-stoichiometric amount of solvent bound by non-covalent
intermolecular forces. Where the solvent is water, the solvate is a hydrate.

[00136] “Preventing” or “prevention” refers 1o a reduction in the risk of acquiring a disease or
disorder (i.e., causing at least one of the clinical symptoms of the disease not to develop in a subject
that may be exposed to or predisposed to the disease but does not yet experience or display
symptoms of the disease). Preferably, prevention refers to the use of a compound or composition in
a subject not yet affected by the disease or disorder or not yet exhibiting a symptom of the disease
or disorder, for instance a subject not yet infected or not yet exhibiting the symptoms of infection.
[06137] “Subject” includes humans. The terms “human,” “patient” and “subject” are used
interchangeably herein.

[06138] “Therapeutically effective amount” means an amount of a compound or composition that,
- when administered to a subject for treating a disease, is sufficient to effect such treatment for the
disease. A “therapeutically effective amount™ can vary depending on, inter alia, the compound the
disease and its severity, and the age, weight, efc., of the subject to be treated.

[00139] “Treating” or “treatment” of any disease or disorder refers, in one embodiment, to
ameliorating the disease or disorder (i.e., arresting or reducing the development of the disease or at
ieast one of the clinical symptoms thereof) that exists in a subject. In another embodiment,
“treating” or “treatment” refers to ameliorating at least one physical parameter, which may be
indiscernible by the subject. In yet another embodiment, “treating” or “treatment” refers to
modulating the disease or disorder, either physically (e. g stabilization of a discernible symptom) or
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physiologically (e.g., stabilization of a physical parameter) or both. In yet another embodiment,
“reating” or “treatment” refers to delaying the onset of the disease or disorder,

{08148] It is to be understood that compounds having the same molecular formula but differing in
the nature or sequence of bonding of their atoms or in the arrangement of their atoms in space are
termed “isomers”. Isomers that differ in the arrangement of their atoms in Space are termed
“stereoisomers”. ‘ '

[00141] Stereoisomers that are not mirror images of one another are termed “diastereomers™ and
those that are non-superimposable mirror images of each other are termed “enantiomers”. When a
compound has an asymmetric center, for example, when it is bonded to four different groups, a pair
of enantiomers is possible. An enantiomer can be characterized by the absolute configuration of its
asymmetric center and is designated (R) 6r (S) according to the rules of Cahn and Prelog, or can be
characterized by the manner in which the molecule rotates the plane of polarized light and is
designated dextrorotatory or levorotatory (i.e., as (*}- or {-)-isomers, respectively). A chiral
compound can exist as either individual enantiomer or as a mixture thereof, A mixture contmmng
equal proportions of enantiomers is called a “racemic mixture”,

{00142] In certain embodiments, the compounds of this invention may possess one or more
asymmetric centers; such compounds can therefore be produced as the individual (R)- or ()~
enantiomer or as a mixture thereof. Unless indicated otherwise, for example by designation of
stereochemistry at any position of a formula, the description or naming of a particular compound in
the specification and claims is intended to include both individual enantiomers and mixtures,
racemic or otherwise, thereof. Methods for determination of stereochemistry and separation of
sterecisomers are well-known in the art. In particular embodiments, the present invention provides
the stercoisomers of the compounds depicted herein upon treatment with base.

{00143] The present invention provides novel pharmaceutical compositions of dalbavancin,
methods of making the pharmaceutical compositions, and methods of treatment of bacterial
infections using these novel ‘compositions. In particular, the invention provides stable dalbav;incin
compositions having bactericidal activity, which may be refrigerated or stored at room temperature
for 2 prolonged period of time, more preferably at least one year at room temperature, more
preferably at least two years at room temperature, without significant degradatzon of the active
dalbavancin component.

{88144] The present invention also provides improved dosage regimes and novel compositions of
dalbavancin, and improved methods of treatment of antibiotic-resistant bacterial infections. in
particular, the invention provides dalbavancin compositions having activity against one or more
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antibiotic resistant strains of bacteria, such as MRSA, which may be administered in a dosing
regimen of once every 5-7 days or longer. .
[80145] Dalbavancin, which is also referred to in the scientific Titerature as BI 397 or VEROO1, isa
semi-synthetic glycopeptide mixfure, the properties of which have been reported in U.S. Pat. Nos.
3,606,036, 5,750,509, 5,843,679, and 5,935,238,
[00146] As used herein, the term “dalbavancin” refers to compositions comprising one or more,
preferably two or more, in some cases three or more, in some cases four or more, in some cases five
or more closely refated homologs, termed “Agy ™ “A,," “Bo,” “Bu” “Co,” “Cy,” “By” or “Cy,” “Dy”
and “Dy,” as described below, or monoimers, multimers {i.e., dimer or higher order muitimer),
tautomers, esters, solvates, or pharmaceutically acceptable salts thereof. As used herein, “dimer” or
“multimer” refers to either a homodimer or homomultimer, i.e., a dimer or multimer composed of
monomers of the same dalbavancin homolog, or a heterodimer or heteromuitimer, i.e., a dimer or
multimer composed of monomers of at ieast two different dalbavancin homologs. The factors differ
in the structures of the fatty acid side chains of the N-acylaminoglucuronic acid moiety, with the
exception of C; (a.k.a. By). Mass spectrometry of the C; component has indicated the presence of
an additional methylene group on the terminal amino group. Dalbavancin often includes “MAG,” a
non-homolog variant described below that lacks the acylglucuronamine moiety. Individually,
dalbavancin homologs and MAG are sometimes referred to herein as “dalbavancin components.”
{00147]  Dalbavancin is prepared by chemical modification of the natural glycopeptide complex
A-40,926 as descr_ibed in Malabarba and Denadio {1999) Drugs of the Future 24(8):839-846. The
predominant component of dall;.aavancin is Factor By, which accounts for >75% of the whole. ‘
complex. '
[00148] The amount of each of the components present in a dalbavancin éompositioxi is dictated by
a variety of factors, including, for example, the fermentation conditions employed in the preparation
of the natural glycopeptide complex A-40926, which is the precursor to dalbavancin (see, é.g., U.S.
Pat. No. 5,843,679), the conditions employed to recover A-40926 from the fermentation broth., the
chemical reacﬁoas-empibyed to selectively esterify the carboxy! group of the sugar moiety of A-
40926, the conditions employed to amidate the peptidyl carboxyl group, the conditions employed to
saponify the ester of the carboxyl group of the N-acylaminogiucuronic acid function, the conditions
employed to recover dalbavancin from the synthetic mixture, and the like.
f00149] In preferred embodiments, dalbavancin compositions comprise at least about 80 to about
98% by weight of the By component. In particulariy preferred embodiments, dalbavancin
comprises the following amounts of By;
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Table 1. Preferred Amounts of By Component in Dafbavancin Composition

Preferred’ More Preferved’ Even More Preferred
80-98 3097 8056
8158 8197 31-96
8398 8297 82-96
8398 357 §3-96
8408 8457 8496
8598 8507 . 85-96
86.98 8697 8656
8798 8797 §7-96
8898 8897 88-96
7008 §9.97 8996
5058 50-99 9096

1 each range represents the mole % of B, relative to the total dalbavancin components present in
the dalbavancin composition including MAG

[00150] In one embodiment, the dalbavancin composition or formulation contains a minimal
amount, if any, of Components Cg, Ci, and C; (By). In another embodiment, the dalbavancin
composition or formulation does not contain any of Components Cy, C;, and Cz (By).

[00151) Individual dalbavancin factors have previously been purified by HPLC and characterized
by NMR. In U.S. Patent No. 5,750,509, Malabarba et al. described the antibiotic A 40926
derivative, which was characterized as having a carboxy, (C;-Cq) alkoxy-carbonyl, aminocarbonyi,
(Ci-Cy) a!kylamix_xocarbony] or hydroxymethyl substituent on the N-acylaminoglucurony! moiety
and a hydroxyl or a polyamine substituent in position 63 of the molecule. The compounds ofithe
invention were found to have high in vitro activity against glycopeptide resistant Enterococci and
Staphylococci. Malabarba et al., however, neither recognized combinations of factors that were
pharmaceutically beneficial nor identified or characterized the degradation product that lacks the

- acylglucuronamine moiety. Malabarba et al. never monitored for MAG or produced a sterile form.
Malabarba et al. only purified a small amount by HPLC and did not do quantitative mass analysis,
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{00152} The chemical structure of several of the dalbavancin components is depicted in Formuta IT
below:

Dalbavancin R R, Molecular

Cemponent - Weight

Ay -CH(CH;3): H 1802.7

A -CH;CH,;CH; H 1802.7

B, -CH,CH(CH;), H 1816.7

B, -CH,CH,CH;CH; H 1816.7

Bior C, -CH,CB(CH;); CH; 1830.74
Co -CH;CH,CH(CH;})» H 1830.7 ,

Cy -CH,CH,CH,CH,CH, H 1830.7

Dy ~CHz) H 1788.66

D -CH;CH3 H 1788.66

MAG - H 145927

{00153} All of the above dalbavancin components are bactericidally active against a number of
Gram-positive bacteria. However, one non-homologous dalbavancin component, termed “MAG,”
which lacks an acylglucoronamine moiety present in other components, is less bactericidally
effective, both in vive and in vitro, than other dalbavancin components. (See Tables 2 and 3.
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MAG is thought to be a decomposition product of one or more of the other dalbavancin
components. Accordingly, in a preferred embodiment, the amount of MAG in dalbavancin is less
than about 4, 3.5, 3, 2.5, 2, 1.5, 1, or 0.5 mole percent of all dalbavancin components present,
including MAG.

Table 2. EDss of MAG in comparison with dalbavancin and vancomycin against Staphk.

aureus murine septicacmias

Microorganism Compound MIC EDg
- | (pg/ml)  (mg/ke)
MSSA Staph. aureus Smith 819 MAG 0.5 0.3
~ Dalbavancin 0.06 0.05
Vancomycin 0.5 1.7
MRSA Staph. aureus 3817 MAG 0.5 1.6
Dalbavancin <0.03 0.7
Vancomycin 0.5 1.0

** Treatment: once within 10 min from infection by sc route
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Table 3. Microbiological Activity

. : MIC pg/mi

Microorganism MAG Dalbavancia
L 819 S aures Smith 0.5-0.5-0.25 59'13"3_;,06‘
i 1 e H &
:eri;?Saumns Smith 500 1-1-1 1-2.2
L 613 S aureus clin, isolate 1-0.5-05 | 0.5-0.06-<0.03
1(3}‘7195‘;3 sureus clin. Isolate 0.5-05 20
3817 S aureus clin. Isoiate 4.5 <{.03
- o 025-0.13- | <0.13.<0.03-
L 147 S epidermidis 0.13 <0.03
L 49 S pyogenes C203 0.5-0.5-0.25 50'5’6;‘3"03'
L 44 S preumoniae UCAI 1-0.5-0.5 “'22;;‘3593‘
g;otii;)é S hasmolyticus clin. >32-32 >32.532
L 145 E faccalis 0250505 | 0.06.0.06
L 562 E faecalis olin. isolate 32532533 | 533537533
L 1666 E. faccium Van-A >3§§32‘ >32.532>32
L 102 B subfilis ATCC 0.13-0.13 | <0.03-<0.03
L 47E coli SKF12140 >3§f3,>232‘ >32->32-532
G 16440 E coli iperperm §-8-16 16-8-16
L 79 P vulgaris ?33;’232' >32->32->32
L 4 P aeruginosas ATCCI0145 ”32"232‘ >32->32>32
L 145 C albicans SKF2270 ’3§;33' >32:532532

{08154] Additional modifications in the final drug substance originate from the fermentation
broccss, the subsequent chemical steps, or drying. IsoB, (RRT 0.76) is a diastereomer of
dalbavancin By resulting from epimerization of a Iabile proton in the dalbavancin core suucn:;re. It
originates during the deacetylation of the precursor A-40926 with base, forming the diastereomer of
A-40,926. This diastereomer is subsequently converted to 1s0By in the chemical modification steps
that follow. IsoByis well resolved in the HPLC release method and is the only sterecisomer
detected in the APL, Laboratory data has demonstrated that IsoB§ is not formed during the basic
hydrolysis procedure that converts the ester form {MA-A-1) to dalbavancin. IsoBg has been _
characterized by NMR and MS and has demonstrated in vivo biological activity that is comparable

to that of dalbavancin By. _
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{00155] The level of IsoBy in a dalbavancin composition is less that about 3.5%, altematively less
than about 3.0%, alternatively less than about 7. 5%, alternatively less than about 2.0%, alternatively
less than about 1.5%, alternatively less than about 1 0%, alternatively less than about 0.5%,
alternatively less than about 0.4%, alternatively less than about 0. 3%, alternatively less than about
0.2%, or aitemativeiy less than about 0.1%,
[08156] Thelevel of IsoBgina da!havancm composition may alternatively be between about 0.5%
ot about 3.0%, alternatively between about 0.5% to about 2. 8%, alternatively between about 0.5%
to about 2.5%, aitcmauveiy between about 0.5% to about 2.3%, alternatively between about 0,5%
to about 2.0%, altemahvely between about 0.5% to about 1, 8%, alternatively between about 0.5%
to about 1.5%, alternatively between about 0.5% to about 1.3%, or alternatively between about
0.5% to about 1.0%, or alternatively between about 0.1% to about 0.5%"
[60157] The level of IsoBy in a dalbavancin composition is alternatively not less than about 1.0%,
alternatively not less than about 1.5%, alternatively not iess than about 2.0%, alternatively not less
than about 2.5%, alternatively not less than about 3.0%, alternatively not less than about 3.5%,
alternatively not less than about 4.0%, alternatively not less than about 4.5%, or alternatively not
less than about 5.0%. .
[00158] Dalbavancin is thought to inhibit the biosynthesis of the bacterial cell wall by binding to
D-alanyl-D-alanine-terminating precursors of peptidoglycans. Dimeric or higher order multimers
of dalbavancin may possess further antibacterial properties by interaction of the lipophilic side
chains with the cytoplasmic membrane of bacieria. See, for exampie, Malabarba and Ciabatti, et al.
(2001) Current Medicinal Chemistry 8:1759-1773. A further elaboration on dalbavancin multimers
may be found in U.S, Serial No. 10/714,166, entitied “DALBAVANCIN COMPOSITIONS FOR
TREATMENT OF BACTERIAL INFECT IONS,” filed on November 14, 2003, as Attorney Docket
No. 34231-20052 00, the disclosure of which is hereby incorporated by reference in its entu'cty
[B0159] In vitro, nonclinical, and clinical data indicate dalbavancin to be of benefit for the _
treatment of serious Gram-positive infections caused by MRSA and CoNS, and all streptococcal
and non-VanA enterococcal species, including VanB and VanC phenotypes poorly susceptxble or
resistant to vancomycin.
{00160} Da!bavancm Is more active in vitro against staphylococci (including some teicoplanin-
resistant strains) than teicoplanin and vancomycin. Dalbavancin has better activity against
streptococei, including penicillin-resistant strains, than teicopianin or vancomycin, Dalbavancin is
active in vitro and in vivo against 2 number of Gram-positive bacteria, including most drug resistant
strains.
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[00161] Dalbavancin is typically administered to an individual as a dalbavancin composition. As
used herein, the term “dalbavancin composition” or “dalbavancin formulation” refers to a
compasition, typically a pharmaceutical composition comprising dalbavancin, as defined above,
and one or more other non-dalbavancin components such as, for example, a pharmaceutically
acceptable carrier, a stabilizer, a buffers, or other similar components. '
{80162] As shown in Example 1, dalbavancin is effective at dose intervals of one week. Thus, an
advantage of dalbavancin versus other treatment options is the ability to administer this antibiotic
on & once-weekly basis, thereby maximizing patient compliance and potentiéily minimizing the
need for or decreasing the length of a hospital stay for parenteral antibiotic administration. Léss
frequent dosing often permits treatment on an out-patient basis, thus decreasing treatment costs. As
further shown in Exampie 1, a second dose of dalbavancin approxfthateiy one week after
administration of the first dosage, where the second dose is approximately one-half the first dose,
unexpectedly provides significant improvement in the efficacy of treatment.

Methods of use

[00163] Previously, various dosing regimens, including single dose and multiple dose regimens,
for dalbavancin have been reported. Leighton et al. reported a multi-dose administration with an
optimal dose ratio {loading dose (I.D)/maintenance dose (MD)) of 10:1. In this study, dose
escalation proceeded to 1120 mg singie dose (SD) and a multiple dose regimen up to 500 mg BID
Day 1 followed by 100 mg daily for 6 successive days. Leighton et al. “Dalbavancin: Phase I
Single and Multiple-Dose Placebo Controlled Intravenous Safety, Pharmacokinetic Study in
Healthy Volunteers,” 41" ICAAC Abstracts, Chicago, IL, September 22-25 2001, Abstract No. 951,
p. 25,

[00164] Leighton et al. also described other single and multiple dose administrations. In the single
dose studies, reported dose escalation proceeded via a series of 140 mg, 220 mg, 350 mg, 500 mg,
630 mg, 840 mg, and 1120 mg. In the multiple dose phase, the dosing consisted of a loading‘dose,
administered as two equal doses given 12 hours apart, followed by maintenance doses. The starting
regimen was a loading dose of 150 mg BID followed by a maintenance dose of 30 mg per day for 6
days. Dose escalation proceeded as follows: 200 mg BID/40 mg, 300 mg BID/ 60 mg; 400 mg
BID/80 mg, and 500 mg BID/100 mg. Leighton etal. “Dalbavancin: Phase I Single and Muttiple-
dose Placebo Controlled Intravenous Safe Pharmacokinetic Study in Healthy Volunteers.” 41%
ICAAC, Chicago, IL, December 2001, Poster No. 951.
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[06165] White et al. reported dosing regimens of single 0.5 howr intravenous infusion of 70 mg,
140 mg, 220 mg, or 360 mg. The multi-dose regirnen consisted of 70 mp administered daily for 7
days. White et al. “V-Glycopeptide: Phase | Single and Multiple-Dose Placebo Controlied
Intravenous Safety, Pharmacokinetic, and Pharmacodynamic Study in Healthy Subjects.” 40
ICAAC, Toronta, Canada, September 17-20, 2000, Poster No. 2196 and Abstract No. 2196. Altof
the above-mentioned references are hereby expressly mcorpamt@d by reference in their entirety. _
[00166] Novel methods are provided for administration of dalbavancin 10 an individual in need of
treatment for a bacterial infection. Treatment can include prophylaxis, therapy, or cure. Methods
include administration of one or more unit doses of dalbavancin in a therapeutically or
prophylactically effective amount. -
[08167] As used herein, “therapeutically effective amount” refers to the amount of dalbavancin
that will render a desired therapeutic outcome (e.g., reduction or elimination of a bacterial
infection), A therapeutically effective amount may be administered in one or more doses. A
“prophylactically effective amount” refers to an amount of dalbavancin sufficient to prevent or
reduce severity of a future bacterial infection when administered to an individual who is susceptible
to and/or who may contract a bacterial infection, e.g., by virtue of a medical procedure or stay in the
hospital, or exposure to an individual with a bacterial infection. Dalbavancin is generaily
administered in a pharmaceutically acceptabie carrier.
{60168] Dalbavancin is often provided as a hydrochloride salt, which is freely soluble in water,
[60169] Typically, dalbavancin is administered as a “unit dose” in a dalbavancin formulation
which includes an amount of dalbavancin sufficient to provide a therapeutically or prophylactically
effective plasma level of dalbavancin for several days, often at least about 5 days, one week, or 10
days, when administered to an individual,
[00170] As used herein, “individual” refers to a vertebrate, typically 2 mammal, often 2 human.
{00171] All bomologs of dalbavancin described above exhibit a prolonged half-life in plas:ma,
often 9 days or mors, although MAG is thought to have a shorter half-life than other homoiog;.
The long half-life permits longer intervais between dosages than vancomycin or teicoplanin. As
described in Example 1, weekly dosing of dalbavancin is effective for control of bacteﬁal
infections, in contrast to the twice daily dosing schedule which is ofien used for vancomycin or the
once daily schedule generally used for teicoplanin. Less frequent dosing of dalbavancin offers
significant treatment advantages over vancomycin and teicoplanin, particularly with regard to
improved convenience and patient compliance with the treatment regimen. Surprisingly high doses
(i.e., resulting in surprising high and long-lasting serum levels) can be administered, and with Jess
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frequency than other available treatment options. The novel dosage regimen available for
dalbavancin results in improved efficacy because at concentrations required to effect less frequent
dosing, dalbavancin exhibits minimal adverse effects in vivo, evidencing a large pharmaceutical
window, and further because biood levels of dalbavancin are maintained above minimum
bactericidal levels for the entire treatment protocol, evidencing a prolonged serum half-life for _
dalbavencin, The combination of the large pharmaceuticel window coupled with prolonged serum
half-life permits less frequent dosing of dalbavancin,

[00172] In addition, dalbavancin is preferably formulated with a stabilizer which inhibits
degradation of one or more of the compenents of dalbavancin, In one preferred embodiment,
dalbavancin is formulated with a 1:2 weight ratio of mannitol:dalbavancin. In another prefefred
embodiment, dalbavancin is formulated with a 1:1:4 weight ratio of mannitol:lactose:dalbavancin.
{90173} In some embodiments, a dalbavancin formulation is administered at a dosage that resulis
in therapeutically eﬁ'ective (i.e., bactericidal) plasma levels of the drug for several days, often at
least about 5 to about 10 days, ofien at least about one week. Generally, dalbavancin is maintained
in plasma at or above the minimum bactericidal concentration of about 4 mg/] for at least 5 days.
Often, dalbavancin is maintained at a plasma level of at least about 5 mg/l, often at least about 10
mg/l, often at least about 20 mg/l, often at least about 30 mg/l, often at least about 40 mg/l, for at
least 5 days, often at least about onc week or longer. Plasma levels of dalbavancin may be
measured by methods that are well known in the art, such as liquid chromatography, mass
spectrometry, or microbiological bioassay. An example of a method for quantitating dalbavancin
in plasma is provided in Example 5.

f00174] Upper limits for dalbavancin plasma concentration levels are generally dictated by
dosages which inhibit unacceptable adverse effects in the patient population treated.

[09175} Dalbavancin compositions may be administered in a single dose or in multiple doses,
When administered as a single dose, the dalbavancin composition is preferably formulated t
contain sufficient amounts of dalbavancin to effect antibacterial properties in vivo for at least 5
days, preferably at least 7 days, and more preferably at least 10 days.

[00176] When multiple doses are employed, dalbavancin can be administered weekly for two or
more weeks. In one embodiment, dalbavancin is administered in at least two doses, often in two
doses about 5 to about 10 days apart, more often once a week for two weeks. As shown in Example
1, such a dosing regimen provides significant advantages over conventional antibiotic treatment
protocols.
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{80177} Dalbavancin compositions also may be administered in multiple doses two or more days
or at ieast one week apart or in one or more biweekly doses. In some embodiments, a dalbavancin
compesition is administered weekly, followed by biweekly, or monthly administration. In some
embodiments, delbavancin is administered at weekly intervals for 2, 3, 4, 5, 6, or more weeks.
{00178} Most advantageously, daily dosing is not required because higher, less frequent doses are
used. Singie or multiple doses may range, for example, from about 0.1 1o about § grams., A single
dose of about 0.1 to about 4 grams; e.g., about 3 grams, may be administered for various infection
treatments. Where multiple doses are administered, for example, weekly, each dose may range, for
example, from about 0.25 to about 5.0 grams.
{00179] For embodiments in which a single dose is administered to treat an infection, the amount
of the dose may bc for example, about 0.1 to about $ grams, or about 0.5 to about 4 grams, or about
I to about 3,5 grams, or about 2 to about 3 grams e.g., about 3 grams. In some embodiments, a
singie dose of about 1, 1.5, 2, 2.5, or 3 grams is administered for treatment of 2 bacterial infection.
For embodiments in which a single dose is administered for prophylaxis, the amount of the dose
may be, for example, about 0.1 to about 3 grams, or about 0.1 to about | gram, e.g., about 0.5 or
about 0.25 pram.
[06180] In dosing schcnies that include multiple dosages, the individual dosages may be the same
or different. In seme cmbodiments,'a first, higher dose is administered, that is, for example, about
1.5 to 10 times higher, in certain cases 9 times higher, in other cases 8 times higher, in other cases 7
times higher, in other cases 6 times higher, in other cases 5 times higher, in other cases 4 times
higher, in other cases 3 times higher, in other cases 2 times higher, than one or more subsequent
doses. For example, the first dose may be about 0.5 grams to about 5 grams and the second dose
about 0.25 grams to about 2.5 grams, the first dose may be about 0.8 to about 2 g and the second
dose about 0.4 to about | gram, or the first dose may be about 0.4 to about 3 g and the sacond dose
about 0.210 1.5 ¢. ]
{00181} In some embodiments, at least two dosages are administered wherein the first dosage
includes about twice as much dalbavancin as subsequent dosages. In one embodiment, a first
dosage includes about I gram of dalbavancin and a subsequent dosage inciudes about 0.5 gram. In
another embodiment, a first dosage includes about 0.5 gram of dalbavancin and a subsequent
dosage includes about 0.25 gram.
[00182] In some embodiments, a dalbavancin composition is administered in two doses of equal or
different amount two or more days or at least about one week apart. Often, two doses of about 0.2
to about 1.5 grams of dalbavancin are administered about 5 to about 10 days apart, more ofien about
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1 week apart. In one embodiment, a first dosage of about 1 gram of dalbavancin and 2 second
dosage of about 0.5 gram of dalbavancin are administered about | week apart.
{00183] In a multiple dosing regimen, the time between doses may range, for example, from about
5 to about 10 days, often about one week, alternatively about two weeks. Dose frequency may be,
for example, two weekly doses, or multiple ﬁveekly doses. The dosing interval, or time between
doses, can be, for example, any of about 2, 3, 4, 5, 6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, or more days. The number of doses given, can be, for example, one, two,
three, four, five, six or more doses, each dose afier the initial dose being given afier the selected
dosage interval. |
[00184] In a multiple dosing scheme, often the “trough level,” or the level of dalbavancin in
plasma after a first dose of dalbavancin and just prior to administration of a second dose, is at east
about 4 mg/l. Preferably, the trough level at the end of a dosing interval such as about one week is
at least about 20 mg/l, more preferably at least sbout 30 mg/l, and even more preferably at least
about 40 mg/l. '
[00185] Dalbavancin can be administered parenterally, e.g., intramuscularly (i.m.), intravenousty
(L.v.) (bolus or slow infusion), subcutaneously (s.c.), intraperitoneally (i.p.), or intrathecalty (i.t.).
The dosing schedule and actual dosage administered may vary depending on such factors as the
nature and severity of the infection, the age, weight, and general heaith of the patient and the
tolerance of a particular patient to dalbavancin, but will be ascertainable to health professionals. In
one embodiment, a one gram intravenous dose of dalbavancin is followed by 2 0.5 gram
mtravenous dose one week later.
100186] Administration and delivery of the drug to the patient, ¢.g., intravenously, can be done at a
controlled rate, so that the concentration in the blood does not increase too quickly or cause
precipitation to occur. In some embodiments, dalbavancin is administered at an appropriate rate
such that the drug forms a complex with endogenous protein(s) in the bloodstream. Without
intending to be bound to a particular theory, it is believed that endogenous protiein, such as hu.man
serum albumin, can form a complex in vive with one or two molecules of dalbavancin homeolog
monomers. When a sufficient amount of dalbavancin is present, it is believed that up to two
molecules of dalbavancin homalog will bind to the endogenous protein and it is further believed
that this complex is formed by binding of separate homolog molecules of dalbavancin at two
different binding sites. Aitcx:natively, it is possible that dimeric dalbavancin is binding to a single
binding site on the endogenous protein. A further elaboration on the dalbavancin-endogenous
protein complexes discussed above may be found in U.S. Serial No. 10/713,924, entitled |
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“COMPOSITIONS AND METHODS FOR TREATING BACTERIAL INFECTIONS WITH
PROTEIN-DALBAVANCIN COWLEXES,” filed on November 14, 2003, as Attorney Docket
No. 34231-20053.00, the disclosure of which is hereby incorporated by reference in its entirety.
{06187] The infusion duration can be, for example, about 1 minute to about 2 hours, or
alternatively, from about 15 minutes to about 2 hours. For €xXample, an infusion duration of about
30 minutes may be used where the dose is about 0.5 to about | gram. Intravcnaus adminisiration
under controlied rate conditions can generate concentrations of dalbavancin in the body that are in
great excess of what can be achieved in the solution phase at physiological pH in vitre. Although
not wishing to be limited by theory, this may be due to the formation of a complex of dalbavancin
with endogenous protein(s) such as serum albumin, which may increase the solubility of
dalbavancin in plasma as compared to in vitro studies.
[00188] Formation of a dalbavancin complex in vitre or ex vive may permit faster administration,
such as at least about 1 minute, at least about 10.minutes or at jeast about 20 minutes. Such a
complex can be achieved by mixing human serum albumin and/or another endogenous protein with
dalbavancin, thereby forming the complex in vitro or ex vivo, and then administering this complex
to the treated patient. Alternatively, the human serum albumin or other endogenous protein may be
obtained from autologous sources or by expression from a microorganism modified to contain the
genc. for the protein.
[0618%] The amount of dalbavancin administered may be any of the dosages disclosed herein. The
dalbavancin dose is generally chosen such that the drug will remain at a therapeutically or
prophylactically effective (i, e., bactericidal) plasma level for an extended period of time, often at
least 5 days, more ofien about one week or longer. Administration of a dose of dalbavancin which
produces and maintains bactericidal concentrations for at least about one week (or about 5 to about
10 days) is preferred. A bactericidal concentration is defined as the concentration of dalbavancin
required to kill at least 99% of the bacteria present at the initiation of an in vitro experiment over a
24 hour period. A minimum bactericidal concentration of dalbavancin in plasma is typically about
4 mg/l. _
{00199} Examples of indications that can be treated include both complicated and uncomplicated
skin and soft tissue infections (SSTI) (also known as complicated and uncomplicated skin and skin
structure infections (SSSI)), blood stream infections (BSI), catheter-related blood stream infections
(CRBSI, osteomyelitis, prosthetic joint infections, éurgical prophylaxis, endocarditis, hospital or
community acquired pneumonia, pneumococcal pneumonia, empiric treatment of febrile
neutropenia, joint space infections, and device infections (e.g., pace makers and intemnal cardiac
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defibrillators). Gram-positive or antibiotic-resistant bacterial infections may be treated, such as a
Staphylococcus, Streptococcus, Neisseria, or Clostridium genus infection, in particular
Staphylococcus aureus, Staphylococcus epidermidis, Staphylocaceus hemolyticus, Streptococcus
pyogenes, Groups A and C Streptococcus, Neisseria gonorrhoeae, or Clostridium difficile.
[20191] The invention provides methods for reatment of skin and soft tissue infections (SSTis).
Patients who may benefit from this treatment may have either deep or superficial infections. SSTI
may involve deeper soft tissue and/or require significant surgical intervention, such as for example
a major abscess, infected ulcer, major bum, or deep and extensive cellulitis. Infected surgical
wounds may also be treated. The effectiveness of dalbavancin treating the skin is an unexpected
and surprising result because dalbavancin complexes with proteins in vivo (see Example 5).
[06192] The clinical presentation of skin and skin structure infection may vary from mild
folliculitis 1o severe necrotizing fasciitis. The mode of acquisition may also vary with community-
acquired skin and skin structure infections, which are often preceded by injuries resulting from
occupational exposure or recreational activities, and are usually associated with a greater diversity
of pathogens. Hospital-acquired skin and skin structure infections are generally associated with
surgical procedures, the development of pressure sores, and catheterization. Post-surgical
infections are the third most frequent nosocomial infection and account for 17% of all nosocomial
infections reported to the National Nosocomial Infection Surveillance System (NNIS). The most
frequent source of infection is the patient’s endogenous flora. Staphylococcus aureus, coagulase-
negative staphylococci, and Enterococcus spp. are the pathogens most frequently isolated from
SSTIs. |
[00193] Symptoms of SSTI infections may include erythema, tenderness or pain, heat or localized
warmth, drainage or discharge, swelling or induration, redness, or fluctuance. Patients that may
benefit from treatment with the methods of the invention include those with deep or compiicé.ted
infections or infections that require surgical intervention, or patients with underlying diabefes.
mellitus or peripheral vascular disease. These infections are often caused by Gram-positive bacteria
such as Staphylococcus or Streptococcus species, such as Staphylococcus aureus ar Streptococcus
pyogenes. Methods for treatment of a skin or soft tissue bacterial infection include administering a
therapeutically effective amount of dalbavancin to an individual in need of treatment, in an amount
and according to a dosing regime as discussed above. In some embodiments, a dalbavancin
composition is administered intravenously in two doses, often about 5 to about 10 days apart, more
often about 1 week apart. In some embodiments, the first dosage includes at least twice as much
dalbavancin as the second dosage. in one embodiment, the first dosage is about 1000 mg and the
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second dosage is about 500 mg. In ancther embodiment, the first dose may be about 1200 mg and
the second dose may be about 600 mg.
{00194] The invention also provides methads for prophylactic prevention of the onset of a bacterial
infection, for example an infection caused by Staphylococcus aureus, or by a Neisseria or
Clostridium genus bacterium. Ina prophylactic method of the invention, a prophylacticaily
effective amount of dalbavancin is administered to an individual who may be susceptible io
contracting a bacterial infection, for exampie, through a medical procedure, Often, dalbavancin is
administered in an amount sufficient to provide a prophylactically effective plasma level for at least
about 1 day, at least about 3 days, at least about 5 days, or at least about one week or longer,
Dalbavancin compositions may be administered, for example, parenterally, e.g., via intframuscular
(i.m.}, intravenous (i.v.), intraperitoneal (i.p.), subcutaneous (s.c.), or intrathecal (i.t.) injection,
prior or subsequent to surgery as a preventative step against infection. Dalbavancin compesitions
may be administered immediately prior or subsequently to, 1 or more days or about one week prior
or subsequently to, or during an invasive medical procedure such as surgery or a stay in a medical
care facility such as a hospital to prevent infection. A prophylactic method may be used in any
situation in which it is possible or likely that an individual may contract a bacterial infection,
including situations in which an individual has been exposed to or is likely to be exposed to a
bacterially infected individusl. For prophylactic methods, dalbavancin compositions may be
administered as either a single dose or as two or more doses of equal or different amount that are
administered several days to about one week apart. In one embodiment, a dalbavancin composition
may be administered prior to or simultaneously with insertion bf an intravenous catheter in order to
prevent a bloodstream related infection,
[860195] For prophylactic methods, dalbavancin compositions may be administered in a single dose
or in multiple doses, according to any of the dosing schemes described above. Often, a dalbavancin
composition is administered as a single dose comprising about 0.1 to about 3 grams, or abbut 0.1 o
about 1 gram, e.g., about 0.25 gram or about 0.5 gram. In one embodiment, a singie dose of a‘bout
0.25 gram is administered intravenously over a time frame of about 2 minutes to about 1 hour, e.g.,
about 30 minutes. In another embodiment, the dalbavancin composition is administered
intravenously simultaneously with administration of another pharmaceutical (e.g., antibiotic)
treatrment. . |
{00196} In any of the therapeutic or prophylactic methods described above, the dalbavancin
composition may be administered either simultaneously or sequentially with at least one other
antibiotic. In some embodiments, at least one other antibiotic that is effective {e.g,, bactericidal)
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against one or more Gram-negative bacterial species and/or a Grém-positivc bacterial strain against
which datbavancin is not effective is administered in addition to dalbavancin, In some
embodiments, dafbavancin and at least one antibiotic that is effective (e.g., bactericidal) against at
least one Gram-negative bacterial species is administered as a mixture in the dalbavancin

composition.

Pharmacokinetics
[00197) Animal studies of dalbavancin were conducted using mice, rats, rabbits, dogs, and
minipigs.
[00198] Various validated methods were used to quantify dalbavancin, Dalbavancin API consists
of 5 homologues (Ag, Ay, Bg, By, and B»). Methods based on antibacterial activity measured all
microbiologically active dalbavancin components, With chromatographic methods, the major
component By was measured in combination with component B, (together 90% to 95% of
dalbavancin) and the result reported in terms of total dalbavancin. Liquid scintillation counting
(LSC) and liquid chromatography with radiochemical detection (LC/RC) allowed for the
measurement of dalbavancin and metabolites in plasma, urine, and feces of animals given
radiolabeled drug. Whenever both dalbavancin and drug-derived radioactivity were quantified in
the plasma of animals given clinically relevant doses, the concentration-time curves for drug and
radioactivity were superimposable. This indicates that virtually all of the drug-derived radioactivity
in plasma was intact drug.
[00199} The drug was widely distributed throughout the body into all tested organs and tissues
after IV dose administration. Dalbavancin penetrated into the skin of rats and minipigs.
Dalbavancin kinetics behaved in a predictable manner across species. Plasma clearance (CL) was
found fo be proportional to species body weight. Additionally, dalbavancin crossed the rat placenta
and was found in fetal rat plasma. ’
[00200] Dalbavancin is not a substrate, inhibitor, or inducer of hepatic cytochrome P450
isoenzymes. The drug is not metabolized in vitro by rat, dog, or human hepatic microsomes; rat,
dog, or human hepatocytes; or human kidney microsomes. Dalbavancin did not affect the
metabolism.of marker substrates by isolated human hepatic microsomes. Administration of
dalbavancin to rats did not induce any P450 activity.
{00201] Similar dslbavancin metabolite profiles are observed across species. Two (2) metabolites
(OH-dalbavancin and MAG) have been observed in the urine of rats, dogs, and humans. Both
metabolites are either undetectable or close to the Iimit-of detection {<0.4 mg/L) in human plasma,
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have iess antibacterial activity than dalbavancin, and contribute little (if anything) to in vive
activity. With clinically relevant doses, similar results were generally observed in animal plasma.
{06202} The drug has dual routes (renal and fecal) of excretion and is excreted as intact drug and
metabolites, Dalbavancin is excreted in the urine and feces of rats, dogs, and humans. Most of the
dose is excreted as intact drug in the urine. OH-dalbavancin and MAG are found in the urine as
well. Some intact drug is found in animal feces along with trace quantities of metabolites, Human
feces contained microbiologically active dalbavancin components. Dalbavancin is also excreted
into rat milk, Therefore, dalbavancin is eliminated from the body via metabolism, urinary
excretion, and fecal excretion. This would predict that little if any dose adjustments would be
required based on patient demographxcs Suprisingly, patients with severe renal failure (creatinine
clearance CLcg less than 30 mL/min) achieved higher levels than normal renal paﬁents (creatinine
clearance CLcy greater than 80 mL/min). The severe patients with a 1 g dose on Day 1 appeared
similar to the levels for a normal patient who received 100 mg on Day 1 and 500 mg on Day 8.

Pharmaceutical compositions :
{00203] The invention provides pharmaceutical compositions formulated for administration of
dalbavancin according to the methods described above. Pharmaceutical compositions of the
invention may be in the form of & unit dose of dalbavancin that includes an amount of dalbavancin
sufficient to provide a therapeutically or prophylactically effective plasma level of dalbavancin for
several days, ofien at least about 3 days, at least about 5 days, or at least about one week or longer
- when the composition is administered to an individuasl, and a pharmaceutically acceptable carrier.
Generally, a therapeutically or prophylactically effective plasma level of dalbavancin ; is at least
about 4 mg per liter of plasma. Plasma levels of dalbavancin may be measured by well known
methods in the art, such as those described above.
[00204] Dalbavancin may optionally be in a pharmaceutically acceptable form for adxmmstratmn
to an individual, optionally as a pharmaceutically acceptable, non-toxic salt. _
[00265] Examples of suitable salts of dalbavancin include salts formed by standard reaction with
both organic and inorganic acids such as, for example, hydrochloric, hydrobromic, sulfuric,
phosphoric, acetic, triflucroacetic, trichloreacetic, succinic, citrie, ascorbic, lactic, maleic, glutamic,
camphoric, glutaric, glycolic, phthalic, tartaric, lauric, stearic, salicylic, methanesulfonic,
benzenesulfonic, sorbic, picric, benzoic, cinnamic, and the like acids. Representative examples of
bases that can form salts with dalbavancin include alkali metal or alkaline earth metal ‘hydroxides
such as sodium, potassium, calcium, magnesium, and barium hydroxide, ammonia and aliphatic,
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alicyclic, or aromatic organic amines such as methylamine, dimethylamine, diethylamine,
ethanolamine, and picoline. (See, for example, U.S. Pat. No. 3,606,036.)

{00266} In some embodiments, a pharmaceutically acceptable aqueous formulation of dalbavancin
is provided that is suitable for parenteral administration, such as, for example, intravenous injection.
For preparing such an aqueous formulation, methods well known in the art may be used, and any
pharmaceutically acceptable carriers, diluents, excipients, or other additives normally used in the art
may be used. In one embodiment, a pharmaceutically acceptable agueous formulation for
intravenous injection includes 5% dextrose. _

[00207} Dalbavancin may be administered parenterally, i.¢., the route of administration is by -
injection under or through one or more layers of the skin or mucous membranes. Since this route’
circumvents these highly efficient profec:tivc barriers of the human body, exceptional purity of a
parenteral dosage form free of microorganisms and insolubie particulates must be achieved. The
process used in preparing such a dosage form must embody good manufacturing practices that will

* produce and maintain the required quality of the product in terms of sterility and therapeutic
effectiveness. In addition, the form should be stable when stored at room temperature for a
practical and convenient dosage form.

[00208] There are several conventional methods generally available for converting bulk drug
materials into a dosage form suitable for parenteral administration. These methods are generally
outlined in Remington’s Pharmaceutical Sciences, eighteenth edition, 1990 (“Remington™).

Steamn Sterilization

[00209] The USP defines steam sterilization as employing saturated steam under pressure for at
least 15 minutes at a minimum of 121 °Cin a pressurized vessel. A drug in its solid form may be
placed in an autoclave to affect the steam sterilization. A drug in its solution form may be placed
directly in an autoclave or contained in a sealed container and placed in an autoclave to affect the
same kind of steam sterilization. ’

Dry Heat Sterilization
[00210] In dry heat sterilization, a bulk drug material is subjected to elevated temperatures at

relatively low humidity. Because dry heat is less efficient than moist heat for sterilization, longer

exposure times and higher temperatures than those used in steam sterilization is required. The

objective is to kill microorganisms by an oxidation process, While establishing exact and correct

time-temperature cycles is not routine, typical temperatures used are 140 - 170 °C from 1 to 3 hours.
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Sterilization by Radiation

[00211] Sterilization by radiation may employ either electromagnetic radiation or particle
radiation. Electromagnetic radiation, comprised of photons of energy, includes uitraviolet, gamma,
x-ray, and cosmic radiation. Gamma radiation, emitted from radicactive materials such as cobalt-
60 or cesium-137, is the most frequently used source of electromagnetic sterilization, The particle
radiation most widely employed for sterilization is the beta particle or electron radistion.

Sterilizing Filtration .

[00212] Sterilizing filtration is a process that removes, but does not destroy, microorganisms from
a fluid stream. Such filtration is the method of choice for solutions that are unstable to other types
of sterilizing processes.

Sterile Freeze-drving Lyvophilization)

{00213) This method employs sterilizing filtration with the subsequent step of separating the
sterilized drug from solution by sublimating the solution after the solution is frozen, leaving behind
the drug substahce. The method typically comprises the following steps:

1 dissolve bulk drug in aqueous solution

'2) sterilize the solution by membrane filtration

3) fill the sterilized solution in opened, pre-sterilized vials and place in freeze-drying

chamber

4) freeze the solution in the vials

5) evacuate the chamber to sublime the ice under low temperature

6) increase the temperature fo room temperature or above 1o remove the residual water,

Sterile Freeze-Drying (Lyophilization) with addition of sterile water (steam)

[00214] This method employs sterilizing filtration with the subsequent steps of separating the
sterilized drug from the solution by freeze-drying (lyophilization), and adding sterile water in the
form of steam.

Sterile Precipitation
{00215] This method employs sterilizing filtration with the subsequent step of precipitating the
sterilized drug from solution. More specifically, a bulk drug is first dissolved in water at an
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elevated temperature (above room temperature), the heated solution is then filtered under aseptic
conditions to remove any microorganisms, and the filtered solution is then cooled in order to
precipitate the drug from solution. The precipitated drug is then separated from the solution by

. filtration or centrifugation, and filled into containers by powder filling under aseptic conditions,
For such powdér filling to be practical, the drug must have good flow properties — the powder
should generally be granular, non-crystalline and of uniform particle size.

[00216] A pharmaceutical composition for parenteral administration includes dalbavancin anda
physiologically acceptabic diluent such as sterile or deionized water, for injection, physiological
saline, 5% dextrose, water miscible solvent (e.g., ethyilalcohol, polyethylene glycol, propylene
glycol, etc.), non-aqueous vehicle (e.g., oil such as corn oil, cottonseed oil, peanut oil, and sesémc
©il); or other commonly used diluent. The formulation may additionally include a solubilizing
agent such as polyethylene glycol, polypropyiene glycol, or other known solubilizing agent, buffers
for stabilizing the solution (e.g., citrates, acetates, and phosphates) and/or antioxidants {e.g.,
ascorbic acid or sodium bisulfite). (See, for example, U.S. Patent No. 6,143,739.) Other suitable
pharmaceutical carriers and their formulations are described in "Remington’s Pharmaceutical |
Scéences" by E. W. Martin. As is known in the art, pharmaceutical preparations of the invention
may also be prepared to contain acceptable levels of particulates (e.g., particle-free) and to be noh-
pyrogenic {e.g., meeting the requirements of an injectable in the U.S. Pharmacopeia).
{60217} in one embodiment, 2 pharmaceutical composition is provided by dissolving a dried (e.g.,
lyophilized) dose of dalbavancin, often containing a stabilizer or mixture of stabilizers, in an
amount of water and preferably deionized water in a volume sufficient for dissolving the lyophile.
Typically, the amount of water sufficient for dissolution is approximately 10 mL and the resulting
pH of the dalbavancin solution is above 3.0, and about 3.5 to 4.5. This solution is further diluted in
2 secondary diluent, often containing 5% dextrose, such as an amount contained in a drip bag for
‘intravenous administration, raises the pH of the dalbavancin solution to about 5 t0 5.5. In another
embodiment, the pH of the dalbavancin solution in a drip bag is about 4.5. The secondary diluent
may be deionized and sterile water for injection. In one embodiment, the aqueous diluent is 5%
dextrose.
[00218] - Pharmaceutical compositions for parenteral administration may be made up in sterile vials
containing one or more unit doses of dalbavancin in a therapeutically or prophylactically effective
amount as described above, optionaily including an excipient, under conditions in which
bactericidal effectiveness of dalbavancin is retained. The composition may be in the form of a dry
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(e.., lyophilized) powder. Prior to use, the powder is reconstituted with a physiologically
acceptable diluent and then withdrawn via syringe for administration to a patient. A pharmaceutical
formulation as described above may be sterilized by any acceptable means including, for example,
e-beam ot gamma sterilization methods, or by sterile filtration.

{00219] A typical formulation for parentcral administration may include dalbavancin at a
concentration such as about 0.1 to about 100 mg, about 0.5 to about 50 mg, about 1 to sbout 10 mg,
or about 2 to about 4 mg of dalbavancin per ml of ﬁnal'prepmation.

[00220] In some embodiments, a pharmaceutical composition in accordance with the mvention
includes a mixture of dalbavancin and one or more additional antibiotics. Preferably, at least one
non-dalbavancin antibiotic in the mixture is effective (e.g., bactericidal) against one or more species
of Gram-negative bacteria, such as, for example, azthreonam, and/or against one or more Gram-
positive baéteriai strains against which dafbavancin is not effective, such as, for example, ilnezolide
or daptomycin. The mixture may also include a pharmaceutically acceptable carrier as described
above.

{00221} In some embodiments, pharmaceutical compositions of the invention include one or more
stabilizing substances which inhibit degradation of one or more of the components of dﬁlbavancin
to less active or inactive materials, homologs, or related materials, for example, MAG. Asused
herein, “stabilizing substance™ or “stabilizer” refers to a substance that stabilizes the level of one or
more of the constituent components of dalbavancin, for example, By, in the composition. A
“stabilizing effective amount” refers to an amount of a stabilizer sufficient to enhance long-term
stability of one or more components of a dalbavancin composition. In some embodiments, a
stabilizing effective amount may be provided by a mixture of two or more stabilizing substances,
each of which alone is not present in an amount sufficient to provide a stabilizing effect.

{06222] Examples of stabilizers include, for example, nonionic substances such as sugars, e.g.,
mono-, di-, or polysaccharides, or derivatives thereof, sugar alcohols, or polyols. Such stal;iiizing
substances include, for example, mannitol, lactose, sucrose, sorbitol, glycerol, cellulose, u'ehailose,
maltose, raffinose, dextrose, low and high molecular weight dextrans, or mixtures thereof,

[08223] In addition to sugars, stabilizers may also be amino acids. Amino acid stabilizers include
natural and synthetic amino acids and amino acid derivatives. In a preferred embodiment, the
amine acids are glycine, alanine, valine, ieucine, isoleucine, phenylalanine, tryptophan, and
asparagine. Stabilizers may also be cyclodextrins, cyclic amides such as niacinamide and
benzamide, salicylic acid, and its ortho-, meta-, para-substituted hydroxy! acids and esters.
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[00224] In addition to adding stabilizers, adjusting the pH of the compounds was found to increase
the stability of the composition. The particular pH of the composition that increases or maximizes
the stability depends on the type and amount of stabilizer added. The PH may be preferably about
17, more preferably 2-6, more preferably 3-5, more preferably 4-5, more preferably approximately
4.5, _

[00225] In one embodiment, the pharmaceutical composition includes a weight ratio of 1:2
mannitol:dalbavancin. In another embodiment, the pharmaceuhcal composition includes a weight
ratio of 1:1:4 manmitol:lactose:dalbavancin. Surprisingly, it has been found that a combination of
manmitol and lactose provides a greater stabilizing effect than either substance alone. Often, the pH
of a pharmaceutical composition of the invention is, for example, about 3 to about 5, for example
about 3.5 or about 4.5. .

[00226] In some embodiments, one or more procedures may be employed to reduce formation of
MAG. For example, freeze drying of dalbavancin in the presence of a stabilizing substance, such as
mannitol and/or lactose, may be employed to reduce the amount of MAG formed.

[08227] Storage of dalbavancin compositions is often at lower than ambient temperature, such as at
about 5° C, to enhance stability.

Drying

[08228] Acetone removal from high molecular weight natural products can be quite difficule
because of it can form adducts with them. Its removal can.be accomplished in presence of water
that replaces acetone in the solid product. Moreover, the process of drying dalbavancin is more
delicate due to the possibility of forming MAG, which depends on pH, temperature, vacuum, and
time. In order to minimize MAG formation and speed up the drying process, low endotoxin water
‘is added or sprayed on the product during the drying process to replace acetone. The excess water
is later reduced with additional hours of drying. ;
{00229] Drying is carried out under vacuum (internal temperature at <25°C). When most of‘ the
acetone has been removed from the product, about 20 % (w/w) of low endotoxin water is sprayed
on the solid prcduct and drying is continued at the same conditions. To follow the drying process,
acetone and Karl Fischer (K.F.) analyses are performed, and additional water is sprayed on the solid
product until the residual acetone is less than 1.5 %.

Study 25
Drying at 20-30 °C at 50 mbar.



[00236] This procedure was first simulated in the laboratory using a rotary evaporator,
Dalbavancin batch 027 was dried at 30 °C without adding water giving a product which contained
6.4 % of MAG and 3.2 % of acetone. 126 g of this dried dalbavancin batch ( batch 027, HCI/Dalba
ratio 1.7 mols/mol) was charged in a ! L round bottomed flask and the solid was sprayed with 25
mL of water every two hours, maintaining the temperature of the water bath at 20-30 °C and the
vacuurm at 50 mbar. Samples of the dalbavancin were taken at specific times and analyzed for
acetone, K.F., and MAG analyses. The data obtained are reported in Table 4A. All of the

percentages of MAG reported in this table are the difference between the actual amount and the
starting amount,

Table 4A
Time T P water | Acetone | Delta water
, MAG | sprayed

h °C mbar % % % %

0 - - 18 32 - 20
2 20-25 50 - 8.3 2.8 0 20
4 20-25 50 156 1.9 0 20
G 20-25 50 233 0.8 ] -

8 30 50 226 0.58 - -
10 30 50 21.8 0.43 B ¢ -
12 K 4] 50 208 6.22 0 -

This experiment was completed with some additional hours of drying at the same conditions,
reducing the water content below 15 %.

Drying ar 30 °C at 10 mbar. ‘ ’
[00231] 125 g of Dalbavancin batch 027, MAG 6.4 % (HPLC area %), was dried at 30 °C and 10

mbar for 24 hours by using the same equipment of the previous experiment. The results obtained
are reported in Table 4B,

Table 4B
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Time T P WF Acatone Deita water
MAG sprayed

h °C mbar % % % %

0 - - 16 3.21 - 20
2 30 10 130 1.08 4] 20

4 3¢ i0 15.08 1.18 ¢ 20

6 30 10 16.8 Q.62 4] -

24 30 %0 8.89 0.02 0

{00232] From these laboratory experiments, it can be concluded that the drying process can be
simplified by adding water to the solid product. These resuits were unexpected since the
degradation of dalbavancin to MAG is a hydrolysis step, one would expect that the increase in
water would increase the degradation process. In this way, acetone is rapidly removed from the
product, thereby reducing the drying time and avoiding the formation of additional MAG.
Moreover, it can be observed (Table 4B) that & lower residual pressure gave a significant reduction
of the drying process. It is also surprising that the acetone level was reduced in the presence of a

large amount of water.

Drying of Dalbavancin. in Tumble Drier

[00233] Wet dalbavancin was put into a turmble drier, DR 216, and dried at 29;32 °C (extemal'
temperature) with maximum vacuum (< 50 mbar). At the beginning, the internal temperature
decreased from 30 to 17-18 °C and then, when it began to increase, 2 éample of product was taken
for analysis (water 17.2 % and acetone 9.5 %). At this point, low endotoxin water (about 20 %,
w/w) was sprayed into the drier on the stirred product and additional samples were taken on time
for analysis. After two hours, low endotoxin water was sprayed again until the amount of acetone
was lower than 0.5 %, (Tsable 4C).

Table 4C



External temperature 29 - 30 °C | Pressure = 10-15 mbar

Time weight | Int. Temp.] Water added analysis water Acetone MAG
h Kg mL (%) # % % areg %
] 19.1 .11
% 17.4 e
2 18.3 e
3 235 200201018] 17.27 9.52 -

4.5 26.8 500 * 13.59 4.10 0.13
8.5 28.1 560 " 19.60 0.61 0.16
8. 28.1 » 22,28 0.13 0.12
9.5 ' 28.5 " 18.86 0.12 (.13
11.6 21.8 b 17.68 .08 0.31

15 28.5 " 14.11 nd. 0.38

Final weight 2592 g, An. # 200201027: water(K.F.) 13.93 %, acetone 0.12 %, MAG 0.38 %.
{*) water was sprayed in the tumble drier after sampling

Comparison of Drying in the Presence and Absence of Water

{80234] This study is a comparison between dalbavancin batch 027 and 027/R drying processes
carried out in the absence (batch 027) and in the presence of water (027/R). Dalbavancin batches
027 (14.6 Kg) and 027/R (8.3 Kg) were dried under vacuum at 25-35 °C (internal temperature)
using a tumble drier (DR 216). Batch 027 was dried without adding water. In contrast, four
additions of 400 mL each of low endotoxin water were sprayed on batch 027/R. During each
drying, samples of dalbavancin were taken at specific times for analysis. The results are reported in
Table 5. For batch 027, MAG was only determined at the end of the drying process.
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Table 5

Lot 027 Lot 027/IR

. Water
hours } temp. Press KF Acetone -MAG ftemp. Press KF  Acelonsa MAG  added

(°C) mbar (%) (%) (%) 1 {°C} mbar (%) (%) (%)  {(mL)

L 32 280 052 30 171 0.22 ()
- 2 28 32 '
3 - - 23 . 57 18 8.7 6.23
7 - - 29 1 74 3.94 0.44 400
9 - - 28.4 2 8 26 0.48 400
11 - - 28 4 10 1.5 0.59 400
2.8 - - § 27 12 139 1 0.74 400
16 - - 27.3 8 12 0.45 0.88 -
17 35 0 55 29
it - - - - 275 8 1.5 0.26 0.96 -
26 37.8 - - -

66 35.7 0 18 31 na.

Analysis # 200101408 Analysis # 200101944
MAG. B6.456% MAG 181%

K.F 1.63% ° KF 11.868%
Acetone  3.14% Acetone  0.27%

{*) An. # 200101392 {°) An. # 200101913

Full Scale Production Data

[00235] Below in Table 6 is 2 summary of the process and MAG levels between the full scale
- campaigns of 2002 and 2004.

Tabie 6
Campaign 2002 2004 .
Lot 020004/R  020005/R 020006 DA204061 DA2040002 DA2040003
% MAG 23 0.8 1.7 0.4 0.3 0.3°

[00236] In the 2002 Process, the dalbavancin product is dried under vacuum at less than 30 °C. At
various times, low endotoxin water is sprayed on the product. Drying is continued until the acetone
content is less than 0.5%.

[00237] in the 2004 process, dalbavancin API is recovered by centrifugation, washed with cold
acetone (0-10 °C), and dried under vacuum (internal temperature at < 25 °C), MAG is the primary
degradant of dalbavancin and its formation is dependent on temperature. During the drying
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process, water is added in order to displace the acetone to ultimately achieve an acetone content of
less than 1.5% (GC). As apparent from Table 5, drying at low temperature in the presence of water
led to an unexpectedly lower amount of acetone present (compare 0.27% in Lot 027/R t0 3.14% in
Lot 027) and an unexpectedly low amount of MAG degradation product (compare 1.81% in Lot
027/R t0 6.46% in Lot 027). .
[06238] Therefore, a method for drying dalbavancin includes the steps of adding water tb the
dalbavancin product in order to displace the acetone. A preferred amount of water to be added is
about 20 % of the assumed final dry product. Altemnatively, the amount of water may be about 15
%, alternatively about 25 %, alternatively about 30 %, alternatively about 40%, alternatively about
45 %, alternatively about 50 % of the assumed final dry product.
{00239] A method for drying dalbavancin may include the steps of drying the dalbavancin product
for about 2 hours without the addifion of any water at about 100 torr and at a temperature of less
than about 25 °C. Low endotoxin water is then sprayed on the product and the product is then dried
for about two more hours. The level of acetone is then sampled and checked. If the level is more
 than about 1 .5%, the additional water is sprayed on the product and the product is again dried until
the acetone leve] is less than about 1.5%. ‘

Manufacture
{00240] All bulk solution manufacturing operations take place in a class 100,000. (Grade D) area.
Aseptic filling takes place in & class 100 (Grade A) laminar airflow area,
[00241] A suitable manufacturing vessel is charged with about 80% of the Water for Injections
theoretical batch volume. The solution is mixed and the temperature is maintained between 15-
30°C. The dalbavancin is added and mixed until it is dissolved. At least one stabilizer is added to
the solution and mixed untit dissolved. Water for injection is added to bring the solution up to final
volume and the pH is adjusted, if necessary, with either 0.1N HCl or 1.0N NaOH to an appropriate
pH. The bulk solution is sterilized by filtration through two 0.2 micron sterilizing filters in series
into a sterilized receiving vessel. (A prefilter can be used if necessary to aid in filter clarity or to
reduce particie load to the sterilizing filters). The solution is aseptically filled into
sterile/depyrogenated Type [ glass vials. Sterile silicomised lyophilisation stoppers are partiaily
inserted to the tyophilisation position and the vials are transferred to the lyophilisation chamber.
[00242] The lyophilisation process is monitored by the use of thermocoupie probes for
representative vials. Vials are frozen at -45°C and held for 3 hours, after which vacuum is applied.
The sheif temperature is adjusted to -25°C. When all thermocouples are -29°C or warmer the sheif
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temperature is adjusted to 0°C. When al! thermocouples are -5°C or warmer the shelf temperature is
adjusted to +30°C. When all thermocouples are +27°C or warmer the vials are held for

14 + 2 hours. The chambér is restored to atmospheric pressure by the introduction of sterile
nitrogen which has been filtered through a 0.2 micron filter and the vials are then sealed by
collapsing the lyophilisation shelves. Vials are then removed from the chamber and the aluminum
seals are applied

[00243] All components and equipment are sterilized by appropriate processes. Vials are washed
and sterilized in & hot air oven at a temperature not less than 255°C for not less than 3 hours.
Stoppers are steam autoclaved at a temperature of 123-125°C and a chamber pressure of about

33 psi. The dwell time in the sterile range is typically 50-60 minutes.

- {00244] Validation of sterilization processes uses the “overkill” approach for both steam and dry |
heat sterilization cycles. All sterilization cycles provide a sufficient lethality to provide at least a
10°8 probability of microbial survival regardless of the naturally occurring microorganisms. All
cycles are designed with iethalities sufficient to provide not less than 12 log reductions. Dry heat

“cycles will provide a minimum of a 3 log endotoxin reduction.

Stability Studies

[0&245} Dalbavancin was found to decompose during the freeze drying ﬁrccess. The addition of a
stabilizer was found to decrease the amount of decomposition of the active component By during
the stability studies, '

{00246] The stability of various lyophilized formulations of dalbavancin at 25 °C and 48 °C over
time is shown in Figures 1-4. Under FDA guidelines, a product that is stable for three fo six
months at 40 °C is assumed to be stable for two years at room temperature. Figures 1A, 2A, 3A,
and 4A show the decrease in amount of dalbavancin component By, which is one of the
bactericidally active dalbavancin components. As discussed above, component By is also one of the
major components of most dalbavancin compositions. Figures 1B, 2B, 3R, and 4B show the
increase in the amount of MAG, a less active component thought 1o be a decomposition product of
one or more of the other dalbavancin components. Table 7 lists the compositions for each of the
formulations used in the stability studies, the results of which are shown in Figures 1-4. Any of
these compositions could be used to produce a stable, sterile, particle free dosage form.
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Table 7. Compositions of Various Dalbavancin Formulations

Composition Dalba\'?ncin Mann?tol Lactcfse pH
{mg/vial) (mg/visl) (mg/vial)

A 250 62.5 -- 34
B 250 ' - - 3.69

C 350 62.5 -~ 3.80
D 250 - - 3.01

E 250 62.5 - 3.01

F 250 - - 4.5

G 250 62.5 - 4.5
H 250 621.5 - 5.3

I 250 125 - 5.0

J 250 62.5 - 5.0
K 250 125 - 45
L 250 62.5 - 45
M 250 62.5 62.5 4.5
N 250 - 125 4.3
0 250 125 - 33

[00247] As seen in Figures 1B and 2B, at T = 0, there is already a significant amount (greater than
4%) of MAG present for Composition I, which contains daibavancin with no other non~
dalbavancin components and which has not been pH adjusted (pH about 3.01), at 25 °C and 40 °C,
respectively. At the higher temperature, the formation of MAG increased at a far greater rate.

Afier 3 and 6 months at 40 °C, Composition D had 21.0 % MAG and 23.7 % MAG, reSpec;ﬁVf:Iy
(see Figure 2B). This implies that pure dalbavancin is highiy unstable, and that merely freeze-
drying the dalbavancin results in significant degradation. In addition, normal drying also resuits in
formation of the MAG degradation product. Storage at -20 °C is required for some formulations of
datbavancin, |

[00248] When the pH is increased, without the addition of any other non-dalbavancin components,
the stability increased. Composition D was not pH adjusted and had a pH of about 3.01.
Composition B was adjusted to pH 3.69. Composition F was adjusted to pH4.5. Asseenin
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Figures 1A and 2A, as the pH was increased, there was less initial degradation of By and less
overall degradation over time. Analogously, in Figures IB and 2B, there was less MAG formation
in the compositions that were adjusted to a higher pH, both initially and over time at both
ternperatures.

[68249] The addition of mannitol was also shown to increase the stability of dalbavancin
significantly. The degradation of factor By and increase in MAG over time was aiso reduced
significantly in comparison with Composition D, which was also not pH adjusted but contained no
mannitol. As seen in Composition E (62.5 mg mannitol, about pH 3.01), even without any pH
adjustment, there was significant improvement in stability, both in the initial freeze-drying process
and over time. At time T = 0, there is approximately 2% of MAG present at T = 25 °C (se Figure
14) and T = 40 °C (see Figure 2A), which is less than half the amount of MAG present in
Composition Dat T= 0, ' ‘
JOB256] Asthe pH was increased and the amount of mannitol was held constant, the stability of the
dalbavancin also increased. A comparison of Compositions E, C, and G illustrate that, as the pH
was increased from about 3.01 to 3.8 to 4.5, the amount of degradation of dalbavancin also
decreased. As seen in Figures 1A and 2A, as the pH was increased, there was less initial
degradation of By and iess overall degradation over time. Analogously, in Figures 1B and 2B,
there was less MAG formation in the compositions that were adjusted to a higher pH, both initially
and over time.

- [00251] Increasing the amount of mannitol, while keeping the pH constant, also resulted in an
increase in stability. For instance, although Compounds L and K, which contain 62.5 mg and 125
mg of mannitol at pH 4.5, respeciively, have similar amounts of By at T = 0, the change in the
percentage of By after 12 months was significantly less for Compound K. A similar pattern can be
seen for Compound J and I, which contain 62.5 mg and 125 mg of mannitol at pH 5.0, respectively. -
{06252] Although changing the pH of the compositions containing only mannito} did result in
changes in the amount of degradation of By, there was no predictable trend. Compounds L, I, and
H contain 62.5 mg of mannitol at pH 4.5, 5.0, and 5.3, respectively. The changes in the percentége
of By after 12 months was 1.0, 1.2, and 0.7, respectively, at 25 °C. Compounds O, K, and I contain
125 mg of mannitol at pH 3.3, 4.5, and 5.0, respectively. The changes in the percentage of By for
these compositions after 12 months was 0.5, 0.1, and 0.3, respectively, at 25 °C. Notably, after 2
moniths at 40 °C, the amount of component By only decreased by 1.9 % in Compound O and 1.0 %
in Compound M (See Figure 44).
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00253} Although the change in the percentage of By for Compound O (125 mg of mannitol, pH
3.3) is similar to the other differences found for the compositions containing 125 mg of mannitol
(see Compositions I and K), as seen in Figure 3A, the amount of initial degradation of By at T=0 is
significantly less for Compound O (88.3% Bg). This is especially the case when compared with
Compound K (pH 4.5) and Compound I (pH 5.0), which had 85.3% Bo and 85.5% By, respectively,
The differences between the amount of By present and the amount of MAG present in Compound O
(see Figures 3A and 3B) can most likely be explained by the fact that, as explained previously, By
is not the only dalbavancin component that degrades to form MAG,

[00254] Lactose also appears to be a suitable stabilizer for dalbavancin. For Compound N, which
contains 125 mg of lactose at pH 4.5, the change in percentage of By over 12 months was only 0.6
at 25 °C. After 2 months at 40 °C, the change in percentage of By was only 1.4. Lactose alone,
however, does not appear to stabilize the dalbavancin as well as mannitol. At pH 4.5, the By
component of Compound K (125 mg of mannitol) only decreased by 1.0 after 2 months at 40 °C.
[08255] The combination of mannitol and lactose also appears to stabilize dalbavancin and is
particularly preferred. Mannitol and lactose have similar stabilizing properties. Mannitol, however,
is a diuretic. Therefore, in a preferred embodiment, the amount of marmitol is minimized.
Compound M contains 62.5 mg each of mannito! and lactose. As seen in Figure 3A, the change in
percentage of MAG over 12 months at 25 °C was oniy 0.6. In addition, as seen in Figure 44, the
amount of MAG only increased by 2.1% afier 3 months at 40 °C. This is less degradation than that
seen for Compounds N (125 mg lactose) and K (125 mg mannitol), which both showed an increase
in the amount of MAG of 2.9% afier 3 months at 40 °C. It was unexpected that a combination of
half of each of the amounts of mannitol and lactose used in other formulations would lead to a
greater increase in dalbavancin stability.

{00256} Additional stability data for dalbavancin stabilized with mannitol and lactose at
approximately pH 4.5 is reported in Tables 8A-D below for various temperatures. )
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Table 8A. Stability of Dalbavancin for Injection Lot 554399 at 40°C/75% TH

(500 mg vial, mannitol and lactose, pH 4.5)

n.d.

— not tested at this time point, per stability protocol
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TEST TIME (MONTHS)
8 1 3 &
Whiie to White to White to White to
eye— oquiet | et | ot it o | o i
solid solid solid solid
HPLC Assay 954 95.7 922 91.6
Component Distribution
(Ao + Ay 2.6 25 z4 2.5
B, 870 86.0 854 849
{B; + B;) 58 6.2 6.3 6.4
Degradants :
MAG 1.0 1.5 i.9 22
Maximum Individual Unspecified n.d. nd. nd. n.d.
Total Degradants 1.0 1.5 1.9 22
Reconstitution Time 115 57 47 55
- Clearwo Clear o . Clear to Clear to
Appearance of Solution paie yellow | pale yellow | pale yellow | pale yellow
solution solution solution solution
Particulate Matter
Particles 210 microns hﬁ?;s - — -
Particles 225 microns h{[)esel:s - e -
Moisture 0.4 8.5 0.5 0.6
pH of Reconstituted Solution 4.3 4.6 4.5 4.5
- Sterility r‘g?;s - — o
not detected




Table 8B. Stability of Dalbavancin for Injection Lot 554399 at 30°C/ 65% RH
(500 mg vial, mannitol and lactose, pH 4.5)

TIME (MONTHS)
TEST
L] i 3 6 9 12
White 1o | Whiteto | Whiteto | Whiteto | Whitsto | White 10
off off off off off off
?hysicai Ap ce whiteto { whitcto | whittto | whiteto | whittw | whitcto

pale pale pale pale pale pate
yellow yellow yellow yellow yellow yellow

_ solid solid sofid solid solid solid
HPLC Assay 95.4 97.3 94.2 93.7 94.0 93.8
Coimnponent Distribution .
{Ag+ A 2.6 2.5 25 2.5 2.4 2.4
B, 87.0 86.2 85.8 85.3 86.7 85.9
(B, + By 5.8 62 6.4 6.5 5.5 6.4
Degradants
MAG . 1.0 1.1 1.3 1.5 1.7 1.7
Maximum Individual Unspecified nd. n.d. n.d, n.d. Q.1 nd,
Total Degradants 1.0 1.1 1.3 15 1.8 1.7
Reconstitution Time 115 146 53 40 37 49
Clearto | Clearto | Clearto | Clearto | Ciearto | Clearto
Appearance of Solution pale pale pale pale paie pale

yeliow yellow yeliow yeliow vellow yeliow

solution | solution | solution | solution | soiution | solution
Particulate Matter
Particles 210 microns hé?;s — — .- e ——
Barticles =25 microns L{éjge;s e — - = —
Moisture 04 | 0A 04 | 05 | 06 | 0.5
pH of Reconstituted Solution 43 4.5 45 4.4 45 | 45
| Sterility Mool — | = | = | - | =
nd  Notdetected 1
--- Not tested at this time point, per stability protocol.
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Table 8C. Stability of Dalbavancin for Injection Lot 554399 at 25°C/ 60% RH
(500 mg vial, mannitol and lactose, pH 4.3)

R
TEST TTME (MONTHS)
] 3 & 9 12
Whiteto | White to | Whiteto | Whiteto | White to
off off off off off
Physical A ce whitcto | whitew | whiteto | whiteto | whitcio

pale pale paie paie pale
yeliow yeliow yellow yellow yetiow
solid solid solid solid solid

HPLC Assay 954 94.6 93.2 93.9 92.6
Compenent Distribution '
(Ao + Ay 2.6 2.5 2.5 2.5 2.4
By 87.0 86,0 85.9 87.0 86.2
{B, +B) { 5.8 64 63 | 5.7 6.4
Degradants -
MAG 1.0 1.2 12 1.4 14
Maximum Individual Unspecified n.d. .. nd, nd, nd.
Total Degradants 16 | 12 | 12 | 14 | 14
Reconstitution Time 115 55 68 54 50

Clearw | Clearto | Clearto | Ciearto | Clearto
: pale pale pale pate pate
pearanc 101
Ap e of Solution yeliow yellow yellow yeliow yellow
solution | solution | solution | solution | solution

Particulate Matter

. . Meets Meets

Particles 210 microns USP — e — USP
., . Meets Meets

Particies 225 microns USP —— D — USP

Moisture 0.4 0.3 0.4 6.4 0.5

1 pH of Reconstituted Solution 43 4,5 45 4.6 4.6
- Meets Meets
Sterility use | T | — | = | usp

n.d. Not detected
~ Not tested at this time point, per stability protocol.
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Table 8D. Stability of Dalbavancin for Injection Lot 554399 at 5°C
{500 mg vial, mannitol and lactose, pH 4.5)

TEST : TIME (MONTHS)
. L] 3 6 9 12
Whitc 1o | Whiteto | Whittw | Whitetwo | White to
V-0 B I 8
Physical Apnesrance whp::;m wmm wpalc pale | pale
yeliow yellow yellow yeliow veliow
solid solid solid solid solid
HPLC Assay 93.4 94.7 92.7 93.7 93.4
Component Distribution '
(Ao + Ay) 2.6 2.5 2.5 2.5 24
By 87.0 86.2 86.1 876 86.9
(B; +B,) 5.8 6.4 6.3 5.7 5.4
Degradants
MAG 1.0 0.9 0.9 1.0 0.9
Maximum Individual Unspecified nd. i nd. n.d. nd.
Total Degradants 1.0 0.9 09 1.0 8.9
Reconstitution Time 1S 90 &8 75 72
Clearto | Clearte | Clearto | Clearto | Clear to
Appearance of Solution y:?ll:w yzllz:v yglaii:w yzﬁi:w y:gi:w
solution | solution | solution | solution | solution
Particulate Matter _
Particies 210 microns h;[}e;e;s — - - %BS?
Particles 225 microns l\éese;s — —— — I\fg;s
Moisture 04 03 03 0.4 0.4
pH of Reconstinited Solution 4.3 4.5 4.5 4.5 4.6
Sterility Mes )l - | - | - Nieoss
n.d. Not detected -

-— Not tested at this time point, per stability protocol.

{00257] Data from further long-term stability studies are listed in Tables $-11. Samples were
analyzed by reverse-phase HPLC utilizing binary mobile phase gradient and a UV detection system
to determine the stability of the dalbavancin formulation. Dalbavancin content was determined
using an external reference standard. The percentage distribution of dalbavancin components was
calculated by comparing the area of each single component to the total area of all of the major drug

components. The percentage distribution of impurities was calculated by comparing each the area
of individual impurity to the total chromatographic area.
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[80258) Samples were tested for HPLC assay, bioassay, water content, microbial limits, pH, HPLC
distribution, or total impurities. The results are shown in Tables 9-11. Stability data for Batch 025
is shown in Tables 94, 18A, and 11A, which has 1.5% MAG at T=0. Stability data for Batch
020005/R is shown in Tables 9B, 10B, and 11B, which has 6.8% MAG at T=0, as a result of a
different drying process described that is described below. :
[00259] Dalbavancin demonstrated good stability during storage at -20 °C (see Tabies 94-B) with
nd‘sigrﬁﬁcant cha.nges in bioassay, HPLC assay, HPLC distribution, or total impurities. The pH
remained unchanged and a slight increase in water content was observed.

{00260] Degradation was observed over 36 months at 5 °C (see Table 184) as evidenced by an
increase in MAG content by about 2.9% and a corresponding decrease in Factor By by about 3.6%.
No trend in total impurities was observed and bioassay and pH remain essentially unchanged.
Similar results are seen for Batch 020005 (see Table 10B).
| [00261] More extensive degradation was observed during storage at 25 °C over 12 months (see
Table 11A) with an increase in MAG of about 10.2% and a decrease in factor By of approximately
8.5%. Levels of other factors, related substances, and pH remained unchanged. The water content
increased by about 1.6%.
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Table 2A. Stability Data for Unformulated Dalbavancin Batch 025 at -20°C (pH 3.5)

TIME (MONTHS)
TEST
L] 3 6 g | ¥ i8 24 36
Physical Appearance — - -— - o - — -—
HPLC Assay (anhydrous, ; .
Fres base, % wis) 92.0 9313 901 886 88.4 811 0.5 _ 20.3
Component Distribution
{HPLC %AUC)
Ag+ Ay 4.0 4.0 4.0 4.0 39 39 36 iR
By 234 83.5 g2.1 82.9 84.4 838 835 a7
B,+B, 1.5 7.4 8.1 8.0 7.4 7.3 15 7.9
Related Substances
(HPLC %AUC) )
MAG 1.5 1.5 1.3 1.6 1.3 1.5 i.4 1.2
Maximum Individual | 02 02 02 0.2 02 0.2 0.2
Unspecified
Total impurities 5.1 54 5.8 52 43 4.9 5.2 5.6
Maisture {% w/w) 1.0 133 12.1 12.6 2.1 12.8 122 14.2
pH 19 2.9 3.0 29 . 29 2.9 29 2.8
. ., <10,<10
Microbiai Limits* cfulg - — -— — — - —

~- Not tested af this time point, per stability protacol.

* Total aerobic count, total combined molds and yeast count

39




Tabile 9B. Stability Data for Unformulated Dalbavancin Batch 020005/R at -20°C

TEST TIME (MONTHS)
0 3 6 9 12 18
White White White White White White
Physical Appearance totan | toten | totan | totan | totan | totan
powder | powder | powdsr | powder | powder | powdesr
LC Assay (anhydrous, free base, % | 90 | 944 | 925 | 946 | 910 | 921
wiw) .
Component Distribution (HPLC
%AUC)
Ag+ Ay 25 2.5 2.5 2.5 24 | 25
By g7.1 87.5 86.7 86.6 86.5 87.3
Bi+B, 6.2 5.6 6.2 6.2 6.6 59
Related Substances (HPLC %AUC)

‘MAG 0.3 0.9 0.9 0.8 8.9 6.9
Maximum Individual Unspecified 0.2 0.2 02 03 8.2 0.2
Total impurities 43 4.5 4.6 4.7 4.4 4.4

Moisture (% wiw) 18.2 20.1 20.1 203 20.0 196

pH 24 2.5 24 2.5 2.5 2.6
S 2.1

Microbial Limits* ofig — — — — —

~ Not tested at this time point, per stability protocol.
* Total acrobic count, total combined molds and yeast count




Table 10A.  Stability Data for Unformulated Dalbavancin Batch 025 at 5°C )

TIME (MONTHS)
TEST
¢ 3 6 9 12 18 24 36
Physical Appearance ] -— —_— — — - T -— c——
;’;Lmy‘gj;';ym“" 920 | 910 | 903 | 918 | 905 | 893 | g2 | g7s
Component Distribution
(HPLC %AUC)
Ao+ A, 4.0 4.0 39 19 3.8 39 38 3.7
B, T s34 831 | 813 | 818 | 833 | 822 | 813 | 795
B +B, 75 7.4 7.9 7.7 72 72 72 75
Related Substances
(HPLC %AUC)
MAG . 1.5 1.8 20 25 28 33 g 44
g:;:‘c‘:g‘ e;“di"i"““' 0.2 63 0.3 0.2 82 02 02 03
Towl Impurities 5.1 55 6.9 6.5 57 6.7 7.7 9.0
Moisture (% wiw) 10 123 | 18 | 132 | 150 | 148 | 149 | 176
pH 30 3.0 3.0 2.9 29 2.0 29 28
Mictobial Limits® <Dl R R | = s P

-~ Not tested at this time point, per stability protocol.
* Total zerobic count, total combined molds and yeast count
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Table 10B.  Stability Data for Unformulated Dalbavancin Batch 620005/R at 5°C

TEST TIMEI (MONTHS)
0 3 & 9 12 18
White to | Whiteto [ Whiteto | Whiteto | White e | White o
Physical Appearance tan . tan tan tan tan tan
powder | powder | powder | powder | powder | powder
f‘i‘)c Assay (anhydrous, free base, % | o506 | 920 | 917 | 918 | 892 | 897
Component Distribution (HPLC
%AUC)
Ag+ Ay z.5 2.5 25 24 24 23
By _ ' 87.1 87.1 B5.6 B5.3 84.6 84.3
B +B 62 5.6 6.2 6.1 6.4 3.5
Related Substances (HPLC %AUC)
MAG ' 0.3 1.5 1.9 2.1 2.6 4.1
Maximum Individual Unspecified 0.2 0.2 02 6.2 0.2 8.3
Total impurities 4.3 4.9 5.8 6.3 6.6 19
Moisture (% w/w) 18.2 17.4 17.2 16.4 15.4 14.2
pH ‘ 24 25 2.4 2.5 2.5 2.5
Microbial Limits* g | = | = | - e | —

--= Mot tested at this time point, per stability protocol.
* Total acrobic count, total combined molds and yeast count
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Table 11A.  Stability Da for Unformutated Dalbavancin Batch 025 at 25°C/ 60% RH

TIME (MONTHS)
TEST
6 H 3 6 12
Physical Appearance e — - — -~
f::w'“)c Assay (anhydrous, free base, % 92.0 %09 | 870 | 8s2 78.8
Component Distribution (HPLC %AUC)
Ag+ A, 4.0 19 3.8 1.7 14
B ‘ 83.4 R1.6 79.5 763 | 749
B, + B, 7.5 74 7.0 7.3 6.3
Related Substances (HPLC %AUC)
MAG 1.5 3.6 6.0 8.1 .7
Maximum Individual Unspecified 0.2 0.2 6.2 0.4 0.3
Total impurities 5.1 7.1 9.6 12.7 15.4
Moisture (% w/w) 1.0 113 12.1 12.8 12,6
pH ' 3.0 3.0 3.0 3.0 3.0
e <164,<10 1<t
Microbial Limits® cfulg wan . —— cfivg

~~ Not tested at this time point, per stability protocol.
* Totai aerobic count, total combined molds and yeast count
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Table 11B.  Swbility Data for Unformulated Dalbavancin Batch 020005/R at 25 °C/ 60% RH.
TEST TIME (MONTHS)
L ) | 3 [
Physical Appesrance :‘:::r mﬁf ﬁ“o::::r p?;@:;:r
:{f‘i“)c Assay (anfrydrous, free base, % | o) 4 512 87.2 833
Component Dismibution (HPLC
%AUC)
Ag + Ay 2.5 25 2.3 2.3
By 871 849 823 78.7
B, + B, 6.2 53 53 5.8
Related Substances (HPLC %AUC)
‘MAG | 0.3 3.6 6.1 8.2
Maximum Individual Unspecified 0.2 0.2 03 0.7
Total impurities 4.3 7.3 10. 13.2
Moisture (Y% wiw) i8.2 15.2 13.8 12.6
pH 2.4 2.6 25 2.5
Microbial Limits* 2,1 clu/g — — -

—- Not tested at this time point, per stability protocol,
* Tota} aerobic count, total combined molds and yeast count




{00262] Stability tests of the sterilized product were also conducted. Samples were tested for
appearance of cake and solution, reconstitution time, pH, HPLC assay, bioassay, water content,
sterility, HPLC distribution, and related substances. Results are shown in Tables 12-i4.

[00263] The lyophilized product shows good stability when stored at 5 °C with only minor changes
in HPLC assay or HPLC distribution. (see Tables 124 and B). As temperature increases (See
Tables 13 and 14), there is a decrease in Factor By with a comesponding increase in MAG. The
other factors do not appear to be affected by témperature. The product appearance and pH do not

_ appear to be affected by temperature. It is also not possible to determine a clear trend in 7
reconstitution time, considering that the visual inspection of the solubilized product can require

some seconds,
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Table 12A. Stability of Dalbavancin for Injection Lot 149570 at 5 °C (lyophilized, mapnitol, pH
3.5)

TIME (MONTHS)
TEST
' ] 3 é g | ¥ i8 24 36
White to Whits to White w0 Whitcws | Whitete | Whiteto White to | White to
off white | offwhite | off white | off wiite | off white | off white | offwhite | off white
Physical Appearance 1o pale 1o pale to pale 1o pale 10 pale o paic to pale 1o pais
yellow yellow yellow yefiow yetiow yeltow yellow yollow
: sofid solid sofid solid solid sofid solid sotid
HPLC Assay 1 973 99.8 100.7 | 1002 | 1000 | 1002 993 104.4
Component '
Distribution -
{Ag + Ay) 36 3.6 36 3.7 3.6 3.6 1.7 3.7
By 79.4 79.6 80.3 £0.1 80.0 80.1 ¢ B0.0 B1.3
Post Bg* i2.8 123 112 11.6 1.6 11.7 1.6 10.6
Degradanis :
MAG 0.6 0.6 0.7 - 0.6 0.7 0.7 0.7 0.7
Reconstitution Time 90 45 40 45 40 40 41 66
Clear o Clest to Clear to Clear to Clear 1o Clear 1o Clear 1o Clear to
Appearance of pale pale pale | pale pale - | pake | pale pale
Solation vetiow yellow yellow yeltow yeilow yeliow yetlow yeliow
solution sofution sofution solution solution sojution sohution 20lion
Particulate Matter
Particles 210 . o . i _ " R -
microns
Particles 225 . - _ . . = " .
microns
Moisture 0.8 1.4 1.2 nd | O S 1.6 1.5 13
gH of Reconstimited 37 | 35 | 35 | 35 | 35 | 34 | 34 | 35
olution
Sterility Sterile -— —— — Sterile — Sterile | Sterile

—~~ Mot tested at this time point, per stability protocol.
*  Analysis performed with deveiopmcnt HPLC method. Dalbavancin B, and B, were not resclved with this method.

L]
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Table 1ZB. Stability of Dalbavancin for Injection Lot 442378 at 5 °C (Iyophilized, mannitol, pH
i5

TIME (MONTHS)
TEST
6 3 6 -8 i2 18
White to | White to | Whitcto ] Whiteto | Whitzte | White to
off off off off off off
. : whiteto | whiteto | whiteto | whitcto | whitcto | whiteto
Ph LA
ysical Appearance pale | pale | palc | pale | pake | pae
veliow yellow yeliow yellow yellow yellow
solid solid solid solid sokid solid
HPLC Assay 101.8 102.9 100.8 95.9 1014 | 994
Component Distribution :
{Ag+ Ap) 2.5 2.5 2.5 2.5 2.5 2.5
By 85.7 85.5 85.6 _ 853 853 | 855
(B, + By 5.5 5.8 5.6 5.7 6.2 5.7
Degradants
MAG 1.7 1.8 1.6 1.7 1.7 1.9
Maximum Individua! Unspecified nd. nd. 0.1 nd. nd n.d.
Total Degradants 1.7 1.8 1.8 1.7 1.7 1.9
Reconstitution Time 75 46 43 43 32 0 32

Clearto | Clearto | Clearto | Clearto | Clearto | Clear to

Appearance of Solution pate paie pale . pale pale pale
yeltow yeliow | -yeliow yellow vellow yellow

solution | solution | solution | solution | solution | solution

Particulate Matter
. . Meets Meets
Particies 210 microns USP — — — usP —
. . Meets : Meeats -
Particles 225 microns USSP - — —— USP —
Moisture 0.3 0.3 0.4 0.7 04 1 06
pH of Reconstituted Solution - 34 34 34 3.2 34 33
Steriiity Sterile e —— — Sterile —
“nd.  Not detected ' *

—  Not tested at this time point, per stability protocol.
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Table 13A.  Stbility of Dalbavancin for Injection Lot 149570 at 25 °C/ 60% RH (lyophilized,
mannitol, pH 3.5)

TEST TIME (MONTHS)
L) 1 3 6 2 i2
Whitcto | Whitcto | Whitcto | Whiteto | Whiteto | Whikc o
offwhite | off white | offwhite | off white | off wiiee | off whits
Physical Apnesrance 1o ple to pele o pale to pale 1o pade o
yellow yellow yellow yetlow yeltow yellow
solid solid solid solid solid solid
HPLC Assay 973 994 983 160.3 99.7 98.7
Component Distribution : :
{As+ Ap) 3.6 3.7 3.6 36 36 3.7
By 794 81.0 703 36.0 79.7 78.9
Post By* i2.8 10.6 12.1 11.1 10.9 11.6
 Degradants -
MAG 0.6 6.8 i1 1.3 1.8 1.8
Reconstitution Time 90 50 45 45 30 40
Cicarts | Ciearto | Clearso | Clewrto | Clesro | Clearto
Appearance of Solution y::':w y:l"::w y:::w y:::w y;’:; y:::w
. solution solution solution solution solution solution
Particulate Matter
Particles 210 microns e —— - -— — —
Particles >25 microns . — - —— — —
Moisture ' 0.8 nd 1.6 1.4 nd 1.6
pH of Reconstituted Solution 3.7 3.6 3.6 3.5 3.5 35
Sterility Steriie T — e e Sterile

- Not tested at this time point, per stability prosocol.
* Analysis performed with deveiopment HPLC method, Delbavancin B, and B, were not resoived with this method.
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Table 13B.  Stability of Dalbavancin for Injection Lot 442378 at 25 °C/ 60% RH (lyophilized,
mannitol, pH 3.5)

TIME (MONTHS)
TEST
0 3 6 9 1z 18
White | White | White | White | White | White
woffl | tooff | woff | weff | woff | woff
, white white white white white white
Physical Appearance topaic | topale | topale | topale | topaie | topale
yellow | yellow | yeliow | yellow | vellow | yellow
solid solid solid selid solid solid
HPLC Assay 1018 | 103.9 | 1002 98.6 160.7 98.0
Component Distribution
{Ap+ A 2.5 25 2.4 25 2.4 2.5
B, ' 88.7 85.0 &5.5 84.4 84.3 83.9
{B;+ By 5.5 5.8 5.4 5.7 6.1 5.6
| Degradants ‘
MAG 1.7 23 24 2.8 29 3.5
Maximum Individua) Unspecified n.d. nd, 02 nd | ad 0.1
Total Degradants 1.7 23 2.5 28 | 29 3.6
Reconstitution Time 75 45 38 33 25 31
Cleartw | Clearto | Clearto | Ciearto | Clearto | Clear o
Appearance of Solution yg ﬁfw yggifw ygﬁi:w ys;;?w ygﬁrw yg!ai::w
solution | solution | solution | solution | solution | sclution
Particulate Matter
Particles 210 microns L{ife;;s — - - %ese;; —
Particles 225 microns I\{?@Se;s — - - h;}ese;s ——
Moisture 0.3 0.7 0.6 0.7 a.7 0.8
pH of Reconstituted Solution 34 3.4 3.4 33 34 3.4
Sterility Sterile s — —— Sterile ymmm

nd. Not detected
~—  Not tested at this time point, per stability protocel,
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Table 13C.  Stability of Dalbavancin for Injection Lot 442378 at 30 °C/ 65% RH (lyophilized,
manyitol, pH 3.5)

TIME (MONTHS)
TEST
L] 1 3 é 9 iz

White White White White White White

o off o off to off to off o off o off

Physical A ce whife white white white white white
Y Ppearan topale | topale | topale | topale | topaie | wpale
yeliow | yellow | yellow | yellow | yellow | yellow

solid sofid solid solid solid solid

HPLC Assay 100.0 98.5 99.7 100.0 953 96.8

Component Distribution R

(Ao + Ay 2.5 24 24 24 2.4 2.4

B; 86.3 85.6 B4.7 843 83.2 83.0

{B;+By) 5.5 5.5 537 { 59 | 63 5.6
Degradants ‘

MAG 1.7 2.1 2.5 30 35 4.2
Maximum Individual Unspecified 0.1 0.1 0.2 0.2 0.2 0.2
| Total Degradants i.8 2.3 2.9 33 1.3 4.5
Reconstitution Time 45 55 31 27 - 46 26
Ciearto | Clearw | Clearto | Clearto { Clearto | Clear
L pale | opale pale pale paie pale
Appearance of Solution yeliow yeliow yellow yellow yeliow yellow
solution | solution | solution | solition | solution | solution
Particutate Matter '
. . Meets '
Particles 210 microns USP — — e — —
. . Meets -

Particles 225 microns USP — — —_ - —_
Moistare 0.5 0.7 0.9 0.7 69 0.9
pH of Reconstituted Solution 3.5 3.6 33 | 34 i3 3.3

1 Sterility Sterile — — o — ——

-~ Not tested at this time point, per stability protocol.
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Table 14A.  Stability of Dalbavancin for Injection Lot 149570 at 40 °C/ 75% RH (lyophilized,
mannitol, pH 3.5)
TIME (MONTHS)
TEST
g i 3 &
White to White to Whitete |- Whiteto
. i i white F
Physical Appearancc g:;:::e:: :g: ;el:fo: ;gc yciio&\z :gcw ;;:fot
solid sofid solid solid
HPLC Assay 97.3 98.6 947 95.1
Component Distribution
{Ag+ A 3.6 . 37 35 3.3
By 9.4 79.8 77.1 76.5
Post By* 12.8 10.5 119 10.7
Degradants
MAG 0.6 2.0 37 5.5
Reconstitution Time 96 55 45 40
i Clear Clear to Clear to Ciear o
Appearance of Solution pale yellow | pale yellow | pale yellow | pale yellow
solution solution solution solution
Particulate Matter
Particles =10 microns — — - —
Particles 225 microns — - — —
Moisture 0.8 n.d. 2.0 1.7
pH of Reconstiuted Solution 3.7 3.5 3.6 35
Sterility Sterile — — —

=~ Not tested at this time point, per stability protocol. :
*  Analysis performed with development HPLC method. Dalbavancin B, and B, were not resobved with this

method.

71




Table 14B.  Stbility of Dalbavancin for Injection Lot 442378 at 40 °C/ 75% RH (lyophilized,
mannitol, pH 3.5)

TIME (MORTHS)
TEST
-9 1 3 6
White to White to YWhite to White to
s ite 10 | ite to | off whi ;
Physical Appearance gg:’ ;‘It;:\z ;z:':e!:;zw palcw;elitfotg ‘:icw:c?:oi:
solid solid solid solid
HPLC Assay 101.8 101.5 98.6 91.8
Component Distribution
(Ag + Ay) 25 2.4 24 2.2
By 85.7 84.2 82.0 80.6
(B) + By) 55 5.8 56 52
Degradants '
MAG L7 3.2 53 6.6
Maximum Individual Unspecified n.d. 63 0.2 0.5
Total Degradants 1.7 38 5.6 7.4
Reconstitution Time 75 46 46 41
Clear 1o Clear to Clear to Clear to
Appesrance of Solution pale yeliow | pale yellow | pale yellow | pale yellow
. solution solution solution solution
Particulate Matrer
‘ Particles 210 microns %Zc;s — — —
Particles 225 microns %"S"f — — -
Moisture 0.3 0.6 0.8 0.2
pH of Reconstituted Solution 34 3.4 34 34
Sterility Sterile -— —_ -
nd.  Not detecied

-— Not tested at this time point, per stability protocol,

Photostability

[80264] Dalbavancin for injection (500 mg vials) were aiso evaluated for photostability in labeled
vials. Ten iabeled vials were introduced into a photostability chamber, along with a dark control
consisting of ten labeled vials wrapped with aluminum foil. The test sampies were exposed to not
less than 1.2 million lux hours and an integrated near ultraviolet energy of not less that 200 watt

hours/meter”. Samples were evaluated for appearance, appearance of solution, pH, moisture, and
HPLC assay. Results of this evaluation are presented in Table 15.

TABLE 15. Immediate Pack Photostability Resuits for 500 mg/vial Drug Product
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Test Results
Light Exposed Dark Control

Appearance White to off-white solid | White to off-white solid
Appearance of Soiution Pale yellow solution Pale yellow solution
Assay {aunbydrous, free base) 921.8% 52.8%
Moistare Content 0.3% 6.3%
pH 4.5 45
Reconstitution Time (sec) 43 68
Componrent Distribution (%AUC)

- Ag 0.7% 0.7%

- A 1L.7% 1.8%

~ By B6.6% 86.2%

- By 4.2% 43%

- By 1.9% 2.0%
Related Substances (%AUC)

- C 0.3% 0.3%

- 0.1% 0.1%

- Dy 0.2% 0.2%

- Dy 0.3% - 8.3%

- IsoBy 0.9% 1.0%

- MAG 1.2% 1.1%

- Trichloro 0.5% 0.5%

- RRT0.85 - 0.1% nd.
Total Impurities (%AUC) 5.4% 5.0%

n.d.

{00265] Comparison of the light exposed and dark control sanﬁples shows that the light exposed
samples remain comparable, with slight changes in potency, API component lev

impurities.

[60266] The light exposed samples demonstrated the presence of a very low level of an unspecified

not detected

els, and total

impurity at RRT 0.85, which was not detected in the dark control samples. Evaluation of this

cemponent by HPLC/MS has indicated that it is the mono-chiorinated derivative of the dalbavancin
B homologues. |

[80267] Based on thesé results, Dalbavancin for Injection is considered photostable in its

immediate pack.
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Impraved efficacy and reduced side effects

[00268] Weekiy dosing of dalbavancin at high dosage levels (i.e., resulting in surprising high and
long-lasting serum levels) shows a surprisingly good safety profile, similar to, or better than, that
observed with the standard therapy of lower doses of conventional antibiotics administered daily or
even 2-4 times daily, as demonstrated by the Examples herein. A surpnsmgly high dosage (i.e.,
resulting in surprising high and long-lasting serum leveis) of datbavancin may be administered,
with less frequency than other antibiotics, and without adverse side effects, enabling improved
efficacy and patient compliance.

[08269] As discussed in Example 1, treatment with dalbavancin results in a low incidence of
adverse events. Serious adverse events include any adverse drug experience occurring at any dose
that results in death, is life-threatening, results in hospitalization or prolongation of existing ‘
hospitalization, or persistent or significant disability or incapacity. In the Phase II trial described in
Example 1, 90% of adverse reactions, such as diarrhes, nausea, hyperglycemia, limb pain,
vomiting, and constipation, were mild to moderate in severity. Use of dalbavancin in the trial in
Example 1 resulted in no serious adverse events related to study drug treatment.

Kits
[06270] “The invention also provides kits for use in methods of treatment or prophylaxis of
bacterial infections. The kits include a pharmaceutical composition of the invention, for example
including at least one unit dose of dalbavancin, and instructions providing information to a health
care provider regarding usage for treating or preventing a bacterial infection. Instructions may be
provided in printed form or in the form of an electronic medium such as a floppy disc, CD, or
DVD, or in the form of a website address where such i;zstrucﬁons may be obtained. Often, a unit
dose of dalbavancin includes a dosage such that when administered to an individual, a
therapeutically or prophylactically effective plasma level of dalbavancin is maintained in the
individual for at least 5 days. In some embodiments, a kit includes two unit dosages to be
administered at least 5 days apart, often about _oné week apart, often including a first dosage of
dalbavancin that is about 1.5 to about 3 times higher than the second dosage. Dalbavancin is often
included as a sterile agueous pharmaceutical compasition or dry powder (e.g., lyophilized)
composition.
{00271] Suitable packaging is provided. As used herein, “packaging” refers to a solid matrix or
material customarily used in a system and capable of holding within fixed limits a dalbavancin
composition suitable for administration to an individual. Such materials include glass and plastic
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(e.g., polyethylene, polypropylene, and polycarbonate) bottles, vials, paper, plastic, and plastic-foil
laminated envelopes and the like. If e-beam sterilization techniques are employed, the packaging
should have sufficiently low density to permit sterilization of the contents.

[00272) Kits may also optionally include equipment for administration of dalbavancin, such as, for
example, syringes or equipment for intravenous administration, and/or a sterile solution, e.g., a
diluent such as 5% dextrose, for preparing a dry powder (e.g., lyophilized) compesition for
administration, |

{06273 Kits of the invention may include, in addition to dalbavancin, a non-dalbavancin antibiotic
dr mixture of non-dalbavancin antibiotics, for use with dalbavancin as described in the methods
above. .
{00274] In the examples below, the following abbreviations have the following meanings. If an
abbreviation is not defined, it has its generally accepted meaning,

AcOH = acetic acid

AcONa = sodium acetate

aq. = agueous

AS = aspartate amino transferase

ALT = alanine amino transferase

BV =  bed volume

Ccv = co=fficient of variation

d = diameter

D = dalton

bCC = dicyclohexylcarbodiammide

DMEPA = 3-{dimethylamino)-propylamine

DMSO = dimethy! sulfonamide

eq = equivalents

EU = endotoxin units

g = gram

GC = gas chromatography .
HCI = hydrochioric acid

H.O = . water

HOBT = I-hydroxybenzothiazole hydrate

HPLC = high performance liquid chromatography
HzSO;; = suifuric acid

IPA = jsopropylamine

48] = international unit

KF = potassium fluoride

Kg = kilogram

L = [Jiter

LC/MSMS = liquid chromatography/mass spec/mass spec
LDH = lactate dehydrogenase
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liquid scintillation counting

LSC =
o = cubic meter
MeOH = methano]
mg = milligram
mL = milliliter
mol = molar
MW = molecular weight

"N = pormal '
NaOH = sodium hydroxide
NMP = N-methyl-2-pyrrclidone
QTD = quantitative tissue distribution
Rt = retention time
sd = standard deviation
TEA = triethylamine

[B8275] The following examples are intended to illustrate but not limit the invention.

EXAMPLES

Example 1. Efficacy and Safety of Once Weekly Dalbavancin In Deep Skin and Soft Tissue
Infections

[00276] This randomized, controlled study evaluated the safety and efficacy of two dose
regimens of dalbavancin. Adult patients with skin and soft tissue infections (SSTI) involving deep
skin stmcml;es or requiring surgical intervention were randomized to three groups: Study anm 1
received 1100 mg of dalbavancin via intxﬁvenous injection (IV) on day 1; Study arm 2 received ig
of dalbavancin IV on day 1 and 500 mg of dalbavancin I'V on day 8; Study arm 3 received

“standard of care.” Clinical and microbiological response and adverse events were assessed,

Populations for analysis

{00277} There were 62 patients randomized into the study; all received at least one dose of study
medication. Four study populations were evaluated for safety and efficacy and were defined as
foliows: The intent-to-treat {(ITT) population included all patients who received at least one dose of
study drug (al! randomized study subjects). The microbiclogical intent-to-treat (MITT) population
were all ITT patients who had a cuiture-confirmed Gram-positive pathogen at baseline. The
clinically-evaluable population were defined as those who 1) fulfilied all study entry criteria, 2)
had no change in antimicrobial therapy for Gram-positive infection following Day 4, except for
oral step-down therapy (only applied to standard of care group}, 3) returned for the follow-up (FU)

assessment visit (unless a treatment failure), and 4) did not receive a non-protocol approved
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concomitant antimicrobial (unless a treatment failure). The microbiologically-evaluable
population was the subset of clinically-evaluable patients who had a culture-confirmed Gram-

positive pathogen at baseline.

[00278] The study populations are shown in Table 16.

Table 16. Study Populations for Dalbavancin SSTI Treatment

| Populations | Study arm 1 Study arm 2 Study arm 3
Dalbavancin Dalbavancin “Standard of care”
1100mg day 1 § 1000mg day 1,
500mg day 8
Randomized | 20 21 21
ITT
Treated 20 (100%) 21 (100%) 21 (100%)
Completed 18/20 (90%) 20/21 (95.2%) 21/21 (100%)
Study

Clinically eval| 16/20 (80%)
at EOT

17/21 (81%)

21/21 (100%)

Clinically eval| 13/20 (65%)
at FU

17/21 (81%)

21721 (100%)

MITT 14/20 (70%) 13/21 (61.9%) 14/2] (66.7%)
Micro eval 13720 (65%) 11/21 (52.4%) 14721 (66.7%)
at EOT

Micro eval 11720 (55%) 11/21 (52.4%) 14/21 (66.7%)
at FU

ETT - intent-to-treat

MITT - subset of ITT popuiation with culture confirmed Gram-positive infection
EOT - end of weatment

FU - follow up

{86279]  The median age of the subjects was 50-55 years (range 18-86 years). There were no
apparent differences in age across the treatment arms. There were differences in gender agross
ﬁ‘eatmcnt arms, but overall the study enrolled equal numbers of men and women. The patient
population was predominantly Caucasian, These results were consistent for both the ITT and
chinically evaluable populations.

[00280] 62 patients were enrolled, 20 in Study arm 1 and 2] each in Study arms 2 and 3. The most
common comparators for standard of care were clindamycin, cefiriaxone, vancomycin and
cefazolin. Mean duration of treatment in Study arm 3 was 15 days.
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Baseline pathogens and susceptibility
{00281} Of the 62 ITT patients, 66% (14 single-dose dalbavancin, 13 two-dose dalbavancin, 14

standard of care) had a pretherapy Gram-positive pathogen isolated (MITT population). The most
cornmon pathogen was S. gqureus. The distribution of pathogens at baseline is shown in Table 17.

Tabie 17. Baseline Gram-positive Pathogens and Dalbavancin MIC Range for the MITT

Population
Number with | Single dose } Two-dose Standard of Care
Pathoges | Dalbavancin Dalbavescin Regimens
{1; § Loy (1168 mg) (1505/500 mg) {HN=14)
(N=14} (N=13}
AR S oureus i3 i1 10
' .12y {6.12) (0,016-0.25)

Methicillin- 7 6 8
sensitive

Methicillin- [ 5 2
resistant
Group B 0 _ 2 2
streptococcus (0.016) {0.016)
Streptococcus 0 1 t
pyogenes {0.016) (0.016)
Miscellaneous 3 2 4
Streptococcus (0.016) (0.016) (0.016)
ang :
nontypeable
strains

Clinical and microbiofogical responses
[00282] The effectiveness of the three treatment regimens was determined by assessing the

patients’ clinical response and the documented or presumed microbiological responses. The
primary efficacy endpoint was clinical response at the follow-up visit for the clinically evaluable
population. Clinical response, for both EOT and FU visits, was categorized as success (cmfc or
improvement) or failure (including indéterminate results). Patients classified as successes mu;t not
have received additional systemic antibacterial treatment for their infection. Failure was defined as
persistence of one or more local or systemic signs and symptoms of SSTI such that treatment with
new or additional systemic antibacterial agents was reguired for the SSTI,

[00283] Microbiological outcome, a secondary efficacy variable, was assessed in the
subpopulation of patients who had microbiologically documented SSTI (i.e., at least one identified
baseline pathogen). A microbiologic response was assessed for each Gram-positive pathogen

identified at baseline (i.e., eradication, presumed eradication, persistence, presumed persistence),
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For patients for whom follow-up cultures were not performed, the microbiologic responses for
baseliné pathogens were presumed on the basis of the clinical response. Microbiologic response by
patient at the EOT and FU visits was graded as success {i.e., all Gram-positive organisms eradicated
or presumed eradicated) or failure (i.e., at least one Gram-positive organism persisted or presumed
to have persisted, multiple pathogens with partial eradication). At both the EOT and FU visits,
colonization and superinfection were assessed. At the FU visit, a patient’s bacteriological response
could also include recurrence.

Clinical efficacy
[00284] Clinical success rates are shown in Table 18. In the clinically-evaluable population,

61.5% of patients in the single-dose dalbavancin, 94.1% in the two-dose dalbavancin, and 76.2% in
the standard of care group were classified as successes at the time of the FU assessment. Inan
exploratory subanalysis of those patients categorized with deep or complicated SSTI at baseline,
two-dose dalbavancin therapy alsc provided a higher clinical success rate (93.8%), compared with
the single-dose dalbavancin and standard of care therapies, 58.3% and 73.7%, respectively.

[00285]  Similar success rates at both the EOT and FU assessments were found in the supportive
ITT and microbiologically-evaluable populations with a consistent trend towards a more favorable
response following treatment with two-dose dalbavancin (Table 17). For the MITT population,
clinical success rates at the FU assessment for those with methicillin-resistant S. awreus (MRSA)
were 50% (3/6) for single-dose dalbavancin, 80% (4/5) for two-dose dalbavancin, and 50% (1/2) for
patients treated with a standard of care regimen.

Table 18, Clinical Success Rates by Analysis Population and Treatment Group

Popuistion _ Singte-dose (1160 mg) Two-dose (1000/580 Standard of Care
Dalbavancin mg) Dalbavencin Regimens
ITT at EOT 15/20 (75.0) 16/2] (30.5) 1721 (BL.O)
ITT at FU 12/20 (60.0) 19/21 (90.5) 16/21 (76.2) Y
MITT at EOT 10/14 (71.4) 12/13 (92.3) 10/14 (71.4)
MITT at FU /14 (50.0) 12/13 (92.3) 9/14 (64.3)
Clinically evaluable at 13/16 (61.5) 16/17 (94.1) 17721 (B1.)
EOT
Clinicaily evaluable at 8/13 (61.5) 16717 (94.1) 16/21 (76.2)
FU
Microbiclogically 10/13 (76.9) 10/11 {90.9) 10714 (71.4)
evaluable at EOT
Microbiologically 6/11 (54.5) 10711 (90.9) 9/14 (64.3)
evaluable at FU

Microbiolpgic efficacy
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[80286] The success rates of the different treatment regimes with respect to different pathogens
is shown in Table 19. For the microbioiogically-evaluable population, eradication/presumed
eradication rates at the FU assessment for all organisms were 58.3% (7/12) for single-dose
dalbavancin, 92.3% (12/13) for two-dase dalbavancin, and 70.6% (12/17) for patients in the
standard of care group. For isolates that persisted, there was no change in dalbavancin MIC. At
FU, §. aureus eradication rates were higher for the two-dose dalbavancin group (90%) compared
with single-dose dalbavancin (50%) and standard of care (60%) treatments. Similar findings were
observed for the MITT population; two-dose dalbavancin eradicated 80% of MRSA isolates (Table
19).

Table 19. Success Rates by Pathogen for Microbiologiuiily ITT Population at FU Assessment

Single-dose (1100 Two-dose (1006/508 mg) Stendard of Care
mg) Dalbavencin Regimens
Dalbavancin
Total organisms 7/16 (43.8%) 14/16 (87.5%) 12/17 {70.6%)
Al K awreus : 5/13 (38%) 9/11 (82%) 6/10 (60%)
Methicillin- 217 (29%:) 5/6 (83%) 572 (03%)
sensitive
Methicillin-resistant 3/6 (50%) 4/5 (80%) 172 (509)
Miscellaneous : 2/3 (67%) 4/4 (100%) 5/7 (T1%)
streptococens species :

{66287]  For the microbiologically-evaluable and MITT populations, the microbiological sucécss
rates at EOT and FU are summarized in Tabie 20. Comparable microbiologic success rates ‘wer:
reported at both visits for patients treated with two-dose dalbavancin and standard of care regimens
(approximately 64% to 77%), whereas those given a single dose of dalbavancin had iower rates of
success (<40%). The microbiologic success rates at EOT/FU in the microbiologically-evaluable
pobulation paralleled clinical response findings: 38.5%/27.3% for single-dose dalbavancin,
72.7%/72. 7% for two-dose dalbavancin, and 71.4%/64.3% for standard of care therapy. Similar
ﬁn&ings were observed for the MITT population (data not shown).
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Table 20. Microbiologic Success Rates

Single-dose (1100 mg) | Two-dose {1660/500 myp) Standard of Care
' Dalbavancin Daibavancin Regimens

MITT population

EOQT 314 (35.7) 10/13 (76.9) 10/14 (71 4)

FU 3/14(21.4) 9/13(69.2) 9/14 (64.3)
Microbiologically
evaluable population '

EQT 5/13 (38.5) 8/11 €72.7) 10/14 (71.4)

FU I 21D 8/11 (72.7) 9/14 (64.3)
Lharmocokinetic analysis

{06288]  For patients rendomized to the galbavancin treatment groups, 5 ml of blood was
obtained on Day 8 for determination of dalbavancin plasma concentrations. For patients
randomized to i-eceive a 500 mg dalbavancin dose on Day 8, bicod was obtained Jjust prior to
administration of the second dose. Additional § ml blood samples were obtained on Days 10 and
24 for patients wére randomized to the single-dose dalbavancin group and on Days 20 and 34 for
those who'receivcd two doses of dalbavancin. '
[00289] Dalbavancin plasma concentrations were determined using validated liquid
chromatography and mass spectrophotometer methods. The lower limit of quantitation was 500
ng/ml for plasma. _ |
[00290] Mean dalbavancin concentrations collected on Study days 8, 10, and 24 in the single-
-dose regimen were 31.1 £ 7.1, 25.2 £ 4.8, and 10.2 £ 3.5 mg/l (mean = SD), respectively.
Dalbavancin concentrations following the two-dose regimen on Study days 8 (prior to the second
dose), 20, and 34 were 30.4 + 82,212+ 10.0,and 9.0 + 4.4 mg/l, respectively. As expected, all
patients had dalbavancin concentrations of greater than 20 mg/] through the first week following the
first dose, and levels above 20 mg/l were maintained for an additional week with an additional dose
of 500 mg I'V on day 8. Genéraliy, minimum bactericidal concentrations are about 4 to 10 mé/l.

Safety evaluation

[00291] Each patient who received at least one dose of study drug (ITT population) was evaluated
for drug safety through monitoring of adverse events (AE), including abnormal clinical laboratory
test results and vital signs. AE were rated by the investigator as to their severity {mild, moderate,
severe, life-threatening), and by the relationship to the study drug (not related, unlikely related,

possibly related, or probably related).
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[00292] A summary of the AE data is presented in Table 21. The majority of adverse reactions
(90%} were considered mild to moderate in severity. All serious adverse reactions (8 events in 3
patients) were unrefated to study drug treatment. Approximately 59% of all patients who reported
at least one treatment-emergent AE (19 single-does dalbavancin, 16 two-dose dalbavancin, 21
standard of care) experienced an event that was categorized by the investigator as possibly or
probably related to study drug. Specifically, drug-related AEs were reported in 11 (55%) single-
dose dalbavancin, 10 (48%) two-dalbavancin, and 12 (57%) standard of care patients. The most
frequently reported drug-related AE in both the dalbavancin and standard of care treatment groups
were diarrhea and nausea. A summary of types of AEs observed for the different treatment groups
is presented in Table 22.

{00293] No dalbavancin-treated patient discontinued treatment prematurely due to an AE. Three
of 21 (14%) patients on a standard of care regiment discontinued treatment prematurely due to an
AE, including one patient who developed urticaria on Day 1 which was probably drug related and
two patients who had AE unrelated to study drug (superinfection with P, geruginosa and elevated

vancomycin trough level).

Table 21. Summary of Adverse Event (AE) Data

Single-dose Two-dese . Standsrd of care
dalbavancin dalbavancin
{N=20) {M=11) {N=21)

=1 AE 95% 76.2% 100%
%AE severe 15% 9.5% 4.8%
Z1AE 55% 48% 5P
possibly/probably
related to treatment
AE leading to o _ 0 14.3% .
discontinuation of
study medication
Z 1 severe AE 2 (10%) 2 (9.5%) t (4.8%)
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Table 22, Mest Common Adverse Events

Single-dose Two-dose Stendard of care
daibsvancin dalbavancin
{N=20) (N=21) (N=21)

Diarrhea 20% 9.5% 28.6%
MNauses 10% 28.6% 9.5%
Hyperglycemia 5% 143% 19%
Limb Pain 10% 9.5% 9.5%
Vomiting 10% 14.3% 4.8%
Corstipation 5% 4.8% 14.3%

Discussion

[00294]  This open-label, randomized Phase II trial shows that dalbavancin is effective for the
treatmnent of adults with SSTL. The majority of enrolled patients had deep or complicated infections
(>90%) and infections that required surgical intervention (~70%), while approximately 45% had
underlying diabetes mellitus.

[00295] Two weekiy doses of dalbavancin had a numerically higher clinical response rate than
either a single-dose of dalbavancin or the standard of care regimen. Data from both [TT and
clinically-evaluable populations suggests that a regimen of two sequential weekly injectable doses
of datbavancin (1000 mg, 500 mg weekly) is effective in the treatment of SSTIs. The standard of
care group was treated for 4 median duration of 13 days. At follow-up, 94% of clinically-evaluable
patients treated with two-dose dalbavancin were considered clinical successes versus 76% of those
given a standard of care regimen and 61.5% of patients receiving single-dose dalbavancin.

[66296]
approximately 83% of patients were infected with S, aureus and 38% of all S, aureus strains were
MRSA. Most infections (80%) were caused by a single pathogen. The MICs for dalbavangin
égainst Gram-positive isolates, including MRSA, ranged from 0.016 to 0.25 mg/L.

{00297]  Microbiological success rates paratieled those of clinical response for the clinically-

S. aureus was the most frequently isolated organism at baseline. In this trial,

 evaluable population. For all organisms combined, treatment with the two-dose weekly
dalbavancin regimen provided higher eradication rates at the 2 week post-therapy assessment (92%)
‘compared with single-dose dalbavancin (58%) and standard of care therapies (71%). Overall, rates
of S. aureus eradication were observed in 90%, 50%, and 60% of patients, respectively. For the
MITT population, rates of eradication for MRSA were 80% for the two-dose dalbavancin regimen
versus 50% for both the single-dose dalbavancin and standard of care therapies.
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[00298] Concentrations of dalbavancin obtained st the end of the single-dose and two-dose
weekly treatment periods (Day 10 or Day 20, respectively) were similar suggesting little drug
accumulation following the second weekly dose. The higher rate of clinical success observed with
the two-dose regimen is suggestive of time-dependent killing wherein sustained levels of drug or
drug exposure were provided with twe doses of dalbavancin separated by one week. Dalbavancin
plasma levels measured at the end of the weekiy dosing interval were substantially greater than the
reported MICy for pathogens responsible for the majority of SSTIs (<0.03 to 0.5 mg/L), including
those found in this trial. These levels were also above the minimum bactericidal concentrations of 4
to 10 mp/l. _

[08299]  The overall rate of adverse reactions was similar for both dalbavancin regimens and the
standard of care group. Gastrointestinal drug-related adverse events (i.e., diarrhea and nausea) were
most commonly reported across the three treatment groups. The majority of these events were mild
and self-limited. No dalbavancin-treated patient was withdrawn from the study earty due to an
adverse reaction, nor were any serious adverse events attributable to the glycopeptide reported, yet
14% of the standard of care group withdrew due to adverse effects. The novel dosage regimen thus
had reduced adverse side effects in comparison to the standard of care. The data from this trial
found no evidence that dalbavancin induces any degree of clinicaily significant hepatotoxicity or
nephrotoxicity.

[08300] The two-dose dalbavancin regimen appears effective for treatient of patients with
complicated SSTis. Dalbavancin at both doses was well tolerated in this clinical trial, with an
adverse event profile similar to that of the standard of care group. |

Example 2. Efficacy and Safety of Once Weekiy Dalbavancin in the Treatment of Catheter-
Related Blood Stream Infection (CR-BSY)

[60301] This study evaluated the safety and efficacy (clinical and microbiological) of a weekly
dosing regimen of dalbavancin in the treatment of adults with catheter-related blood stream
infection (CR-BSI) due to gram-positive bacterial pathogens, relative to the standard care of
treatiment, vancomycin.

Methodology
{003062] Patients with CR-BSI due to suspected or known Gram-positive pathogen(s) who met the
inclusion/exclusion criteria were randomized to one of two treatment arms in this open-label,
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comparative, multi-center study. Dalbavancin was administered once weekly in weekly
dalbavancin and comparator (vancomycin) was administered daily in vancomycin. Catheter _
removal was required for patients with Staphylococcus aureus infection; catheter management wa;
left to the Investigator’s discretion for patients with coagulase-negative staphylococci (CoNS)
infection. Efficacy was clinically based on the improvement or resolution of clinical signs and
symptoms of CR-BSI such that no additional antibacterials were warranted, and microbiologically
on the eradication or presence of the baseline or other pathogens. Safety and dalbavancin plasma

concentrations were also evaluated.

Population for Analysis

{00303] Approximately 80 patients were planned (40 each for reatment arms 1 and 3); 67 patients
were analyzed (33 in weekly daibavancin and 34 in vancomycin). Seven (7)patients from daily
dalbavancin were included in safety analyses only. Seventy-five (75) patients were randomized and
74 were treated at 13 sites in the United States; 64 patients completed the study. Demographic
characteristics were generally similar across study arms. Mean age for patients in weekly
dalbavancin was 54 years (range 20-78 years) and in vancomycin was 57 years (range 19-85 years),
Males and females were equally represented overall; there were slightly more males in weekly
dalbavancin and more females in vancomycin. Most patients were Caucasian (>65%), were
categorized as having probable CR-BSI, and had non-tunneled catheters. For the microbiological
ITT population, the most common pathogens for both treatment arms were CoNS and S, aureus. OF
the S. aureus isolates, 5/11 (45.4%) and 9/12 (75.0%) were identified as methicillin-resistant
(MRSA) for study arms ! and 3, respectively.

Diagnosis and Main Criteria for Inclusion
f00304] Patients with documented Gram-positive bacteremia defined as at least one biood culture
positive for §. aureus, or at least two positive blood cultures for all other organisms (with at l¢ast

one of the cuimres from a percutaneously drawn sample) were included. In addition, patients were
also enrolled who met all other inclusion criteria, and also met each of the two conditions listed
below:
1. At least two of the following signs of bacteremia: core temperature >38.0°C or
<36.0°C, measured rectally, orally (added 0.5°C to the measured temperature), tympanically
or via a central catheter; WBC count >12,000/mm” or <4,000/mm’ or differential count
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showing >10% band forms; tachycardia (pulse rate >100 bpm); tachypnea {respiratory rate
>20. breaths/minute); transient hypotension {systolic blood pressure <90 mm Hg)

2. No apparent source for the clinical manifestation of bacteremia other than the
catheter (may have local signs and Symptoms at the catheter site), - |

Treatment _

[08305] The treatment lasted for 14 days for patients with S. aureus infection, and 7 to 14 days for
alf other pathogens. Because of the long half-life of dalbavancin, the duration of study drug therapy
was assumed 10 be 7 days for each dose of dalbavancin given in weekly dalbavancin. Dalbavancin
was administered intravenously with a 1000 mg loading dose on Day § and a 500 mg dose on Day
8. Vancomycin was administered intravenously with a 1000 mg dose every 12 hours (or dose-
adjusted based on drug levels).

Criteria for Evaluation

{06306] Efficacy was evaluated based on clinical and microbiological responses. The primary
ouicome parameter was overal| response at the test-of-cure (TOC) visit in the microbiological
intent-to-treat (ITT) population. Safety was evaluated by the collection and analysis of data on
adverse events (AEs), clinical laboratory tests, physical examinations, vital signs, and ECGs,
Dalbavancin plasma concentrations were determined on up to seven occasions (prior to and after
the first dose on'Day 1, on Day 4 £ 2 days, before and after the second dose on Day §, at end of
treatment (EOT) and at TOC. Due to the elimination of arm 2 during the study, only demographic
dafa and safety data from those patients are described; efficacy was not evaluated. |

Statistical Methods
. 100307] Efficacy, safety, and dalbavancin concentration data are presented using descriptive

statistics. For the primary efficacy analysis, 95% confidence intervals were also determined, and
for prognostic facior analyses using the primary efficacy variable, logistic regression was used.

Efficacy Results

[08308] For the primary efficacy analysis, overall response in the microbiological ITT population
at TOC, patients who received dalbavancin in weekly dalbavancin (87.0%, 95% CI: 73.2, 100.0)
had a higher success rate than patients who received vancomycin (50.0%, 95% CL 31.5, 68.5).
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[00309] For the secondary efficacy analyses, overall success, clinical success, and overall and
clinical success by pathogen, by category of infection, by catheter status at baseline, and by type of
catheter for the microbiological ITT and evaluable populations at EOT and TOC were higher in the
dalbavancin study arm compared with the vancomycin study arm. By-patient microbiological
success was similar for the treatment arms at EOT, but was higher for the dalbavancin study arm at
TOC. For CoNS, by-pathogen microbiological success was greater in the dalbavancin study amm at
both EOT and TOC. By EOT, most signs and symptoms at the catheter site were resolved for both
study arms.

- Safety Results
[00310} Adversz events (AEs) were reported by 71 patients (95.9%). The number of patients
reporting AEs was similar across study arms, although more AEs were reported in the dalbavancin
groups than in the vancomycin group.. The most common AEs were diarrhea, constipation, anemia,
and hypotension. Most AEs were considered by the Investigator to be mild or moderate in
intensity. Adverse events considered to be related (possibly or probably) to study drug were evenly
distributed across study arms. One (1) patient (3%) in the dalbavancin study arm had an unrelated,
non-serious AE that led to discontinuation of dalbavancin; no AEs led to withdrawal from the
study. Three (3) patients (8.8%) in the vancomycin study arm had AEs that led to discontinuation
of comparator; 2 AEs led to withdrawal from the study. The distribution of SAEs was similar
among freatment groups; no SAE in the dalbavancin study arm and one SAE in the vancomycin
study arm was considered to be related to study drug. There were 5 deaths in this study, All AEs
that resulted in death were unrelated to study medication, There were no clinically meaningful
laboratory abnormalities in any study arm. Few laboratory values were reported as AEs. None
were SAESs or led to discontinuation of study drug,.
[D8311] Increased diastolic blood pressure was the most common abnormal clinically sigsificant
change across all treatment groups. Hypertension was reported as an AE for 3/74 patients (4.1%, 2
patients on dalbavancin, 1 patient on vancomycin); only 1 patient (receiving dalbavancin) had
increased blood pressure as an AE considered related to study medication. Dalbavancin did not
exhibit any impact on heart rate, atrioventricular conduction or intra-ventricular conduction. The
average difference of effect on QTc values was 7 msec greater for the dalbavancin group in
comparison with the vancomycin group. No significant difference was observed between
treatments for frequency of outliers during drug therapy.
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[08312] Therefore, dalbavancin given as an initial IV dose of 1000 mg followed 1 week later by &
second [V dose of 500 mg appears well tolerated and highly effective for the treatment of CR-BSI
caused by Gram-positive pathogens, with superior response rates to vancomycin

Examjﬂe 3. Pharmacokinetics and Renal Excretion of Dalbavancin in Healthy Subjects

[88313] The primary objectives of this study were to characterize the pharmacokinetics of
dalbavancin and to calculate the extent of renal excretion in healthy subjects receiving a therapeutic
dose of the drug. This was an open label, non-comparative, study.

Study drug treatment
[00314] Healthy male or female subjects between 18 and 65 years of age were administered a

single 1000 mg IV dose of dalbavancin infused over 30 minutes.

[06315] Six subjects, one female and five male, were enrolled, received study medication, and
completed all aspects of the study. Three subjects were Caucasian and three subjects were African-
American. Mean age was 29.8 years (range 22 to 63). Mean height was 68.6 inches (range 63 o
75) and mean weight was 179.6 Ibs (140 to 244).

Pharmacokinetics
[68316] Blood and urine (24-hr collections) were collected on study days 1, 2, 3, 4, 5, 6, 7, 14,
21, 28, and 42. Blood samples were drawn into heparinized tubes and centrifuged. Plasma was
separated and stored frozen at -20°C until time of assay. Plasma and urine samples were assayed
for dalbavancin using validated LC/MS/MS methods. The lower limit of quantitation of the assay
was 500 ng/mlL for urine and plasma. 3
[06317] Dalbavancin pharmacokinetic parameters were estimated by non-compartmental *
methods using the WinNonlin™ software {Pharsight Corporation). The peak concentration (Cpa)
values were obtained directly from the observed data. The area under the plasma concentration-
time curve (AUC) was calculated using the linear trapezoidal rule. Clearance (CL) was computed
as dase/AUC. The elimination haif life (ti) was estimated by linear regrcssion of the log-linear
portion of the log concentration versus time curve. Estimates of the volume of distribution (Vz)
was calculated using the regression parameters, while the volume of distribution at steady state
(Vss) was calculated from the area under the first moment curve (AUMC) multiplied by the dose
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and divided by AUC. The cumulative amount of dalbavancin excreted i m urine was determined as
the i mtegmnd of the urine excretion rate (AURC). CLg, or renal clearance, was ca]cuiated as the
ratio: CLg = AURC/AUC.

[00318] Plasma concentrations of dalbavancin versus time are shown for all subjects in Figure §.
Pharmacokinetic parameters are presented in Table 23. Concentrations were similar across all
subjects. Peak plasma concentrations were approximately 300 mg/L and were achieved
immediately following the end of infusion. Dalbavancin shows an apparent volume of distribution
of more than 10 L and is assumed to be well distributed in the extraceliular fluid.

[06319] Dalbavancin was slowly eliminated with a tiz 0f 9-12 days. The total drug clearance
was 0.0431 £ 0.0074 L/hr. The estimated fraction of drug excreted unchanged into urine was 42%
of the administered dose, and renal clearance was estimated as 0.018 L/h. The variability observed
across subjects was low with a coefficient of variation of less than 22% across all pharmacokinetic
parameters,

Table 23. Pharmacokinetic parameters

Cmax ¢, AUC V. CL Vss AURC % Remal Cig

mg/l b mgh/l L L/ L mg Excretion L/

Mean 301 257 23843 160 0.0431 115 419 41.9  0.0181
Sd &5 21 4526 3.1 0.0074 2.13 27 27 0.0036
CV% 216 8.1 19.0 195 171 i8.6 6.4 - 6.4 20.1
Min 243 227 19844 117 0.0332 858 379 379  0.0130
Max 394 282 30100 19.6 0.0504 13.9 448 448  0.0226

Safety assessments

[00320]  Adverse events were recorded and assessed for severity and relationship to study drug
Laboratory data {chemistry panel, CBC with differential, urinalysis) were collected and assessed for
changes from baseline and out-of-range values. ECG, physical examination, and vital signs were
obtained, and changes from baseline were assessed,

{€6321] = Dalbavancin was well-tolerated in this study. No subject deaths or serious adverse
¢vents were reported during this study and no subject was prematurely withdrawn from study due to
an AE.

[0G322]  All volunteers reported at least one AE, all of mild intensity. Three voiunteers reported
AEs that were possibly related to study medication: elevated ALT (value 46 [U/L, upper limit of
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normal 40 [U/L) in one subject; eosinophilia (value 0.5 x 10%/uL, upper limit of normal 6.4 x
10%/uL), elevated LDH (value 303 TU/L, upper limit of normal 90 IU/L), elevated ALT (value 54
IU/L, upper limit of normally 40 IU/L), elevated AST (value 42 TU/L, upper limit of normal 40
TU/L) all in one subject; and tinnitus in one subject.

{00323] No trends were seen for post-baseline hematology, chemistry, vital signs, and ECG
results.

Discussion

[00324] A single 1000 mg IV dose of dalbavancin was well-tolerated. Following a single
intravenous infusion of 1000 fng, plasma concentrations of dalbavancin above 45 mg/] are
maintained for at least seven days. This is above concentrations known to be bactericidal (4-32
‘mg/l). This supports the use of dalbavancin as a once~-weekly regimen. The urinary elimination
profile indicates that renal excretion is an important elimination pathway, with approximately 40%
excreted in urine. This finding is consistent with observations in animals, Since the kidneys are not
the exclusive elimination route, a dosing adjustment for dalbavancin may not be necessary in
renally impaired patients.

Example 4. Pharmacokinetics of Dalbavancin Subjects with Renal Impairment

[08325] These were open label studies conducted to examine the safety and pharmacokinetics of
intravenous dalbavancin when administered to subjects with mild, moderate and severe renal

impairment.

Study drug treatment .

[08326] Male and female subjects between ages 18 and 80 were eligible for enroliment. Subjects
had to be within -10% to + 50% of ideal body weight for their sex, height, and body frame.

Pharmacokinetics _
{00327] Serial blood samples were collected before the dose and through at least 2 weeks after the
end of infusion and assayed for dalbavancin using a validated LC-MS/MS method.



[UU328} - Dalbavancin pharmacokinetic parameters were estimated by non-compartmental
methods. The peak concentrations (Cre) Were obtained directly from the observed data. The arca
under the plasma concentration-time curve (AUC) were calculated using the linear trapezoidal rule,
[06329] Pbarmacokinetic parameters of subjects with healthy renal impairment and subjects with
the most severe renal impairment (Severe RI) are presented in Table 24.

Table 24. Pharmacokinetic parameters

Dosing Regimen
Pha;:n;:;i;ﬂic 1000 mg 1120 mg 1000 gg + 500 509 mkgl §evere 1600 'aﬁf’w‘"

AUC (mg.h/Ly 24453 +/-3711 25790 +/- 2447 33000° 24376 +/- 6615 ~ 48000°
AUCT (mg.WL) 13412+~ 2120 13644 +/- 1305 12000° 6860+/-1613 -~ 14000
AUCHS (mg/L) 17737 +-2325 20207 +/-2122 23000° 10986 +/- 2817  —22000°
AUC42 (mg.WL) 23137 +-3326 ' 33000" . ~ 38000°

Cmsx (mg/L) 340 +/- 68 325 +/- 4} 300 137 +/- 22 ~ 300

Ciday (mg/Ly  409+-52© 554 +/-8.1 40 ~30-40 ~ 5T

Cldday (mg/Ly 2134258 228419 40° ) ~ 40

~ Preliminary clinical data

- * Estimated using parameters directly referenced, or extrapolated from plots
* Based on simulated data or extrapolated based on another study; not directly referenced in an
abstract
AUC = drug exposure as estimated by the area under the plasma concentration-time curve;
* AUC7 = drug exposure through 7 days post-dose or through treatment period;
AUC14 = drug exposure through 14 days post-dose or through treatment period; AUC42 = drug
exposure through 42 days post-dose or through treatment period;
Cmax = taximum observed drug concentration in plasma;
C7 = drug concentration 7-days post-dose, prior to administration of another possible dose;
C14 = drug concentration 14 days post-dose, prior to administration of another possible dose.

Discussion . .
[00330] For patients with severe renal impairment, a single dose of 560 or 1000 mg of dalbavancin
is administered 1o the subject. As apparent from Table 24, after 14 days, a patient with severe renal
impairment given a single dose of 1000 mg has a AUC14 (mg.h/L) of approximately 22000, which
is unexpectedly very similar to normal patients on the two dose regimen of 1000 mg + 500 mg
(AUC14 mg WL of 23000).

[00331] For patients with mild renal insufficiency, nc dosage adjustment of dalbavancin was
re'q.uired. Dalbavancin concentrations and pharmacokinetic parameters were similar in subjects

91



with mild renal impairment and subjects with normal renal function. In addition, dalbavancin was
well-tolerated in subjects with normal or mildly impaired renal function. See Dowell, J. et al.
“Dalbavancin Dosage Adjustments Not Required for Patients with Mild Renal Impairment”
presented at the 2003 ECCMID Meeting, Glasgow (Clinical Microbiology and Infection, Volume 9
(Supplement 1) page 291; 2003) and Stogniew, M. et al. “Pharmacokinetic Atiributes of
Dalbavancin: Well Distributed and Completely Eliminated with Dual Routes of Elimination™
Presented at the 2003 ECCMID Meeting, Glasgow (Clinical Microbiology and infection, Volume 9
(Supplement 1) page 291-292; 2003) both of which are hereby expressly incorporated by reference
in their entirety. '

Example 5. Renal Impairment and End-Stage Renal Disease

{00332] A major pathway for dalbavancin elimination is the excretion of both intact and OH-
dalbavancin into urine, and it is likely that the drug will be used in patients with various degrees of
renal impairment. Because of this, the safety and pharmacokinetics of dalbavancin in subjects with
various degrees of renal impairment was examined in Clinical Studies VER001-3, VERQ01-11 and
VER001-13. ‘
{00333} Clinical Study VER0O1-3 was terminated early (5 subjects enrolled; 3 subjects received
dalbavancin) when it was determined that the dosage being examined (70 mg) was too low
compared to the larger weekly dosage that was being proposed for clinical study. Clinical Study
VERO001-13 examined subjects with mild and moderate renal impairment and Clinical Study
VER001-11 examined subjects with severe renal impairment and subjects with end-stage renal
disease (ESRD). Matched control subjects were enrolled in all studies. Renal impairment was
defined by estimated creatinine clearance: mild = 51-79 mL/min, moderate = 31-50 mL/min, and
severe < 30 mL/min. Subjects with ESRD were dependent on dialysis through the course of the
study (3 times weekly). Single doses of 1000 mg IV dalbavancin were examined in subjeots with
mild and moderate renal impairment, doses of 500 mg dalbavancin were studied in subjects with
ESRD, and single doses of 500 and 1000 mg were studied in subjects with severe renal impairment.
[00334] Dalbavancin was well tolerated in each of these renal impairment studies. Similar
percentages of subjects reporting adverse events were observed in each of the study groups. The
majority of the reported adverse events were mild or moderate in severity and unrelated to study
medication. There were no clinically meaningful laboratory derangements in any of the study

subjects while receiving dalbavancin,
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[00335) in Clinical Smdy VERO001-13, dalbavancin administration to subjects with normal renal
function and subjects with mild renal impairment resulted in comparable concentration-time
profiles over the 60 day sampling interval. Through the relative treatment period, 7-days postdose,
concentration-time profiles were comparable among subjects with normal rena! function, and
subjects with either mild or moderate renal impairment. A small increase in concentrations was
observed in subjects with moderate renal i impairment beyond Day 14, when concentrations were
relatively iow and below 40 mg/L. Dalbavancin plasma concentration-time profiles in these
subjects following 1000 mg dalbavancin are shown in Fig. 18. Dalbavancin pharmacekinetic
parameters are shown in Table 25. No dosage adjustment is required for patients with mild or
moderate renal impairment (CLcr > 30 mL/min). The findings from this study are consistent with
patients studied in the population pharmacokinetic analysis (CLcg > 50 mL/min).

[08336] Dalbavancin was administered to subjects with normal renal function, subjects with severe
+ renal impairment, and ESRD subjects in Clinical Study VER001-11. Dalbavancin concentration-
time profiles observed in this study are shown in Fig. 19. Concentrations were similar among
subjects with nommal renal function and subjects with either severe renal impairment or ESRD
through the first 12 hours, but 2 small and gradually increasing difference was observed in subjects
with severe renal impairment. Concentrations were increased by < 40% through the first week
post-dose, and differences continued to increase through the remainder of the profile. Subjects with
ESRD were divided into subjects receiving dalbavancin before or after their first dialysis session.
No difference in concentration-profiles was noted between these two subgroups. Concentrations in
subjects with ESRD were, however, similar to subjects with normal renal function, indicating
compensation in renal insufficiency due to regularly scheduied diatysis (3-times/week). Levels in
dialysate corresponding to this level of drug dialysis were too small to measure.

[08337] Dalbavancin pharmacokinetic parameters in subjects with severe renal impairment and
subjects with ESRD (VER001-11) are compared to subjects with mild or moderate renal
impairment (VER001-13) in Table 25. Single doses of 500 and 1000 mg were studied in subjects
with severe renal impairment; concentrations and exposures were consistent with dose
proportionality (Fig. 26, Table 25). Individual drug exposures within the relative treatment period
(AUCo.peyr) were generally consistent across individuat Clcy, with only a small increase in
exposure observed for subjects with severe renal impairment (Fig. 21). Differences in exposures
were much greater when examined across the entire concerrration-time profile. Area under the
plasma concentration-time curve extrapolated through infinity (AUCq.ng) was increased 97% in
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subjects with severe renal impairment. Subjects with ESRD had only 2 45% increase in AUCq
refiecting some compensation in repal insufficiency with regularly scheduled dialysis,

[00338] Based on the pharmacokinetic parameters and simulations based on the data, a dosage
adjustment is recommended for patients with severe renal impairment. The intent of the dosage
edjustment is to match concentrations end exposures during the two-dose relative reatment period
(14 days), while minimizing the overall exposure of drug. A total of 9 simulated dosage regimens
were examined in subjects with severe renal impairment. The results of these simulations are
summarized in Fig, 22, showing the exposure during the relative treatment period versus the overall
exposure. A dose of 750 mg dalbavancin followed one week later by 250 mg dalbavancin is the
recommended dosage adjustment for patients with 8 Clo, <30 mL/min. This dosage regimen
meintaing concentrations above 20 mg/L, matches the treatment exposures observed for subjects
with normal renal function, and minimizes the overall exposure. Fig, 23 shows dalbavancin
concentration-time profiles simulated for i) subjects with normal renal function receiving 1000 mg
(Day 1)+ 500 mg (Day 8), ii) subjects with severe renal impairment receiving 1000 mg (Day 1) +
300 mg (Day 8), and iii) subjects with severe renal impairment receiving the recommended dosage
adjustment of 750 mg (Day 1) + 250 mg (Day 8). Patients receiving regular dialysis therapy (2 10 3
times weekly) have some compensated clearance of drug by dialysis and do not require a dosage
adjustment.
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Table 25. Datlbavancin Pharmacokinetic Parameters

FOLLOWING A single dose of dalbavancin

for Healthy and Renally Impaired Subjects

Miean Madesate Normsl Severe Severe
(2SDp)  Mild Rena - Renst Rensl Reml Remai ESRD ESRD Mormal Rensl  Norma) fenal
Impsirment  bpeiement (N Fenction benpairenem i Prediatysis i Fussciion Function
=G =) W = 9) N =5 ) (N =4) N=3} (N =3 6) (Ne3)
Study VERGO(Y] - VERDDI-13 YERDOI-13 VERGO} - VEROD! - "VERDOI-11  VERGDI-1| VERDGH - | VERDO{.2
B3 111 i1
Daoge 1050 o 1060 500 1000 500 500 500 H20
mg)
[ % 3307 2488 1365 3153 1407 1458 1373 325
{mmg/L) (423} {551 {33.0) {21.8) BN 264) (7L5) (395) {41}
AUC, o714 F 1050 i1t 2] [ 105653 065 4989 5245 13644
e {1406) (20605) {1382) {1392} {1474y {1768) (i153) {1661) F1305)
fmg.b/L)
AUC, 15333 13060 13765 0412 18508 620 E500 %7 20037
y mhﬂ.) (1884) {3065) (1988) (2658) (1780) (2581) (2297) (2422) @21m
g
AUCowt 27047 37665 24561 24074 44497 19772 15587 29 580
{mg.h/L) (4084) Ny (5252) {6613) (11483) {3065) {6050y (3298) {2447)
CL 00176 omr 00422 a2 feXipk1d 0.0264 0.0350 G.042% 0.0437
{Lm) {0.0048) [0.0045) {0.0079) {00064 {0.0068) (0.0063) ©0113) (00092 {6.004)
Vixx 165 147 185 132 142 122 146 156 849
W) €3} 2.5 3.6} {2.9) 0.8} (3.4} (3.2} (4.2} (1.05)
" a9 432 417 454 469 376 347 333 149
[i:)] {5%) {43) {10G8) 41174 {103) {63} {78) =1 {36}
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Example 6. Hepatic Irmpairment
[06339] Dalbavancin is eliminated by both renal and non-rengl pathways and dalbavancin will
likely be used in patients with various degrees of hepatic impairment. The safety and
pharmacokinetics of dalbavancin in subjects with various degrees of hepatic impairment was
examined in Clinical Study VERG01-12. The study enrolled otherwise healthy subjects with mild,
moderate, or severe hepafic impairment (Child-Pugh scores 510 6, 710 9, and 10 to 15,
respectively) and matched control subjects with normal hepatic function. Subjects were given &
single 1000 mg IV dose of dalbavancin on Day 1 followed by & 500 mg IV dose of daibavancin on
Day 8.
108340] Concentrations and exposures of dalbavancin did not increase with i increasing degrees of
hepatic impairment (Fig. 24). Dalbavancin administration to subjects with normal hepatic funciion
and subjects with mild hepatic impairment resulted in comparable concentration-time profiles over
the 60 day sampling interval. Dalbavancin administration to subjects with moderate hepatic
impairment and subjects with severe hepatic impairment resulted in slightly decreased observed
concentrations when compared to subjects with normal hepatic function. The drug was well
tolerated across all groups.
[G0341] The exposure to dalbavancin for subjects with normal hepatic function and subjects with
mild hepatic impairment was comparabie (Table 26). A trend towards a decrease in dalbavancin
 exposure and an increese in CL was evident for subjects with moderate hepatic impairment and
~ subjects with severe hepatic impairment. Overall, the intersubject variability of the
pharmacakinetic parameters was low and generally beiow 30% and although dalbavancin
pharmacokinetic parameters were stat:shcally dzﬁcrent between the hlgher and lower hepatic
lmpaxrment groups, the ranges of the expasure param-ters sxgmﬁcanﬂy ovcriapped (Fig. 25)
[00342] Changw in dalbavancm pharmacokinetic parametcrs appeared to bc influenced by the
' dmg s disribution volume. Volumes of dzsmbuuon mcreased in the same proportmnal or ;nverseiy
".proportaonal manner as CL a.ud AUC., The drug terminal elimination half-life was “virtually
‘ unchanged across the groups.- Subjcc!s with moderate and severe hepatic impairment, who have
significantly more ascites and edemna, have larger volumes of drug distribution and subsequently
slightly lower drug exposures.
[80343] There was overlap in concentrations through the profiles across groups, with mean
concentrations remaining above 20 mg/L in all groups through the intended treatment duration of
14 days. There was also overlap in drug exposure across the groups (Fig. 25). Even with a
@créase in mean exposure, subjects with severe hepatic impairment still had a drug exposure
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through the relative treatment period (14 days) that exceeded parameters required for therapy, No
dosage adjustment of dalbavancin is required for patients with any degree of hepatic impairment.

Table 26. Dalbavancin Pharmacokinetic Parameters for Healithy and Hepatically

Impaired Subjects FOLLOWING 1008 MG dsibavancm ON Day I and 500 MG
dsibavancin on Day 8

Mild Hepatic Moderate Hepatic Severe Hepatic Normal Hepatic

Mean (+ SD) iopairment impairment impairment Function
(N=6) {N=6) {(N=5) (=5}
C ot (/L) 331.7 (80.6) 2212 (31.5) 199.0 (30.4) 278.3 (52.6)
Conz (Mg/L) 177.0 (62.4) 122.7 (27.2) 1189 (23.9) 166.3 (42.5)
AUCoqa(mg.VL) 11146 (3478) 7710 (1099) 7561 (1540) 10577 (2493)
AUCq s (mgVL) 21158 (5308) 14826 (1925) 14112 2911) 20473 (4883)
AUCpur(mg /L) 33117 (6479) 23628 (3527) 21639 (5940) 33851 (8184)
CL(LM) | 0.0466(0.0084)  0.0647 (0.0098)  0.0736(D.0202)  0.0466 (0.0110)
Vss 181 (5.2) 244 (3.0) 25.2 (4.0) 18337
ty (h) 323 27 320 (24) 322 (68) 321 (24

Exampie 7. Protein Binding of Dalbavancin using Isothermal Titration Micrecalorimetry

{00344} Binding of dalbavancin to proteins was measured by isothermal titration microcalorimetry
(ITC) in 20 mM phosphate, 150 mM NaCl, pH 7.4 at 25 and 37 °C using a Microcal VP-ITC
instrument. in a typical experiment, 25 x 10 ul of protein (~150 uM) was injected into a
calorimeter cell containing dalbavancin solution {(~5 uM). Actual protein and dalbavancin
concentranons were determined by measuring absorbence at 280 nm. Control experiments included
injections of protein into buffer (in the absence of dalbavancin) to account for the heats of dilution

of protein under identical condmons For comparison, similar experiments with some necessary
modifications were periarmed using tcwoplamn. -
[00345] Experiments with’ dalbavancin were conducted with each of the following proteins:
human albumir; dog albumin; rat albumin; bovine albumin, and human a-glycﬁprotein.
Teicoplanin was studied with human albumin and a-glycoprotein. A comparison of binding
affinities at two different temperatures is shown in Tabie 27.
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Table 27. Comparison of apparent binding affimities (Kz, X 16° M)

25eC 37°C
Dal _
Human alburnin 135 (02 133 (£0.15)
Rat albumin il (0.5 28 (£1.8)
Dog albumis - 062 (+0.09). 0.50 (£0.13)
Bovine albumin 138 (+0.14)
a-glycoprotein 1.84 (+0.36) 4.8 (£23)
- Teicoplanin
Human albumin 096 (+0.08)
_oa-glycoprotein 0.07 (z0.0D)

The  errors quoted are the standard deviations obtained from the ﬁttmg routine.

{08346]  Integrated heat effects, after comrection for heats of dilution, were analyzed by non-linear
regression using a simple single-site binding model with the standard Microcal ORIGIN software
package. Raw data (ucal/sec) for each injection were integrated to give the total heat effect per
addition, then divided by amount of injectant to give keal/mole of injectant. The same integration
was applied for control dikution effects, and this was subtracted from the actual titration data. This
provided a differential of the binding curve in which the extent of binding is proportional to the
total heat liberated (or absorbed). This was then analyzed by non-linear regression methods in
terms of various standerd binding models. The simplest model assumes simpie non-competitive
' binding equilibrium, and pives three parameters;

K. (=1/Kdiss) is'the binding association (dissociation constant)

AH = the enthalpy of binding (the size of signal related to binding)

N =number of binding sites (assuming the binding model is cotrect)

[80347]  Assuming non-competitive binding, N is the (relatwe) number of moles of i mjecmnt
reqmred to saturate ail the available binding sites in the sample. For the dalbavancin experiments,
dalbavancin is the "sampie" and the protein (HSA, etc.) is the * injectant.” These prehnunary results
indicate that the bmdmg is relatively weak and, bccaus& of the poor solubility of daibavanm itis
difficult to determine the binding stoichiometry (N) umambiguously, However, as seen in Figure 6,
in all cases, the data fits well with N<] (i.e., less than one to one protein to dalbavancin).
Consequently, a value of N=0.5 means that it only takes half as many moles of protein to bind all
the dalbavancin as would be expected. In other words, each protein apparently binds two
dalbavancin molecules, It is possible that dalbavancin forms a dimer that binds ;] with g protein.
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Results of binding stoichiometry modeling Suggests that two dalbavancin molecules are bound to

one molecule of protein, unlike teicoplanin, which exhibits 1:] binding.

{08348]  Table 28 presents the calculated percent bound for antibiotic concentrations in the range

1-500 pM, assuming physiological concentrations of human serum albumin (6 x 10 M) and o-

glycopeptide (1.5 x 10° M), To relate this to the clinical situation, the peak concentration of
dalbavancin in man is approximately 300 mg/L., or 165 pM. )

Tabie 28, Calculsted percent Binding of Teicoplanin and Dalbavancin to Plasma Proteins

Concentration of antibiotic {uM) Dalbavancin Teicoplanin
Human albumin
i 98.3 98.3
i 98.8 98.3
146 98.7 98.0
165 98.6 ND
250 98.5 ND
500 98.0 ND
Human a-glycoprotein
1 : T30 9.6
10 68.2 9.1
100 26.2 6.0
165 16.9 ND
250 11.4 ND
500 59 ND
NE= Not done :

{00349]  Inthese experiments, the binding of dalbavancin to human serum albumin exceeds 98%.
The fraction bound is fairly constant across the selected range of dalbavancin concentrations, i.e. -
500 uM. This range encompasses the therapeutic concentrations in man. Binding of dalbavarcin to
a-glycoprotein is much greater than that of teicoplénin. Dalbavancin demonstrates high capacity
and low affinity for plasma proteins of different origin, with similar K. values across proteins from
all species tested. These results belp to explain some of the unique pharmacokinetic characteristics
of dalbavancin. The binding and formation of a 2:1 dalbavancin:protein compiex also explains the
prﬁlongad half-life, and the apparent volume of distribution, which approximates extraceliuiar water
volume. The low affinity heips explain the observed in vivo activity, which greatly exceeds what
would be expected for a compound with a free fraction close to 1%. The high capacity for plasma
proteins helps to explain the relatively high plasma concentrations achieved in spite of poor
solubility of the compound at physiological pH.

Exampie 8. Phs&macaidnetic Atiributes and Tissue Distribution of Dalbavancin in Rats
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[06350] Two studies were performed in rats administered 2 single IV infusion of 20 mg/kg [*H}-
dalbavancin. Excreta and more than 40 different tissues were collected through 70 days posi-
administration, and the tissue distribution and pharmacokinetics of drug-derived radioactivity were
deisrmined.

{00351} HPLC-parified ["H}-dalbavancin was used for these studies. Radiolabeled drug was
produced via tritium exchange and purified by HPLC,

Rat mass balance study :
{80352] Mass balance studies were conducted 1o determine the excrefion pattern of dalbavancin

following & single intravenous (IV) infusion of dalbavancin in male rats,

[00353]  Fifieen male Sprague-Dawiey rats received a single IV dose of *H-dalbavancin (20
mg/kg, 100 uCi/rat). Following dose administration, urine and feces were collected at 24 hour
intervals to 14, 36, and 70 days afier the dose (3 rate/final collection fime). Water and methanol
cage washes were also collected. Carcasses were analyzed at the end of the collection period. All
samples were analyzed for total radicactivity content by tiquid scintillation counting (1.SC).
[00354]  Following IV administration of *H-dalbavancin in rats, drug-derived radioactivity was
eliminated in both urine ( ~2/3 of excreted radicactivity) and feces ( ~ 1/3 of excreted
radicactivity). ‘Approximately half of the radioactivity administered was eliminated in the wrine and
feces within the first week, which is consistent with a plasma ty; of approximately 1 week. At 70
days post dose, only 4.5% of the dose remained in the carcass, Negligible radioactivity was
recovered in the cage washes. Virtually all of the administered radiosctivity wes accounted for
(urine, feces, carcass, cage washes, and tritium exchange) during the study,

Rat quantitarive tissue distribution (QTD) study | ,
[08355] Quantitative fissue distribution studies were conducted to assess the tissue distribution of
dalbavancin following a single IV infusion of dalbavancin to maie rats.
{00356] Forty-one male Sprague-Dawiey rats received a single TV infusion of *H-dalbavancin
(20 mg/kg, 50 uCi/rat). Rats (3 pertime-point) were euthanized at 12, 24, 48, 72, 96, 120, 144,
168, 336, 840, 1176 and 1680 hours post dose for collection of biood, plasma, and tissues
(including carcass). All samples were analyzed by LSC.
- [88357]  Concentration-time profiles were determined for more than 40 tissues, including kidney,
liver, spleen, blood, plasma, lung, and skin. Concentrations and tiz values of drug-derived
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radioactivity in tissyes, including skin, were comparable to those observed in plasma. Dalbavancin
wes found 1o be rapidly and extensively distributed with all ssues having quantifiabie
concentrations of drug-derived radioactivity within 12 hours afer post-infusion. Most tissues
reached maximum concentration (Cuax) Within 24 h afier the dose. Recovered redioactivity after 5
days was <5% of the dose in any single tissue. By 70 days after the dose, only the carcass retained
> 1% (2.34%) of the administered radioactivity. Thus, dalbavancin did not accumulate in any
single tissue, organ, or blood cellular component. Concentrations of mdioacﬁ\dty in the CNS were
low but detectable in this healthy animal model, Dalbavancin was found 10 penetrate the skin with
concentrations of drug-derived radiocactivity that were as high as or higher than in plasma. Blood to
plasma ratio of drug-derived radioactivity remained relatively constant over time and was <i.
[60358]  As partof the QTD studies, bile samples were collected from bile duct cannulated rats (4
animals) through 384 h (16 days) post-dose. Almost 11% of the dose was recovered in the bile over
384 b afier the dose. This Tepresents the majority of the drug-derived radioactivity found in feces,

Exsmple 9. Pharmacodynamic Activity of Dalbavancip
[08359] The goal of antimicrobial therapy is to provide active concentrations at the site of infection
for an adequate period of time to eradicate invading pathogens. The primary method for assessing
antimicrobial activity in vitro is determination of the minimum inhibitory.and bactericidal
conceﬁtraﬁons (MIC and MBC). However, these parameters only measure net effects for a -
prescribed incubation period and do not characterize the time course of antimicrobial activity. The
MBC does not determine if the rate and extent of bactericidal activity can be enhanced by
increasing concentrations of drug. Furthermore, MIC determinations do not measure whether there
are inhibitory effects on bacteria that persist after d.rug removal,
108360 An increasing number of studies suggest that the rate of bactericidal activity, its
 dependence on concentration or the time of exposure, and the presence or absence of a '
postantibiotic effect more clearly describe the time course of antimicrobial activity and are -
important pharmacodynamic parameters for determining optimal dosing regimens. For example,
bacterial killing by beta-lactam antibiofics shows little concentration dependence and the extent of
killing is due primarily to the duration of exposure. In addition, bets-lactams produce short or no
postantibiotic effects (PAE) with gram-negative bacilli. - Thus, one would predict that dosing
regimens that maintain drug levels above the MIC for & sufficient period of time would demonstrate
the best efficacy. This has been confirmed in severa] animal models. On the other band,
fluoroquinolones exhibit concentration-dependent killing and produce prolonged in-vivo
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postantibiotic effects. One would predict that the amount of drug rather than the frequency of
dosing would be the important determinant of efficacy for these drugs. This has aiso been
confirmed in several animal models. More importantly, the magnitude of the
pharmacokinetic/pharmacodynamic parameter required for efficacy for both beta-lactams and
fivoroquinolones has been similar in animal infection modeis and human infections,
[60361] The following studies were designed to characterize the in-vivo pharmacodynamic
characteristics of dalbavancin. The impact of the dosing regimen on the in vivo efficacy of
dalbavancin in the experimental thigh infection model in neutropenic mice was determined. Studies
- were also performed to investigate [1] which pharmacokinetic parameter (peak serum level, ares
under the concentration-versus-time curve (AUC), the duration of time serum levels exceed the
MIC) best predicts efficacy of datbavancin and [2] whether the magnitude of the PK/PD parameter
required for efficacy is similar among common gram-positive bacteria inchuding penicillin-resistant
preumococci and methicillin-resistant S, aureus. Lastly, the effect of infection site on the activity of
dalbavancin against both S. preumoniae and S. aureus in both the thigh and paeumonia infection
models was determined.

Study Organisms and MICs to Dalbavancin

[00362] The study organisms and their MICs 10 dalbavancin are listed in Table 29. MICs were
determined in MHB by standard NCCLS microdilution techniques. MHB was supplemented with
3% lysed horse blood for MIC determinations with S pueumoniée. All MICs were performed at
least in duplicate.

Table 29. In Viwo Activity of Dalbavancin Against S. preumonige and S. Aureus Strains.

Organism Dalbavancin Peniciliin Methiciliin
MIC/MBC (mg/L) MIC (mg/l) . MIC (mg/L)
S. pneumoniae strain : .
1199 0.004 1.0 -
1293 0.004 2.0 : .
1325 _ 0.008 2.0 _ -
1329 0.008 20 .
10813 0.03 0.008 -
S. aureus strain
25923 0.12/0.50 . 0.12
33591 0.12/0.25 - >8.0
31005 0.06/0.25 - 0.12
MRSA 0.12/0.25 - >8.0
Smith 0.06/0.50 - 0.12
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307109 0.06/0.12 . >80

[00363] Five pneumococcal and six staphylococcal organisms were utilized. The dalbavancin
MICs for the pneumococci ranged from 0.004 to 0.03 mg/L. The range of MICs for the S aureus
isolates were more narrow and higher than those against paeumococsi, ranging from 0.06-0.12
mg/L. '

Pharmacokinetics

[80364] The plasma pharmacokinetics of dalbavancin in thigh-infected neutropenic Swiss [CR
mice are shown in Figure 44. Neutropenia in this and al! other studies was produced by injections
of cyclophosphamide, 150 mg/kg 4 days prior to study, 100 mg/kg 1 day prior to study and 100
mg/kg every 48 h after start of infection until end of study. Neutrophil counts remained less than
100/mm? for the duration of study. Doses of 2.5, 5, 10, 20, 40, and 80 mg/kg were studied. 'Dmg
was administered by intraperitoneal injection of 0.2 ml volume. Biood was removed from groups
of three mice by retroorbital aspiration into heparinized capillary tubes at 0.5, 1, 2,4,6,24,48 72
and 96 hours afier dosing, Plasma was separated, and dalbavancin plasma concentrations were
measured using a microbiologic assay with Baciius subtilus as the test organism. Peak levels were
observed by 4-6 hr. The half-lives of dalbavancin were determined by linear least-squares
regression. AUC was calculated by the trapezoidal rule from mean concentrations. The AUC was
sstimated at 24, 36, 48, 72, 96 hr and extrapolated 1o infinity. The 24h AUC was calculated as the
6-day AUC divided by 6. Dalbavancin exhibited linear pharmacokinetics. The half-life was
prolonged and varied from 7.6 to 13.1 hours,

Protein Binding

[08365) The impact of drug binding to serum and serum proteins was investigated by comparing
“the MIC of dalbavancin for two strains of S. aureus in broth, infected mouse serum human serur,
and albumin (Table 30). MICs for both strains in broth was 0.12 mg/L. The MICS'(aﬁthmeﬁc} in
93% mouse serum increased to 32 mg/L. MICs in mouse serum nlteafilirate rose to only 0.5 mg/L
suggesting that the great majority of the difference in the MICs was do to protein binding. Simiiar
study with human serum and albumin resulted in an increase to only 8 mg/L. Based upon the MIC
difference between broth and mouse seram, the degree of protein binding was estimated 10 be
99.6%. This degree of binding was considered in subsequent pharmacodynamic analyses. The
degree of binding in human serum would be estimated to be 96%.
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Table 30. impact of Serum, Serum Ultrafiltrate, and Human albemin on the In Vitro Activity of
Dalbavancin Against Selected S. aureus Strains.

MIC 95% MIC 959,
MIC 95%, MIC 95%
~ Orpanisw MIC Broth Hewan fouse Serum
, MouseSerum  HumanSersm "R UbtraGitrate
8. aureus strain :
25623 0.12 32 8.0 890 0.5
MRSA Q.12 32 840 80 0.5
Infection Models

{80366] The murine thigh-infection modet was used for all organisms throughout the various
studies. In this well-zstablished model, approximately 10° cfu of the study organisms are injected
into one or both thighs (in 0.1 mi) two hours before starting therapy. The number of organisms in
the thigh at the start of therapy in the following studies varied from 10™7% cfivthigh The murine
hmg-infection mode! was used only with a single isolate of either 8. preumoniae or S, awreus. In
this model, mice are infected by a intranasal inoculation of (approximately 10*° cfiyml) of 50 ul via
the nares of apesthetized mice. Treatment begins 2-hrs after inoculation at which time the mice had

10 cfsftung.

-In Vive Time Kilt

{00367] The effect of a single doses of dalbavancin on the in-vive killing of a strain of

S. preumoniae and S. aureus over time are shown in Figures 45 and 46. Each point represents the
mean of 4 ﬁnghs Five dose levels, ranging 16-fold were used. The dose levels used in fhe study
. against §. aureus ranged from 5 to 80 mg/kg. The dose levels used in study against S. prneumoniae
ranged from 0.625 to 10-mg/kg. The extent of killing botk species was extensive {> 2 log with the
highest doses studied). However, the extent and rate of killing of the pneumococcal isolate was
greater than the staphylococcal strain. Study with the two highest doses of dalbavancin resuited in
killing of S. aureus. Three of the five dose levels used in study against S. pneumoniae reduced the
burden of organisms nearly four log in the thighs of infected mice

Dosing Regimen Studies _

[08368] In these studies, multiple dosing regimens varying the dose and dosage interval were
administered intraperitoreally in 0.2 m! volumes to groups of mice for 144 h{6 days). The dosing
intervals chosen were 12, 24, 36, and 72 hours. Five different doses (two-fold increases) were used.
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Study against S. qureus utilized total dose (mg/kg/6d) levels ranging from 30 to 480 mg/kg/6d.
Study against S. preumoniae utilized total dose levels (mg/kp/6d) ranging from 0.6125 to 10
mg/kg/6d. Figures 47 and 48 illustrate the dose-response curves for dalbavancin at the different
dosing intervals for the strain of S, pneumoniae and S, gureus in the thighs of neutropenic mice.
Each point represents the mean of 4 thighs. In general, ncreasing the dosing interval resulted in s
slight shift of the dose response curves to the jeft indicating more efficacy with the regimens for
which large doses were administered infrequently.

[08369] Each of the dose-response curves was also mathematically characterized using a
maximum effect model. This methodology uses the Hill equation to estimate by non-linear
regression the maximum effect (Emax), the dose (P50) required to obtain 50% of the Emax, and the
slope of the dose-response miatidnship. From these parameters we could then calculate the dose
required to produce & net bacteriostatic effect over the 144 hour treatment period as well as the
doses necessary to produce a | and 2 log reduction in organism burden, The static dose and the
dose associated with a 1 and 2 log kill for each of the drug organism combinations and the various
dosing regimens are shown in Tabie 31.

Table 31. Dalbavancin Dosages Required to Achieve a Net Stafic Effect, I and 2 Log Kill for Four
Different Dosing Intervals in 8 §. preumoniae and S. aureus Infection Model.

ql2k gMb _ G336k g2k
Orgaaizm  SD liog kil 2iogiill 8D Liogkill 2iog 5D Llogkil Zlopkili SD Tiog kill 2 Jog kill
mghg  mefkg mpkg mphg  mpkg kil mehg mphy  mghy  meky mekg  mang
(95%CT  O3CT  (9S%CD (9SO (95%OD) (ﬂ;g!kg , (O5%CH  (PSUCD  (95%LCT  (95%CD  (9T%CN  (95%0)
SPiesiy 23 2k 35 L3 154 178 1.26 153 181 on o o
(U827  2333) (2842  ({Li4lEh (134174} (1.47-2.03) (1.16~1.36) {{431.65) (LE6T-195) (64-88) {55-95) (62-1.02)
SAZYSIZ & - - % 267 - 13 i 12 it 3t 128
8-152) {-35-81) £-400-934) {=14-44) (341063 (-I112:361) (-18-38; 5517 {-230-486)

dose presented as total dose over 6 days (mg/kg).

{60370] Increasing the dosage regimen from 12 to 36 hours in study against 8. pnewmoniae did not
result in an appreciable change in the doses associated with the three microbiologic endpoints.
However, efficacy with the 72 h dosing interval required less drug. A similar relationship was
observed in study against S, gureus. The only dosing regimens that produced a 1 and 2 log kill
against S. aureus were the 36 and 72 h intervals.

Phnmacodynmic Parameters Correlating with Efficacy
{08371] We determined which PK/PD parameter correlated best with efficacy by reiating the

number of bacteria in thigh at the end of 144 hours of therapy with [1] the peak/MIC ratio, [2] the
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AUC/MIC ratio, and [3} the percentage of the dosing interval that serum levels exceed the MIC for
cach of the dosage regimens studied. The PK/PD parameter values for those doses not specifically
studied were extrapolated from the values of the nearest studied doses. The relationship between
log cfu per thigh and the peak/MIC ratic, the 24-hour AUC/MIC ratio and the percentage of time
serum levels exceeded the MIC are iliustrated in Figure 49 for S, pneumoniae and Figure 50 for

S. aureus. Each point represents the mean of four thighs. For both organisms 2 strong correlation
was observed with the 24-hr AUC/MIC and peak/MIC ratios. However, regression of the data with
the 24 h AUC/MIC ratio resulted in the strongest correlation. The data iliustrated in these figures
were also analyzed by the same maximum dose-response model mentioned above, except that the
different PK/PD parameters were used in place of the dose. The R? represents the coefficient of
detzrmination observed for the relationship between efficacy and each PK/PD parameter. The
coefficient of determination (or R*) represents the percentage of the variance in bacterial numbers
that can be attributed 1o each PK/PD parameter and was high for both AUC/MIC and Crmax/MIC.

PK/PD Parameter Magnitude or Target

[00372] To determine if the AUC/MIC required for a stafic effect was similar for multipie
pathogens, we studied the in vivo activity of 24- and 72-hourly dosing regimens of delbavancin
against 5 streins of S. pneumoniae and 6 srains of S. aureus afier 6 days of therapy. The dose-
response curves for dalbavancin against these various strains are shown in Figures 51 and 52 In
Figares 51 and 52 the dose is represented by the free drug mean 24 h AUC/MIC matio over the 6
day period of study. In general, the shape of the dose-response curves was simitar for all strains.
The location of the dose-response curve was related to the MIC of the organism. However, the dose
response curves for the pneumococcal organisms are shified slightly to the left. This curve shift
suggests iess drug was necessary for effect against pneumococei than staphylococci. The static
dose, 1 log and 2 log kill and the associated free drug 24-hr AUC/MIC and Crax/MIC are shown in
Table 32. The extent of bacterial killing was relatively similar for most strains. All strains
exhibited more than a 4 log,o drop in cfu over the 6 day study.

Table 32. Dalbavancin Efficacy Against S. preumoniae and S, aureus.

MICMBC

Orgasiem %) Static Effect 1 Log Kill 2 Log Kibt
qié
B g GAAUC/  [4AUC wphg/  (HMAUC 4AUC mphy D4AUC  DMADC
regim 248 MIC MBC 4k MIC MEC 2k MIC MBC
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IB8373] For the dalbavancin regimens utilizing every 24 h dosing, the free drug 24 k AUC/MIC
value associated with a static effect against S preumoniae and S, gureus were 17.6 £ 6.9 and 265 +
- 143, respectively. The dose response curves were steep and the 24 h AUC/MIC values associated
with a 1 and 2 log kill were not appreciably higher, Therapy agninst pneumococei, based upon the -
24 h AUCMIC, required 12 to 23 foid less drug, as sugpested by the dose response curves, For

8. aureus the MBC was 2 to 4-fold higher than the MIC. If one considers the AUC/MBC for

§. aureus, the values would be only 4 to 8-foid higher than for S preumoniae.

{80374] For the regimens that utilized less frequent dosing (every 72 h), the free drug 24 h
AUC/MIC values associated with 2 static effect against S. pneumoniae and S, aureus were 7.2 & 4.5
and 160 + 67, respectively. The PK/PD magnitudes necessary 1o achieve the three in vivo
microbiologic endpoints (static dese, 1 and 2 log kill) were lower for the more widely spaced
dosing regimens. When dalbavancin was dosed every 72 h, the 24 h AUC/MIC values associated
with the various endpoints were 1.3 to 2.4 fold lower thar when drug was dosed every 24 h.
[80375] Penicillin-resistance in S. preumoniae and methicillin-resistance in S. aureus did not
impact the 24 h AUC/MIC required for dalbavancin efficacy.

Impact of Neutrophils on Activity of Dalbavancin

[08376] To determine the effect of neutrophils on the activity of dalbavencin, we compared the
dose-respanse curves with 24-hour dosing of the drug in both normal and neutropenic mice infested
’ with §. preumoniae. The subsequent dose response curves are shown in Figure 53 Each point
represents the mean value from 4 thighs. The static dose, and the doses associated with a 1 and 2
log kill were calculated from the parameters estimated by non-linear regression using the Hill
equation. The doses (mg/kg/6 d) reguired to achieve these endpoints in both normal and
neutropenic mice are shown in Table 33. The presence of neutrophils resulted in a 1.7- to 2.1-fold
reduction in the doses necessary for efficacy. However, these differences were not statistically
ﬁigniﬁcant

Table 33. Impact of Neutrophils on the In Vivo Efficacy of Dalbavancin Against S, preumoniae.
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SD mg/kg (95%C)) 1 log kill mg/kg 2 log kill mg/kg

(25%CN {85%C1)
Normat 2.03 (1.99-2.07) 235 (2.26-2.44) 2.66 (2.56-2.76)

Neutropenic 4.13 (0.23-8.0) 4.38 (0.28-8.50) 4.62 (0.32-8.90)

Impsct of Infection Site ou Activity of Dalbavancin _

[06377]  To determine the impact of infection site an the activity of dalbavancin, we compared the
dose-response curves with the 24-hour dosing of the drug in both the thigh and lung infection
models (Figure 54). Both S. pneumoniae snd 8. qureus were utilized in these models. The dose-
response curves in the two models utilizing S. pneumonige were nearly identical. In similar study
against §. gureus the dose response curve in the hang model is shifted to the left suggesting less
drug was necessary for efficacy at this site of infection. However, the confidence intervals in the
staphylococcal shudy were large and these differences were not significant,

Conclusions _
[06378] The above studies have characterized the in-vivo pharmacodynamic activity of
dalbavancin against a variety of pathogens. These can be summarized as foliows.

]

Dalbavancin produced in vivo bactericidal activity against both S, pneumoniae and S aureus
in both the thigh and lung infection modes,
The efficacy of dalbavancin was dose~dependent.
The dose-dependent PK/PD parameters, 24 h AUC/MIC and Cmax/MIC, were strongly
comrelated with the in vivo activity of dalbavancin, Regression of the dose-response data with
the 24 h AUC/MIC parameter resulted in the highest coefficients of determination. “Therapy
with the most widely spaced dosing intervals was more effective in thess model_._v..
The 24 h AUC/MIC values associated with microbiologic effect were simijar among the
strains within the species studied. Bets-tactam resistance in'S. preumoniae and S, qureus did
not impact dalbavancin in vivo activity.
Efficacy against S. pneumoniae required lower 24 h AUC/MIC values than against S. aureus.
This may in part be explained by the species differences in MIC and MBC.
Efficacy against S, preumoniae, whether based upon a net static effect, 1 or 2 log kill
required 2 free drug AUC/MIC over the 6 days of therapy near 100 in these infection models.
Efficacy against S aureus, similarly based, required a free drug AUC/MIC over the & days of
near 1000,
Neutropenia had minimal impact on in vivo dalbavancin activity.
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Example 10. Quantitative determination of dalbavancin in piasma by HPLC-MS/MS

{00379] A HPLC-MS/MS method was developed for quaniitative messurement of dalbavancin in
plasms, as described below.

Preparation of dalbavancin calibration and guality control standards

[00380]  Stock solutions of dalbavancin were prepared by dissolving dalbavancin in deionized
water 1o prepare a 1000 pg/mi solution, followed by serial dilutions in deionized water to prepare
500, 50 and 10 pg/m! solutions.

[00381] Calibragion standards of 100, 60, and 40 pg/mi dalbavancin concentration were prepared
by spiking human plasma with appropriate volumes of 2 1000 pg/m! dalbavancin stock solution
prepared as described above. Calibration standards of 20 and 10 pg/ml concentration were
prepared by spiking human plasma with appropriate volumes of a 500 ug/mi dalbavancin stock _
solution, and a calibration standard of 0.5 p1g/m! was prepared by spiking human plasma with an
appropriate volume of a 10 pg/ml stock solution. |

[00382]  Quality control standards of 90 and 30 pg/ml dalbavancin were prepared by spiking
human piasma with an appropriate voiume of a 1000 pg/m! dalbavancin stock solution prepared as
described above. A quality control standard of 1.5 pg/ml was prepared by spiking human plasms
with an appropriate volume of 2 50 ug/ml solution.

Preparation of internal standard working solution

[0G383] A 30 pg/ml working soiution of intemal standard BI-K0Q98, which is the diethyl-amino-
propyl~ammo derivative of A-40926, was prepared as follows. Approximately 10mg of BI K 0098
was dissolved in approximately 10 ml of mobile phase A (80% of 10mM Ammonium .
Formiate/Formic Acid, pH 3 (v/), 10% of Acetonitrile (v/v), and 10% 2-Propanol (v/v)) to make 2
1000 pg/m! internal standard stock solution. The stock solution (300 i) was then diluted to a
volume of 10 mi with mobile phase A to make 2 30 pg/m! internal standard sohution.

FPreparation of sampies for anaiysis

[00384]  Samples were prepared as follows for quantitative determination of dalbavancin
concentration in plasma. To 50 ul of calibration or quality control standards prepared as described
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above, 100pu! of internal standard working standard solution was added and mixed. The mixture
was permitted to equilibrate for five minutes at room temperature, followed by addition of 250 pi of
acetonitrile. The mixture was then vortexed for 10 seconds, followed by centrifugation for 1 minute
at about 10,000 rpm on an ALC micro-centrifugette 4214, Supernstants were transferred to clean
tubes and evaporated to dryness in a Savant Speed-Vac System at about 40 °C. Samples were then
resuspended in 150 pi of mobile phase A. |

dnalytical method

[06385] 50 pl samples prepared for enalysis as described above were injected into & Phenomenex
Jupiter Cyg column (50 x 2 mm, Cps Spm 300 A), and analvzed under gradient HPLC conditions at a
flow rate of 0.3 mi/min. The gradient conditions were: initial, 80% mobile phase A/20% mobile
phase B (20% 10mM Ammonium Formiate/Formic Acid, pH 3 (v/v), 40% Acetonitrile (viv), 40%
2-propanol (v/v)); | minute, 20% mobile phase A/B0% mobile phase B; 2 minutes, 20% mobile
phase A/80% mobile phase B; 2.5 minutes, back to initial conditions.

[08386] The HPLC system was coupied to a PE SCIEX API-2000 triple quadrupoie mass
spectrometer, with turbo ion spray operating in a positive ioniiation mode. Air was used to
generate a spray in the ion source. Probe temperature was set at 500° C with nitrogen as curtain gas.
Multiple reactions monitoring (MRM) was employed using nitrogen as collision gas. The analytes
were detected by monitoring the following ion fransitions: 909.3 Da — 1429.3 Da for dalbavancin,
and 923.3 Da — 1457.3 Da for the internal standard (BI-K0098). To avoid mass spectrometer
contaminatior, & post-column flow diversion in the first minute and 2.5 minutes after the beginning
of the chromatographic run was performed.

[00387]  Software Sampie Control 1.4 was used for the acquisition of data analysis and software
MacQuan 1.6 was used for the integration of chromatographic peaks and statistical data evaluation.

&

Calibration curves

[00388] Linearity of the assay method was assessed by assaying calibration standards to generate
a calibration curve. The concentration of dalbavancin in & plasma sample was determined by
calculating the peak area ratio between dalbavancin and the internal standard.

[6838%] Calibration curves for dalbavancin concentrations over an analytical range of 0.5-1 00ng
dalbavancin/ml of human plasma were constructed using the equation y = A + Bx (wéighted 1/x}, |
where A represents intercept of the curve, B represents the siope of the curve, x represents the

dalbavancin concentration of calibration standard (ng/ml), and y represents the peak area ratio of
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dalbavencin to internal stendard. Three separate calibration curves were constructed. The results
showed that dalbavancin/internal standard area ratio and dalbavancin concentrations varied linearly
over the analytical range. The lower limit of quantitation (LLOQ) was 0.5 pg dalbavancin per ml of
human plasma. The slopes for the calibration curves were reproducible and their correlation
coefficients were gmzer than 0.9995,

Stability of dalbavancin in plasmo

[603%0]  The stability of dalbavancin in plasma samples was tested by analyzing three replicates
quality control standards of human plasma sampies, prepared as described above, at two different
concentrations, 1.5 and 90 pg/ml. Detectable dalbavancin concentration was stable afier three
cycles of freeze-thaw treatment. Dalbavancin concentration in processed samples was stabié after
24 hours at room temperature, No reduction in dalbavancin concentration with respect to ime zero
samples was observed,

Exampile 11. Dalbavancin Mass Speetroscopy Analysis,

{00391} The nature of dalbavancin multimers in solution was investigated and the conditions
influencing the population ratio of dalbavancin multimer to dalbavancin monomer were determined
by eiectrospray ion mass spectroscopy (ESI-MS).

[06352] Experiments were performed using an Applied Biosystem API ITI+ mass spectrometer
equipped with a TurbolonSpray source, a Triple Quadrupole analyzer, operating in positive ion
mode. The optimized conditions are reported in Table 34 below,

“Table 34; Instrumental Conditions for Dalbavancin Analysis on Applied Biosystem API Hl+
Miasgs Spectrometer. _ _ ' s

EonSpray seurce: MS analyzer:

lonSpray voltage 5000V Interface plate voltage 650V
Orifice plaie voltage 80V Q0 road offset voltage 40V
-Curtain gas flow . 0.6 L/min QI park mass 1000
Nebulizer gas flow 1.2 L/min QI resolution 120.8
Liguid flow 5 uL/min Q1 delta mass 0.2
Interface heater 60°C ‘ Q1 road offset voltage 27V
Lens 7 voltage -S50V

Q2 road offset voltage 50 V
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Scan conditions Q3 park mass 1000

(Q1 scan): Q3 resolution 110
Q3 delta mass 0
Step 0.1 amu ' Q3 road offset voltage -0V
Dwell ime 1 msec Lens 9 voltage 250V
Faraday plate voltage -250 V
Channel electron multiplier
voltage -3800 V
Dalbavancin in solution

100393]  Instumental parameters were tuned on & dalbavancin solution containing 0.1 mg/ml of
daibavancm dissolved in a 8:2 watertisopropanol! solution. A spectrum of dalbavancin in solution
was acquired in the range of 500-2000 amu following direct i injection of the solution. The resulting
spectrum, as seen in Figure 7, indicates the presence of dalbavancin multimers. As a non-limiting
example, one trace of the spectrum is attributable to 2 homomuitimer of Bg, which is present as a
(2nM + 3("3)) ion species, where 1 is a positive integer indicating the mulfiplicity of the
homomultimer, e.g., = | when the multimer is a horodimer and n =2 when the multimer is a
homotetramer, M indicates the mass of the monomer, y =  and *3 indicates & pius three ion charge.
For example, the homodimer of By is provided when n= 1, y = |, and M = mass of By This
homodimer species is assigned to 8 (2M * 3) ion trace in the mass spectrom.

Influence of dalbavancin concentration on the population ratio of dalbavancin multimer to

monemer
[003%4]  The infiuence of dalbavancin concentration on the population ratio of multimier to
monomer was evaluated by mass spectroscopy using the conditions descrived above.  The spectra
were acquired by direct infusion of dalbavancin solutions at concentrations of 20, 40, 60, and 80
pg/mL. The intensities of the main peaks were reported as g function of dalBavancin-concenn-ation
and the population ratios of dalbavancin multimer to monomer were determined, as shown in
Figure 8. -
[06395]  The data indicate that the population ratio of dalbavancin multimer to dalbavancin
monomer increases with increasing concentration. This may help to expiain the high drug loading
capacities that may be administered 10 an individual. The role of multimer as a depot of monomer
may decrease the tendency of higher concentration samples to form precipitates and enhance the

 concentrations which may be administered to an individual. The presence of multimers may also
aliow rapid administration of a dose of dalbavancin to an individual

)
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[00396] A non-limiting example of a method of determining the population ratio of dalbavancin
inultimer to monomer is provided, for example, by determining the ratio between peak intensities of
ions A and B as shown in Figare 7. Dividing the intensity of peak A by the intensity of peak B
provides one measure of the population ratio of dalbavancin multimer to monomer.

Influence of pH on the tion ratio of datbavancin multimer 1o monomer

[00397]  The influence of solution pH on the population ratio of dalbavancin multimer to
monomer was evaluated at the instrumental conditions described above and at the following
solution pH values: 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 5.5. The population ratio of dalbavancin
multimer to monomer was determined at each of the pH values and plotied agsainst pH, as seen in
Figure 9. 1t was determined that the population ratio of dalbavancin multimer 1o monomer
increases with increasing pH.

[00398]  While not to be limited 10 theory, it is believed that ionic groups, such as a carboxyiate
group on 1 first dalbavancin monomer, aid in the stabilization of dalbavancin multimers by forming
ionic interactions with oppositely charged ions, such as tertiary nitrogen groups, on a second
dalbavancin monomer. Such ionic interactions can be influenced by pH. It is believed that the
increasing tendency of dalbavancin 1o be present as 2 multimer at higher pH is indication that ionic
interactions are important in multimer stabilization. In particular, it is believed that dalbavancin
multimers are destabilized at lower pH, presumably due to interruption of the ionic interactions
conmbutmg to multimer stability as certain ﬁmctxonal groups, such as carboxylate groups, may be
protonated at lower pH values,

Influence of solution ionic sirength on the population ratio of dalbavancin multimer to monomer
[00399]  The influence of solution ionic strength on the population ratio of dalbavancin multimer
to monotmer was determmed by mass spectrometry. The mass spectra were obtained i n clesctrospmy
positive mode on a Finnigan LCQ™® ion trap instrument previously tuned and calibrated in |
electrospray mode using Ultramark 1621, caffeine and MRFA {L-metionyl-arginy!-phenilalanyi-
arginine). All tﬁe IASS speclra were recorded using the conditions listed in Table 35. The sample

' parameters that were investigated are listed in Table 36.

114



Table 35. MS Conditions

Semple Inlet Conditions:

Capillary Temperature (°C): 200
Sheat Gas (N, arbitrary units): 40
Sawiple Inlet Vobinpe Settings:

Polarity: positive
Sourcs Volage (kV): ‘ 4.70
Capiliary Volaage (V): 34
Tube Lens Offget (VY 50
Full Scan conditions: .

Scan range {amu): 500-2000
Number of microscans: 3
Maximum ior time (ims): 200

Zaom Sean conditions:
Scan range (amu): [218-1228
MNumber of microscans: 5
Maximum ion time (ms): - 50

Table 36. Sample Parameters

Sample pgiml Solvemt P
100 COONH,” 5 M

Dslbavancio 100 COONE,* 50 mM

100 COONH,” 100 mM

<]

th th A

{00400} Sample water solutions were infused at 10 ul/min via a Harward syringe pump and the
mass spcctra were obtained as seen in Figures 10-12,

[60401] The obtained specira indicate that the population ratio of dalbavancin multimer to
monomer is influenced by ionic strength. An increase in buffer concentration was found to
correspond 1o & decrease in multimer mass traces and hence a decrease in dalbavancin multimer to
monomer population ratjo. '

[00402] As mentioned, it is believed that ionic interactions are important in dalbavancin multimer
* stability. The fact that increasing jonic strength was correlated with decreasing intensity 6f
multimer mass traces substantiates the role of ionic interactions in multimer stability, However, as
multimer mass traces were present even at higher ionic strengths, another, second, interaction may
be mvoived in multimer stabilization.

{00403] While not bound to any theory, it is believed that hydrophobic interactions are important
in stabilizing the multimer species of dalbavancin. If the stabilization of these non-covalent
dalbavancin muktimcis was solely due to ionic interactions, it would be expected that an increase in
ionic strength would result in total loss of multimer mass species. That is, it would be expected that
as the ionic strength of the sohution increases, the fonic interactions stabilizing the muitimer would
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‘be disrupted by the increased population of ions in solution, with which the mononiers would more
readily associate. Consequentty, the solution jonic strength would drive the multimers to
disassociate into monomer components and the resulting mass spectra would be free of any
multirner mass traces. However, even at high solution ionic strength (such as 100 mM ammonium
formate), the presence of dalbavancin multimers is detected in the mass spectrum. Accordingty, the
multimers of dalbavancin are deemed to be stabilized, at least in part, by hydrophobic interactions.

Structurally similar compound

[00404] It is believed that the improved efficacy of Dalbavancin is dus at least in part o its
ability e form multimers. It is thought that this unique characteristic is not shared e.ve:n.by very
structurally similar compounds. A compound with a chemical structure similar to Dalbavancin was
investigated by mass spectroscopy analysis for its ability to form multimers. The mass spectra
were obtained in electrospray positive mode on & Finnigan LCQ™™ ion trap instrument previous
tuned and calibrated in electrospray mode using Ultramark 1621, caffeine and MRFA (L-metiony}-
arginyl-phenilalanyl-arginine). All the mess spectra were recorded using the conditions listed in
Table 37. The sample parameters that were investigated are listed in Table 38. Sample water

solutions were infused at 10 ul/min via a Harward syringe pump and mass spectra were obtained as
seen in Figures 13 and 14,
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Table 37. Mass Spectrs Conditions

Sample Inlet Conditisrs:

Capillary Temperature (°C); 200
Sheat Gas (N, arbitrary units): : 40
Sempie inlet Volisge Settings:

Polarity: ' positive
Source Voltage (kV): 4.70
Capiltary Voltage (V): 34
Tube Lens Offset (V): -60
Fall Scan condifions:

Scan range (amu): 560-2000
Number of microscans; 3
Maximum ion time (ras): 200

Zoom Scan conditions:
Sean range (amu); 1218-1228
Number of microscans: 5
Maximum ion time (ms): 50

Table 38. Sample Parsmeters

Sampie _he/mL Soivent pH

. . 50 H,0 [ %:3
Teicoplanin [y H,0 na
n.a = not adjusted

[00405] A similar glycopeptide antibiotic (teicoplanin) does not show multimeric compilexes in
solution at various concentrations. This supports the indication that structurally similar compounds
fail to form multimeric species in solution, and that this phenomenon may play an important role in
the activity of the dalbavancin.

Example 12. Matrix-assisted laser desorptionficnisation time of flight (MALDI-TOF) mass
épectmmetry of protein-dalbavancin complexes

[00466] 10 ul HSA, 0.150 mM was mixed with 10 ul dalbavancin solution (from 0.075 mM, Q.15
mM, 0.3 mM and 1.5 mM) and incubated for 60 min at 37°C. The samples were prepared for
analysis using the dried droplet technique. Spectra were obtained on 2 BRUKER FLEXIIL tof
mass spectrometer previously tuned and calibrated using standard bovine serum albumin, acquiring
and averaging spectra generated by 200 laser shots. Matrix: 9 parts of DHE-9 (2,5-dibydroxy-
benzoic acid) saturated in acetonitrile/Hy0 (50:50), 1 part of sinapinic acid saturated in
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acetonitrile/H;0 (50:50). 0.5 ul of sample solution and 0.5 ul of metrix solution were mixed and
placed on the laser target,

[00407]  Dalbavancin binds to the protein as the monomer (1 HSA + 1 dalbavancin). At very
high dalbavancin to protein ratios (1:2, 1:10), the presence of complexes containing 2 molecules of
dalbavancin per protein molecule can be observed.

Example 13. Isothermal Titration Calorimetry of Binding of Dalbavancin te NN -diacetyl-
Lys-D-Als-D-Als in the presence of Humasn Serum Albumin

[00408]  The binding of dalbavancin to N,N'-diacetyl-Lys-D-Ala-D-Als, a peptide analog of cell-
wall targets of dalbavancin, was investigated by isothermal titration calorimetry (IT C) in the
presence of HSA over a range of concenirations (up to 600 pM) at 25°C, with some additional
measurements at 37°C. HSA increased the solubility of dalbavancin and reduced its binding
affinity for the tri-pebtidz ligand. Results were compared with those for vancomycin. The
observed effects plateaued st relatively low HSA concentrations, consistent with & non~-competitive
binding model that aliows binding of ligand to dalbavancin both free in solution and (more weakiy)
o the dalbavancin-HSA complex. |

{0040%] Preliminary experiments demonstrated that, in the absence of serum proteins,
dalbavancin and vancomycin show similar binding profiles: both give exothermic bmdmg o NN
diacetyl-Lys-D-Ala-D-Als, but o evidence of binding to dipeptids (D-Ale-D-Als) or to Lys-D-
Als-D-Lactate. For dalbavancin/iri-peptide interaction, the data were consistent with binding with
Kaiss =1-10 ;xM, dependmg on temperature, similar to vancomycin tnder the same conditions. In
the pfeseﬁce of HSA, the solubility of dalbavancin is significantly increased and the binding affinity
for tripeptide is reduced in a manner consistent with competitive or non-competitive binding by
HSA for the antibiotic. The experiments described in this Example were designed in order to: {a)
compare dalbavancin/tri-peptide measurements at different temperatires (25 and 37°C) and
different HSA concentrations; (b) use these data to construct a binding model to compare with
observed numbers. |
[086418] Dalbavancin was suppiied by Biosearch Italia. Other reagents were from Sigma:
vancomycin hydrochloride (Sigma V-2002, fw 1485.7), N,N"-diacetyl-Lys-D-Als-D-Ala (Sigma D-
9904, fw 372.4), buman albumin (HSA; Sigma A-3782; mw 69,366).
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{00411]  Antibiotics and peptides were dissolved in aqueous buffer (20mM Na phosphate,
150mM NaCl, pH 7.4) containing HSA, with gentle stirring immedistely before each experiment.
Peptide concentrations were determined by weight. Dalbavancin concentrations were determined
cither by weight or by UV absorbance using the molar extinction coefficients £ = 12430
(dalbavancin, Agg'™ = 68.42), 2280 = 6690 (vancomycin). HSA concentrations were determined by
UV absorbance (HSA, &30 = 37,700; Azse™ = 5.44). Spectra were recorded at room temperature in
icm pathlength quartz cuvettes using Shimadzu UV-160A or UV-1601 spectrophotometers, with
sampies diluted quantitatively with buffer if necessary to give absorbance in the 0.1-] A range.
[004121 Isothermal titration calorimetry was performed using a Microcal VP-ITC instrument at
25 °C and 37 °C using standard operating procedures. See, e. £., Wisemanet al., Anal. Biochem.
(1989) 179, 131-137; Cooper, et al., Philos. Trans. R. Soc. Lond. Ser. A-Math. Phys. Eng. Seci,
(1993) 345, 23-35; Cooper, A, Isotherma! Titration Microcalorimetry in C. Jones, B. Mulloy and A.
H. Thomas (Eds.), Microscopy, Optical Spectmscopy, and Macroscopic Techniques. Humana
Press, Totowa, NJ, (1994) p 137-150; Cooper, A., Microcalorimetry of Protein-protein Interactions _
in J. E. Ladbury and B. Z. Chowdbry (Eds.); Biocalorimetry: The Applications of Calorimetry in
the Biological Sciences. Wiley, (1998) p 103-111; and Cooper, A., Curr. Opin. Chem, Biol. (1939)
3,557-563. Samples were degassed gently prior to loading to prevent bubble formation in the
calorimeter cell. Each experiment typically comprised 25 x 10 ul injections of peptide solution (~ 1
mM) into the calorimeter cell (volume = 1.4 ml) containing antibiotic solution ( = 20-100 LM).
Control experiments involved injection of Tigand into buffer under identical conditions 10 determine
heats of peptide dilution, and these values were used for correction of raw binding data prior to
analysis. Dalbavancin/tri-peptide binding experiments were repeated several times af each
temperature. ITC binding data were analyzed using standard Microcal ORIGIN™ software to
determine the apparent number of binding sites (N), the binding afﬁmfy (Kass = VK diss) and
enthaipy of binding (AH).

TABLE 39
Thermodynamic data for binding of tri-peptide binding to dalbavancin and vancomycin determined
by ITC assuming 2 simple non-cooperative binding model: effects of temperature and HSA.

T N Kess  Kdiss  aH A8 [HSA]
°C M #M  kcalimol eu uM
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- with HSA
with HSA
with HSA

with HSA

10

10

10

10

25

25

25

25

25

25

25

25

25

25

0.59

0.59

0.58

0.56

0.6

0.57

0.74

0.54

0.37

0.35

0.68

0.83

6.70E+0
5

8.20E+0
5

6.85E+0
S

6.24E+0
5

3.13E+0
5
3.30E+0
5
3.20E+0
5
2.80E+0
5
3.03E+0
5
3.19E+0
5
3.83E+0
5
1.18E+0
5
1.18E+0
5
3.50E+0
4
2.78E+0
4

1.49

1.09

1.46

1.60

3.18
3.03
.3. 13
3.57
3.30
3.13
2.54
8.47
8.47
28.57

36.23
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-10.26

-8.85

«10.30

-10.30

-10.10

-11.30

-11.70

-14.30

-12.60

=11.20

-12.90

-26.40

-27.80

-20.00

-16.80

-8.60

-4.30

-8.90

-8.90

~12.60

-14.00

-23.00

-17.00

-12.50

-17.80

-85.50

-70.10

-48.20

-36.50

13.6

13.6

80.7



with HSA
with HSA
with HSA

with HSA

with HSA
with HSA

Vancomy-
gin

with HSA

25

25

25

25

37

37

37

37

10

25

25

138 3.49E+0
4
0.8  3.10E+0
4
1242 2.84E+0
4
0.86  2.18E+0
4
0.82 1.30E+0
5
0.6  1.10E+0
5
0.179  1.25E+0
4
0.5 9568
11 6.90E+0
5
081  3.40E+0
5
087 3.60E+0
5
1.05  2.0E+0
5

28.65

32.26

35.21

45.87

7.68

8.09

80.00

104.52

1.45

2.84

2.78

3.45

~18.60

-21.05
-18.50

~15.00

-12.50
-17.40
-88.60
-26.60

-8.49

-10.70
-12.80

-10.08

-41.70

-44.80

-30.40

-16.80

-33.20

~289.00

-67.80

-6.80

-10.60

-17.80

-8.80

104

288

430

601

482

516

513

[08413]  ITC experiments on the binding of tri~pepﬁdc to dalbavancin in the absence of HSA
give consistent data for binding affinities, with average Kqg, in the region of 1.4, 3. I, and 8.4 M at

10, 25, and 37

°C respectively (Table 39), Binding is exothermic. Concentration calculations here

indicate that N is closer to 0.5 under these conditions. This is consistcnt_ with the binding of one tri-
peptide molecule per dalbavancin dimer under these conditions. These binding affinities and
enthalpies of binding ars comparable to those observed with vancomycin under the same conditions
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(Table 39, and D. McPhail, A. Coopet, J. Chem. Soc. -Faraday Trans. (1997) 93, 2283-2289.). Note
also that vancemycin undergoes ligand-induced dimerization at higher concentrations.

[00414]  Addition of HSA to the dalbavancin mixtures reduces the apparent binding affinity
between tri-peptide and dalbavancin, though the binding is apparently more exothermic (Table 39),
The HSA concentration dependence for this at 25 °C is shown in Figure 15. After an initial rise
(weakening) in apparent K g up to 35 uM HSA, it remains relatively constant for higher HSA
concentrations approaching physiological levels (600 pMj. The plateau level at high concentrations
of HSA (K = 35 yM) corresponds to around 10-12x weaker binding affinity than in the absence
of HSA. A similar reduction is seen at 37 °C.

[00415]  The HSA effect was not due to interaction with the tri-peptide. Control ITC experiments
for binding of vancomycin totri-peptide in the presence of HSA gave results comparable 1o those
seen in the absence of HSA (see Table 39). This indicates that neither the peptide nor the closely
related antibiotic, vancomycin, interact with HSA in solution. I follows that any effect of HSA on
dalbavancin/tri-peptide interaction must be due to interaction between HSA and dalbavancin,
[08416]  Although not wishing to be bound by theory, the above data are consistent with a non-
competitive binding model. This model assurnes that the tri-peptide ligand (L) can bind to
dalbavancin (D) both in the free state and (possibly with different aﬂ.’inity) in the dalbavancin-HSA
coniplcx.

D+L = p ;Ko = [DHLVIDL]
D+ HSA == DHSA ; Kyu = [D)fHSAV[D.HSA]

DHSA + 1L == LDHSA ; Kipys = [D.HSAJLV[LD.HSA]

¥

-

Appannt {observed) ligand binding dissociation constant (von-competitive):
Kawi = [total DJ{L)/total DL complex]
= (D] + [DHSADILY(DL] +[LD.HSA])

= Ki{l + [HSAVKysa}/{1 + [HSALK/Kusa.Kiousa}
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{00417}  This shows a hyperbolic dependence of Kqpp, on free HSA concentration that agrees
well with the observed data (Figure 15). At high [HSA] this reaches an asymptotic (plateau) value
Keppr = Kuousa (for large [HSAD

[06418]  This suggests that the binding affinity for tri-peptide is around 35 pM when dalbavancin
is bound to HSA, compared to 3 pM for free dalbavancin (25 °C figures).

{00419] Further mechanisms may be suggested in terms of whether dalbavancin is acting as a
monomier or a dimer in its interactions with peptides or proteins. Direct comparison of dalbavancin
with vancomycin (which shows unambiguous 1:1 binding at these low concentrafions) shows that
binding is compiete at lower molar ratios (lower N) for dalbavancin (Figure 16). This is consistent
with a 2:1 dalbavancin:peptide complex.

[00420] However, in the presence of HSA, the apparent N values increase (Table 39), and may
be more consistent with 1:1 complexation. Although not wishing to be bound by theory, the model
shown in Figure 17, showing the possible interaction of dalbavancin monomers and dimers with
tri-peptide ligands and HSA, is consistent with these observations. Figure 17A depicts dalbavancin
as in monomer-dimer equilibrium in solution (predominantly as dimer), but binding as monomer to
two separate sites on HSA. This is consistent with the N = 0.5 values observed by ITC for binding
of serum proteins to dalbavancin (Example 3). Figure 17B depicts ligand binding to the
dalbavancin dimer in solution, and (more weakly) to the dalbavancin monomers attached to HSA.
This is consistent with the non-competitive binding of dalbavancin to both tri-peptide and to HSA,
with variable apparent stoichiometries,

[08421] In sum, this Example shows that HSA reduces the binding affinity of dalbavancin for tri-
peptide ligand in a manner consistent with a non-competitive mechanism and that dalbavancin
bound to HSA retains its ability to bind tri-peptide ligands, albeit with reduced affinity. These
results are also consistent with a model in which dalbavancin is in monomer-multimer equilibrium,
predominantly multimeric in solution, with strong affinity of multimers for peptide ligand.
Dalbavancin monomers, both free and bound to serum albumin, may alsc bind peptides with a
reduced affinity.
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Exsmple 13. A-40926 and Dalbavancin Preparations

Preparation of A-40926

[00422]  A-40926, the natural glycopeptide produced by fermentation, was the starting material
for producing Dalbavancin. It was produced by a Nonomuria sp ATCC 39727 as a mixture of A-
40926 and its acetyl derivative (see U.S. Patent No. 4,935,238 and B. Golstain et al. Antimicrobial
Agent and Chemotherapy, Dec. 1987, p.1961-1966). The acetyl derivative was first deacetylated o
A-40926. After deacetylation, A-40926 was purified by column chromatography on polyamide as
described below. The following description is representative of the current production method.
The amounts reported here are about 1/4 of the amounts usually worked in an industrial preparation.

Deacylation of 4-40926

[00423] 10 m’ of fermentation broth (23 °C) containing a total of about 1 g/L of A-40926 and its

- acetyl derivative were adjusted, under stirring, at pH 11.4 with NaOH 30 %. Stitring was continued

- for 6 hours, then the temperature was reduced to 15 °C and the broth was microfiltered (Koch
Protosep IV Microfilter with a 0.12 m? ceramic membrane 0.1 ). During microfiltration, water was
continuously added to the retentate in order to obtain, at the end of the process, a permeate of 20-25
m’ and a retentats of 4.5-5 m’ (one half of the starting value).
[00424]  The permeate, which contained A-40926, was analyzed by HPLC. When the
deacetylation was completed, the pH of the permeate solution was adjusted at pH 7 with 30 %
sulfuric acid (stored at 20 °C). In this example, 25 m’ of filtered broth containing 6.62 Kg of A-
40926 (268 mg/L) was obtained. The deacetylation yield was 66.2 %. If the microfiltration process
was carried out for longer time and higher extraction volume than those employed in this process,
the yield can be increased up to 90 %.

Purification of A-40926 an polyamide column

[00425]  Afier extraction, A-40926 contained in filtered broth was purified on a polyamide
column, as described below. The amount reported in this description is about 1/10 of the amount
usually worked in an industrial preparation and is representative of the current production method.
j00426] 500 L of polyamide resin SC6 (from Macherey Nagel) were suspended in demineralized
water and loaded into a column. The resin was then conditioned at pH 6-6.5 by eluting the column
with at least 2 BV (bed volume) of a buffer solution prepared by dissolving 4 Kg of sedium

carbonate in 800 L of water and adjusting the pH of the resulted solution with acetic acid.
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[00427] The A-40926 filtered broth (9000 L; assay 0.275 mg/L; A-40926 2475 g; pH 6£0.2;
temperature 103 °C) was loaded into the column at about § g of activity per liter of resin
(activity/resin ratio of 5-8 g/L. was usually used). The column was washed with the following
solutions: 3 BV (1500 L) of a solution at pH 6 prepared by dissolving 7.5 Kg of sodium carbonate
in 1500 L of demineralized water and adjusting the pH with acetic acid; 4 BV (2000 L) of a solution
at pH 8 prepared by dissolving 10 Kg of sodium carbonate in 2000 L of demineralized water and
adjusting the pH with acetic acid; 1.5 BV (750 L ) of a solution at pH 9 prepared by dxssolvmg 4Kg
of sodium carbonate in 750 L. of demineralized water and adjusting the pH with acetic acid.

[00428]  A-40926 was recovered from the column by eluting with 4 BV (2000 L) of a buffer
sotution at pH 10 prepared by dissolving 10 Kg of sodium carbonate in 2000 L of demineralized
water and adjusting the pH with acetic acid. The fractions containing purified A-40926
(concentration of A-40926 greater than 0.5 g/L. and HPLC area % of the main component (Bo+B)
greater than 80 %) were collected, neutralized with IN HCl, and analyzed by HPLC. About 2000 L
of final clear solution were obtained.

[0042%]  The resin used for the purification was regenerated with 1.5 BV of 1:1 mixture of
isopropanol / 5 % NaOH followed by a washing with 5 BV of demineralized water.

A-40826 concentration

100430] The solution coming from the column was subject to several rounds of
dilution/concentration steps to eliminate most of the inorganic salts in the solution. The solution
was concentrated to 80 L by nanofiltration using a membrane with a cut-off of 250 D, diluted with
80 L of demineralized water, and re-concentrated at the starting volume (80 L) by nanofiltration.
This operation was repeated at least 5 times. The pH of the final solution (80 L , pH 7.5) was
adjusted at pH 6.3 with 23 % HCL. The solution was then diluted with 80 L of acetone, and,its pH
was adjusted again at pH 2.6 with 23 % HCL

Decoloring
{00431] 680 g of charcoal PA 200 C (~0.3g/g A-40926) was added under stirring 1o the solution

obtained in the above step (160 L). Stirring was continued for at least 30 minutes at room

temperature, then about 0.5-0.6 Kg of filter aid (DIF-BO) was added. The mixture was filtered

through a filter cartridge. The clear solution obtained was concentrated under vacuo (45 °C) in

order to reduce the acetone below 10 %. The final volume was about 100 L. The pH was then
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adjusted at 6.7 with ag. NaOH, and the concentration step was continued using the usual nanofilter
unti} the A-40926 concentration was around 100 g/L. 20 L concentrated solution was obtained (A-
40926 1884 g, 942 g/1).

Precipitation and drying

[00432]  The previous solution was diluted under stirring with 20 L of acetone, and its pH was
adjusted at 5.1 with 10 % HCL. To this solution additional 5 volumes of acetone (100 L) were added
to complete the A-40926 precipitation. If water content was not <15% at this point, additional
acetone was added. After 2 hours the suspension was centrifuged, and the solid was washed with 3
x 10 L of fresh acetone. The mother liquors were analyzed and discharged afier having ascertained
the absence of product,

[00433] Solid A-40926 was dried under reduced pressure at 30-35 °C in a static drier until the
residual acetone was below 2 % and the water was less than 10 %. The product was then sieved
through a 50 mesh sieve obtaining 2.08 Kg of purified A-40926 (HPLC assay 81.4 %; water 6.2 %,
sulphated ashes 4.8 %). The yield, startmg from the activity loaded on the column, was 68.4 %.

Synthesis of Dalbavancin

[00434] Dalbavncin (BI-397) was prepared from the natural glycopeptide A-40926 through a
three-step synthesis as described in Malabarba and Donadio (1999), Drugs of the Future, 24(8):839-
‘846. Specifically, A-40526 was first subject to an esterification step to make MA, which was then
subject 10 an amidation step to make MA-A-1. A final hydrolysis step then converted MA-A-1 into
dalbavancin. ' '

Esterification step (Step 1)
[00435] The following description is representative of the current method in use.

Preparation of H>S0, 96%/MeQOH (Solution 4)
{00436] Ina 1S L round botiomed flask equipped with 2 mechanical stirrer and a thermometer,

2.28 L of H;804 96% (~300 mL of H,S04 96% per Kg of A-40926 powder) was added drop wise
to 7.9 L of MeOH. An external ice bath was used to maintain the temperature between 0 and 5 °C.

Reaction procedure
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[80437]  Starting material A-40926 (7.6 kg; batch 019, assay 85.09 %, activity 6.46 kg; 3.73
mol) was suspended in a 140 L glass-lined reactor in MeOH (46 L), and the resulting suspension
was cooled at § °C + 2 °C. At this temperature the suspension was treated with the previously
prepared Solution A (H;SO«/MeOH). The resulting solution was stirred at 0 °C for 22-26 hours
while the reaction (a reaction aliquot diluted 100 times with 1:1 acetonitrile/water mixture) was
monitored by HPLC analysis every two hours. The esterification was considered complete when
the residual A-40926 was less than 5 % and diester was not more than 10 % as HPLC area %.

ster (MA) isolation

[00438]  When the reaction was complete, the mixture was cooled at -5 °C (+/- 2°C) and diluted
with a same volume of cold water (54 L) maintaining the temperature below 5 °C. The product
(MA) was precipitated by adjusting the pH of the solution at 5.5 (+/- 0.2} by slowly adding 102 L
of triethylamine (TEA). Stirring was continued for an additional hour at 0-2 °C, then the solid
obtained was centrifuged, washed with water (10 L. per Kg of A-40926) and finally with MéOH (3
L of MeOH per Kg of starting A-40926) previously cooled at 10-15°C. Washing with water was
done primarily to remove sulphates from MA.,

[00439]  Mother liquors and washings were separately analyzed and discharged if contained less
than 1-2 % of activity. The product was dried i» vacuo (50 mmHg) at 35-40 °C (exteral
temperature) until the residual water was less than 10 %. 7.6 Kg of MA (5.63 kg activity, 3.23 mol)
was obtained as a brownish powder.

[08440]  The analysis showed the following values of HPLC area %: MA 89.8,

[00441] A-40926 3.2, Diester derivative 5.9. The HPLC assay was 74.2 %, activity 5.637 Kg; 3.23
mol; yield = 86.5 %.This material was used in the following step without any further purification.

Amidation step (Step 2)
[00442]  The following description is representative of the current production method.

L]

Preparation of the DMSO / HCl mixture (Solution B)

{00443] DMSO (1.6 L) was placed into a 10 L round bottomed flask, equipped with a
mechanical stirrer and a thermometer, and cooled with an jce bath below 10°C. HC137% (1 L)
was then‘slowly added under stirring maintaining the temperature of the mixture below 25 °C.

Amidation procedure (production of MA4-A-1)
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{08444]  Starting material MA 5.95 kg (assay 76.3 %, KF 8.9 %; 2.68 mol) was slowly dissolved
under stirring in 19.2 L of 1:1 DMS0 / MeOH mixture (~1.6 L DMSO and 1.6 L MeOH per Kg of
MA powder) at room temperature. After 1 hour of stirring 709 mL of 3-(dimethylamino)-
propylamine (DMEPA, MW 102.1; density = 0.812 g/mL; 5.63 mol; 1.96 mols per moi of starting
MA) and 325 g of I-hydroxybenzotriazole hydrate (HOBTH,0; MW 153.1; 2.04 moel; 0.71 mol
per mol of starting MA) were added to the reaction mixture. Stirring was continued until 2
complete solution was obtained, then the mixture was adjusiad at pH 3-3.1 (measured after diluting
an aliquot of the reaction 10 times with water) by slowly adding about 2.0 L of Solution B
(OMSO/HCI).

[00445] A dicyclohexyicarbodiammide (DCC) solution, prepared by dissolving 1.03 Kg of DCC -
(4.99 mol; MW 206.3; 1.74 mol per mol of MA) in 4.1 L of 1:1 DMSO/MeOH mixture, was added
to the stirred reaction mixture in 10 minutes. Stirring was continued for 5 hours, then additional
51.5 g of solid DCC ( 0.25 moly was added to the reaction mixture in order to lower the residual
MA under 5%, maintaining the level of isoureas lower than 4-5 %. Isoureas are a group of by-
products produced by further reaction of Dalbavancin with the excess of DCC.

[00446] Typically after 2 additional hours (7 hours total) the reaction was completed. At the end
the mixture was diluted with water (60 L) to lower the DMSO concentration to 15 % (v/v) and
adjusted at pH 2.3 with HC! IN (0.85 L) to destroy any residual DCC.

Hydrolysis of MA-A-1 to Dalbavancin (Step 3)

[06447]  Afier 30 minutes the mixture was adjusted at pH 12.0-12.1 with 15 % NaOH (8 L).
Stirring was continued for 4 hours maintaining the mixture at this pH with small additions of NaOH
15%. After this time the residual MA-A-1 was less than 0.2 % as HPLC area %.

[08448]  The mixture was then acidified at pH 3.0 with IN HCI (19 L), and the suspension was
filtered to remove the dicyclohexylurea formed. The solid cake was washed on the filter with
demineralized water (2x20 L). Washings and filtrate were gathered together, obtaining a clear,
solution which was analyzed by HPLC. 152.8 L of solution containing 21,74 g/l. of Dalbavancin
(total activity 3322 g; 1.828 mol, yield = 68.2 %) was obtained.

FPurification of delbavancin

[60449]  The following description is representative of the current production method.
[0045017 The 152.8 L of solution obtained from the hydrolysis step and containing 3322 g of
Dalbavancin activity was split into two parts and each one was purified separately on the same
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chromatographic column containing 400 L of polyamide. In these two purification runs the activity/
resin ratio were 4.3 and 4.0 g/L respectively.

Polvamide column preparation

[00451] The glass-lined column (internal diameter = 40 cm, h = 320 ¢m) containing 400 L of
polyamide resin was cleaned according to the resin regeneration procedures (see below) and
conditioned with 2 BV (800 L) of demineralized water acidified with 4 L of AcOH {(pH=3.2).

Purification of the first portion

[00452]  The first portion of 76.4 L. of starting solution was diluted with H,0 (56 L) in order to
lower the DMSO content under 5% (v/v), and acidified to pH 2.78 with 1 N HCI (3.4 L). This
solution was then loaded onto the column at a flow rate of 150 L/h. Afier loading, the resin was
washed with the following solutions: 4 BV (1600 L) of H,O acidified with AcOH BL),pH=32;
5 BV (2000 L) of AcONa 0.1 M, pH = 8.2; 1 BV (400 L) of H;O acidified with AcOH (1L),pH=
3.2. Dalbavancin was eluted with 4 BV (2400 L) of H,O/MeOH (8:2) acidified with AcOH (6 L),
pH=134,

[00453]  During the elution step, 22 fractions of 50-60 L each were collected and analyzed by
HPLC. Fractions from 9 to 25 (concentration of Dalbavancin higher than 0.5 g/L. and HPLC area %
of (Bo+B1) > 80%) were pooled together, obtaining 969 L of solution with 1.56 Kg of Dalbavancin
(yield = 93.9 %). This solution was then concentrated by nanofiltration, obtaining 125.7 L of

solution with 1.38 Kg of Dalbavancin. 850 L of permeate, containing 145 g of impure Dalbavancin
(8.7 %), were neutralized and discharged.

Resin regeneration

[00454]  Before re-using the resin was washed with the following sclutions: 2.5 BV. (1000 L) of
i:l MeQH /water acidified with acetic acid (2.5 mL/L); 2.5 BV (1000 L) of 1:1 0.5 % NaOH/
isopropanol; 10 BV (4000 L) of demineralized water. The resin was then re-equilibrated with BV
(800 L) of water acidified with acetic acid (2.5 mL/L),

Purification of the second_portion
f00455]  The second portion of the starting solution coming from the hydrolysis step (76.5 L) was
diluted with H>O (56 L) to lower the DMSO content under 5% {v/v) and acidified to pH 2.87 with

3.0 Lof 1 N HCL The portion was then purified as previously described in the purification of the
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first portion. The pooled fractions (vol. =972 L, Dalbavancin 1.54 Kg, yield = 92.7 %) were
concentrated by nanofiltration, obtaining 133 L of solution with 1.46 Kg of activity, 850 L of
permeate, containing 73 g of Dalbavancin (4.3 %), was discharged.

{00456]  The concentrated solutions coming from the two purification steps were re-analyzed and
pooled together giving 258 L of solution containing 2840 g of purified Dalbavancin . The
purification yield was 86 %. The total yield, starting from MA, was 58.3 %.

Final polvamide regeneration

{80457]  Afier the second purification run polyamide was regenerated with: 2.5 BV of 1:1
MeOH-water, acidified with AcOH (2.5 L) at pH =3.4; 2.5BV of 111 0.5% NaOH-isopropanol; 10
BV of demineralized water.

Decoloration and precipitation of Dalbavanci _

[60458] 1.5 mol of 1N HCI per mol of Dalbavancin and 0.3 g of charcoal CG1 (0.85 Kg, from
NORIT) per gram of Dalbavancin were added to the 258 L solution obtained above. The mixture
was stirred at room temperature for at least 45 min. The pH was 3.1. The suspension was then
filtered on a SUPRA DISC cartridge mod. SDP-EK.1 from SEITZ-SCHENK, and the cake was
washed with 50 L of H,O/MeOH 8:2. The filtrate was analyzed and concentrated again by
nanofiltration, using a MPS 44 membrane with a cut off of 250 D. 21.3 L of concentrated solution
containing 119 g/L of Dalbavancin (pH 4.1; MeOH 1.9 %,GC) was obtzined. 909 mL of 1 N HCI
was finally added to adjust the pH at 2.63, which corresponds to the salification ratio of 1.65
molucy Mol pajbavancia |

[00459]  The solution (22.2 L) was poured out, under stirring, in 200 L of acetone. The solid
obtained after decanting was centrifuged and washed with 14 L of fresh acetone. The product was
then dried under reduced pressure (50 mmHg) at 35°C, maintaining the internal temperature under
30 °C for 17 hours. During the drying process, 1 L of low endotoxin water (<250 EU/mL), divided
in two portions of 0.5 L each, was spraved on the solid afler three and five hours in order to remove
the residual acetone that otherwise is difficult to eliminate. The product was then sieved (50 mesh),
obtaining 2592 g of Dalbavancin (HPLC Assay 82.4 %; water (KF) 14 %; CI" 3.0 %).

Example 14. Alternative Methods for A-40926 and Dalbavancin Preparation
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[060460]  The methods described below are alternative methods that can used in the A-40926 and
Dalbavancin preparation process.

A-40%926 Preparation on XAD-7 HP

Deagcetylation and mycelium microfiltration

{00461] 150 L of fermentation broth containing A-40926 (pH 7) were stirred in a suitable reactor
at room temperature (24 °C), and adjusted at pH 11.5 with a 2.5 N NaOH solution (2.5L). Afier 4
hours of stirring, the broth was adjusted at pH 10.6 with 15 % HC, and microfiltered through 5 0.2
micron membrane. 439 L of clear permeate was collected and then concentrated by nanofiltration
using a MPS 44 membrane with a 250 D cut off. The A-40926 concentrated solution obtained (58.6
L; 3.89 /L) was adjusted at pH 6.4 and stored at 4°C until used. |

- Column preparation and purification.

[00462] XAD-7 HP resin (8L) was suspended in a 1:1 water/methano! solution, filtered, and
loaded into a proper glass-column (internal diameter 12 cm) with a peristaltic pump.

[00463]  The resin was then washed with water and equilibrated with 6 BV of 2 sodium carbonate
aqueous solution buffered at pH 6 prepared by dissolving 5 g of sodiurn carbonate per liter of water
and adjusting the pH with acetic acid.

[00464} A portion of concentrated broth containing 194 g of A-40926 was loaded into the XAD-
7 HP column. The resin was then washed with the following two buffered solutions, at a flow rate
of %2 BV /hour, in order to eliminate part of the hydrophilic and the colored substances present: 3
BV (24 L} of aq. 0.5 % Acetic Acid solution adjusted at pH 5 with 30 % sodium hydroxide; 5 BY
(40 L) of a 8:2 mixture water/acetone with 5 mL of acetic acid / L of water. ¥

[00465]  A-40926 was finally eluted with 8 BV (64 L) of & 1:1 water/acetone mixture acidified
with 5 mL of acetic acid / L of water. 16 fractions of 4 L each were coliected, The rich fractions
(from 5 to 15) in which A-40926 concentration was greater than 0.5 g/L were gathered together
obtaining a solution containing 163.4 g of A-40926 (43 L., 3.8 g/L ). The column yield was 81.3 %.
The other fractions (200 L) containing 0.23 g/L {45.3g; 22.2 %) of less pure A-40926 were
discharged. '

[00466]  Afier the elution the resin was regenerated with 6 BV (55 L) of NaOH 0.5% /
isopropanol (1:1) mixﬁn*e, and finalty washed to neutral with 10 BV of water.
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Charcoal tregtment.

[0!54671 The collected fractions were adjusted at pH 2.5 with HCL 37% (70 mL) and then

decolorized with 50 g charcoal type PA 200 (0.3 g/g of A-40926). The suspension obtained was
stirred for 2 hours at room temperature and then filtered through a KS 50 filter (d=25 cm, time = 2.5 ‘
hours), obtaining 45.6 L of a slightly yellow A-40926 solution ( 3.5 g/L; yield=96.4 %).

Concentration.

[60468] The decolorized solufion was adjusted at pH 7 with NaOH 30% (230 mL) and
concentrated by nanofiltration and ultrafiltration. The use of these techniques was important for the
elimination of the hydrophilic substances that were detected on the HPL_C chromatograms at Rt = 2-
4 minutes. When the retentate was concentrated to 1/10 of the starting volume (4 L), the same
volume of water was added and the solution obtained was concentrated again. This

- concentration/dilution step was repeated three times in order to reduce the residual acetone to 0.25
%. The fipal solution (2.2 L, 146.3 g of A-4v09_26, 66.5 g/L., yield=91.5%) was analyzed by HPLC.
The purification yield was 75.4 %.

A-40926 crystallization,

[0646%] A 300 mL portion of the A-40926 solution (19.9 g of A-40926) was further concentrated
to 100 mL by using a laboratory scale ultrafilter and then heated at 60-65 °C. The pH of this
solution was adjusted at 7 (30% NaCH), and 1.2 mL of 5:1 acetone/isopropanol mixture per mL of
concentrated solution was added drop wise at this temperature. The resulted mixture was left to
éool at 20 °C. After 1.5 hours, the sofid obtained was filtered, washed on the filter with acktone,
and dried at 40 °C for 15 hours. 20.6 g of product (HPLC assay 82.0 %; A-40926 16.9 g) was
obtained. The precipitation yield was 84.9 %. The overall yield, stanting from the filtered broth,
was about 64 %. '

A~40926 Preparation on CG -71

Column preparation
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[00470] CG-71 resin ( 350 mL ) was poured into a glass-column (internal diameter = 4 ¢m) and
washed with water. The resin was equilibrated with 3 BV of a sodium carbonate solution, prepared
by dissolving 5 g of sodium carbonate in water at pH 6 with acetic acid. 250 mL fermentation broth
(pH 7) containing 14.7g of A-40926 was loaded into the column (42 g/I. resin). The resin was
washed with the following three solutions: 1050 mL (3 BV) of aqueous solution of sodium
carbonate (5 g/L} adjusted at pH 6 with acetic acid; 1750 mL (5 BV) of aqueous solution of sodium
carbonate (5 g/L) adjusted at pH 8 with acetic acid; 3150 mL (9 BV) of agueous solution of sodium
carbonate (5 g/L) adjusted at pH 9 with acetic acid.

[00471]  The activity was then eluted with 10 BV of demineralized water, 20 fractions of 500 mL
each were collected. Fractions 12 to 15 were pooled together, obtaining 2.2 L purified solution
containing 11.7 g of A-40926 (yvield = 79.6 %). This solution was then concentrated by
ultrafiltration and the concentrate solution was further diluted with demineralized water and
ultrafiltered again. The solution obtained was further concentrated under redued pressure to 50 mL.

A-40926 crystallization .

[00472]  The concentrated solution was heated at 60 °C and treated under stirring with a 5:1
acetone/IPA mixture (60 mL). The mixture was then slowly cooled at room temperature. The solid
obtained was filtered, washed with acetone on the filter, and dried under vacuum at 35 °C for 80
hours. 8.9 g of purified A-40926 (HPLC assay 84.2 %) was obtained. The overall yield was 51 %,

Alternative amidation siep in datbavancin synthesis using N-Methyl-2-pyrrolidine (NMP} as a
solvent
{06473} MaA mixmré was added portion wise under stirring to a 1:1 NMP/MeOH mixture {64
mkL). Stirring at 20-25 °C was continued until complete solution, then DMEPA (2.42 mL; 1 96
mol/egua) and HOBT (1.06 g; 0.71 mol/egma) were added, The pH of the reaction mixture
(checked on a sample diluted 1:10 with water) was adjusted to 3.0 with 9.37 mL of 15% HCl in
NMF (previously prepared from 34.0 mL HCl 37% dissolved in 7.7 mL NMP). Then a solution of
DCC (3.17g; 1.57 molleqma) in NMP/MeOH 1:1 (12.7 mL) was added under stirring. The reaction
was monitored by HPLC. The reaction was complete after about 6 hours (MA-A-1 88.9%, MA
7.3%, ISO 3.7%). This experiment suggests that NMP can be a convenient alternative to DMSO
for the amidation reaction. The whole process was not influenced by this solvent change and the
final Dalbavancin obtained was chemicaily equivalent to other batches.
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Alternative method of Dalbavancin preparation: One-pot procedure

[00474] 10 g of A-40926 complex (HPLC titer 80.66%, 4.6 mmole) was suspended in 24 mL of
MeOH under stirring at room temperature in a 100 mL glass reactor. The mixture was cooled at
0°C, and a solution of 4 g of HCI (g} in 16.4 mL of MeOH was added to complete the product
solubilization. The temperature was then left to rise to 20°C while stirring was continued for
additional 24 hours.

[0047S]  After this time, 40 mL of DMSQ and 0.4 g of HOBT were added to the reaction mixture,
{00476]  1,1-dimethyamine propylamine was then added, adjusting the pH of the resulting
reaction mixture between 3-3.1 (measured afier diluting a sampie 9:1 with water). 1.8 g of solid
DCC was then added and stirring was continved for additional 15 hours. After this time the reaction
mixture was transferred in a 1 L glass reactor and diluted with 80 mL of water. The pH was then
brought to 12 by adding 240 mL of 15% NaOH. Stirring was continued for additional 60 minutes,
and the mixture was acidified at pH 2.8 with 260 mL of 15% ag. HCL. About 800 mL of final clear
sotution containing 6.4 g of Dalbavancin was obtained (yield = 76%).

[08477) HPLC analyses showed that the profile of the product obtained is comparabie with that
obtained with the other manufacturing processes.

N2 N**_Dialkyi Antibiotic Compounds
{00478] The present invention provides N*° N7’ ~dialkyl antibiotic compounds useful, for example,
for preventing and/or treating microbial infections in mammals. For convenience, in the description
herein, dalbavancin compounds are numbered according to U.S. Patent 5,750,509 and as depwted in
Fig. 26.
[06479] In certain embodiments, the present invention provides N'° N”-diall;yl antibiotic.
compounds according to formula (1II), or a pharmaceutically acceptable salt or solvate thereof:
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[00480] In certain embodiments, the present invention provides N'* N"’-dialky! antibiotic
compounds according to formula (IV), or a pharmaceutically acceptable salt or solvate thereof:

OH

[00481] Formulas (HI) and (IV) provide the peptide core of the N N*.dialky! antibiotic
cﬁompoun&s of the invention. The peptide comprises sevén amino acids with the amino terminus at
the right side, as depicted in formulas (III) and (IV}, and the carboxy terminus at the left.
According to this aspect of the invention, the N N*’-dialky! antibiotic compounds comprise two
alkyl substituents on the amino terminal mitrogen, or %%, In other words, in formulas (ITD) and (IV)
R’ and R are alkyl, |

[00482] In preferred embodiments, R’ and R" are C, alkyl. In certain embodiments, R’ and R
are each independently selected from propyl, ethyl and methyl. In further embodiments, R! and R"
are cach independently selected from ethyl and methyl. In more preferred embodiments, at least
one of R and R" is methyl. In most preferred embodiments, R and R" are methyl.

[00483] The remainder of the molecule can be modified in the same manner as dalbavancin
compounds known to those of skill in the art. Accordingly, X is an aminoalkylamino group, as
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defined in the sections above. Exemplary aminoalkylamino groups are described in U.S. Patent No.
5,750,509. In certain embodiments, X is N, N-dimethylaminopropylamino.

{00484] Thus, in particular embediments, the invention provides compounds according to formula
(V), or a pharmaceutically acceptable salt or solvate thereof:

V).
[00485] The N’ N''-dialkyl antibiotic compounds of the invention can be glycosylated in one or
more positions, as is known to those of skill in the art. In preferred embodiments, the M* M-
dialkyl antibiotic compounds are glycosylated at positions G and M of formula (III) or (IV). In
particular embodiments, M is hydrogen or a sugar moiety. For example, M can be hydrogen, a-D-

mannopyrannosyl or 6-O-acetyl-o-D-mannopyrannosyl. In particular embodiments, G is hydrogen
or a sugar moiety. Forexample, G can be hydrogen or glucuronamine. _

[00486] In certain embodiments, one or both of the sugar moieties can be acylated or acetylated, or
both. For example, when G is glucuronamine, the glucuronamine moiety can be acylated with a
fatty acid. The fatty acid can be any fatty acid known to those of skill in the art. In particular
embodiments, the fatty acid is selected from the group consisting of 8-methyl nonanoicacifi, n-

- decanoic acid, 9-methyl-decanoic acid, n-undecanoic acid, 10-methyl-undecanoic acid, n-
dodecanoic acid, 11-methyl-dodecanoic acid, n-tridecanoic acid, 12-methyi-tridecanoic acid and n-
tetradecanoic acid. In preferred embodiments, the fatty acid is a Cy, fatty acid. In particular
embodiments, the fatty acid is 10-methyl-undecanoic acid.

{00487} In certain embodiments, the present invention provides a compound according to formula
(VD), or a pharmaceutically acceptable salt or solvate thereof:
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[00488] In formula (VI), R? is Cyp.14 acyl. In particular embodiments, R2is selected from the group
consisting of 8-methy] nonanoic acid, n-decanoic acid, 9-methyl-decanoic acid, n-undecanoic acid,

10-methyl-undecanoic acid, n-dodecanoic acid, 11-methyl-dodecancic #cid, n-tridecanoic acid, 12-
‘methyl-tridecanoic acid and n-tetradecanoic acid. In preferred embodiments, R%is a Ci; fatty acid.
In particular embodiments, R? is 10-methyl-undecanoic acid.

[08489] As described in the synthetic sections below, N N'.dimethyl antibiotic compounds can
- be synthesized from dalbavancin compounds. Accordingly, certain N'° N*S.dimethy! antibiotic
compounds of the invention possess the sugar moieties and fatty acids of dalbavancin Ag, A,, By,
Bi, Coand C. . )

[60490] In particular embodiments, the present invention provides N * NS -dimethyl antibjotic
compounds. An N** N_dimethyl antibiotic compound comprises formula (I} or (I} with two-
methy! groups at N*. N'° N**-dimethy! antibiotic compound can be glycosylated with one or more
sugar moieties as described above. In certzin embodiments, a N'Y N/ ?.dimethy! antibiotic
compound is acylated on one or more of these sugar moieties. In preferred embodiments, the acyl.
group is 10-methyl-undecanoic acid,

{60491] In preferred embodiments, the present invention provides the N ' N dimethyl antibiotic
" compound according to the following structure (VII}, or a pharmaceutically acceptable salt or

solvate thereof:
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[00492] In certain embodiments, the N'* N”_dialky! antibiotic compound of the invention is
purified. As used herein, the term purified indicates that the N° N*-dialky] antibiotic compound is
enriched relative to other dalbavancin compounds in a composition. For example, the N** N5.
dialkyl antibiotic compound can be enriched relative to a mixture in which the N'* N"’-diakyl
antibiotic compound is produced, for instance a mixture derived from a fermentation broth as
described in the examples below. In certain embodiments, the N> N -dialkyl antibiotic compound
is enriched two, three, five, ten, one hundred, one thousand or ten thousand fold.
[00493] In further embodiments, the N*° N''-dialky] antibiotic compound is isolated. As used
herein, the term isolated indicates that the N* N'*-dialkyl antibiotic compound is enriched relative
to non-dalbavancin compounds in a composition. For example, the N N*-dialkyl antibiotic
compound can be enriched refative to a mixture in which the N** N dialkyl antibiotic compound is
ﬁroduced, for instance a mixture derived from a fermentation broth as described in the examples
below. In certain embodiments, the N'’, N**-dialkyl antibiotic compound s enriched two, three,
five, ten, one hundred, one thousand or ten thousand fold.
[00494] In still further embodiments, the N'° N”-dialky! antibiotic compound is purified and
isolated. As used herein, the term purified and isolated indicates that the ¥*° N'°-dialky! antibiotic
compound is enriched relative to non-dalbavancin compounds and relative to other dalbavancin
compounds in a composition. For example, the ¥'* N -dialkyl antibiotic compound can be

 enriched relative to a mixture in which the N N'_dialkyl antibiotic compound is produced, for

instance a mixture derived from a fermentation broth as described in the examples below. In certain
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embodiments, the ¥* N”-dialkyl antibiotic compound is enriched two, three, five, ten, one
hundred, one thousand or ten thousand fold.

N" N'.Dialkyl Antibietic Compounds
[00495] The present invention also provides N> N’ -dialkyl antibiotic compounds having a '
carboxylic acid group at carbonyl 63. These compounds are useful, for example, for preparing N
N _dialky! antibiotic compounds of the invention. In certain embodiments, these N'° N'* -dialkyl
antibiotic compounds are also useful for preventing and/or treating rﬁicrobial infections in
mammals.
[00496] In certain embodiments, the present invention provides N** N"-dialkyl antibiotic
compounds according to formula (VIII), or a pharmaceuticaily acceptable salt or solvate thereof:

Ok

[60497] In certain embodiments, the present invention provides N N'-dialky! antibiotic
compounds according to formula (IX), or a pharmaceutically acceptabie salt or solvate thereof:

(IX)
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[00498] Formuias (VII) and (IX) provide the peptide core of the N'* N**-dialkyl antibiotic
compounds of this aspect of the invention. The peptide comprises seven amino acids with the
amino terminus at the right side, as depicted in formulas (111} and (IV), and the carboxy terminus at
the left. According to this aspect of the invention, the N N'’-dialkyl antibiotic compounds
comprise two alkyl substituents on the amino terminal nitrogen, or N°. In other words, in formulas
(I) and (1) R' and R" are alkyl. Further, in Formulas (VIII) and (IX), X is OH as in antibiotic A
40926 compounds known to those of skill in the art.

{00499] In preferred embodiments, R’ and R" are C4 alkyl. In certain embodiments, R! and R"'
are each independently selected from propyl, ethyl and methy!. In further embodiments, R! and R"
are each independently seiected from ethyl and methy!l. in more preferred embodiments, at least
one of R' and R"is methyl. In most preferred embodiments, R! and R are methyl.

[00500] The N'° N"*-dialky! antibiotic compounds of the invention can be glycosylated in one or
more positions, as is known to those of skill in the art. In preferred embodiments, the N o
dialkyl antibiotic compounds are glycosylated at positions G and M of formulas Vil and (IX). In
particular embodiments, M is hydrogen or a sugar moiety. For example, M can be hydrogen, a-D-
mannopyrannosyl or 6-O-acetyl-a-D-mannopyrannosyl. In particular embodiments, G is hydrogen
or a sugar mojety. For example, G can be hydrogen or glucuronamine.

[60501] In certain embodiments, one or both of the sugar moieties can be acylated or acetylated, or
both. For exampie, when G is glucuronamine, the glucuronamine moiety can be acylated with a
fatty acid. The fatty acid can be any fatty acid known to those of skill in the art. In particular
embodiments, the fatty acid is selected from the group consisting of 8-methyl nonanoic acid, n-
decanoic acid, 9-methyl-decanoic acid, n-undecanoic acid, 10-methyl-undecanoic acid, n-
dodecanoic acid, 11-methyl-dodecanoic acid, n-tridecanoic acid,_ 12-methyl-tridecanoic acid and n-
tetradecanoic acid. in preferred embodiments, the fatty acid is a Cy; fatty acid. in particular
embodiments, the fatty acid is 10-methyl-undecanoic acid. '
[08502] In certain embodiments, the present invention provides a compound according to fonn;lla
(X), or a pharmaceutically acceptable salt or solvate thereof:
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[06503] In formula (X), R?is Cip.iq acyl. In particular embodiments, R? is selected from the group
consisting of 8-methy! nonanoic acid, n-decanoic acid, 9-methyl-decanoic acid, n-undecanoic acid,
10-methyl-undecanoic acid, n-dodecanoic acid, 1 I-methyl-dodecanoic acid, n-tridecanoic aéid, 12-
methyl-tridecanoic acid, and n-terradecanoic acid. In preferred embodiments, R%is a C; fatty acid.
- In particular embodiments, R? is 10-methyl-undecanoic acid.

[00504] As described in the synthetic sections below, the N N".dimethyl antibiotic compounds
can be synthesized from antibiotic A 40926 compounds. Accordingly, certain N N'_dimethyl
antibiotic compounds of the invention possess the sugar moieties and fatty acids of antibiotic A
40926 factor Aq, Ay, By, By, Coand Ci. |

{60505] In particular embodiments, the present invention farovides NP NP -dimethyl antibiotic
compounds. An N'5 N'S -dimethyl antibiotic compound comprises formula (VIII) or (IX) with two
methy! groups at N, An N N* ~dimethyl antibiotic compound can be glycosylated with one or
more sugar moieties as described above. In certain embodiments, a NP N".dimethy! antibiotic
compound is acylated on one or more of these sugar moieties. In preferred emboediments, the acyl
group is 10-methyi-undecanoic acid.

[66506] In preferred embodiments, the present invention provides the N° N/ 5_dimethy] antibiotic
cerpound according 1o the following structure (XI), or 2 pharmaceutically acceptable salt or
solvate thereof:

141



[08587] In certain embodiments, the N'° N”-dialkyl antibiotic compound of the invention is
purified. As used herein, the term purified indicates that the N’ N”-dialkyl antibiotic compound is
enriched relative to other antibiotic compounds in & composition. For example, the N> N, -dialkyl
- antibiotic compound can be enriched relative to a mixture in which the N*° N’-dialky! antibiotic
compound is produced, for instance a mixture derived from a fermentation broth as described in the
examples below. In certain embodiments, the N©° N s-d;xalkyl antibiotic compound is enriched two,
three, five, ten, one hundred, one thousand or ten thousand fold.

[00508] In further embodiments, the N N**-dialky! antibiotic compound is isolated. As used
herein, the term isolated indicates that the N N**-dialkyl antibiotic compound is enriched relative
to non-antibiotic compounds in 2 composition. For example, the N*> N**-dialky! antibiotic
compound can be enriched relative to a mixture in which the N'° ¥-dialky] antibiotic compound is
produced, for instance a mixture derived from a fermentation broth as described in the examples
below. In certain embodiments, the N> N -dialky! antibiotic compound is enriched two, three,
five, ten, one hundred, one thousand or ten thousand fold.

[00509] In still further embodiments, the N'° ¥'°-dialky! antibiotic compound is purified and
isolated. As used herein, the term purified and isolated indicates that the N° N*’.dialkyl antibiotic
compound is enriched relative to non- antibiotic compounds and relative to other dalbavancin
compounds in a composition. For example, the > N .dialky! antibiotic compound can be
enriched relative to a mixture in which the N° N dialky! antibiotic compound is produced, for

instance a mixture derived from a fermentation broth as described in the examples below. In ccrta.m
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embodiments, the N”, N Sediaikyi antibiotic compound is enriched two, three, five, ten, one
hundred, one thousand or ten thousand fold,

Methods of Making the Compounds of the Invention

[68510] The compounds of the invention can be made according to any method apparent to those
of skill in the art for preparing such N’° A -dialky! antibiotic compounds.

[$3511] For instance, in certain embodiments, an N'’ N’dialky! antibiotic compound or
composition of the invention can be prepared by alkylating the corresponding N*° -monomethyl
compound or composition by any technique apparent to one of skill in the art. For example, an N'.
monomethy! compound or composition can be methylated by contacting the compound or
composition with a mixture of HCHO, NaBH;CN, DMF, Hy0 and NaHOO: at room temperatuce as
illustrated in Scheme 1. In a particular embodiment, an N*° -monomethyl dalbavancin compound or
composition is dissolved in water and DMF, to which formaldehyde and sodium bicarbonate are
added followed by NaBH;CN to yield the N'* N'*~dimethy] antibiotic compound or composition,

/CH3 HCHO, NaBH,CN, /CHs
R—N DMF, H,0, NaHCO, . R-—N\
Mo RT CH,

Scheme 1

[00512] The corresponding N’ 5~monomethyl compound or composition can be prepared according
to published techniques, such as those described extensively in U.S. Patent No. 5,750,509 and U.S.
Patent Application Publication No. US 2004/0142883, the contents of which are incosporated by
reference in their entireties. To the extent that the compounds or compositions have protecting
groups on their N’ nitrogen, they can be removed by any technique known to the pcrsuh of skill in
the art.

[00513] Suitable starting materials include dalbavancin A, Ay, By, By, Cpand C; and antii;ioigic A
40926 factors Ag, Ay, By, By, Coand Cy. As shown in the examples below, N5 M’ _dimethy!
dalbavancin By was prepared from dalbavancin By according to this method. The preparation of
these dalbavancin compounds is described extensively in U.S. Patent Application Publication No.
US 2004/0142883. These dalbavancin compounds have the following structures:
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wherein R is as follows:

Dalbavancin Compound R
Ag -CH(CH;),
Ay ' -CH,CH>CH;
B -CH,CH(CH3),
B, -CH,CH,CH;CH;
Co ~CH;CH;CH(CH;),
Ci & -CH,CH,CH,CH»>CH;

[08514] In further embodiments, an N° N'°-dialkyl antibiotic compound of the invention can be
prepared from antibiotic A 40926 fermenta_tion broth. The fermentation broth comprising antibiotic
A 40926 and related compounds can be prepared according to techniques described, for example, in
U.S. Patent No. 5,750,509 and U.S. Patent Application Publication No. US 2004/0142883. The
broth can be purified to yield the desired antibiotic A 40926 comnpounds, which can be esterified,
amidated and hydrolyzed according to U.S. Patent No. 5,750,509 and U.S. Patent Application
Publication No. US 2004/0142883 to yield a mixture of dalbavancin compounds. N** N-dialky!
antibiotic compounds can be purified and/or isolated from the mixture according to any technique
apparent to those of skill in the art. In the examples below, HPLC techniques are used to purify N**
N"-dialkyl antibiotic compounds of the invention.
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Compositions

{00515} In another aspect, the present invention provides compositions comprising one or more
compounds of the invention. Generally, the compositions of the invention comprise 2 compound of
the invention and one or more other compounds. The other compounds can be compounds of the
invention, compounds known to those of skill in the art, compounds yet to be discovered or
published or other compdunds.

[08518] In certain embodiments, the compositions are pharmaceutical compositions, described in
more detail in the sections below.

{00317] In particular embodiments, the compositions comprise a N° N"‘S-diaikyi antibiotic

antibiotic A 40926 compound can be any dalbavancin or antibictic A 40926 compound known to
those .7 :kill in the art. Exemplary dalbavancin compounds inctude those described in U.S. Patent
Nao. 5,750,509 and U.S. Patent Application Publication No. US 2004/01 42883, the contents of
which are hereby incorporated by reference in their entireties. Exemplary antibiotic A 40926
compounds are described in U.S. Patent Nos. 4,935,238, 4,868,171 and 4,782,042, the contents of
which are hereby incorporated by reference in their entireties.
[00518] Exempilary dalbavancin compounds include dalbavancin Ag, Ay, Bo, By, Coand Cy. The
preparation of these dalbavancin compounds is described extensively in U.S. Patent Application
Publication No. US 2004/0142883. These dalbavancin compounds are further described in the
sections above. Of course, the compositions of the invention can comprise additional dalbavancin
compounds not listed among the exemplary dalbavancin compounds above.
{00519] In certain embodiments the compositions comprise multimers of compounds of the
invention. The multimers can be dimers, trimers or larger. The multimers can be homomultimers,
heteromultimers or a mixture of homomultimers and heteromultimers. For instance, the multimer
can comprise a combination of any of the factors present in the dalbavancin composition, ibcluding
any of dalbavancin factors Aq, Aj, B, By, By, Cq, Cy, De, Dy, MAG, or isoB. For example, the
multimer may comprise a N'-alkyl dalbavancin compound and a N*, N*dialky! dalbavancin
compéund. In certain embodiments, the present invention also provides homodimers of the
compounds of the invention. In further embodiments, the present invention provides heterodimers
of the compounds of the invention with dalbavancin compounds. The dalbavancin compounds can
be dalbavancins of the invention or dalbavancins known to those of skill in the art.
{60520} In certain embodiments, the compositions of the invention comprise a significant amount
of an N*° N*_dialky! antibiotic compound of the invention relative to dalbavancin or antibiotic A
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40926 compounds. In certain embodiments, relative to the dalbavancin or antibiotic A 40926
compounds, the N©° NB.dialkyl antibiotic compound of the invention is at least 0.05, 0.1, 0.15, 0.2,
0.25,0.5,0.75,1.0,1.25, 1.5, 1.6, 1.7, 1.75, 1.8, 1.9, 2.0, 2.5, §, 10, 15, 20, 25, 30, 40, 50, 60, 70,
80, 90, 95, 96, 97, 98 or 99% of the composition. In preferred embodiments, the compound is
according to formula (V).
[00521] In certain embodiments, the compositions of the invention comprise a significant amount
of an N** N”_dialkyl antibiotic compound of the invention relative to dalbavancin compounds. In
certain embodiments, relative to the dalbavancin compounds, the N N'’-dialky] antibiotic
compound of the inventicn is at least 0.05, 0.1, 0.15, 0.2, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.6, 1.7,
1.75,1.8, 1.9,2.0, 2.5, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 95, 96, 97, 98 or 99% of the
composition. In preferred embodiments, the compound is according to formula (V).
[06522] In certain embodiments, the compositions of the invention comprise a significant amount
of an N** N’-dialky! antibiotic compound of the invention relative to antibiotic A 40926
compounds. In certain embodiments, relative to the antibiotic A 40926 compounds, the N M.
dialky! antibiotic compound of the invention is at least 0.05, 0.1, 0.15, 0.2, 0.25, 0.5, ﬁ.?S, 1.0, 1.25,
-1.5,1.6,1.7,1.75, 1.8, 1.9, 2.0, 2.5, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 95, 96,97, 98 or
99% of the composition. In preferred embodiments, the compound is according te formuta (V).
[00523] In certain embodiments, the compositions of the invention comprise a significant amount
of an N*? N*'-dialky! antibiotic compound of the invention relative to other compounds. In certain
embodiments, the N 5, N”-dialkyl antibiotic compound of the invention is at least §.05, 0.1, 0.15,
0.2,0.25,05,0.75,1.0,1.25,1.5, 1.6, 1.7, 1.75, 1.8, 1.9, 2.0, 2.5, 5, 10, 15, 20, 25, 30, 40, 50, 60,
70, 80, 90, 95, 96, .97, 98 or 99% of the composition relative to other compounds. In preferred
embodiments, the compound is according to formula (V).
{08524] In further embodiments, the present invention provides compositions comprising
dalbavancin Ag, A, By, B;, Cp and C, together with an N'? N-dialky! antibiotic compound of the
invention wherein the amount of the compound of the invention is enriched relative to one or more
or all of dalbavancin Ag, Ay, Bg, By, Co and C,. The composition can be enriched, for example, so
that the N*° M°-dialky! antibiotic compound is at least 0.05, 0.1, 0.15, 0.2, 0.25, 0.5, 0.75, 1.0, 1.25,
1.5, 1.6, 1.7, 1.75, 1.8, 1.9, 2.0, 2.5, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 95, 96, 97, 98 or
99% of the composition relative to one or more or all of dalbavancin Ag, Ay, By, By, Coand C In
preferred embodiments, the compound is according to formula (V).
{90525] In certain embodiments, the present invention provides compositions comprising
dalbavancin By and an N*°, N'*-dialky] antibiotic compound of the invention. In further
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embodiments, the present invention provides compositions comprising dalbavancin B} and an
N N".dialkyl antibiotic compound of the invention. In further embodiments, the present
mventien provides compositions comprising datbavancin By, dalbavancin B, and an N** N/ ’-dialkyl
antibiotic compound of the invention. In preferred embodiments, the N™° ¥ -dialky! antibiotic
- compound of the invention is according to formula (V). In particularly preferred embodiments, the
present invention provides compositions comprising the compound of formula (V), dalbavancin Bg
and dalbavancin B;. These compositions can be purified, isolated or purified and isolated. In
certain embodiments, the compositions are 90, 91, 92, 93, 94, 95, 96, 97, 98, 98.5, 99 or 99.5 %
pure. By “pure” is meant that the compositions comprise that amount of the compounds of the
composition. For instance, the composition comprising the compound of formuia (V), dalbavancin
By and dalbavancin B; would comprise at least 90, 91, 92, 93, 94, 95, 96, 97, 98, 98.5, 99 0r 99.5 %
of the three compounds relative to other compounds in the composition. Purity can be assessed by
any means known to those of skill in the art such as HPLC, for instance by % ares under the curve.
[00526] In the compositions of the invention, the amount of each componert can be calculated by
weight, by molar amount or by any other technique known to those of skill in the art.
Methods of Use
[00527] Methods are provided for administration of a N'*, N*dialkyl antibiotic compound or
composition of the invention to an individual in need of treatment for a bacterial infection. In one
embodiment, the N, N'*-dialkyl antibiotic compound is according to formula (V). Treatment can
include prophylaxis, therapy, or cure. Methods include administration of a N NS -dialkyl
antibiotic compound or composition in a therapeutically or prophylactically effective amount.
[60528] As used herein, “therapeutically effective amount™ refers to the amount of a compound or
composition that, when administered to a subject for treating a disease, will render a desired
therapeutic outcome (e.g., reduction or elimination of 2 bacterial infection). A “therapeutically
effective amount” can vary depending on, inter alia, the compound, the disease and its severity, and
. the age, weight, erc., of the subject to be treated, and may be administered in one or more doses. A
“prophylactically effective amount” refers to an amount of a N'’, M’dialkyl antibiotic compound or
composition sufficient to prevent or reduce severity of a future bacterial infection when
administered to an individual who is susceptible to and/or who may coniract a bacterial infection,
e.g., by virtue of a medical procedure or stay in the hospital, or exposure to an individual with a
bacterial infection. A N’ N'’-dialkyl antibiotic compound or composition can be administered in 2
pharmaceuﬁéally acceptable carrier.
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[60529] A N’ N'’.dialkyl antibiotic compound or composition can be administered as a “unit
dose™ in a N’ N -dialky! antibiotic formulation which includes an amount of the compound
sufficient to provide a therapeutically or prophylactically effective plasma level of the compound
for several days, at least about 5 days, one week, or 10 days, when administered to an individual. In
some embodiments, the compound is according to formula (V). In some embodiments, the
compound is a component of a formulation, which includes an amount of the compound sufficient
to provide therapeutically or prophylactically effective level of the compound for several days,
ofien at least about 5 days, one week, or 10 days. The dosing interval, or time between doses, can
be, for example, any of about 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25, or more days.
[00530] As used herein, the terms “individual” or “subject™ or “patient™ are used interchangeably
and refer to a vertebrate, typically a mammal, often 2 human.
[00531] In addition, a compound or composition of the invention can be formulated with a
stabilizer that inhibits degradation of the compound, the composition, and/or one of more other
NP N *-dialky! antibiotic or other antibiotic components present in the composition. In some
embodiments, the stabilizer is selected from the group consisting of mannitol, lactose, sucrose,
sorbitol, glycerol, cellulose, trehalose, maltose, raffinose, and mixtures thereof, In one
embodiment, a formulation comprises mannitol. In another embodiment, a formulation further

_ comprises lactose. In one embodiment, the composition can be formulated with a 1:2 weight ratio
of mannitol: N, N*.dialky] antibiotic compound. In another embodiment, the composition can be
formulated with a 1:1:4 weight ratio of mannitol:lactose: N> N**-dialky! antibiotic compound.
[00532] In some embodiments, a composition or other formulation comprises a N> N’ ~dimethyl
antibiotic compound, & dalbavancin compound, or a combination thereof. A composition or other
formulation can be administered at a dosage that resuits in therapeutically effective (ie.,
bactericidal) plasma levels of the drug for several days, often at least about 5 to about 10 dhys, often
at least about one week. For example, N’ N'*-dialkyl antibiotic compounds or compositions can be
maintained in plasma at or above the minimum bactericidal concentration of about 4 mg/l for at
least 5 days. N'’,N"-dialkyl antibiotic compounds or compositions can be maintained at a plasma
level of at least about 5 mg/l, at least about 10 mg/l, at least about 20 mg/l, at least about 30 mg/L; at
least about 40 mg/l, for at least 5 days, at least about one week or longer. Plasma levels of N5 M-
dialkyl antibiotic compounds or compositions can be measured by methods that are well known in

the art, such as liquid chromatography, mass spectrometry, or microbiological bioassay.

148



[06533] Upper limits for N, N”.dialkyt antibiotic compound or composition plasma concentration
levels can be dictated by dosages that inhibit unacceptable adverse effects in the patient population
treated.
[00534] A N N -dialkyl antibiotic compound or composition can be administered in a single
dese or in multiple doses. When administered as a single dose, a A, N’ ’dialky! antibiotic
compound or composition can be formulated o contain a sufficient amount of the NB N Gialkyt
antibiotic compound(s) to effect antibacterial properties in vivo for at least 5 days, alternatively for
at least 6 days, a!tcmativcly_for at }eaﬁ 7 days, alternatively for at least 8 days, alternatively for at
least 9 days, alternatively for at least 10 days, alternatively for at least 11 days, alternatively for at
least 12 days, alternatively for at least 13 days, alternatively for at least 14 days, alternatively for at
least 15 days. _
[00535] When multiple doses are employed, a N °. N dialkyl antibiotic compound or.composition
can be administered weekly for two or more weeks. In one embodiment, a N S,Mj-dialkyl
antibiotic compound or composition can be administered in at least two doses, often in two doses
about 5 to about 10 days apart, more often once a week for two weeks. In certain embodiments,
such 2 regimen provides significant advantages over conventional antibiotic treatment protocols.
[06536] A N N"-dialkyl antibiotic compound or composition can also be administered in
multiple doses two or more days or at least one week apart, or in one or more biweekly doses, In
some embodiments, a ¥'°, ¥-dialky! antibiotic compound or composition can be administered
weekly, followed by biweekly, or monthly administration. In some embodiments, a N j,fv"'s-diaikyi
antibiotic compound or composition can be administered at weekly intervals for 2, 3, 4, 5, 6, or
more weeks.
{60537} Most advantageously, daily dosing of a & *,N**-dialky! antibiotic compound or
composition is not required because higher, less frequent doses can be used. Single or multiple
doses can range, for example, from about 0.1 to about 5 grams. A single dose of about 0.1 to about
4 grams, e.g., about 3 grams, can be administered for various infection treatments. Where mui'tiplc
doses are édministered, for example, weekly, each dose can range, for example, from about 0.25 to
about 5 grams.
106538] For embodiments in which a single dose can be administered to treat an infection, the
amount of the dose can be, for example, about (.1 to about § grams, or about 0.5 to about 4 grams,
or about 1 to about 3.5 grams, or about 2 to-about 3 grams, e.g., about 3 grams. In some
embodiments, a single dose of about 1, 1.5, 2, 2.5, or 3 grams can be administered for treatment of 2
bacterial infection. For embodiments in which a single dose can be administered for prophylaxis,
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the amount of the dose may be, for example, about 0.1 to about 3 grams, or about 0.1 to about 1
gram, e.g., about 0.5 or about (.25 gram.

[60539] In dosing schemes that include multiple dosages, the individual dosages may be the same
or different. In some embodiments, a first, higher dose can be administered, that can be, for
example, about 1.5 to 3 times higher, than one or more subsequent doses. For example, the first
dose may be about 0.5 grams to about § grams and the second dose about 0.25 grams to about 2.5
grams, the first dose may be about 0.8 to about 2 gram and the second dose about 0.4 to about 1
gram, or the first dose may be about 0.4 to about 3 gram and the second dose about 0.2 to 1.5 gram.
[60540] In some embodiments, at least two dosages are administered wherein the first dosage
includes about twice as much of a N** N/ S_dialkyl antibiotic compound or composition as
subsequent dosages. In an embodiment, a first dosage includes about 1 gram of the N*, N’ -diaiky!
antibiotic compound or composition and a subsequeit dosage of about 0.5 gram. In another
embodiment, a first dosage includes about 0.5 gram and a subsequent dosage of about 6,25 gram.
[00541] In some embodiments, a N**, N*’dialkyl antibiotic compound or composition can be
administered in two doses of equal or different amounts two or more days or at least about one
week apart. For example, two doses of about 0.2 to about 1.5 grams of a N'* N> -dialkyl antibiotic
compound or composition can be administered about 5 to about 10 days apart, or about 1 week
apart. In one embodiment, a first dosage of about 1 gram and a second dosags of about 0.5 gram of
a N’-dialky antibiotic compound or composition can be administered about 1 week apart.

106542} In a muitiple dosing regimen, the time between doses may range, for example, from about
5 to about 10 days, often about one week. Dose frequency can be, for example, two weekly doses,
or multiple weekly doses. The dosing interval, or time between doses, can be, for example, any of
about 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, or more days.
The number of doses given, can be, for example, one, two, three, four, five, six ot more doses, each
dose after the initial dose being given after the selected dosage interval.
100543] In the multiple dosing schemes of certain embodiments, the “ough level,” or the level of
a N, N"'_diaikyl antibiotic compound or composition in plasma after a first dose, and just prior to
administration of a second dose, can be at least about 4 mg/l. The trough level of N*° ¥ -dialkyl
antibiotic compound or composition at the end of a dosiag interval such as about one week can be
at least about 20 mg/l, at least about 30 mg/l, or at least about 40 mg/l.

[00544] A N N"_dialkyl antibiotic compound or composition can be administered parenterally,

4

¢.g., inframuscularly (i.m.), intravenously (i.v.), subcutaneousty (s.c.), intraperitoneally (i.p.), or
intrathecally (i.t.). The dosing schedule and actual dosage administered may vary depending on
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such factors as the nature and severity of the infection, the age, weight, and general health of the
patient and the tolerance of a particular patient to the N N’ S dialky! antibiotic compound or
composition, but will be ascertainabie to health professionals. In one embodiment, a one gram
intravenous dose of a NV M'* -dialkyl antibiotic compound or composition can be followed bya(.5
gram intravenous dose one week later.

{00545] Administration and delivery of the drug to the patient, e.g., intravenously, can be done at a
controlled rate, so that the concentration in the blood does not increase too quickly or canse
precipitation to occur. In some embodiments, a N, N**-dialkyl antibiotic compound or composition
can be administered at an appropriate rate such that the drug forms a complex with endogenous
protein(s) in the bloodstream. Without intending to be bound to a particular theory, it can be
believed that endogenous protein, such as human serum albumin, can form a complex in vive with
one or two molecules of a N, N”-dialkyl antibiotic compound. When a sufficient amount of

N”, N"_dialkyl antibiotic composition is present, up to two molecules of N° N".dialkyl antibiotic
compound can bind to the endogenous protein, and this complex can be formed by binding of
separate N'’, N’-dialkyl antibiotic compounds at two different binding sites. Alternatively, it is
possible that dimeric N**, M ’-dialkyi antibiotic can bind to 2 single binding site on the endogenous
protein. :

[80546] The infusion duration of the N’ N"*-dialkyl antibiotic compound or composition can be,
for example, about | minute to about 2 hours, For example, an infusion duration of about 30
minutes can be used with a N, N°-dialkyl antibiotic compound or composition, and the dose can
be about 0.5 to about 1 gram. Intravenous administration under controlled rate conditions can
generate concentrations of N N -diatkyi antibiotic compound or composition in the body that are
in great excess of what can be achieved in the solution phase at physiological pH in vitro. Although
not wishing to be limited by theory, this may be due to the formation of a complex of N'°. M- |
dialkyl antibiotic with endogenous protein(s) such as serum albumin, which may increase the
capacity of plasma to absorb the N'”, N”-dialkyl antibiotic compound or composition. '
[00547] .In certain embodiments, formation of a N'*, N**-dialkyl antibiotic complex in vitro or ex
vivo can permit faster administration, such as at least about | minute, at leasf about 10 minutes or at
least about 20 minutes. Such a complex can be achieved by mixing human serum albumin and/or
another endogenous protein with a N'°, V" -dialky! antibiotic compound or composition, thereby
forming the complex ir vitro or ex vivo, and then administering this complex to the treated patient.

Alternatively, the human serum albumin or other endogenous protein may be obtained from
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autologous sources or by expression from a microorganism modified to contain the gene for the
protein.

[60548] The amount of the N'° N**-dialky] antibiotic compound or composition administered can
be any of the dosages disclosed herein. The dose can be chosen such that one or more N'* N>.
dialky! antibictic compounds will remain at a therapeutically or prophylactically effective (i.e.,
bactericidal) plasma level for an extended period of ﬁme, such as at least 5 days, or about one week
or longer. Administration of 2 dose of a N> N’ -dialky! antibiotic compound or composition which
~ produces and maintains bactericidal concentrations for at least about one week (or about 5 to about
10 days) are preferred. A bactericidal concentration can be defined as the concentration of a

N, N**_dialky] antibiotic compound or composition required to kill at least about 80%, at least
about 85%, at least about 90%, or at least about any one of 95%, 96%, 97%, 98% aor 99% of the
bacteria present at the initiation of an in virro experiment over a 24 hour period. A minimum
bactericidal concentration of a N, N**-dialky! antibiotic cornpound or composition in plasma can be
about 4 mg/i.

106549] Examples of indications that can be prevented or treated using the N>, N'-dialkyl
antibiotic compounds, compositions, and methods of the invention include both complicated and
uncomplicated SSTis, blood stream infections (BSI), catheter-related blood stream infecﬁons
(.CRBSI), ostecmyelitis, prosthetic joint infections, surgical prophylaxis, endocarditis, hospital or
community acquired pneumonia, pneumococcal pneumonia, empiric treatnent of febrile
neutropenia, joint space infections, and device infections (e.g., pace makers and internal cardiac
defibrillators). Gram-positive or antibiotic-resistant bacterial infections.can be prevented or treated,
such as a Bacillus, Corynebacteria, Listeria, Enterococcus, Staphylacoccus, Streptococcus,
Neisseria, or Clostridium genus infection, in particular Staphylococcus aureuk,.Sraphylococcus
epidermidis, Staphylococcus hemolyticus, Streptococcus pyogenes, Streptococcus preumoniae,
Groups A and C Streptococcus, Enterococcus faecalis, Bacillus subtilis, Neisseria gonorrhoeae, or
Clostridium difficile. Other infections that can be prevented or treated using the N'°, N*-dialkyl
antibiotic compounds, compositions, and methods of the invention include gram negative bacterial,
such as a Bartoneila, Brucella, Campylobacter, Enterobacter, Escherichia {as well as other
Proteobacteria), Francisella, Helicobacter, Hemophilus, Kiebsiella, Legionella, Leptospira,
Morganella, Moraxella, Proteus, Providencia, Pseudomonas, Salmonella, Serratia, Shigella,
Stenotrophomonas, Vibrio, and Yersinia genus infection, in particular Escherichia coli, Proteus

vulgaris, Pseudomonas aeruginosas, and yeast, such as Candida albicans, infections.
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{00550] The invention also encompasses the prevention or treatment of other infectious bacteria
using the compounds, compositions, and methods of the invention, such as Helicobacter pvloris,
Borelia burgdorferi, Legionella pneumophilia, Mycobacteria sporozoites (sp.) (e.g. M. tuberculosis,
M. avium, M. intracellulare, M. kansaii, M, gordonae), Neisseria meningitidis, Listeria
monocytogenes, Streptococcus pyogenes (Group A Streptococeus), Streptococcus agalactiae
(Group B Streptococcus), Sireptococcus (viridans group), Streptococcus bovis, Streptococcus
(anaerobic sps.), pathogenic Campylobacter sp., Enterococcus sp., Haemophilus influenzae,
Bacillus antracis, Corynebacterium diphtheriae, Corynebacterium sp., Erysipelothrix
rhusiopathiae, Clostridium perfringens, Clostridium tetani, Enterobacter aerogenes, Klebsiella
pneumoniae, Pasturella multocida, Bacteroides sp., F usobacterium nucleatum, Streptobacillus
moniliformis, Treponema pallidium, Trepanema pertenue, Leptospira, and Actinomyces israelli
infection.
[68551] The prevention and treatment of infections and disorders described herein may be
accomplished using the compounds, compositions and methods of the invention. In one
embodiment, the N'* N 3. dialkyl antibiotic compound is according to formula (V). In some
embodiments, the subject has not previously been treated with one or more antibiotics, such as
vancomycin, or teicoplanin. In other embodiments, the subject has not been previously treated with
a N N3 -dialkyl antibiotic compound or composition. In some embodiments, the patient has
previously been tested for bacterial resistance to an antibiotic. In other embodiments, the patient
has not been previously tested for bacterial resistance to an antibiotic.
[00552] The invention also encompasses methods for the prevention or treatment of SSTIs.
Patients who may benefit from this prevention or treatment may have either deep or superficial
infections. SSTImay involve deeper soft tissue and/or require significant surgical intervention,
such as for example 2 major abscess, infected ulcer, major burn, or deep and extensive celluiitis.
Infected surgical wounds may also be prevented or treated. !
[08553] The clinical presentation of skin and skin structure infection may vary from mild
folliculitis to severe necrotizing fasciitis. The mode of acquisition may also vary with community-
acquired skin and skin structure infections, which are often preceded by injuries resulting from
occupational exposure or recreational activities, and are usually associated with a greater diversity
of pathogens. Hospital-acquired skin and skin structure infections are generally associated with
surgical procedures, the development of pressure sores, and catheterization. Post-surgical
infections are the third most frequent nosocomial infection and account for 17% of all nosocomial
infections reported to the National Nosocomial Infection Surveillance System (NNIS).' The most
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frequent source of infection can be the patient’s endogenous flora. Staphylocoecus aureus,
coagulase-negative staphylococci, and Enterococcus spp. are the pathogens most frequently isolated
from SSTIs.
{00554] Symptoms of SSTI infections can include erythema, tenderness or pain, heat or localized
warmth, drainage or discharge, swelling or induration, redness, or fluctuance. Patients that may
benefit from treatment with the methods of the invention include those with deep or complicated
infections or infections that require surgical intervention, or patients with underlying diabetes
meilitus or peripheral vascular disease. These infections are often caused by Gram-positive bacteria -
such as Staphylococcus or Streptococcus species, such as Staphylococcus aureus or Streptococcus
Ppyogenes. Methods for treatment of a skin or soft tissue bacterial infection include administering a
therapeutically effective amount of 2 N, N*’.dialky! antibiotic compound or composition to an
individual in need of treatment, in an amount and according to a dosing regime as discussed above.
In one embodiment, the N'*, N'’-dialkyl antibiotic compound is according to formuta (V). In one
embodiment, a N’ N"-dialkyl antibiotic compound or composition is administered intravenously
in two doses, about 5 to about 10 days apart, or about 1 week apart. In some embodiments, the first
dosage includes at least twice as much of the a N”*, N*°-dialkyl antibiotic compound or composition
as the second dosage. In one embodiment, the first dosage is about 1000 mg and the second dosage
is about 500 mg. '
[00555] As is understood by those skilled in the art, the dosing methods described herein can vary
depending on, inter alia, the compound, the disease and its severity, and the age, weight, etc., of the
subject to be treated, but are ascertainable by a physician without undue experimentation.
{00556] The invention also encompasses methods for prophylactic prevention of the onset of a
bacterial infection, for example an infection caused by Staphylococcus aureus, or by a Neisseria or
Clestridium genus bacterium. In a prophylactic method of the invention, a prophylactically
effective amount of a N'>, N**-dialky! antibiotic compound or composition is administered fo an
individual who may be susceptible to contracting a bacterial infection, for example, through a
medical procedure. The M, N°-dialkyl antibiotic compound or composition can be administered in
an amount sufficient to provide a prophylactically effective plasma level for at ieast about 1 day, at
least about 3 days, at least about 5 days, or at least about one week or longer. The N>, N-dialkyl
antibiotic compound or composition can be administered, for example, parenterally, e.g., via i.m.,
i.v, ip., s.c., or it injection, prior to, subsequent 1o, or at the same time as surgery as a preventative
step against infection. The N'°, ¥*-dialky! antibiotic compound or composition can be administered
immediately prior or subsequently to, one or more days or about one week prior or subsequently to,
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or during an invasive medical procedure such as surgery or a stay in a medical care facility such as
a hospital to prevent infection. A prophylactic method can be used in any situation in which it can
be possible or likely that an individual may contract a bacterial infection, including situations in
which an individual has been exposed to or cen be likely to be exposed to a bacterially infected
individual. For prophylactic methods, N'* N ?dialkyl antibiotic compound or composition can be
administered as either a single dose or as two or more doses of equal or different amount that are
administered several days to about one week apart. In one embodiment, a N'° N** ~dialky! antibiotic
compound or composition can be administered prior to or simultaneously with insertion of an
intravenous catheter in order to prevent a bloodstream related infection. In one embodiment, the
NP N 5-dialkyl antibiotic compound is aaccording to formula (V).
[08557] For prophylactic methods, a N*° N S-dialkyl antibiotic compound or composition can be
administered in 2 single dose or in muitiple doses, according to any of the dosing schemes described
above. A ¥ N’.dialkyl antibiotic compound or compasition can be administered as a single dose
comprising about 0.1 to about 3 grams, or about 0.1 to about | gram, e.g., about 0.25 gram or about
0.5 gram. In one embodiment, a single dose of about 0.25 gram can be administered intravenousty
over a time frame of about 2 minutes to about 1 hour, e.g.. about 30 minutes. In another
embodiment, the N”, N’-dialky! antibiotic compound or composition can be administered
intravenously simultaneously with administration of another pharmaceutical (e.g., antibiotic)
treatment. :
[08558] In any of the therapeutic or prophylactic methods described above, the NY N _dialkyl
antibiotic compound or composition can be administered either simultaneously or séquentiaily with
at least one other antibiotic. In some embodiments, at least one other antibiotic that can be effective
(e.g., bactericidal) against one or more Gram-negative bacterial species and/or a Gram-positive
bacterial strain against which the ', N*-dialkyl antibiotic compound is not effective can be
administered in addition to the N, N'*-dialkyl antibiotic. In some embodiments, N, N**~diaikyl
antibiotic compound and at feast one antibiofic that can be effective (e.g., bactericidal) againsf at
Ieast one Gram-negative bacterial species can be administered as a mixture in the dalbavancin
composition. |

Pharmaceutical Compositions
[00559] The invention provides pharmaceutical compositions formulated for administration of a
N 5,N’ ’ -dialkyl antibiotic compound or composition according to the methods described sbove,
Pharmaceutical compositions of the invention can be in the form of 2 unit dose of NN dialiyt
antibiotic compound or composition that includes an amount of 8 N>, ¥° ~dialkyl antibiotic
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compound or composition sufficient to provide a therapeutically or prophylacticaily effective
plasma Jevel of the N’ N’ -dialky! antibiotic compound or composition for several days, at least
about 3 days, at least about 5 days, or at least about one week or longer when the compound or
composition is administered to an individual, and a pharmaceutically acceptable carrier. A
therapeutically or prophylactically effective plasma levei of N'°, N’-dialkyl antibiotic compound or
composition can be at least about 4 mg per liter of plasma, Plasma levels of N'> N .dialkyl
antibiotic compound or composition can be measured by methods that are well known in the art,
such as liquid chromatography, mass spectrometry, or microbiological bioassay. As is known by
those skilled in the art, levels of other N'*, N'°~dialkyl antibiotic compounds or compositions in the
serum can be quantitated in the serum using similar methodologies.
{06560] N'’,N**-dialkyl antibiotic compounds and compositions, can optionally be in 2
pharmacecutically acceptable form for administration to an individual, for example, as a
pharmaceutically acceptable, non-toxic salt.
[06561] Examples of suitable salts of a N'*, N"’-dialkyl antibiotic compound include salts formed
by standard reaction with both organic and inorganic acids such as, for example, hydrochloric,
hydrobromic, sulfuric, phosphoric, acetic, trifluoroacetic, irichloroacetic, succinic, citric, ascorbic,
lactic, maleic, glutamic, camphoric, glutaric, giycolic, phthalic, tartaric, lauric, stearic, salicylic,
methanesulfonic, benzenesulfonic, sorbic, picric, benzoic, cinnamic, and the like acids.
Representative examples of bases that can form salts with-dalbavancin include alkali metal or
atkaline earth metal hydroxides such as sodium, potassium, calcium, magnesium, and barium
hydroxide, ammonia and aliphatic, alicyclic, or aromatic organic amines such as methylamine,
dimethylamine, diethylamine, ethanolamine, and picoline. (See, for example, U.S. Pat. No.
5,606,036.)
[00562] In some embodiments, a pharmaceutically acceptable aqueous formulation of a NN
éiialkyl antibiotic compound or composition can be provided that is suitable for parenteral *
administration, such as, for example, intravenous injection. In one embodiment, the N'* N -c'iialkyl
antibiotic compound is according to formula (V). For preparing such an aqueous formulation of a
N2, N**_dialkyl antibiotic compound or composition, methods well known in the art may be used,
and any pharmaceutically acceptable carriers, diluents, excipients, or other additives normally used
in the art may be used. In one embodiment, a pharmaceutically acceptable aqueous formulation for
intravenous injection includes 5% dextrose.
{00563] A pharmaceutical composition for parenteral administration comprises a N>, N**-dialkyl
antibiotic compound or composition and a physiologically acceptable diluent such as detonized
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water, physiological saline, 5% dextrose, water miscible solvent (e.g., ethyl alcohol, polyethylene
glycol, propylene giycol, etc.), non-aqueous vehicle (e.g., oil such as corn oil, cotronseed oil, peanut
oil, and sesame oil), or other commonly used diluent. The formulation may further comprise a
solubilizing agent such as polyethylene glycol, polypropylene glycol, or other known solubilizing
agent, buffers for stabilizing the solution (e.g., citrates, acetates, and phosphates) and/or
antioxidants (e.g., ascorbic acid or sodinm bisulfite) (See, e.¢., U.S. Pat. No. 6,143,739). Other
suitable pharmaceutical carriers and their formulations are described in “Remington’s
Pharmaceutical Sciences” by E. W. Martin. As is known in the art, pharmaceutical preparations of
the invention can also be prepared to contain acceptable levels of particulates (e.g., particie-free)
and to be non-pyrogenic (e.g., meeting the requirements of an injectable in the U.S. Pharmacopeia).
{00564] In one embodiment, a pharmaceutical composition is provided by dissolving a dried (e.g.,
lyophilized) dose of a N, A’-dialkyl antibiotic compound or composition, often comprising a
stabilizer or mixture of stabilizers, in an amount of water and preferably deionized waterin a
volume sufficient for solubilization. For example, the amount of water sufficient for solubilization
can be approximately 10 mL and the resulting pH can be above 3.0, and about 3.5 to 4.5. Diluting
this solution by adding it to a second amount of an agueous diluent, containing 5% dextrose, such as
an amount contained in a drip bag for intravenous administration, can raise the pH of the solution
to about 5 to 5.5. In another embodiment, the pH of the solution in a drip bag can be about 4.5.
The second amount of aqueous solution can be deionized or sterile, or both deionized and sterile. In
one embodiment, the aqueous diluent is 5% dextrose. Other solubilization methods, and the
N**, N’ _dialky! antibiotic formulations thereof, will be readily apparent to those skilled in the art.
[08365] Pharmaceutical compoesitions for parenteral administration can be made up in sterile vials
containing one or more unit doses of the N'*, N°-dialky! antibiotic compound or composition it a
therapeutically or prophylactically effective amount as described above, optionally including an
excipient, under conditions in which bactericidal effectiveness of N’ ¥'*-dialky! antibiotid
compound or composition can be retained. The compound or composition may or may not be in the
form of a dry (e.g., lyophilized) powder. Prior to use, a physiologically acceptable diluent cﬁn be
added and the solution withdrawn via syringe for administration to a patient. A pharmaceutical
formulation as described above can be sterilized by any acceptable means including, for example, e-
beamn or gamma sterilization methods, or by sterile filtration.
[06566] A formulation for parenteral administration can include the N** N'-dialkyl antibiotic
compound or composition at a concentration such as about 0.1 to about 100 mg, about 0.5 to about
50 meg, about 1 to about 10 mg, about 1 to about 5 mg, or about 2 to about 4 mg of the N', ¥~
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dialkyl antibiotic compound or composition per ml of final preparation. In one embodiment, the
N N"-dialkyt antibiotic compound is according to formula (V).
[08567] In some embodiments, a pharmaceutical composition in accordance with the invention
comprises a mixture of a N'*, ¥’ -dialkyl antibiotic compound or composition and one or more
additional antibiotics. Preferably, at icast one non-dalbavancin antibiotic in the mixture can be
effective (e.g., bactericidal) against one or more species of Gram-negaiive bacteria, such as, for
example, azthreonam, and/or against one or more Gram-positive bacterial strains against which the
N",N"dialkyl antibiotic compound or composition can be not effective, such as, for example,
ilnezolide or daptomycin. The mixture can also include a pharmaceutically acceptable carrier as
described above. In some embodiments, the pharmaceutical composition comprises a N N*5. |
dialky! antibiotic compound or composition and one or more additional antibiotics. In some
embodiments, the N’ N*-dialky! antibiotic composition comprises 2 N ¥ ’-dnmethyl antibiotic
compound according to formula (V).
[60568] In some embodiments, pharmaceutical compositions of the invention comprise one or
more stabilizing substances that inhibit degradation of one or more N** N"*-dialky! antibiotic -
compounds to less aéﬁve or inactive materials. As used herein, “stabilizing substance” or
“stabilizer™ refers to a substance that stabilizes the level of one or more N, N”’_dialkyl antibiotic
compounds present in the composition. A “stabilizing effective amount” refers to an amount of &
stabilizer sufficient to enhance long-term stability of one or more N*° N'*-dialky! antibiotic
compounds that can be present in the composition that can be present in the composition. ‘In some
embodiments, a stabilizing effective amount may be provided by a mixture of two or more
stabilizing substances, each of which alone can be not present in an amount sufficient to prcmdc a
stabilizing effect.
[00569] Examples of stabilizers include, for example, nonionic substances such as sugars, e.g.,
mono-, di-, or polysaccharides, or derivatives thereof, sugar alcohols, or polyols. Such stabilizing
substances include, for example, mannitol, lactose, sucrose, sorbitol, glveerol, cellulose, treha.fose,
maitose, raffinose, or mixtures thereof,
[00570] In one embodiment, a N'* N'*-dialky! antibiotic formulation comprises mannitol, In
another embodiment, a N’ N'*-dialkyl antibiotic formulation further comprises lactose, In one
embodiment, the N, N"*diatky! antibiotic composition is formulated with a 1:2 weight ratio of
mannitol: N, N**-dialkyl antibiotic compound. In another embodiment, the N N’ -dialkyl
antibiotic compasition is formulated with a 1:1:4 weight ratio of mannitol:lactose: %, ¥’ gialkyl
antibiotic compound. A combination of mannitol and lactose can provide a greater stabilizing
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effect than either substance alone. The pH of a pharmaceutical composition of the invention can be,
for example, about 2 to about 9, alternatively from about 3 to about 8, alternatively from sbout 4 1o
about 7, alternatively from about 5 tc about 6, alternatively from about 3.5 to about 4.5. The pH of
a pharmaceutical composition of the invention can also be, for example, less than about 9,
alternatively less than about §, alternatively less than about 7, alternatively less than about 6,
alternatively less than about 5, or alternatively less than about 4. The pH of a pharmaceutical
composition of the invention can also be, for example, greater than about 2, greater than about 3,
alternatively greater than about 3.5, alternatively greater than about 4, alternatively greater than
about 4.5, alternatively greater than about 5.0, alternatively greater than about 5.5, alternatively
greater than about 6.0, alternatively greater than about 6.5,0r alternatively greater than about 7.0,
[08571] In some embodiments, one or more procedures can be employed to reduce formation of
MAG (a derivative of a N N 5-dialky1 antibiotic compound of the invention or a dalbavancin
compouﬂd lacking an acylglucoronamine moiety) and/or other degradants. For example, freeze
drying of a N** N *-dialky! antibiofic compound or composition in the presence of a stabilizing
substance, such as mannitol, can be empioyed to reduce the amount of MAG formed.
[00572] Storage of N’ ¥'*-dialky] antibiotic compounds and compositions can be at lower than
ambient temperature, such as at about 5°C, to enhance stability.
[00573] Weekiy dosing of a N’ N'/_dialky} antibiotic compound or composition at high dosage
levels (i.e., resulting in surprising high and leng-lasting serum levels) can show a surprisingly good
safety profile, similar to, or better than, that observed with the standard therapy of lower doses of
conventional antibiotics administered daily or even 2-4 times daily, as demonstrated by the
Exampies herein. A high dosage (i.e., resulting in high and long-lasting serum levels, e.g. 200-5000
mg) of a N* N"*.dialky! antibiotic compound or composition can be administered, with less
frequency than other antibiotics, and without adverse side effects, enabling improved efficacy and
patient compliance. : : ' ,
[66574] In certain embodiments, treatment with a N”,Nts-dialkyl antibiotic composition resn.'tlts n
a low incidence of adverse events. Serious adverse events include any adverse drug experience
occurring at any dose that results in death, can be life-threatening, results in hospitalization or
prolongation of existing hospitalization; or persistent or significant disability or incapacity.

Kics )
[80575] The invention also encompasses kits for use in methods of treatment or prophylaxis of
bacterial infections. The kits can include a pharmaceutical compound or composition of the
invention, for example comprising at least one unit dose of a N'3 N 3-dialkyl antibiotic compound
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or composition, and instructions providing information to a health care provider regarding usage for
treating or preventing a bacterial infection. Instructions may be provided in printed form or in the
form of an electronic medium such as a floppy disc, CD, or DVD, or in the form of & website
address where such instructions may be obtained. A unit dose of a N”°, N"-dialkyl antibiotic
compound of compasition can include a dosage such that when administered to an individual, a
therapeutically or prophylactically effective plasma level of a N’ N"-dialkyl antibiotic compound
or composition can be maintained in the individual for at least 5 days. In some embodiments, a kit
includes two unit dosages to be administered at ieast 5 days apart, about one week apart, or
including a first dosage of a NP N**_dialkyl antibiotic compound or composition that can be about
1.5 to about 3 times higher than the second dosage. In some embodiments, & N*°, V"’ dialkyl
antibiotic compound or composition can be inchided as a sterile agueous pharmaceutical
composition or dry powder (e.g., lyophilized) composition. In one embodxment, the N, N°_diatkyl
antibiotic compound is according to formula (V).

[60576] In some embodiments, suitable packaging is provided. Asused herein, “packeging” refers
to a solid matrix or material customarily used in a system and capable of holding within fixed limits
a N'°, N*gialkyl antibiotic compound or compeosition suitable for administration to an individual,
Such materials include giass and plastic (e.g., polyethylene, polypropylene, and polycarbonate)

" bottles, vials, paper, plastic, and plastic-foil laminated envelopés and the like. If e-beam
sterilization techniques are employed, the packaging should have sufficiently low density to permit
sterilization of the contents. _

[00577] Kits can also optionally comprise equipment for administration.of the a N*, N’ -dialkyi
antibiotic compound or composition, such as, for example, syringes or equipment for intravenous
administration, and/or a sterile solution, e.g., a diluent such as 5% dextrose, for preparing a dry
powder (e.g., lyophilized) composition for administration.

[00578] Kits of the invention may also comprise in addition to the a N™*, N*~dialkyl antibibtic
compound or composition, a non-dalbavancin antibiotic or mixture of non-dalbavancin antibiotics,
for use with the a _N"’,N” -dialkyl antibiotic compound or composition as described in the methods
above.

[00579] The following synthetic and biological examples are offered to illustrate this invention and

are not to be construed in any way as limiting the scope of this invention.

EXAMPLES
{80586} Example 15: Purification of N> N”’-dimethy! dalbavancin Bg
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[00581] The preparation of A-40926 and subsequent synthesis of dalbavancin is described above.
The instant example describes the purification of the AV ? N"_dimethy! antibiotic compound
according to formula (V), i.e. N N ’-dimeﬂlyl dalbavancin By, from a mixture of dalbavancin
compounds prepared according to the invention. As will be apparent to those of skill in the art, N**
N”_dimethyl dalbavancin By is a modified dalbavancin B with two methyl groups on ¥'°. For the
purposes of this example and following exampies, N° N’ *-dimethyl antibiotic By is referred to as
“Compound A;’ in the sections where the compound has yet to be fully characterized. Also, for
convenience in later sections, & o i -dimethy! dalbavancin By is referred to as dalbavancin B,,
N N"_dimethyl antibiotic By, dalbavancin Bs and Compound A are the same molecule.
[00582] Sample preparation
{06583] About 2 L of organic-agueous solution from a purification of dalbavancin prepared
according to the methods herein were concentrated by acetonitrile and water evaporation under
vacuum. Adding diethyl ether to the residual afforded 6g of crude solid. After dissolution in a
mixture water/acetonitrile 90/10 v/v the solid was purified on silanized silica gel (bed volume 1L;
column id=5cm) using a water (pH 3 acetic acid)/acetonitrile step-gradient elution. The compound
A containing fractions were pooled, concentrated to small volume (few mi) and submitied to
preparative HPLC purification.
[00584] The enriched fractions were collected. After acetonitrile evaporation under vacuum and
lyophilization a few ug of compound A were recovered.
[00585] Example 16: ldentification of the N'° Amine Substituents of Compound A
[06586] Compound A has a molecular weight of 1828 Da, 14 units more than dalbavancin
components Bo and By (M.W. 1814), HPLC-ESI-MS analysis demonstrated that unlike the other
cemponents of the complex, the variation is on the termina) amino group at N, _
[08587] Other dalbavancin compounds, possessing a methylamine group (R-NHCH;) show in their
fragmentation mass spectra (ESI-MS/MS) a neutral Joss of 31 units (-NH;CH;). The fragmentation
spectrum of Compound A shows a loss of 45 units instead of 31 units, This type of neutral loss can
be explained by two structural hypotheses: ¥'’could be a N, N-dimethylamine group (R-N(CHs)a,
tertiary amine) or a N-ethylamine group (R-NHCH,CHj, secondary amine).
[00588] HPLC-ESI-MS analysis of the hydrolyzed and derivatized Compound A can discriminate
between those two hypotheses. Fig. 29 shows the three peptidic fragments originated from By after
acid hydrolysis. Two di-peptides, "AA1+AA3", with amino group N** and a chlorine atom,
"AAS5+AAT", and a tri-peptide "AA2+AAL+AAG", with a chlorine atom, are formed. Other
hydrolysis products are the fatty acid and the DMEPA4 (dimethylamino-propylamino) chains.

161



{00589] In the case of Compound A the dipeptide “AA1+AA3" must be different as reported in
Fig. 30. The correct hypothesis can be verified by reacting the hydrolysate with a denvat;zmg
agent that reacts with primary and secondary amines only (see Fig. 31).

[00590] The di-peptide “AA1+AA3" of component By should react with two groups of
derivatizing agent (sec Fig. 31a). In the case of Compound A two different derivatized peptides
“AAI+AA3" can be obtained depending on the amino group N’ (Fig. 31b). The two molecules,
theoretically expected accofding to the hypotheses proposed, will have molecular weights easily
distinguishable by mass spectrometric analysis.

{060591] Materials

[06592] Compound A

{60593} Dalbavancin

{08594] Hydrochloric acid 37%, reagent grade, Rudi Pont cod. 750-11

[00595] Methano! HPLC grade, J. T. Backer cod. 8402

[80596] AccQ TagTM Chemistry Package, Waters cod. WAT052880

[06597F Hydrolysis

[60598] The hydrolysis of both the sample and the standard was carried out in a PICC-TAG Work
Station (Waters, Mildoford, MA, USA).

[68599] All of the 360 pg of Compound A and about | mg of the dalbavancin standard were
hydrolyzed at 105°C in the presence of 6N HCl containing 1% (w/v) phenol for 24 hours. The
reaction mixtures were cooled, evaporated to dryness and brought to a final volume of 5060 L with
methanol.

[06600] Derivatization

{00601] Waters AccQ-FluorTM reagent Kit was chosen for peptide derivatization. AccQ-Fluor
reagent is one of the N-hydroxysuccinimide-activated heterocyclic carbamate aminederivatizing

compounds. The structure of the derivatization agent and the scheme of reaction is reporte& in
Scheme 2.

162



_ Scheme 2
{00602] 1 mL of “Reagent Diluent” was added to the vial containing “Reagent Powder”, The vial

was vortexed for 10 seconds and warmed up at 55°C unti} complete dissolution. Reconstituted
AccQ-Fluor reagent was approximately 10 mM in acetonitrile. 20 pl of hydrolyzed sample or
standard were put into a vial with conical insert and 20 ul of “AccQ-Fluor Borate Buffer” were
added and vortexed briefly. At this point 40 pl of reconstituted AccQ-Fluor reagent were added
and the sample vortexed for 30 sec. Vials were heated at 55°C for 10 min. In these conditions the
aminc groups should react and evental by-products should be minimized. Afier this reaction the
samples were ready for HPLC analysis.
[60603] HPLC-UV-MS Analysis
{00604] Thermo Finnigan Surveyor MS pump, diode array detector and autosampler,
[00605] ThermoQGuest Finnigan LCQ Deca mass detector equipped with ESI interface.
[66606] Chromatography: Column: AccQ-TagTM (Waters C18 NovoPak 4 _m 3.9 x 150 mm);
Column temperature: 37°C; Flow: | mL/min; Phase A: ammonium acetate 140 mM pH 5 (acetic
acid); Phase B: water/acetonitrile 60/40 viv; UV detection: 254 nm; [njection volume: 20 i.tL The
cluate from the column was split to allow simultaneous UV and mass detection.
[00607] Mass spectrometry
{00608] Sampie inlet condition: capillary temperature: 200°C
[00609] sheath gas: N, 40 (arbitrary units)
{00610} auxiliary gas Ny, 20 (arbitrary units)
{00611] Sample inlet voltage setting: polarity: positive
{00612] source voltage: 4.7 kV
{00613] capillary voitage: 10 V
[60614] tube lens offset; 40 V
{00615] Scan conditions: scan mode: full ms
{00616] scan range: 100-700 amu
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[08617] number of microscans 3

[08618] maximum ion time S0 ms

[68619] Resuits

[00620] Derivatized and hydrolyzed fragments of dalbavancin were separated by HPLC and
evaluated by ESI-MS (data pot shown). Fragment AAI+AA?2 had a size of 737 (m/z), fragment X
AAS+AAT had a size of 689 (m/z), and fragment AA2+AA4+AAG had a size of 1086 (m/z).
{00621] Derivatized and hydrolyzed fragments of Compound A were separated by HPLC and
_evaluated by ESI-MS. Fragment AA1+AA3 had a size of 737 (m/z), fragment AAS+AAT had a
size of 581 (w/2), and fragment AA2+AA4+AAG had a size of 1086 (m/z).

[00622] The size of the AAS+AAT confirmed that Compound A is an N15, N15-dimethyl
compound, : '
[00623] Example 17: Methylation of Dalbavancin By

{00624] Dalbavancin By was prepared following the methods outlined generally above and purified
by HPLC following methods described in U.S. Patent Application Publication No. 2004/0142883.
A sample of daibavancin B was submitted to selective secondary amine N-methylation to yield N**
N'-dimethyl antibiotic By. The reaction mixture was then analyzed by HPLC-UV and HPLC-UV-
MS in the Example below.

[00625] Materials

{00626] Dalbavancin By

(006271 Water, MmilliQ grade

{00628] NaBH,;CN, sodium cyanoborohydride, Fluka cod. 71435

[00629] DMF, N,N-dimethylformamide, Carlo Erba cod. 444926

{00630} HCHO, formaldehyde solution, 36.5% water solution, Reidel de Hagn cod. 33220.
[00631] NaHCO,, sodium bicarbonate, reagent grade
. {00632] Method o *

[00633] 49.5 mg of dalbavancin were dissolved in 12.5 ml of water and 1.5 mL of DMF into &
round-bottom flask (pH 3.5). Three aliquots of 200 pL of were withdrawn and diluted with 800 yL
of water (10). 76 uL of a 36% (v/V) water solution of formaldehyde and 2.5 mg of sodium
bicarbonate {pH 5.8) were added. 8 mg of NaCNBH; were added under stirring after sodium
bicarbonate complete dissolution. Three aliquots of 200 pL of this reaction mixture were
imrediately withdrawn and diluted with 800 pL of water and 300 pL of CH3CN in order to get a

clear solution (t0'). The reaction mixture was left at room temperature for 30 minutes. Samples
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were taken from the reaction medium after 10 and 30 minute by extracting 3 aliquots of 200 u!l and
diluting each with 800 p! of water and 300 gl of CH,CN (:10 and t30),

[606634] After 30 fninutes the reaction was stopped by cooling down to ~20°C the flask. The
reaction was monitored by HPLC-UV and HPLC/UV/MS analysis,

[00635] Example 18:  Structural Confirmation of N’ N’ -dimethyl antibiotic B,

{08636] This example demonstrates that Compound A and N NP3 -dimethy! antibiotic By from the
previous exampie are idenfical,

[00637] The reaction samples 10, 10, t10 and 30 were analyzed by HPFLC-UV and compared with
the reference standard. Chromatograms of t0°, t10 and t30 were very similar, demonstrating that
methylation occurs immediately. .

{00638] In Fig. 33, t0° vs t0 chromatograms are shown, Methylated By showed the same retention
time as Compound A, from Example 15, above. The hypothesis that Compound A is the
methylated derivative of By and consequently that the fatty acid chain of Compound A is a 10-
methyl undecanoic acid was thus demonstrated. _

{00639} The HPLC-UV-MS results confirmed the HPLC-UYV structural conclusion reported in the
last paragraph. NN -dimethyl By peak was perfectly overiapped to that of Compound A.

{00640] It was thus demonstrated that the group at N of Compound A is a dimethylamine group
and not an ethylamine. The elucidated structure of component Compound A is reported in Fig. 28.
{08641] The structure of compound A was further confirmed by NMR, ESI-MS and IR. NMR
spectra were recorded on a Bruker AMX 600 at 313K. The sample was dissolved in DMSO-d6 and
proton and carbon NMR assignments were determined by COSY-DFTP, ROESY, and HMQC
spectra. A mixing time of 350 msec was selected for the ROESY experiment. Mass spectra were
determined by electrospray ionization in positive mode on a Thermoquest Finnigan LCQ* at 250
°C. The infrared spectrum was recorded in KBron a Bruker IFS 48 instrument.

[00642] NMR peak assignments are provided in Figs. 34. Table 40 reports 1H assignments of B,
in.comparison with Bg. The NMR spectra of B; reveal many similarities with dalbavancin Bo: The
fatty acid chain contains an isopropylic terminal group. Most of the proton and carbon chemical
shifts are about the same as found for the By component. The major chemical shift deviations are
observable for signals belonging to the amine acid 1. In particular, the singlet at 2.31 ppm (°Cs
40.06 ppm) gives integral corresponding to six protons and NOE correlations with the protons x1,
1fand le. Its chemical shift and thé dipolar correlations suggest that this signal is due to
dimethylamino group belonging to the first amino acid spin system.
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TABLE 40

B B B; B,
&'H 8H &7 SH §'H 5=
wi - fn.a. - 8a 7.26 7.28 123.2
CH, .34 248 30.98 & 7.42 744 126.9
be) 4.43 4.33 65.07 wi 8.41 8.47 -
] 6. 70 B.71 {88 »F 4,42 4.4% 533
1@ 6.83 7.08 1176 : 7d 8.73 875 1014
W 7.00 T.23 12665 " 6.43 6.40 107.9
w2 T.38 8.2 - AGY 5.48 540 101.9
xZ 4.83 4.7% 55.9 AG2 wn 37 55.88
2 2.81;3.32 | 2.853.37 na. AGI 3.82 kX4 78.11
2D 708 T4 130.6 A4 3.41 3.51 na
I T.17 7.07 123.4 AGS na, 427 66.28
2¢ 8.87 697 122.33 AG-NM N 7.7 -
Fi g 783 7.67 131.29 FA2 2.02 2.01 kLN
w3 7.58 - 7.54 - FAS 1.43 142 24,84
x3 .10 6.02 54.31 FRE-FAS 1.11-1.22 1.6-1.2 25.8-20.3
3d 8.72 &.55 1075 FATO 1.50 1.48 272
3f .49 8.78 107.1 F&11 0.84 0.84 2234
wid 7.64 744 - ' FATZ 0.54 0.64 22,34
x4 5.80 5.58 54,63 wiiN T8 8.18 .
&b 5.80 578 108.8 KNie 331220 347340 35.38
£ 511 5.08 103.8 NKb 185 1.87 23.37
wi 8.35 8.48 - Kiic 2.38 2.58 5304
x5 441 4.35 8772 MMe 2.24 2. 4208
5b 7.40 713 136.01 R1 527 5.32 88.7
Se B.71 &7 1180 M2 3.25 33 70.24
&F 6.71 6.1 125.8 M na. 3.48 736
wi 6.62 6.62 - - ' na. 3.88 7281
x6 414 416 61.97 5 n.a. 3.50 na.
8 5,20 5.38 708 A n.a. 350 ’ 60.68
6b 7.69 7.75 126.8

f00643i An infrared spectrum is provided at Fig. 35. ESI-MS is provided at Fig. 36. Thsq data
confirmed the structure of compound A as dalbavancin B, (N’ A" -dimethy! dalbavancin Bg).
Example 19 | Activity of Dalbavanciz B; 0 N”-dimethyl dalbavancin Bg)

[00644] N’ N"-dimethy! dalbavancin By, several N’-monomethyl dalbavancin compounds and
several known antibiotics were isolated and tested in vitro for their antibacterial activity. The
compounds were prepared according to the examples above and the methods described in U.S.
Patent Application Publication No. 2004/0142883. Individual dalbavancin compounds were:
purified by HPLC. '
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[0064S] Sample Preparation

[00646] Isolated N'*-monomethyl dalbavancin compounds and N N2 dimethy] antibiotic
compounds were dissolved in 0.01N HCLDMSO: 95:5 v/v. Before dissolution, each sample was
analyzed by HPLC and quantified. The solutions were prepared at 256 ug/ml for the N'°-
monomethyl dalbavancin compounds (Ag, A,, By, and B dalbavancin) and at 128 pg/mi for the
isolated N*5, \'® -dimethy! antibiotic By (refc:red to as “B; dalbavancin” in the tables below).
{06647} The chromatogramic purity of the principal peak was evaluated in area % vs. total
chromatogram area as reported in Table 41

TABLE 41: CHROMATOGRAPHIC PURITY OF PRINCIPAL PEAK OF VARIOUS N
MONOMETHYL AND ¥, N“DIMETHYL ANTIBIOTIC COMPOUNDS

ID Status Concentration % Main Peak
{(pg/mi)
Ag dalbavancin Solution 256 82
A, dalbavancin Solution 256 20
By dalbavancin Solution 256 08
B, dalbavancin Solution 256 ‘ 79
B, dalbavancin Solution 128 72

[00648] AMicrobiological Characterization

[08649] The compounds tested included the isolated N** -monomethyl dalbavancin compounds and
N° NS ~dimethy! antibiotic compounds described above as well as a dalbavancin composition (“DA
025/A™) comprising a N*’, ¥** ~dimethy! antibiotic compound, vacomycin (VA) (Sigma Chemical
Co., St. Louis, MO), Gentamycin (GE) (Sigma Chemic‘ai Ca., St. Louis, MO), Penicillin G (Pen.G)
{Bigma Chemical Co., St. Louis, MQ), and Amphotericin B (Amph.B) (Sigma Chemical Co., St.
Louis, MO).

[00656] Microorganisms

[00651] The microorganisms used were reference strains obtained from the American Ty;se
Culture Collection (ATCC) (Rockville, MD), SmithKime and French Laboratories (SKF), and the
Upiohn Company (UC) (Kalamazoo, MI.

[08652] Minimum Inhibitory Concentration (MC)'Dererminarians

[00653] MICs were detarmined by the broth microdilution methodology following the standard
NCCLS procedure (NCCLS Document M7-Aé, Vol. 23, No, 2, “Methods for dilution antimicrobial
susceptibility tests for bacteria that grow acrobically.” Approved Guideline. January 2003, which
can be herein incorporated by reference in its entirety), with or without 30% adult bovine serum

(BS) (PAA Laboratories GmBH, Haidmannweg Pasching Austria), using bacterial innocula at
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approximately 5x10° CFU/ml. The media employed included cation-adjusted Miiller Hinton broth
(Difco Laboratories, Detroit, MI) that was used that was adjusted with CaCl; and MgC}, to a final
concentration of 20 mg/L and 10 mg/L, respectively. Tests were read following 20-24 hours of
incubation at 35 °C.

[60654] Results _

[00655] The MIC results are summarized in Table 42 below. Against a panel of gram positive
bacteria, the activity of the various isolated N”’-monomethyl dalbavancin compounds and the

N’ N"*dimethy! antibiotic compound (“B,™) was comparable or slightly higher than the DA
composition, which comprises a mixture of the N'*, N*°dialky! antibiotic compounds. Blank
solution (HCL 0.01N / DMSO 95:5) used to dissolve test compounds was inactive.

J00656] Significantly, the N'° N .dimethyl antibiotic compound (“B,”) showed activity against
the gram-positive bacteria that was comparable to or greater than the N”*-monomethyl dalbavancin
compounds. For instance, the activity of the N'°,N*’-dimethyl antibiotic compound (“B,”) is
comparable to or greater than the activity of B across the range of gram-positive bacteria.

[00657] Quite significantly, the N'° , N"’~dimethyl antibictic compound (“B,”) also showed activity
against the range of gram-negative bacteria tested. In fact, the only compound that was active
against the representative panel of gram-negative bacteria in this assay was the isolated N**, N**-
dimethyl antibiotic compound (“B2™), which showed activity with a MIC range of 16-32 mg/L.
[00658] The MIC values of the VA and GE reference compounds against the ATCC reference
strains were in the range of NCCLS values.
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TABLE 42. IN VITRO ACTIVITY OF VARIGUS N N*.DIALKYL ANTIBIOTIC
COMPOUNDS AND REFERENCE STRAINS

MIC {mg/L})
Microorgarism Ay | Ay B, By B, BA VA GE Pen.G Amph.B Blank*
' 82574
Staphplacoceus aureus Smith 0125 0125 025 0125 0125 03§ 1 os 0.06 >64 )
ATCC 19636
S. gursus Smith + 30% BS ! 2 2 2 2. 2 2 20125 006 64 =2
S, aureus ATCC 29213 ref, 0125 0125 0125 0125 0425 025 2 8 ] >64 >
strain *
. epidermidis ATCC 12228 0125 0125 <006 s0O6 =003 028 2 <0125 >3z >64 >
Swreptaceceus pyrogeney SKE 0015 <006 <006 W5 001 005 1 4 .03 3 >1:3
13400
8. preumonias Felton UC41 0125 <066 <006 <006 2003 oIS 0.5 ] 003 64 12
Ewmserococcus foeeatiy ATCC 0125 0125 0425 0125 006 038 [ g 32 64 >12
7080
E. faecalis ATCC29212 1ef, 006 0125 0125 0125 0425 023 2 32 4 >64 »12
srain® -
Bacillus subtitis ATCC 6633 006 <006 <006 <D06 <003 <0007 <0125 028 003 64 12
Escherichis coli SKF 12140 64 >4 4 384 32 >64 128 2 >32 >64 »12
£, coli ATCCZ5922 ref. strain? 4 >64 4 64 32 54 >[28 1 >32 >64 »12
Proteus vulgaris ATCC 881 >4 364 64 64 3D >64 2 2 >32 >54 >12
Pseudomonas aeruginosas >4 >4 x84 64 |6 64 >28 1 >32 >64 >i2
ATCC 10148
Candide albicans SKF 2370 64 366 364 64 32 64 >128 28 >} 0.125 »1:2

*Lowest dilution factor not showing activity.

Quality control range of MICs for reference strains {NCCLS M100 $-12, Vol. 22, No, I, Jan. 2602):
'VA 0.5-2 mg/L

PVA 14 mg/L

* GE 0.25-1 mg/t,

Example 20 Preparation of & Dalbavancin Coemposition
Comprising Daibavancin B,
[0065%] A composition comprising purified dalbavancin By, dalbavancin B; and dalbavancin B,
was produced by preparative HPLC.
[00660] A dalbavancin mixture prepared according to the methods above was purified by HPLC.
The purification was carried out on Kromasil C18, 16 um, 100 A pore size. The buffer system was
a 30 mmolar NHH,PO, aqueous solution with the pH adjusted to 5.5. The mobile phase for the
elution was mixture 66/34 buffer/acetonitrile. The process yielded a datbavancin composition,
comprising 97% dalbavancin By, dalbavancin B, and dalbavancin B, by HPLC analysis. A typical
analytical HPLC chromatogram is at Fig, 37, with dalbavancin By at about 29.901, dalbavancin B,
at about 30.79 (uniabeled) and dalbavancin B at about 33.282.

Characterization of IsoB,
{00661] The mass spectrum of IsoBy (Fig. 38) shows an ion at m/z 1817 corresponding to the
mono-protonated molecule and other ions due to cation adducts or partial source fragmentations.
The molecular weight of 1816 Da and the fragmentation pattern is the same as that observed for B
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componeats, which supports the identification of IsoBg as a diastereomer of By (the same molecule
with one or more stereocenters having inverted chirality).
[00662] The level of IsoBg was found to increase whenever the pH increased too much in the
various preparation steps. Therefore, IsoBo was prepared by basic treatment of dalbavancin.
[00663] Sample preparation (BI-K0096)
[60664] Aboﬁt 300 mg of IsoB, were obtained from 10 g of dalbavancin batch 027 by long
(approximately 165 hours) treatment with NaOH in water (pH 12.7) at room temperature. Afier
neutralization, the reaction product was recovered as a brown crude solid that was subjected to a
double chromatogrephic purification on a silanized silica gel column performed eluting with water
(pH 3.5; acetic acid)/aceotnitrile in step-gradient mode.
[00665] From the rich fractions, a solid 79.98% area of BI-K0096 was isolated. The HPLC profile
is reproduced in Fig. 39, '
[08666] To verify the correspondence of BI-K0096 with the dalbavancin impurity IsoBg, the
prepared compound BI-K0096 was analyzed by HPLC using three different methods. In all of the
conditions tested, BI-K0096 was chromatographically identical to the IsoBg impurity.
{00667} Structural Analysis
[00668] MS and MS/MS spectra are reported in Figs. 40 A-C. These mass spectra are identical to
that of component Bs. From this mass analysis, it is not possible to confirm the stereochemical
variation. .
[00669] 'H and C NMR spectra of IsoBq, recorded in DMSO-d® on 2 600 MHz spectrometer,
revealed many similarities with dalbavancin’'s spectra but also important differences (see Figs. 41
and 42, respectively). The assignments for IsoBg and By are reported in TABLE 43 and the
corresponding location of the protons are identified in Fig. 43. |

Table 43, NMR Assipnments of Dalbavancin Iso B

A H ¥
Assignment TH 80 By rar Agsignment | Fam iso By P .
wi a.8. - e it n.a.
CH; 2.24 3370 af 742 1268.9
xt 426 .64.65 wi 8.58 -
it 713 120.5 x7 445 n.a.
Te 6.82 1166 Td 875 1815
i 6.7 120.87 bid ) B4 108.18
w2 8.1% - AGT 5.23 102.0
x2 4.53 85.67 AGZ2 372 55,81
. z2 280 38.59 AGI 3.55 n.a.
b 7.m n.a. AG4 148 n.a.
ic 6.80 n.a. AGS 326 na,
2¢ 7.29 na AG-NH 7.60 -
X 7.22 n.a FA2 2.0 n.a.
wi 8.44 - FAZ 1.41 f.a,
x3 534 54 65 FA&-FAS 1.11-1.30 fa.
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3d 6.51 104.7 FAG 1.48 g,
k4 5.0 101.36 F&1Y 085 n.a,
wd 8.58 - FA12 0.85 n.a,
x4 5.38 55.07 Wil B.05 -
45 574 109.07 Nia 3.15:3.23 n.a
4f 512 104.5 Hib 1.63 na,
wi 8.32 - e 2.30 n.a.
x5 4.56 §3.20 N 216 n.8.
5b 7:16 $35.3 3 521 97.7
Se 6.70 115.88 a2 n.a. n.a.
8f a.7e n.a. M3 na. [X-3
wh 6.59 - M4 na. n.a.
né 4.21 82.04 L] n.a. n.&.
3 5.26 71.27 Ll n.e. ne.
6i 1.77 125.8

[00670] For some parts of the molecule, proton and carbon chemical shifts are about the same as
for the By component. The major chemical shift deviations are observable for si gnals belonging to
the amino acids sequence 1-4. The protons of these spin systems show & negligible positive or
negative A8 (chemical shifi difference). The amino acid 3 in particular exhibits the greater number
of relevant changes (x3, w3, 3f, 3d); x3 is also the only resonance displaying an important
modification of its *Jyy, the coupling constant CH(x3)-NH(w3) is now 6.54 Hz compared to about
10.4 in By. Furthermore, ROESY experiments indicate differences in dipolar correlations for x3 as
well as for most protons close to x3. The NMR findings reported and literature data published on
teicoplanin epimers make clear that x3 is the epimerization center and the epimerization induces a
change in the conformation in at least in a part of the molecule,

Microbiological Characterization
[00671] The compounds used were:
' s [soBy as previously described above
¢ Dalbavancin (DA) (BI-K397 batch 025/A/AS1) Ref sid.
*  Vancomycin (VA) (baich 121K1140 Sigma Chemical Co.St Louis, MO, USA).
* Gentamicin (GE) (batch 57H1099 Sigma Chemical Co.St Louis, MO, USA)
s Penicillin G (Pen.G) (batch 43H1134 Sigma Chemical Co.St Louis, MO, USA)
e Amphotericin B (Amph.B) (batch 61H4039 Sigma Chemical Co.St Louis, MO,
USA).
[00672] Vancomycin, Dalbavancin and Amphotericin B were dissolved at 10mg/mL in dimethy!
sulfoxide (DMSO) and diluted in distilled water; gentamycin and Penicillin G were dissolved in
distilled water,
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Media
[00673] Miiller Hinton broth (Difco Laboratories, Detroit, Mi, USA) adjusted with CaCl, and
MgCl to a final concentrations of 20 mg/L and 10 mg/L respectively.

Sera
[00674] Adult bovine serum (BS) (batch A05123-159 PAA Laboratories GmBH Haidmannweg
P_asching Austria).

Microorganisms
{00675] The microorganisms used are reference standard strains from the American Type Culture
Collection (ATCC, Rockville, USA), Smith Kline and French Laboratoties (SKF) and the Upjohn
Company (UC, Kalamazoo, Michigan, UUSA).

Minimum Inhibitory Concentration (MIC)
[60476] MICs were determined by the broth microdilution methodology foliowing the standard
NCCLS procedure {13], with or without 30% bovine serum, using bacterial inocula of
approximately 5x10° CFU/mL. Tests were read after 20-24 h incubation at 35°C.

Results
{08677} Against a panel of gram-positive bacteria, the activity of 1so0By is very similar to
dalbavancin., {See TABLE 44)

TABLE 44, In Vitre Activity of IseB; and Reference Compounds

WIC (mgiL] T ;
Microorganiaim isoBo | goua VA GE | PenG | Amph B m

Staphylococcus aurens Smith .5 025 1 0.5 0.06 .

ATCCI9636 >64 >12
5 aureus Swith + 38% BS i6 3 Z 20125 0.06 od Stz
5 oureus ATCC29213 ref strain | 425 0.25 -2 8 ] >64 >1:2
5. epidermidis ATCCTI28 6125 0.128 2 <0135 >3 64 12
Streptococcus pyogenes SKF13400 0.06 0.06 ! 4 <0.83 ¥ 12
S. preumonioe Felton UC41 6.125 0018 0.5 g <003 >64 >12
Emterococcus fascatis ATCCI080 0.25 025 ! 8 n >64 12
E. foecatis ATOC29212 ref siraim © ] 023 025 2 EF] 4 >64 >13
Bacillus swbrilis ATCCR633 <0.06 <0607 | <0.123 025 <0.03 ) 19
Escherichia coli SKF12 40 64 >64 >i28 2 »32 >64 >1:2
E. coli ATCC25922 ref. strain 64 >64 >128 I »32 64 12




Proteus vulp;t": ATCCESY >64 >64 >128 2 >32 =64 112

Psevdomonas >4 . i .

ATCC10145 e > > 6 >12

Candida albicans SEF1170 >64 64 >128 >12§ >32 G.125 >i:2
LRI 3

{00678]  Although the foregoing invention has been described in some detail by way of
illustration and examples for purposes of clarity of understanding, it will be apparent to those
skilled in the art that certain changes and modifications may be practiced without departing from
the spirit and scope of the invention. Therefore, the description should not be construed as lirniting
the scope of the invention, which is delineated by the appended claims.

[06679]  All publications, patents, and patent applications cited herein are hereby incorporated by
reference in their entirety for all purposes and to the same extent as if each individual publication,
patent, or patent application were specifically and individually indicated to be so incorporated by
reference.
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CLAIMS

What is claimed is:

{. A dosage form comprising:

a sterile, stable, particle-free dalbavancin powder suitable for reconstitution with a
pharmaceutically acceptable vehicle comprising dalbavancin factor By, at least one
additional dalbavancin factor setected from the group consisting of dalbavancin factors Aq,
Ay, B, By, Co, and C; and mannitol or lactose or a mixture of mannite! and lactose:

wherein the content of factor By is not less than about 75 percent HPLC distribution
of al! dalbavancin components present and wherein the content of isoBg does not exceed
about 3.5 percent HPLC distribution of all dalbavancin components present.

2. The dosage form of claim 1, wherein the content of isoBg does not exceed 0.1
percent HPLC distribution.

3. The dosage form of claim 1, wherein the dosage form comprises dalbavancin
factors By, Ag, Ay By, and Bo.

4. The dosage form of claim 1, wherein the content of factor By is at least about 80
percent HPLC distribution of all dalbavancin components present.

3. The dosage form of claim 1, wherein the content of factor By is at least about 85
percent HPLC distribution of all dalbavancin components present.

6. The dosage form of claim 1, wherein the content of factor Bg is at least about 90
percent HPLC distribution of all dalbavancin components present.

7. The dosage form of claim 1, wherein the content of isoBy does not exceed about
3.0 percent HPLC distribution of all dalbavancin components present.

8. The dosage form of claim 1, wherein the content of isoB, does not exceed about

2.5 percent HPLC distribution of ail dalbavancin components present.

174



9. The dosage form of claim 1, wherein the content of isoBy does not exceed about
2 percent HPLC distribution of all dalbavancin components present.

10. The dosage form of claim 1 , wherein the content of isoBy does not exceed
about 1.3 percent HPLC distribution of ali dalbavancin components present.

11. The dosage form of claim 1, wherein the content of isoBy does not exceed about
| percent HPLC distribution of all dalbavancin components present.

12. The dosage form of claim 1, wherein the content of is0By does not exceed about
0.5 percent HPLC distribution of all dalbavancin components present.

13, The dosage form of claim 1, wherein the content of isoB; is about 0.5 to about
3.0 percent HPLC distribution of all dalbavancin components present.

14. The dosage form of claim 1, wherein the content of is0Bg is about 0.5 1o about
2.0 percent HPLC distribution of all dalbavancin components present.

15. The dosage form of ciaim 1, wherein the content of isoBy is about 0.5 to about
1.0 percent HPLC distribution of all dalbavancin compornents present.

16. A pharmaceutical composition comprising:

dalbavancin factor By, at ieast one additional daibavancin factor selected
from the group consisting of dalbavancin factors Ag, Ay, By, Ba, Co, and € and
mannitol or lactose or a mixture of mannitol and iactose; and
wherein the content of factor By is not less than about 75 percent HPL.C

distribution of ali dalbavancin components present, and wherein the content of

isoBo does not exceed about 3.0 percent HPLC distribution of all dalbavancin

components present.

17. The pharmaceutical composition of claim16, wherein the pharmaceutical

composition comprises dalbavancin factors By, Ag. Ay, By, and B».
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18. The pharmaceutical composition of claim16, wherein the content of factor By is
at least about 80 percent HPLC distribution of all dalbavancin components present.

19. The pharmaceutical composition of claim 16, wherein the content of factor By is
at least about 85 percent HPLC distribution of all dalbavancin components present.

20. The pharmaceutical composition of claim 16, wherein the content of factor By is
at least about 90 percent HPLC distribution of all daibavancin components present.

21. The pharmaceutical composition of claim 16, wherein the content of isoB does
not exceed about 3.0 percent HPLC distribution of all dalbavancin components present.

22. The pharmaceutical composition of claim 16, wherein the content of isoBy does
not exceed about 2.5 percent HPL.C distribution of all dalbavancin components present.

23. The pharmaceutical composition of claim 16, wherein the content of isoBy does
not exceed about 2 percent HPLC distribution of all dalbavancin components present.

24, The pharmaceutical composition of claim 16, wherein the content of isoBy does
not exceed about 1.5 percent HPLC distribution of ali dalbavancin components present.

25. The pharmaceutical composition of claim 16, wherein the content of is0Bg does
not exceed about 1 percent HPLC distribution of all dalbavancin components present.

26. The pharmaceutical composition of claim 16, wherein the content of isoB; does
not exceed about 0.5 percent HPLC distribution of all dalbavancin components present.

27. The pharmaceutical composition of claim 16, wherein the content of 1s0Bq is
about £.5 to about 3.0 percent HPLC distribution of all dalbavancin components present.

28. The pharmaceutical composition of claim 16, wherein the content of 1soBg is
about 0.5 to about 2.0 percent HPLC distribution of all dalbavancin components present.

29. The pharmaceutical composition of claim 16, wherein the content of isoBq 1s
about .5 to about 1.0 percent HPLC distribution of ali dalbavancin components present.

36. A dosage form comprising:

a sierile, stable, particle-free dalbavancin powder suitable for reconstitutiorn
with a pharmaceutically acceptablie vehicle comprising dalbavancin factor Bo.1soBq,
and mannitol or lactose or a mixture of mannitol and lactose; and

wherein the content of factor By is not less than about 75 percent HPLC
distribution
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of all dalbavancin components present and wherein the content of isoBy does not exceed
about 3 percent HPLC distribution of all dalbavancin components present.

31. The dosage form of claim30, wherein the dosage form comprises dalbavancin
factors Bg, Ag, Ay, B, and Ba.

32. The dosage form of claim30, wherein the content of factor By is at least about
80 percent HPLC distribution of all dalbavancin components present,

33. The dosage form of claim30, wherein the content of factor By is at least about
85 percent HPLC distribution of ali dalbavancin components present.

34. The dosage form of claim30, wherein the content of factor By is at least about
90 percent HPLC distribution of all daibavancin components present.

35. The dosage form of claim 30, wherein the content of isoB, does not exceed
about 3.0 percent HPLC distribution of all dalbavancin compoenents present.

36. The dosage form of claim 30, wherein the content of isoBy does not exceed
about 2.5 percent HPLC distribution of all dalbavancin components present.37. The dosage
form of claim 30, wherein the content of isoBg does not exceed about 2 percent HPLC
distribution of all dalbavancin components present.

38. The dosage form of claim 30, wherein the content of isoBo does not exceed
about 1.5 percent HPLC distribution of all dalbavancin components present.

39. The dosage form of claim 30, wherein the content of isoB; does not exceed
about 1 percent HPL.C distribution of all dalbavancin components present.

40. The dosage form of claim 30, wherein the content of is0B, does not exceed

about 0.5 percent HPLC distribution of all dalbavancin components present.



41. The dosage form of claim 30, wherein the content of isoBg is about 0.5 to about
3.0 percent HPL.C distribution of all dalbavancin components present.

42. The dosage form of claim 30, wherein the content of 1soBy is about 0.5 to about
2.0 percent HPLC distribution of all dalbavancin comiponents present.

43. The dosage form of ¢laim 30, wherein the content of isoBg is about 0.5 to about
1.0 percent HPLC distribution of all dalbavancin components present.

44. A pharmaceutical composition comprising:

dalbavancin factor By,isoBg and mannitol or lactose or a mixture of mannitol and
lactose; and

wherein the content of factor By is not tess than about 75 percent HPLC distribution
of all dalbavancin components present, and wherein the content of 1s0By does not exceed 3
percent HPLC distribution of all dalbavancin components present.

45, The pharmaceutical composition of claim 44, wherein the pharmaceutical
composition comprises dalbavancin factors By, Ag, A, By, and B,.

46. The pharmaceutical composition of claim 44, wherein the content of factor By is
at least about 80 percent HPLC distribution of all dalbavancin components present.

47. The pharmaceutical composition of claim 44, wherein the content of factor By is
at least about 85 percent HPLC distribution of all dalbavancin components present.

48. The pharmaceutical composition of claim 44, wherein the content of factor By 1s
at teast about 90 percent HPLC distribution of all dalbavancin components present.

49. The pharmaceutical composition of claim 44, wherein the content of isoBg does

not exceed about 3.0 percent HPLC distribution of all dalbavancin components present.
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50. The pharmaceutical composition of claim 44, wherein the content of isoB, does
not exceed about 2.5 percent HPLC distribution of all dalbavancin components present.

51. The pharmaceutical composition of claim 44, wherein the content of isoB, does
not exceed about 2 percent HPLC distribution of all dalbavancin components present.

52. The pharmaceutical composition of claim 44, wherein the content of iseBy does
not exceed about 1.5 percent HPLC distribution of all dalbavancin components present.

53. The pharmaceutical composition of claim 44, wherein the content of isoB, does
not exceed about I percent HPLC distribution of all dalbavancin components present.

54. The pharmaceutical composition of claim 44, wherein the content of isoB does
not exceed about 0.5 percent HPLC distribution of all dalbavancin components present.

55. The pharmaceutical composition of claim 44, wherein the content of isoBg 1s
about 0.5 to about 3.0 percent HPLC distribution of all dalbavancin components present.

56. The pharmaceutical composition of claim 44, wherein the content of isoBg is
about 0.5 to about 2.0 percent HPLC distribution of all dalbavancin components present.

57. The pharmaceutical composition of claim 44, wherein the content of isoBg is

about 0.5 to about 1.0 percent HPLC distribution of all dalbavancin components present.
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58. A dosage form comprising:

a sterile, stabie, particle-free dalbavancin powder suitable for reconstitution with a
pharmaceutically acceptable vehicle comprising dalbavancin factors B and B and
mannitel or lactose or a mixture of mannitol and lactose; and

wherein the content of factor By is not less than about 75 percent HPLC distribution
of all dalbavancin components present and wherein the content of B; is not less than
about 3.0 percent HPLC distribution of all dalbavancin components present.

59. The dosage form of claim38, further comprising at least one additional
dalbavancin factor seiected from the group consisting of dalbavancin factors Ag, A;, By, Co,
and C,.

60. A dosage form comprising:

a sterile. stable, particie-free datbavancin powder suitable for reconstitution with a
pharmaceutically acceptabie vehicle comprising dalbavancin factors By and B and
mannitol or lactose or a mixture of mannitol and lactose: and

wherein the content of factor By is not less than about 75 percent HPLC distribution
of all dalbavancin components present and wherein the content of B, does not exceed about
3.0 percent HPLC distribution of all datbavancin components present.

61. The dosage form of claim 60, wherein the content of B, does not exceed about
2.0 percent HPLC distribution.

62. The dosage form of ciaim 60, wherein the content of B, does not exceed about
1.0 percent HPL.C distribution.

63. The dosage form of claim 60, further comprising at least one additional
dalbavancin factor selected from the group consisting of dalbavancin factors Aqg, Ay, By, Co,
and C;.

64. A pharmaceutical composition comprising:

dalbavancin factor B, wherein the content of factor By is not less than about 75
percent HPL.C distribution of all dalbavancin components present;

dalbavancin factor B4, wherein the content of By is not less than about 3.0 percent
HPLC distribution of all dalbavancin components present; and

mannitol or lactose or a mixture of mannitol and lactose.

65. The pharmaceutical composition of claim64, further comprising at least one
dalbavancin factor selected from the group consisting of Ag, Ay, By, Cp, and C).

66. A pharmaceutical composition comprising:

dalbavancin factor B, wherein the content of factor By is not less than about 75
percent HPLC distribution of all dalbavancin components present;
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dalbavancin factor B,, wherein the content of B, does not exceed about 3.0 percent
HPLC distribution of all dalbavancin components present; and

mannitol or lactose or a mixture of mannitol and lactose.

67. The pharmaceutical composition of claim 66, wherein the content of B3, does
not exceed about 2.0 percent HPLC distribution.

68. The pharmaceutical composition of claim 66, wherein the content of B, does
not exceed about 1.0 percent HPLC distribution.

69. The pharmaceutical composition of claim 66, further comprising at least one
additional dalbavancin factor selected from the group consisting of dalbavancin factors Ag.
Ay, By, Co.and C).
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70. A pharmaceutical compositien comprising:

dalbavancin factor B+, wherein the content of factor B, does not exceed about 3.0
percent HPLC distribution;

dalbavancin factor isoBg, wherein the content of factor isoB does not exceed about
3.0 percent HPLC distribution:

MAG, wherein the content of MAG does not exceed about 3.0 percent HPLC
distribution; and

mannitol or lactose or a mixture of mannitol and lactose.

71. The pharmaceutical composition of claim70, wherein the contents of
dalbavancin factor Bs, isoBg, and MAG do not exceed about 2.0 percent HPLC
disiribution.

72. The pharmaceutical composition of claim 70, wherein at least one of the
contents of dalbavancin factor Bs, isoBy, and MAG does not exceed about 2.0 percent
HPLC distribution.

73. The pharmaceutical composition of claim 70, wherein the contents of
dalbavancin factor Bs, isoBg, and MAG do not exceed about 1.0 percent HPLC
distribution.

74. The pharmaceutical composition of claim 70, wherein at least one of the
contents of dalbavancin factor B,, isoBo, and MAG does not exceed about 1.0 percent
HPL.C distribution.



75. A pharmaceutical composition comprising:

dalbavancin Tactor B;, wherein the content of factor B, does not exceed about 3.0
percent HPLC distribution;

dalbavancin factor isoBy, wherein the content of factor isoBy does not exceed about
3.0 percent HPLC distribution, and

mannitol or lactose or a muxture of mannitol and lactose.

76. The pharmaceutical composition of claim 75, wherein the contents of
dalbavancin factor Bs, isoBg, and MAG do not exceed about 2.0 percent HPLC
distribuiion.

77. The pharmaceutical composition of claim 75, wherein at least one of the
contents of dalbavancin factor B,, isoBg, and MAG does not exceed about 2.0 percent
HPLC distribution.

78. The pharmaceutical composition of claim 75, wherein the contents of
dalbavancin factor B, isoBy, and MAG do not exceed about 1.0 percent HPLC
distributior.

79. The pharmaceutical composition of claim 75, wherein at least one of the
contents of dalbavancin factor Ba, isoBo, and MAG does not exceed about 1.0 percent
HPLC distribution.

80. A method for drving dalbavancin, comprising the steps of:

providing wet dalbavancin comprising dalbavancin, water, and a solvent;

drying the wet dalbavancin at a temperature of about 30 °C or less, at a vacuum
pressure of about 50 mbar or less, until the water levei of the wet dalbavancin is less than
about 20% (w/w);

adding water to the dalbavancin; and

drying the wet dalbavancin at least once more at a temperature of about 30 °C or
less, at a vacuum pressure of about 50 mbar or less, until the solvent level of the
dalbavancin is less than about 3.0% {w/w).

81. The method of claim 80, wherein the steps of adding water and drying the wet
dalbavancin at a temperature of about 30 °C or less, at a vacuum pressure of about 50 mbar
or less are repeated until the solvent level is less than about 3.0% (w/w).

82. The method of claim 80, wherein the steps of adding water and drying the wet
dalbavancin at a temperature of about 30°C or iess, at a vacuum pressure of about 50 mbar

or less are repeated until the soivent level is less than about 2.5% (w/w).
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3. The method of claim 80, wherein the steps of adding water and drying the wet
dalbavancin at a temperature of about 30°C or less, at a vacuum pressure of about 50 mbar
or less are repeated until the solvent level is less than about 2.0% (w/w}.

84. The method of claim 80, wherein the steps of adding water and drying the wet
dalbavancin at a temperature of about 30°C or less, at a vacuum pressure of about 50 mbar
or less are repeated until the solvent level is less than about 1.5% (w/w).

85. The method of claim 80, wherein the steps of adding water and drying the wet
dalbavancin at a temperature of about 30°C or less, at a vacuum pressure of about 50 mbar
or less are repeated until the solvent level is less than about 1.0% (w/w).

86. The method of claim 80, wherein the steps of adding water and drying the wet
dalbavancin at a temperature of about 30°C or less, at a vacuum pressure of about 50 mbar
or less are repeated until the solvent level is less than about 0.5% (w/w}.

87. The method of claim 80, wherein the solvent is acetone.

88. The method of claim 80, wherein the soivent is selected from the group
consisting of ethanol, methanol, propanol, butanol, ether, methylene chioride,
tetrahydrofuran, chloroform, 1 ,4-dioxane, and trichloroethylene.

89. The method of claim 80. wherein the wet dalbavancin is dried at a temperature
of about 28 °C or less.

90. The method of claim 80, wherein the wet dalbavancin is dried at a temperature
of about 26 °C or less.

91. The method of claim 80, wherein the wet dalbavancin is dried at a temperature
of about 24 °C or less.

92. The method of claim 80, wherein the wet dalbavancin is dried at a vacuum
pressure of about 40 mbar or less. '

93, The method of claim 8C, wherein the wet dalbavancin is dried at a vacuum
pressure of about 30 mbar or less.

94, The method of claim 80, wherein the wet dalbavancin is dried at a vacuum

pressure of about 20 mbar or less.
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95, The method of claim 80, wherein the wet dalbavancin is dried at a vacuum
pressure of about 10 mbar or less.

96, The method of claim 80, wherein the wet dalbavancin further comprises MAG
and wherein, after drying, the MAG is present in less than about 3.0 percent HPLC
distribution.

97. The method of claim 80, wherein the wet dalbavancin further comprises MAG
and wherein, after drying, the MAG is present in less than about 2.5 percent HPLC
distribution.

98. The method of claim 80, wherein the wet dalbavancin further comprises MAG
and wherein, after drying, the MAG is present in less than about 2.0 percent HPLC
distribution.

99. The method of ctaim 80, wherein the wet dalbavancin further comprises MAG
and wherein, after drying, the MAG is present in less than about 1.5 percent HPLC
distribution.

100. The method of claim 80, wherein the wet dalbavancin further comprises MAG
and wherein. after drving, the MAG is present in Jess than about 1.0 percent HPLC
distribution,

101, The method of claim 80. wherein the wet dalbavancin further comprises MAG
and wherein, afier drying, the MAG is present in iess than about ¢.5 percent HPLC
distribution.

102. The methed of claim 81, wherein the water level is measured using a Karl
Fischer analysis.

103. A pharmaceutical composition comprising:

dalbavancin factor B, at least one additional dalbavancin factor selected from the
oroup consisting of dalbavancin factors A, Ay, By, By, Co, €4 15084, and MAG and
mannitol or lactose or & mixure of mannifol and lactose; and

wherein the content of factor By is not less than about 75 percent HPLC distribution
of ali dalbavancin components present, and wherein a content of acetone does not exceed
about 2.5%.

104. The pharmaceutical composition of claim103, wherein the composition
comprises dalbavancin factors B; and MAG, and wherein a content of MAG 1s less than

about 3.0%
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