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(57) 
The invention provides methods and compositions for treat 
ment of bacterial infections. The composition may be a 
combination of factors, which include A, A, B, B, Co. 
C, isoBo, and MAG, in the presence of low level solvent. 
Methods of the invention include administration of dalba 
vancin formulations for treatment of a bacterial infection, in 
particular a Gram-positive bacterial infection of skin and 
Soft tissue. Dosing regimens include multiple dose admin 
istration of dalbavancin, which often remains at therapeutic 
levels in the bloodstream for at least one week, providing 
prolonged therapeutic action against a bacterial infection. 
Dosing regimens for renal patients are also included. 
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Fig. 1A. Dalbavancin Drug Product Stability Data (at 25"C) 
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Fig. 2A. Dalbavancin Drug Product Stability Data (at 40°C) 
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Fig.2B. Dalbavancin Drug Product stability Data (at 40°C) 
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Fig. 3A. Dalbavancin Drug Product Stability Data (at 25°C)   
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Fig. 4A. Dalbavancin Drug Product Stability Data (at 40 °C) 
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Fig. 4B. Dalbavancin Drug Product stability Data (at 40°C) 
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Fig. 6 
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Fig. 7 
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Fig. 8 

Population Ratlo of Dalbavancin Multimer to 
12 Monomer vs. Concentration 
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Fig. 10 

Full scan ES/MS spectrum of dalbavancin in ammonium formate 5 mM 
pH 5 

Fig.11 

Full scan ESI/MS spectrum of dalbavancin in ammonium formate 50 mM pH 5 
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Fig. 12 

Full Sean ES/MS spectrum of dalbavancin in ammonian formate 100 
mM pH 5 

Fig. 13 
Full scan ESI/MS spectrum of teicoplanin (50 pg/mL) in water 
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Fig. 14 

Full scan ESLIMS spectrum of teicoplanin (100 pg/mL) in water 
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Fig. 16 
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Fig. 17 
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Fig. 18. MEAN (+SD) Dalbavancin Plasma Concentration-Time Profiles Following 
Administration of 1000 MG Dalbavancin in Subjects with Mild renal Impairment, 
Moderate renal Impairment, or Normal renal Function (Clinical Study VER001-13) 
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Fig. 19. MEAN (+SD) Dalbavancin Plasma Concentration-Time Profiles Following 
Administration of 500 MG Dalbavancin in Subjects with severe renal Impairment, end 
stage renal disease (dialysis-dependent), or Normal renal Function (Clinical Study 
VER001-11) 
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Fig. 20. MEAN (+SD) Dalbavancin Plasma Concentration-Time Profiles Following 
Administration of 500 or 1000 MG Dalbavancin in Subjects with severe renal Impairment 
(Clinical Study VER001-11) 
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Fig. 21. Dalbavancin exposure through the relative treatment period (AUCo-pay7) versus 
creatinine clearance (CLCR) (Clinical Study VER001-11) 
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Fig. 22. Comparison of exposure during the relative treatment period (AUC14 days or 
AUCreatment) versus overall exposure (AUCo-int) with possible dosage adjustments for 
patients with Severe renal impairment (Clinical Study VER001-11) 
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Fig. 23. Dalbavancin concentration-time profiles for subjects with normal renal function 
and subjects with severe renal impairment receiving the non-adjusted dosage, and subjects 
with severe renal impairment receiving the recommended dosage adjustment. (Clinical 
Study VER001-11) 
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Fig. 24. MEAN (+SD) Dalbavancin Plasma Concentration-Time Profiles Following 
Administration of 1000 MG Dalbavancin Day 1 and 500 MG Dalbvancin on Day 8 in 
Subjects with Mild Hepatic Impairment, Moderate Hepatic Impairment, Severe Hepatic 
Impairment, or Normal Hepatic Function 
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Fig. 25. Comparison of Dalbavancin exposure through the relative 14-day treatment 
period (auco-payis) in Subjects with Mild Hepatic Impairment, Moderate Hepatic 
Impairment, Severe Hepatic Impairment, or Normal Hepatic Function 
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Fig. 27. Structure of Dalbavancin Bo. 
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Fig. 28. Structure of a N', N'-dimethyl compound. 
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Fig. 34. Structure of dalbavancin B2. 
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Fig. 35. Infrared Spectrum of N',N'-dimethyl dalbavancin B2. 
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Fig. 37. HPLC trace of dalbavancin composition. 
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Fig. 38. Full ESI-MS spectrum of dalbavancin impurity RRT 0.76 
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Fig. 39. HPLV-UV profile of RRT 0.76 impurity 
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Fig. 40. Mass spectra of impurity Iso BO: A) full scan 1000-2000 amu (monocharged ions), B) full scan 600 
1000 amu (doublecharged ions), C) fragmentation of M+H" ion. 
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Fig. 41. "H NMR spectrum of RRT 0.76 impurity 
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Fig. 42. "C NMR spectrum of RRT 0.76 impurity 
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Fig. 44. Single Dose (IP) Dalbavancin Serum Pharmacokinetics in Neutropenic 
Infected Mice 
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Fig. 45. Dalbavancin Single Dose Time Kill Against S. pneumoniae in a 
Murine Thigh Infection Model 
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Fig. 46. Dalbavancin Single Dose Time Kill Against S. aureus in a Murine 
Thigh Infection Model 
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Fig. 47. Relationship between Dalbavancin Dosing Interval and Efficacy 
Against S. pneumoniae in a Murine Thigh Infection Model. 
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Fig. 48. Relationship Between Dalbavancin Dosing Interval and Efficacy 
Against S. aureus in a Murine Thigh infection Model. 
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Fig. 49. Relationship Between Dalbavancin PK/PD Parameters and 
Efficacy Against S. pneumoniae in a Murine Thigh Infection Model. 
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Fig. 50. Relationship Between Dalbavancin PK/PD Parameters and 
Efficacy Against S. aureus in a Murine Thigh Infection Model. 
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Fig. 53. Impact of Neutrophils on In Vivo Activity of Dalbavancin Against 
S. pneumoniae in a Murine Thigh Infection Model. 
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Fig. 54. Efficacy of Dalbavancin Against S. pneumoniae and S. aureus in 
both the Lung and Thigh Infection Models - Impact of Infection Site. 
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DALBAVANCIN COMPOSITIONS FOR 
TREATMENT OF BACTERAL INFECTIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 10/834,395, filed Apr. 27, 2004, which 
is a continuation-in-part of U.S. application Ser. No. 10/714, 
261, filed Nov. 14, 2003, which claims the benefit of U.S. 
Provisional Patent Application Ser. Nos. 60/427,654, filed 
Nov. 18, 2002, 60/485,694, filed Jul. 8, 2003, 60/495,048, 
filed Aug. 13, 2003, and 60/496.483, filed Aug. 19, 2003, the 
disclosures of all of which are incorporated herein by 
reference in their entireties. 

FIELD OF THE INVENTION 

0002 This application relates to dalbavancin composi 
tions and methods of use of Such compositions in methods 
of treatment of bacterial infections. 

BACKGROUND OF THE INVENTION 

0003) According to the U.S. Center for Disease Control 
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 (approxi 
mately 350,000 a year). Catheter-related bloodstream infec 
tions occur when bacteria enter the bloodstream through 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 a 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, includ 
ing 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 complicated infections, which 
frequently occur in patients with underlying risk factors 
(e.g., vascular compromise, diabetes) and/or infections 
caused 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 prob 
lem and have been increasingly associated with nosocomial 
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 several coagulase 
negative staphylococci have been recognized as opportunis 
tic 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 pneumoniae 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 
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pathogens, particularly MRSA, coagulase-negative staphy 
lococci (CoNS), and enterococci. Vancomycin and teicopla 
nin are used for infections caused by MRSA, and until 
recently, all isolates were uniformly susceptible. However, 
the isolation of Staphylococcus aureus Strains with interme 
diate Susceptibility or resistance to teicoplanin as well as 
Vancomycin has now been reported with increasing fre 
quency. A number of Vancomycin-resistant strains, classified 
“VanA,”“VanB,” or “VanC, based on the mechanism of 
resistance, have been reported. Thus, alternative treatment 
options are needed. 

0007 Teicoplanin is at least as active as Vancomycin 
against most Gram-positive bacteria and appears to cause 
fewer adverse events. Both forms of treatment require at 
least once daily dosing to effect complete recovery. Cur 
rently, the therapeutic options for severe infections caused 
by some of these pathogens are quite limited. The emerging 
resistance of Gram-positive pathogens to Vancomycin 
makes the availability of new antibiotics with potential for 
increased effectiveness highly desirable. 
0008. In addition, less frequent dosing regimens than 
currently-available therapies would be desirable to enhance 
patient comfort, especially for parenteral, e.g., intravenous 
or intramuscular, antibiotic administration. Hospital stays 
are sometimes necessitated by the need for multi-daily 
antibiotic administration by parenteral means, and less fre 
quent dosing would be advantageous to permit such treat 
ment to be done on an outpatient basis. 
0009. Although less frequent dosing is a desirable feature 
of an antibiotic administration regimen, the “pharmaceutical 
window, i.e., the toxicity profile, of the administered anti 
biotic 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 phar 
maceutical window, less frequent dosing is possible only if 
the antibiotic exhibits a suitable serum half-life to maintain 
therapeutic effectiveness over the dosing interval desired. 
The serum half-life of an antibiotic dictates both the lon 
gevity of a drug in vivo and the length of time after 
administration when the serum level will reach a minimum 
trough level which is still bactericidally effective. The serum 
trough level over time after administration of a first dose of 
antibiotic dictates when a further dose must be administered 
to retain a minimum bactericidal level of the antibiotic in 
V1VO. 

0010 Recently, successful glycopeptide antibiotics have 
been rationally synthesized from natural glycopeptides. For 
example, the semisynthetic glycopeptide dalbavancin was 
synthesized from the natural antibiotic A 40926, originally 
isolated from an Actinomadura culture (Malabarba et al., 
1998, U.S. Pat. No. 5,750,509). Dalbavancin has shown 
greater efficacy against various bacterial strains than van 
comycin or the antibiotic lineZolid and represents a prom 
ising new treatment for skin and soft tissue infections (see, 
e.g., Jabés et al., 2004, Antimicrob. Agents Chemother. 
48: 1118-1123). According to U.S. Pat. No. 5,750,509, dal 
bavancin is a glycopeptide antibiotic with a monomethyl 
moiety at its Namino (see FIG. 1 for numbering), and this 
N'-monomethyl amino could be free (i.e. - NHCH) or 
protected with an amino protecting group Such as t-butoxy 
carbonyl, carbobenzyloxy, arylalkyl or benzyl. The method 
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for making certain of the dalbavancin components reported 
in the 509 patent also produced N',N'-dialkyl analogs of 
dalbavancin in minor-quantities, but these molecules were 
not characterized. 

0011. In view of the above pathogens, further antibiotics 
possessing activity against one or more microbes, including 
antibiotic resistant bacteria, would be of commercial value 
and would satisfy a long-felt need in the art. 

SUMMARY OF THE INVENTION 

0012. The invention provides compositions, methods and 
kits for treatment or prevention of a bacterial infection with 
dalbavancin. Surprisingly, stabilized formulations of dalba 
vancin have been found to exhibit both a 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 antibacterial properties in vivo. 
0013 Accordingly, in one aspect, a pharmaceutical com 
position is provided that includes a unit dose of dalbavancin 
in an amount Sufficient to provide a therapeutically or 
prophylactically effective plasma level of dalbavancin in an 
individual for at least five days, a stabilizer, and a pharma 
ceutically acceptable carrier. 

0014 Pharmaceutical compositions of the invention are 
generally formulated in a pharmaceutically acceptable form 
for administration to an individual. Such as a pharmaceuti 
cally acceptable aqueous formulation. Such pharmaceutical 
compositions are preferably administered by parenteral, e.g., 
intravenous or intramuscular, routes. Accordingly, in this 
preferred embodiment, these pharmaceutical compositions 
are typically sterile. 

0015. In some embodiments, a unit dose of dalbavancin 
is provided in dry powder (e.g., lyophilized) form and 
reconstituted in a pharmaceutically acceptable carrier, Such 
as a sterile aqueous formulation, prior to administration to an 
individual. In one embodiment, the pharmaceutically 
acceptable carrier includes 5% dextrose in water. A phar 
maceutical composition of the invention may be adminis 
tered to a mammal in need of treatment or prevention of a 
bacterial infection, Such as a human. In some embodiments, 
a pharmaceutical composition may include at least one 
antibiotic that is not dalbavancin, such as an antibiotic that 
is effective (e.g., bactericidal) against a Gram-negative bac 
terium and/or an antibiotic that is effective against Gram 
positive species against which dalbavancin is not effective, 
Such as VanA. Vancomycin-resistant bacterial strains. 

0016. The invention provides compositions, methods of 
making, and methods for treatment or prevention of a 
bacterial infection with a room-temperature stable dalbavan 
cin pharmaceutical composition. 

0017. In some embodiments, one or more stabilizing 
Substances are employed to inhibit degradation of one or 
more dalbavancin components during storage as a dry 
powder (e.g., lyophilized) formulation and/or as an aqueous 
formulation prior to administration to an individual. Over 
time, degradation can result in the undesirable formation of 
less active and/or inactive components which could poten 
tially cause adverse effects in vivo. Preferred stabilizers 
include nonionic components such as Sugars or Sugar alco 
hols, e.g., a mono-, di-, or polysaccharide, or derivative 
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thereof. Such as, for example, mannitol, lactose, Sucrose, 
Sorbitol, glycerol, cellulose, trehalose, maltose, or dextrose, 
or mixtures thereof. 

0018. In one embodiment, the invention encompasses a 
pharmaceutical composition comprising stable dalbavancin. 
0019. In another embodiment, the invention encompasses 
a pharmaceutical composition comprising dalbavancin and a 
stabilizer. 

0020. In yet another embodiment, the invention encom 
passes a pharmaceutical composition comprising dalbavan 
cin and a 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 a carbohydrate or an amino 
acid. The carbohydrate may be mannitol, lactose, or a 
combination of mannitol and lactose. The mannitol and 
lactose may be added in equal or unequal amounts. In one 
embodiment, equal amounts of mannitol and lactose are 
added and the pH is adjusted to about pH 4.5. 
0021. In another embodiment, the invention also encom 
passes a pharmaceutical composition comprising dalbavan 
cin and mannitol 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. 

0022. In another embodiment, the invention also encom 
passes a pharmaceutical composition comprising dalbavan 
cin and a stabilizer, wherein the stabilizer comprises man 
nitol 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. 

0023 Glycopeptides, and dalbavancin in particular, are 
very unstable due to the glycosidic linkage. There may be 
Some degradation at room temperature and more degrada 
tion at 40°C. Some of the formulations described above may 
need special storage conditions. In particular, refrigeration 
may be desirable (e.g., -40 to 10°C., alternatively -20 to 9° 
C., more preferably 2 to 8° C.). The formulations may 
additionally be sterilized. They will form a stable, clear, 
particle free solution when administered. The solution 
should be stable and not contain a precipitate. 
0024. The pharmaceutical compositions described above 
preferably degrade by no more than 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%, more preferably by no 
more than about 0.5%. Alternatively, the pharmaceutical 
compositions described above have no more than about 4% 
MAG at about 25° C. after about 2 years, more preferably 
have no more than about 3% MAG, more preferably have no 
more than about 2% MAG, more preferably have no more 
than about 1% MAG, more preferably have no more than 
about 0.5% MAG. 

0025. In another embodiment, the pharmaceutical com 
positions described above preferably degrade by no more 
than about 6% at about 40° C. after about 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%, 
preferably by no more than about 2%, preferably by no more 
than about 1%. Alternatively, the pharmaceutical composi 
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tions 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, preferably 
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 preferably have no more than 
about 1% MAG. A stable compound at 40° C. would be 
desirable, especially in places that are not able to store the 
compounds in a refrigerator or at room temperature (e.g., 
third world countries and Indian reservations). 
0026. In yet another embodiment, the pharmaceutical 
compositions 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 2-8°C. after about 2 years, more preferably have no 
more than about 2% MAG; more preferably have no more 
than about 1% MAG; more preferably have no more than 
about 0.5% MAG. 

0027. The invention includes dalbavancin compositions 
that may comprise a combination of any of the dalbavancin 
factors. These factors include dalbavancin factor Ao A, B, 
B, C, C, isoBo, and MAG. 
0028. The invention also include a drying process for 
reducing the level of solvent in the dalbavancin composi 
tion. The method includes the steps of providing wet dal 
bavancin comprising dalbavancin, water, and a solvent, 
drying the wet dalbavancin at a temperature of about 30° C. 
or less and 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). Water is then added to the wet dalbavancin and 
the drying step 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, five times, six 
times, or as many as necessary to reach the desired solvent 
content. Similarly, the invention also includes a dalbavancin 
composition that has a low level of solvent. In one embodi 
ment, the level of solvent may be below 3.0% (w/w), 
alternatively below 2.5% (w/w), alternatively below 2.0% 
(w/w), alternatively below 1.5% (w/w), alternatively below 
1.0% (w/w), alternatively below 0.5% (w/w), alternatively 
below 0.1% (w/w). The solvent may be acetone. Alterna 
tively, the solvent may be any of ethanol, methanol, pro 
panol, butanol, ether, methylene chloride, tetrahydrofuran, 
chloroform, 1,4-dioxane, trichloroethylene, benzene, carbon 
tetrachloride, 1,2-dichloroethane, 1,1-dichloroethane, 1,1,1- 
trichloroethane, acetonitrile, chlorobenzene, cyclohexane, 
dichloromethane, 1,2-dimethoxyethane, N,N-dimethylac 
etamide, N,N-dimethylformamide, 1,4-dioxane, 2-ethoxy 
ethanol, ethyleneglycol, formamide, hexane, 2-methoxy 
ethanol, methylbutyl ketone, methylcyclohexane, 
N-methylpyrrolidone, nitromethane, pyridine, Sulfolane, 
tetralin, toluene, 1,1,2-trichloroethane, Xylene, acetic acid, 
anisole, 1-butanol, 2-butanol, butyl acetate, tert-butylmethyl 
ether, cumene, dimethyl sulfoxide, ethyl acetate, ethyl ether, 
ethyl formate, formic acid, heptane, isobutyl acetate, iso 
propyl acetate, 3-methyl-1-butanol, methylethyl ketone, 
methylisobutyl ketone, 2-methyl-1-propanol, pentane, 
1-pentanol. 1-propanol. 2-propanol, propyl acetate, 1-1, 
diethoxypropane, 1,1-dimethoxymethane, 2,2-dimethyOX 
ypropane, isootcane, isopropyl ether, methylisopropyl 
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ketone, methyltetrahydrofuran, petroleum ether, trichloro 
acetic acid, and trifluoroacetic acid. Additionally, the drying 
process may be conducted at a temperature of about 28°C. 
or less, alternatively at a temperature of about 26°C. or less, 
alternatively at a temperature of about 24° C. or less, 
alternatively at a temperature of about 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 110° C. or less. The 
vacuum pressure of the drying procedure may be about 50 
mbar or less, alternatively about 45 mbar or less, alterna 
tively 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, alter 
natively about 15 mbar or less, alternatively about 10 mbar 
or less, alternatively about 5 mbar or less. Additionally, the 
water level may be less than about 25% (w/w), alternatively 
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 composition. The amount of MAG present may 
be below about 5% HPLC distribution, alternatively below 
about 4.5% HPLC distribution, alternatively below about 
4.0% HPLC distribution, alternatively below about 3.5% 
HPLC distribution, alternatively below about 3.0% HPLC 
distribution, alternatively below about 2.5% HPLC distri 
bution, alternatively below about 2.0% HPLC distribution, 
alternatively below about 1.5% HPLC distribution, alterna 
tively below about 1.0% HPLC distribution, alternatively 
below about 0.8% HPLC distribution, alternatively below 
about 0.6% HPLC distribution, alternatively below about 
0.5% HPLC distribution, alternatively below about 0.4% 
HPLC distribution, alternatively below about 0.3% HPLC 
distribution, alternatively below about 0.2% HPLC distri 
bution, alternatively below about 0.1% HPLC distribution. 

0030 The invention also includes a pharmaceutical com 
position comprising dalbavancin factors B and isoBo. The 
content of each of B and isoBo can independently not 
exceed about 3.0 percent HPLC distribution, alternatively 
can independently not exceed about 2.5 percent HPLC 
distribution, alternatively can independently not exceed 
about 2.0 percent HPLC distribution, alternatively can inde 
pendently not exceed 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 alternatively 
can independently not exceed about 0.1 percent HPLC 
distribution. 

0031 Additionally, the invention also includes a phar 
maceutical composition comprising dalbavancin factors B. 
isoBo, and MAG. The content of each of B, isoBo, and 
MAG can independently not exceed about 3.0 percent 
HPLC distribution, alternatively can independently not 
exceed about 2.5 percent HPLC distribution, alternatively 
can independently not exceed about 2.0 percent HPLC 
distribution, alternatively can independently not exceed 
about 1.5 percent HPLC distribution, alternatively can inde 
pendently not exceed about 1.0 percent HPLC distribution, 
alternatively can independently not exceed about 0.5 percent 
HPLC distribution, or alternatively can independently not 
exceed about 0.1 percent HPLC distribution. 
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0032. The invention 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, particle-free, clear dalbavancinto the 
patient. The method may further include administering a 
single Subsequent therapeutically effective dose. The single 
Subsequent therapeutically effective dose may be adminis 
tered approximately five to ten days, or about a week, after 
the initial dose. The single Subsequent therapeutically effec 
tive dose may also be administered approximately five to ten 
days, or about a week, after the initial dose, without any 
intervening dose of dalbavancin. In another embodiment, the 
method may include administering multiple Subsequent 
doses. The multiple Subsequent doses may be administered 
at approximately five to ten day intervals, or one week 
intervals. The multiple Subsequent doses may also be admin 
istered at approximately five to ten day intervals, or one 
week intervals, without any intervening doses of dalbavan 
cin. The method may also include the further step of 
monitoring the infection after administering the first dose 
and, optionally, adjusting the Subsequent dose(s) accord 
ingly. 

0033. The invention also includes methods for treating a 
bacterial infection in a patient with renal impairment com 
prising administering a therapeutically effective dose of 
sterile, stable, particle-free, clear dalbavancinto the patient. 
The impairment can range from mild to severe. In one 
embodiment, the therapeutically effective dose achieves a 
peak concentration in the patient (C) of at least 100 
mg/L. In another embodiment, the therapeutically effective 
dose achieves a patient exposure (area under the curve) of at 
least 13,000 mgh/L. The method may include administering 
a single dose of dalbavancin of about 300-1200 mg, alter 
natively about 400 mg, alternatively about 500 mg, alterna 
tively about 600 mg, alternatively about 700 mg, alterna 
tively about 800 mg, alternatively about 900 mg. 
alternatively about 1000 mg, alternatively about 1100 mg. 
alternatively about 1200 mg. 

0034. The method for treating a bacterial infection in a 
patient with renal impairment may also include administer 
ing multiple doses of dalbavancin. 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 about two weeks 
(or 14 days apart). Alternatively, dose frequency may be, for 
example, twice weekly doses, thrice weekly doses, or mul 
tiple weekly doses. Alternatively, the dosing interval may 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 
apart. The number of doses given, can be, for example, one, 
two, three, four, five, six, or more doses, each dose after the 
initial dose being given after 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 another 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. 
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0036). In another embodiment, the first 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 to about 1400 mg, alterna 
tively about 300 mg to about 1300 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, alternatively 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 to about 1400 
mg, alternatively about 300 mg to about 1300 mg, alterna 
tively about 400 mg to about 1200 mg, alternatively 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, alternatively 
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 com 
bined with any of the above second or subsequent doses in 
a dosing regimen. 
0037. In a multiple dosing regimen for renal or normal 
patients, the ratio between the first and second (or subse 
quent) doses may be defined by a factor. The amount of the 
first dose may be greater than about 1 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, greater 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 second (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 subse 
quent) dose may be about 5.5 times, alternatively less than 
about 5.0 times, alternatively less than about 4.5 times, 
alternatively less than about 4.0 times, alternatively less than 
about 3.5 times, alternatively less than about 3.0 times, 
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 bacterial infection in a 
patient with renal impairment may include administering a 
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 mg, alterna 
tively about 1150 mg, alternatively about 1100 mg, alterna 
tively about 1050 mg, alternatively about 1000 mg, alter 
natively 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, alternatively about 500 mg. The 
amount of the single dose may also be between about 250 
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mg to about 1300 mg, alternatively between about 300 mg 
to about 1200 mg, alternatively between about 350 mg to 
about 1100 mg, 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 between about 550 mg to about 950 mg. 
alternatively between about 600 mg to about 900 mg. 
alternatively between about 650 mg to about 850 mg. 
0040. The invention also includes methods of making the 
pharmaceutical compositions described above comprising 
providing dalbavancin and adding a stabilizer. In one 
embodiment, the stabilizer is a carbohydrate or a Sugar. In 
another embodiment, the stabilizer is mannitol, lactose, or a 
combination thereof. 

0041. 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 a pH modifier. pH modifiers 
include inorganic bases of alkali and alkaline earth metals 
such as NaOH, Ca(OH), KOH, and Mg(OH). Inorganic 
oxides, carbonates, bicarbonates of alkali and alkaline earth 
metals may also be used as pH modifiers. Alkali and alkaline 
salts of inorganic 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, meglumaine, arginine, n-methyl 
glucosamine, may also be used to modify the pH. Organic 
bases, including all amines, phenols, weak carboxylic acids, 
dicarboxylic acids, hydroxy carboxylic acids, and their salts, 
may also be utilized to modify the pH of the composition. 
0042. In another aspect, methods are provided for treat 
ing a bacterial infection in an individual in need thereof, 
including administering at least one unit dose of dalbavancin 
in an amount sufficient to provide a therapeutically effective 
plasma level of dalbavancin in the individual for at least five 
days, and a pharmaceutically acceptable carrier. A therapeu 
tically effective plasma level of dalbavancin is generally at 
least about 4 mg of dalbavancin per liter of plasma. In one 
embodiment, the dosage amount of dalbavancin adminis 
tered is an amount that is clinically effective and also has 
reduced adverse side effects in comparison to the standard of 
care with drugs such as teicoplanin and Vancomycin. 

0.043 Dalbavancin may be administered as a single dose 
or as multiple doses. In some embodiments, a single dose of 
about 100 mg to about 4000 mg, for example 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. 

0044) In other embodiments, two doses are administered 
about five to 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 to 
about 2500 mg of dalbavancin. Often, 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 about 1200 mg 
and the second dose may be about 600 mg. In methods in 
which two doses are administered, the plasma trough level 
of dalbavancin in an individual prior to administration of the 
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second dose is generally at least about 4 mg. often at least 
about 10 mg, often at least about 20 mg, more 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. 
0045. Often, methods of the invention include parenteral 
administration, for example intravenous administration. In 
Some embodiments, administration is intravenous with the 
rate of administration controlled Such that administration 
occurs over at least about 30 minutes or longer. 
0046 Methods of the invention may be used to treat a 
Gram-positive bacterial infection, such as, for example, a 
Staphylococcus aureus or Streptococcus pyogenes skin and 
Soft tissue infection. In some embodiments, the infection is 
penicillin-resistant and/or multi-drug resistant. 
0047. In another aspect, a method for preventing a bac 

terial infection is provided which includes administering at 
least one unit dose of dalbavancin in an amount Sufficient to 
provide a prophylactically effective plasma level of dalba 
vancin in the individual for at least about one day, three 
days, five days, one week, or ten days or longer, and a 
pharmaceutically acceptable carrier. The dosage of dalba 
vancin may be, for example, about 100 mg to about 1000 
mg. In some embodiments, dalbavancin is administered 
prior, during, or Subsequent to a medical procedure or a stay 
in the hospital. 
0048. Therapeutic or prophylactic methods of the inven 
tion may include administration of at least one antibiotic that 
is not dalbavancin, preferably an antibiotic that is effective 
against a Gram-negative bacterium and/or an antibiotic that 
is effective against Gram-positive strains that dalbavancin is 
not effective against, Such as VanA strains. 
0049. In another aspect, kits are provided that include at 
least one unit dose of dalbavancin in an amount Sufficient to 
provide a therapeutically effective plasma level for at least 
about five days or a prophylactically effective plasma level 
of dalbavancin for at least about one day in an individual, 
and instructions for use in a method of treatment or pro 
phylaxis of a bacterial infection. A kit may contain two unit 
dosages, with a first dosage including 1.5 to 3 times, often 
at least about twice as much of the amount of dalbavancin 
included in a second dosage. Kits may also include an 
antibiotic that is not dalbavancin, preferably effective 
against a Gram-negative bacterium. 

0050. In one embodiment, kits are provided that include 
a first container containing a dry powder (e.g., lyophilized) 
dalbavancin composition and a second container containing 
a predetermined amount of a physiologically acceptable 
aqueous Solution for admixing with the dalbavancin com 
position. Such solutions are preferably sterile aqueous solu 
tions. In one embodiment, kits include a delivery means for 
administering the dalbavancin composition to an individual, 
for example a syringe or intravenous administration means. 
0051) The present invention also provides N',N'-di 
alkyl antibiotic compounds with utility against infectious 
microbes. The compounds of the invention are useful for 
treating and/or preventing microbial infections, such as 
SSTIs and other bacterial infections. 

0052 The present invention is based, in part, on the 
discovery of N',N'-dialkyl antibiotic compounds having 
antimicrobial activity at least comparable to, or even greater 
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than, previously known N'-monoalkyl antibiotic com 
pounds such as dalbavancin compounds. In addition, as 
described in the examples below, certain N',N'-dialkyl 
antibiotic compounds of the invention show activity against 
a broader spectrum of microbes when compared to the 
previously known N'-monoalkyl antibiotic compounds 
such as N'-monomethyl dalbavancin compounds. 
0053) In one aspect, the present invention provides N', 
N'-dialkyl antibiotic compounds according to formula (I): 

OG 
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pound of the invention and a second compound. The second 
compound can be any compound known to those of skill in 
the art. In particular embodiments, the second compound is 
an antibiotic compound, for instance an antibiotic A 40926 
compound or a dalbavancin compound. In further embodi 
ments, the second compound is also an N',N'-dialkyl 
antibiotic compound of the invention. Exemplary composi 
tions of the invention include mixtures of antibiotic A40926 
compounds and/or dalbavancin compounds that further 

(I) 

The N',N'-dialkyl antibiotic compounds of the invention 
(having atoms numbered according to FIG. 26) comprise 
two alkyl Substituents on the amino terminal nitrogen. In 
other words, in formula (I) R' and R'' are alkyl. In most 
preferred embodiments of the invention, R' and R'' are 
methyl. The other substituents of formula (I) are described 
in detail below. Preferred substituents include those found 
on antibiotic A40926 compounds and/or dalbavancin com 
pounds known to those of skill in the art. For instance, in 
preferred embodiments G and Mare glycosyl moieties such 
as the aminoglucuronyl and mannopyranosyl moieties 
described in the sections below. In certain embodiments, the 
aminoglucuronyl moiety is acylated, for example, with a 
fatty acid, and in certain embodiments, the mannopyranosyl 
moiety is acetylated. 
0054) In certain embodiments, X is OH while in further 
embodiments X is aminoalkylamino. The aminoalkylamino 
group can be any aminoalkylamino group known to those of 
skill in the art, including those described in U.S. Pat. No. 
5,750,509. In preferred embodiments, X is N,N-dimethy 
laminopropylamino. As described in detail in the examples 
below, compounds according to formula (I) wherein X is 
aminoalkylamino show antibiotic activity comparable to or 
greater than corresponding dalbavancin compounds, Such as 
those described in U.S. Pat. No. 5,750,509. Although com 
pounds wherein X is aminoalkylamino are preferred, com 
pounds wherein X is OH are useful, for example, for the 
preparation of compounds of the invention wherein X is 
aminoalkylamino, and they can also be useful themselves 
for treating and/or preventing microbial infections. 
0055. In another aspect, the present invention provides 
compositions comprising an N',N'-dialkyl antibiotic com 

comprise a compound according to formula (I). In particular 
embodiments, the compositions are enriched in the N',N'- 
dialkyl antibiotic compound of the invention. The enrich 
ment can be relative to antibiotic A40926 compounds and/or 
dalbavancin compounds of the composition, or relative to 
other compounds of the composition, or both. In certain 
embodiments, the present invention provides compositions 
comprising a purified N',N'-dialkyl antibiotic compound 
of the invention, an isolated N',N'-dialkyl antibiotic com 
pound of the invention or a purified and isolated N',N'- 
dialkyl antibiotic compound of the invention. 
0056. In a further aspect, the present invention provides 
pharmaceutical compositions comprising a N',N'-dialkyl 
antibiotic compound of the invention. Preferred composi 
tions comprise compounds according to formula (I) wherein 
X is aminoalkylamino The compositions can further com 
prise other active ingredients, including antibiotic A 40926 
compounds and/or dalbavancin compounds known to those 
of skill in the art. In certain embodiments, the pharmaceu 
tical compositions further comprise a pharmaceutically 
acceptable carrier, excipient or diluent. In particular embodi 
ments, the present invention provides pharmaceutical unit 
dosages of a compound of the invention for use, for 
example, in the treatment and/or prevention of microbial 
infections. 

0057. In a further aspect, the present invention provides 
a dosage form comprising a sterile, stable, particle-free 
dalbavancin powder suitable for reconstitution with a phar 
maceutically acceptable vehicle comprising dalbavancin 
factors Bo and B. The names B, C, and N',N'-dimethyl 
dalbavancin Bo have been used interchangeably. In one 
embodiment, the content of factor Bo is not less than about 
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75 percent HPLC distribution, alternatively not less than 
about 80 percent HPLC distribution, alternatively not less 
than about 85 percent HPLC distribution, alternatively not 
less than about 90 percent HPLC distribution, alternatively 
not less than about 95 percent HPLC distribution. The 
content of B is not less than about 4.0 percent HPLC 
distribution, alternatively 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, alternatively not less 
than about 9.0 percent HPLC distribution, alternatively not 
less than about 10.0 percent HPLC distribution, alternatively 
not less than about 15.0 percent HPLC distribution, alter 
natively not less than about 20.0 percent HPLC distribution, 
alternatively not less than about 25.0 percent HPLC distri 
bution, alternatively not less than about 30.0 percent HPLC 
distribution, alternatively not less than about 40.0 percent 
HPLC distribution. The percent HPLC distribution of par 
ticular components can be calculated by comparing the area 
of each single component to the total chromatography area. 
The dosage form may further include at least one additional 
factor, such as dalbavancin factor A, A, B, C, or C. 
0.058. In a further aspect, the present invention provides 
for a pharmaceutical composition comprising dalbavancin 
factors Bo and B. In one embodiment, the content of factor 
Bo is not less than about 75 percent HPLC distribution, 
alternatively not less than about 80 percent HPLC distribu 
tion, alternatively not less than about 85 percent HPLC 
distribution, alternatively not less than about 90 percent 
HPLC distribution, alternatively not less than about 95 
percent HPLC distribution. The content of B is not less than 
about 3.0 percent HPLC distribution, alternatively not less 
than about 4.0 percent HPLC distribution, alternatively not 
less than about 5.0 percent HPLC distribution, alternatively 
not less than about 6.0 percent HPLC distribution, alterna 
tively not less than about 7.0 percent HPLC distribution, 
alternatively not less than about 8.0 percent HPLC distri 
bution, alternatively not less than about 9.0 percent HPLC 
distribution, alternatively not less than about 10.0 percent 
HPLC distribution, alternatively not less than about 15.0 
percent HPLC distribution, alternatively not less than about 
20.0 percent HPLC distribution, alternatively not less than 
about 25.0 percent HPLC distribution, alternatively not less 
than about 30.0 percent HPLC distribution, alternatively not 
less than about 40.0 percent HPLC distribution. As defined 
above, the percent HPLC distribution of particular compo 
nents can be calculated by comparing the area of each single 
component to the total chromatography area. The pharma 
ceutical composition may further include at least one addi 
tional factor, such as dalbavancin factor A, A, B, Co, or 
C. 
0059. In another aspect, the present invention also pro 
vides 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 distribution, alternatively not more 
than about 4.0 percent HPLC distribution, alternatively not 
more than about 3.5 percent HPLC distribution, alternatively 
not more than about 3.0 percent HPLC distribution, alter 
natively not more than about 2.5 percent HPLC distribution, 
alternatively not more than about 2.0 percent HPLC distri 
bution, alternatively not more than about 1.5 percent HPLC 
distribution, alternatively not more than about 1.0 percent 
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HPLC distribution, alternatively not more than about 0.5 
percent HPLC distribution, alternatively not more than 
about 0.1 percent HPLC distribution. 
0060. In another aspect, the present invention 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 a N',N'-dialkyl 
antibiotic compound or composition of the invention to the 
Subject. The invention encompasses the prevention or treat 
ment of gram-positive or antibiotic-resistant bacterial infec 
tions, such as a Bacillus, Corynebacteria, Listeria, Entero 
coccus, Staphylococcus, Streptococcus, Neisseria, or 
Clostridium genus infection, in particular Staphylococcus 
aureus, Staphylococcus epidermidis, Staphylococcus 
hemolyticus, Streptococcus pyogenes, Streptococcus pneu 
moniae, Groups A and C Streptococcus, Enterococcus faeca 
lis, Bacillus subtilis, Neisseria gonorrhoeae, or Clostridium 
difficile. Other infections that can be prevented or treated 
using the N',N'-dialkyl antibiotic compounds, composi 
tions, and methods of the invention include gram negative 
bacterial infections, such as a Bartonella, Brucella, Campy 
lobacter, Enterobacter, Escherichia (as well as other Pro 
teobacteria), Francisella, Helicobacter, Hemophilus, Kleb 
siella, 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0061 FIG. 1A depicts the amount of dalbavancin com 
ponent Bo Versus time in various pharmaceutical composi 
tions, with and without mannitol, at 25° C. 

0062 FIG. 1B depicts the amount of MAG versus time 
in various pharmaceutical compositions, with and without 
mannitol, at 25° C. 

0063 FIG. 2A depicts the amount of dalbavancin com 
ponent Bo Versus time in various pharmaceutical composi 
tions, with and without mannitol, at 40° C. 

0064 FIG. 2B depicts the amount of MAG versus time 
in various pharmaceutical compositions, with and without 
mannitol, at 40° C. 

0065 FIG. 3A depicts the amount of dalbavancin com 
ponent Bo Versus time in various pharmaceutical composi 
tions containing mannitol and/or lactose at 25°C. 

0.066 FIG. 3B depicts the amount of MAG versus time 
in various pharmaceutical compositions containing mannitol 
and/or lactose at 25° C. 

0067 FIG. 4A depicts the amount of dalbavancin com 
ponent Bo Versus time in various pharmaceutical composi 
tions containing mannitol and/or lactose at 40° C. 

0068 FIG. 4B depicts the amount of MAG versus time 
in various pharmaceutical compositions containing mannitol 
and/or lactose at 40° C. 

0069 FIG. 5 depicts dalbavancin plasma concentration 
versus time following a single 1000 mg intravenous infusion 
of dalbavancin. 
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0070 FIG. 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 FIG. 7 depicts an electrospray ionization mass 
spectrum of dalbavancin. 
0072 FIG. 8 is a graph of dalbavancin concentration vs. 
population ratio of dalbavancin multimer to monomer and 
depicts an increase in population ratio of dalbavancin mul 
timer to monomer with increasing dalbavancin concentra 
tion. 

0.073 FIG. 9 is a graph of pH vs. population ratio of 
dalbavancin multimer to monomer and depicts an increase in 
population ratio of dalbavancin multimer to monomer with 
increasing pH. 

0074 FIG. 10 depicts an electrospray ionization mass 
spectrum of dalbavancin in an ammonium formate 5 mM pH 
5 solution. 

0075 FIG. 11 depicts an electrospray ionization mass 
spectrum of dalbavancin in an ammonium formate 50 mM 
pH 5 solution. 
0.076 FIG. 12 depicts an electrospray ionization mass 
spectrum of dalbavancin in an ammonium formate 100 mM 
pH 5 solution. 
0.077 FIG. 13 depicts an electrospray ionization mass 
spectrum of teicoplanin (50 ug/mL) in water. 
0078 FIG. 14 depicts an electrospray ionization mass 
spectrum of teicoplanin (100 ug/mL) in water. 
0079 FIG. 15 depicts the effect of HSA on the apparent 
dissociation constant for dalbavancin/tri-peptide binding at 
26° C. (pH 7.4). 
0080 FIG. 16 depicts a comparison of isothermal calo 
rimetry (ITC) data for binding of tri-peptide to Vancomycin 
and dalbavancin under identical conditions, using the same 
tri-peptide solution. 
0081 FIGS. 17A and 17B depict the possible interaction 
of dalbavancin monomers and multimers (including dimers) 
with tri-peptide ligand and HSA. FIG. 17A depicts dalba 
vancin in monomer-dimer equilibrium in Solution, binding 
as monomer to two separate sites on HSA. FIG. 17B depicts 
ligand binding to dalbavancin dimer in Solution and more 
weakly to dalbavancin monomers attached to HAS 
0082 FIG. 18 provides mean dalbavancin plasma con 
centration-time profiles. 
0.083 FIG. 19 provides mean dalbavancin plasma con 
centration-time profiles. 
0084 FIG. 20 provides additional mean dalbavancin 
plasma concentration-time profiles. 
0085 FIG. 21 provides a graph of dalbavancin exposure 
through the relative treatment period VS. creatinine clear 
aCC. 

0.086 FIG. 22 provides a comparison of exposure during 
the relative treatment period vs. overall exposure. 

0087 FIG. 23 provides dalbavancin concentration-time 
profiles for subjects with normal renal function and subjects 
with severe renal impairment. 
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0088 FIG. 24 provides dalbavancin plasma concentra 
tion time profiles. 
0089 FIG. 25 provides a comparison of dalbavancin 
exposure through the treatment period. 
0090 FIG. 26 provides the structure of antibiotic A 
40926 compounds and dalbavancin compounds including 
the numbering of selected atoms; 
0091) 
0092 FIG. 28 provides the structure of an exemplary 
N',N'-dimethyl antibiotic compound of the invention; 
0093 FIGS. 29-31 provide schemes illustrating 
examples of the invention that verify the structure of an 
N',N'-dimethyl antibiotic compound of the invention; 
0094 FIGS. 32-33 provide ESI and HPLC chromato 
grams verifying the structure of the N',N'-dimethyl anti 
biotic compound; 
0.095 FIG. 34 provides the structure of dalbavancin B; 
0.096 FIG. 35 provides an infrared spectrum of dalba 
vancin B (N',N'-dimethyl dalbavancin Bo); 
0097 FIG. 36 provides an ESI-MS spectrum of dalba 
vancin B (N',N'-dimethyl dalbavancin Bo); and 
0.098 FIG.37 illustrates an HPLC trace of a composition 
of the invention. 

0099) 
0100 
0101 
0102) 

FIG. 27 provides the structure of dalbavancin Bo: 

FIG. 38 provides a mass spectrum of isoB. 
FIG. 39 illustrates an HPLC trace of isoBo. 
FIGS. 40A-C provides mass spectra of isoBo. 
FIG. 41 provides a 'H-NMR spectrum of isoBo. 

0103 FIG. 42 provides a 'C-NMR spectrum of isoBo. 
0.104 FIG. 43 provides the identification of the location 
of the protons for dalbavancin. 
0105 FIG. 44 provides the plasma pharmacokinetics of 
dalbavancin in thigh-infected mice. 
0106 FIG. 45 provides the effect of single doses of 
dalbavancin on the in vivo killing of S. pneumoniae over 
time. 

0107 FIG. 46 provides the effect of single doses of 
dalbavancin on the in Vivo killing of S. aureus over time. 
0108 FIG. 47 provides the relationship between dalba 
vancin dosing interval and efficacy against S. pneumoniae. 
0109 FIG. 48 provides the relationship between dalba 
vancin dosing interval and efficacy against S. aureus. 
0110 FIG. 49 provides the relationship between dalba 
vancin PK/PD parameters and efficacy against S. pneumo 
niae. 

0111 FIG. 50 provides the relationship between dalba 
vancin PK/PD parameters and efficacy against S. aureus. 
0112 FIG. 51 provides the dose-response curves for 
dalbavancin aginst various strains. 
0113 FIG. 52 provides the dose-response curves for 
dalbavancin aginst S. pneumoniae and S. aureus. 
0114 FIG. 53 provides the dose-response curves for 
dalbavancin in both normal and neutropenic mice infected 
with S. pneumoniae. 
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0115 FIG. 54 provides the dose-response curves for 
dalbavancin in both the lung and thigh infection models. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Definitions 

0116. 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. 

0117 “Antibiotic A40926 compound” refers to a glyco 
peptide antibiotic known to those of skill in the art. Exem 
plary antibiotic A 40926 compounds are described in U.S. 
Pat. Nos. 4,935,238, 4,868,171 and 4,782,042, the contents 
of which are hereby incorporated by reference in their 
entireties. 

0118 “Dalbavancin compound” refers to a glycopeptide 
antibiotic described in U.S. Pat. No. 5,750,509 and U.S. 
Patent Application Publication No. 2004/0142883, the con 
tents of which are hereby incorporated by reference in their 
entireties. The systematic name of an exemplary dalbavan 
cin compound known to those of skill in the art is ristomycin 
A aglycone, 5.31-dichloro-38-de(methoxycarbonyl)-7-dem 
ethyl-19-deoxy-56-O-(2-deoxy-2-((10-methyl-1-oxounde 
cyl)amino)-beta-D-glucopyranuronosyl)-38-(((3-(dimethy 
lamino)propyl)amino)-carbonyl)-42-O-alpha-D- 
mannopyranosyl-N'-methyl-. Examples 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 compounds include those 
described U.S. Patent Application Publication No. 2004/ 
0142883 such as dalbavancin A, A, B, B, C and C. 
0119) “N',N'-dialkyl antibiotic compound,” described 
in detail in the sections below, refers to a compound of the 
invention, i.e. an antibiotic compound having two alkyl 
groups on its N' nitrogen. A N',N'-dialkyl antibiotic 
compound of the invention can be derived from an antibiotic 
A 40926 compound or from a dalbavancin compound such 
as dalbavancin A, A, Bo, B, Co and C. 
0120) “N',N'-dimethyl antibiotic compound.” 
described in detail in the sections below, refers to a com 
pound of the invention, i.e. an antibiotic compound, having 
two methyl groups on its N' nitrogen. 
0121 “Acyl' refers to a radical C(O)R, where R is 
alkyl. 
0122) “Alkyl refers to monovalent saturated aliphatic 
hydrocarbyl 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-pro 
pyl, isopropyl. n-butyl, iso-butyl, tert-butyl, n-hexyl, n-oc 
tyl, tert-octyl and the like. The term “lower alkyl refers to 
alkyl groups having from 1 to 6 carbon atoms. 
0123 “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 linear or branched. This term is exemplified by groups 
Such as methylene (-CH2—), ethylene (-CH2CH2—), the 
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propylene isomers (e.g., 
—CH(CH)CH ) and the like. 

—CH2CH2CH2— and 

0.124 “Amino” refers to the radical -NH. 
0.125 “Alkylamino” refers to the radical -NH-alkyl or 
—N(alkyl). 
0.126 “Aminoalkylamino” refers to a radical of the form 

- NR-(alkyl)-NR'R'" wherein each R, R and R" indepen 
dently represent hydrogen, alkyl, Substituted alkyl, aryl, 
Substituted aryl, cycloalkyl, Substituted cycloalkyl, cyclo 
heteroalkyl, substituted cycloheteroalkyl, heteroaryl or sub 
stituted heteroaryl group. Preferred R. R' and R" groups 
include hydrogen and alkyl. Exemplary aminoalkylamino 
groups are described in U.S. Pat. No. 5,750,509, the contents 
of which are hereby incorporated by reference in their 
entirety. 
0127. “Carboxy” refers to the radical –C(O)OH. 
0128 “Dialkylamino” means a radical NRR' where R 
and R' each independently represent an alkyl, substituted 
alkyl, aryl, Substituted aryl, cycloalkyl, Substituted 
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, 
heteroaryl or substituted heteroaryl group as defined herein. 
0129) “Halo' or “halogen” refers to fluoro, chloro, bromo 
and iodo. Preferred halo groups are either fluoro or chloro. 
0.130) “Percent HPLC distribution” of a particular com 
ponent is cacluated by comparing the area of the peak 
corresponding to the particular component to the total chro 
matographic area. 
0131 “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. 
Pharmacopoeia or other generally recognized pharmaco 
poeia for use in animals, and more particularly in humans. 
0132) “Pharmaceutically acceptable salt” refers to a salt 
of a compound of the invention that is pharmaceutically 
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, hydrobromic, Sulfuric, nitric, phosphoric, ace 
tic, trifluoroacetic, trichloroacetic, propionic, hexanoic, 
cyclopentylpropionic, glycolic, glutaric, pyruvic, lactic, 
malonic, succinic, Sorbic, ascorbic, malic, maleic, fumaric, 
tartaric, citric, benzoic, 3-(4-hydroxybenzoyl)benzoic, 
picric, cinnamic, mandelic, phthalic, lauric, methane 
Sulfonic, ethanesulfonic, 1.2-ethane-disulfonic, 2-hydroxy 
ethanesulfonic, benzenesulfonic, 4-chlorobenzenesulfonic, 
2-naphthalenesulfonic, 4-toluenesulfonic, camphoric, cam 
phorsulfonic, 4-methylbicyclo2.2.2-oct-2-ene-1-carboxy 
lic, glucoheptonic, 3-phenylpropionic, trimethylacetic, tert 
butylacetic, lauryl Sulfuric, gluconic, benzoic, 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 metalion, 
e.g., an alkali metal ion, an alkaline earth ion or an alumi 
num ion, or alkali metal 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, diethy 
lamine, picoline, ethanolamine, diethanolamine, triethano 
lamine, N-methylglucamine and the like (see, e.g., U.S. Pat. 
No. 5,606,036). 
0.133 Salts further include, by way of example only, 
Sodium, potassium, calcium, magnesium, ammonium, tet 
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raalkylammonium and the like, and when the compound 
contains a basic functionality, salts of non-toxic organic or 
inorganic acids, such as hydrochloride, hydrobromide, tar 
trate, 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 exemplified by 
Sodium, potassium, calcium, magnesium, ammonium and 
tetraalkylammonium cations and the like. 
0134 "Pharmaceutically acceptable vehicle' refers to a 
diluent, adjuvant, excipient or carrier with which a com 
pound of the invention is administered. 
0135 “Solvate” refers to a compound of the present 
invention or a salt thereof, that further includes a stoichio 
metric or non-stoichiometric amount of Solvent bound by 
non-covalent intermolecular forces. Where the solvent is 
water, the solvate is a hydrate. 
0.136) “Preventing” or “prevention” refers to 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 Symp 
toms 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. 
0137 “Subject' includes humans. The terms “human, 
"patient” and “subject are used interchangeably herein. 
0138 “Therapeutically effective amount’ means an 
amount of a compound or composition that, when admin 
istered 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, 
etc., of the subject to be treated. 
0139 “Treating or “treatment of any disease or disor 
der refers, in one embodiment, to ameliorating the disease or 
disorder (i.e., arresting or reducing the development of the 
disease or at least 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 physiologically 
(e.g., Stabilization of a physical parameter) or both. In yet 
another embodiment, “treating or “treatment” refers to 
delaying the onset of the disease or disorder. 
0140. 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'. 

0141 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 cen 
ter, 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 asymmet 
ric center and is designated (R) or (S) according to the rules 
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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 containing equal proportions of enantiomers is 
called a “racemic mixture'. 

0142. 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 (S)-enantiomer or as a mixture thereof. Unless 
indicated otherwise, for example by designation of stere 
ochemistry 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 Stereoi 
Somers are well-known in the art. In particular embodi 
ments, the present invention provides the stereoisomers of 
the compounds depicted herein upon treatment with base. 
0.143. The present invention provides novel pharmaceu 

tical compositions of dalbavancin, methods of making the 
pharmaceutical compositions, and methods of treatment of 
bacterial infections using these novel compositions. In par 
ticular, the invention provides stable dalbavancin composi 
tions having bactericidal activity, which may be refrigerated 
or stored at room temperature for a prolonged period of time, 
more preferably at least one year at room temperature, more 
preferably at least two years at room temperature, without 
significant degradation of the active dalbavancin compo 
nent. 

0144. The present invention also provides improved dos 
age regimes and novel compositions of dalbavancin, and 
improved methods of treatment of antibiotic-resistant bac 
terial infections. In particular, the invention provides dalba 
vancin compositions having activity against one or more 
antibiotic resistant strains of bacteria, such as MRSA, which 
may be administered in a dosing regimen of once every 5-7 
days or longer. 
0145 Dalbavancin, which is also referred to in the sci 
entific literature as BI 397 or VER001, is a semi-synthetic 
glycopeptide mixture, the properties of which have been 
reported in U.S. Pat. Nos. 5,606,036, 5,750,509, 5,843,679, 
and 5,935,238. 
0146). 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 related homologs, 
termed “A,”“A,”“B,”“B,”“C.”“C.”“B,” or “C.”“D, 
and “D. as described below, or monomers, multimers (i.e., 
dimer or higher order multimer), 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 mono 
mers of the same dalbavancin homolog, or a heterodimer or 
heteromultimer, i.e., a dimer or multimer composed of 
monomers of at least 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. B). 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. Individu 
ally, dalbavancin homologs and MAG are sometimes 
referred to herein as “dalbavancin components.” 
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0147 Dalbavancin is prepared by chemical modification 
of the natural glycopeptide complex A-40,926 as described 
in Malabarba and Donadio (1999) Drugs of the Future 
24(8):839-846. The predominant component of dalbavancin 
is Factor Bo, which accounts for >75% of the whole com 
plex. 

0148. The amount of each of the components present in 
a dalbavancin composition 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, e.g., U.S. Pat. No. 5,843,679), the conditions employed 
to recover A-40926 from the fermentation broth, the chemi 
cal reactions employed to selectively esterify the carboxyl 
group of the sugar moiety of A-40926, the conditions 
employed to amidate the peptidyl carboxyl group, the con 
ditions employed to saponify the ester of the carboxyl group 
of the N-acylaminoglucuronic acid function, the conditions 
employed to recover dalbavancin from the synthetic mix 
ture, and the like. 
0149. In preferred embodiments, dalbavancin composi 
tions comprise at least about 80 to about 98% by weight of 
the Bo component. In particularly preferred embodiments, 
dalbavancin comprises the following amounts of Bo: 

TABLE 1. 

Preferred Amounts of Bo Component in Dalbavancin Composition 

Preferred More Preferred Even More Preferred 

80–98 80-97 80-96 
81-98 81-97 81-96 
82-98 82-97 82–96 
83-98 83-97 83-96 
84-98 84 97 84 96 
85-98 85 97 85-96 
86-98 86-97 86-96 
87-98 87 97 87-96 
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TABLE 1-continued 

Preferred Amounts of Bo Component in Dalbavancin Composition 

Preferred More Preferred Even More Preferred 

88–98 88-97 88-96 
89-98 89-97 89–96 
90-98 90-97 90-96 

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

0150. In one embodiment, the dalbavancin composition 
or formulation contains a minimal amount, if any, of Com 
ponents Co, C, and C (B). In another embodiment, the 
dalbavancin composition or formulation does not contain 
any of Components Co, C, and C (B). 

0151 Individual dalbavancin factors have previously 
been purified by HPLC and characterized by NMR. In U.S. 
Pat. No. 5,750,509, Malabarba et al. described the antibiotic 
A 40926 derivative, which was characterized as having a 
carboxy, (C-C) alkoxy-carbonyl, aminocarbonyl, (C-C) 
alkylaminocarbonyl or hydroxymethyl substituent on the 
N-acylaminoglucuronyl moiety and a hydroxyl or a 
polyamine substituent in position 63 of the molecule. The 
compounds of the invention were found to have high in vitro 
activity against glycopeptide resistant Enterococci and Sta 
phylococci. Malabarba et al., however, neither recognized 
combinations of factors that were pharmaceutically benefi 
cial 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. 

0152 The chemical structure of several of the dalbavan 
cin components is depicted in Formula II below: 

II 

O CH 
VH 
N wNa R1 
H H 

OH 
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Dalbavancin Molecular 
Component R R Weight 

As —CH(CH3)2 H 1802.7 
A1 —CH2CH2CH H 1802.7 
B —CH2CHCCH)2 H 1816.7 
B —CH2CH2CH2CH H 1816.7 

B or C2 —CH-CH(CH), CH 1830.74 
Co —CH2CH2CH(CH3)2 H 1830.7 
C1 —CH2CH2CH2CH2CH H 1830.7 
Do —(CH3)2 H 1788.66 
D —CH2CH3 H 1788.66 
MAG H 1459.27 

0153 All of the above dalbavancin components are bac 
tericidally active against a number of Gram-positive bacte 
ria. However, one non-homologous dalbavancin component, 
termed “MAG, which lacks an acylglucoronamine moiety 
present in other components, is less bactericidally effective, 
both in vivo and in vitro, than other dalbavancin compo 
nents. (See Tables 2 and 3). MAG is thought to be a 
decomposition product of one or more of the other dalba 
vancin components. Accordingly, in a preferred embodi 
ment, 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 

EDsos of MAG in comparison with dalbavancin and Vancomycin 
against Staph. aureus murine septicaemias 

MIC EDso 
Microorganism Compound (ig/mL) (mg/kg) 

MSSA Staph. aureus Smith 819 MAG O.S O.3 
Dalbavancin O.O6 O.OS 
Vancomycin O.S 1.7 

MRSA Staph. aureus 3817 MAG O.S 1.6 
Dalbavancin sO.O3 0.7 
Vancomycin O.S 1.O 

** Treatment: once within 10 min from infection by sc route 

0154) 

TABLE 3 

Microbiological Activity 

MIC Lig/ml 

Microorganism MAG Dalbavancin 

L 819 Saureus Smith O.S.-O.S.-O.25 s0.13-0.06 
&O.O3 

L 819 Satiretts Smith 50% 1-1-1 1-2-2 
Sel 

L 613 Saureus clin. isolate 1-0.5-0.5 O.S.-O.O6-&O.O3 
3797 Saureus clin. Isolate O.S.-O.S 2-2 
GISA 
3817 Saureus clin. Isolate O.S &O.O3 
L 147 Sepidermidis O.25-0.13- s0.13-&O.03 

O.13 &O.O3 
L 49 Spyogenes C203 O.S.-O.S.-O.25 s0.13-&O.03 

&O.O3 
L 44 Spneumoniae UC41 1-0.5-0.5 O.25-&O.O3 

&O.O3 
L 602 Shaemolyticus clin. >32-32 >32->32 
isolate 
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TABLE 3-continued 

Microbiological Activity 

MIC Lig/ml 

Microorganism MAG Dalbavancin 

L 149 Efaecalis O.25-O.S.-O.S O.O6-0.06 
L 562 E faecalis clin. isolate 32->32->32 >32->32->32 
L 1666 E. faecium Van-A >32->32- >32->32->32 

>32 
L 102 B Sibiiis ATCC O.13-0.13 &O.O3-&O.O3 
L 47E Coi SKF12140 >32->32- >32->32->32 

>32 
G 16440 E coli iperperm 8-8-16 16-8-16 
L 79 P vulgaris >32->32- >32->32->32 

>32 
L 4 Paeruginosas ATCC10145 >32->32- >32->32->32 

>32 
L. 145 Calbicans SKF 2270 >32->32- >32->32->32 

>32 

0.155. Additional modifications in the final drug sub 
stance originate from the fermentation process, the Subse 
quent chemical steps, or drying. IsoBo (RRT 0.76) is a 
diastereomer of dalbavancin Bo resulting from epimerization 
of a labile proton in the dalbavancin core structure. 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 IsoBo, in the 
chemical modification steps that follow. IsoB is well 
resolved in the HPLC release method and is the only 
stereoisomer detected in the API. Laboratory data has dem 
onstrated that IsoBo is not formed during the basic hydroly 
sis procedure that converts the ester form (MA-A-1) to 
dalbavancin. IsoBo has been characterized by NMR and MS 
and has demonstrated in vivo biological activity that is 
comparable to that of dalbavancin Bo. 
0156 The level of IsoBo, in a dalbavancin composition is 
less that about 3.5%, alternatively less than about 3.0%, 
alternatively less than about 2.5%, 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 alterna 
tively less than about 0.1%. 
0157 The level of IsoBo, in a dalbavancin composition 
may alternatively be between about 0.5% ot about 3.0%, 
alternatively between about 0.5% to about 2.8%, alterna 
tively between about 0.5% to about 2.5%, alternatively 
between about 0.5% to about 2.3%, alternatively between 
about 0.5% to about 2.0%, alternatively 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 alter 
natively between about 0.1% to about 0.5%. 
0158. The level of IsoBo, in a dalbavancin composition is 
alternatively not less than about 1.0%, alternatively not less 
than about 1.5%, alternatively not less 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%. 
0159 Dalbavancin is thought to inhibit the biosynthesis 
of the bacterial cell wall by binding to D-alanyl-D-alanine 
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terminating precursors of peptidoglycans. Dimeric or higher 
order multimers of dalbavancin may possess further anti 
bacterial properties by interaction of the lipophilic side 
chains with the cytoplasmic membrane of bacteria. See, for 
example, Malabarba and Ciabatti, et al. (2001) Current 
Medicinal Chemistry 8:1759-1773. A further elaboration on 
dalbavancin multimers may be found in U.S. Ser. No. 
10/714,166, entitled “DALBAVANCIN COMPOSITIONS 
FOR TREATMENT OF BACTERIAL INFECTIONS, 
filed on Nov. 14, 2003, as Attorney Docket No. 34231 
20052.00, the disclosure of which is hereby incorporated by 
reference in its entirety. 
0160 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, includ 
ing VanB and VanC phenotypes poorly Susceptible or resis 
tant to Vancomycin. 
0161 Dalbavancin is more active in vitro against staphy 
lococci (including some teicoplanin-resistant strains) than 
teicoplanin and Vancomycin. Dalbavancin has better activity 
against Streptococci, including penicillin-resistant strains, 
than teicoplanin or Vancomycin. Dalbavancin is active in 
vitro and in vivo against a number of Gram-positive bacte 
ria, including most drug resistant Strains. 
0162 Dalbavancin is typically administered to an indi 
vidual as a dalbavancin composition. As used herein, the 
term “dalbavancin composition” or "dalbavancin formula 
tion” refers to a composition, 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. 
0163 As shown in Example 1, dalbavancin is effective at 
dose intervals of one week. Thus, an advantage of dalba 
vancin versus other treatment options is the ability to 
administer this antibiotic on a once-weekly basis, thereby 
maximizing patient compliance and potentially minimizing 
the need for or decreasing the length of a hospital stay for 
parenteral antibiotic administration. Less frequent dosing 
often permits treatment on an out-patient basis, thus decreas 
ing treatment costs. As further shown in Example 1, a second 
dose of dalbavancin approximately one week after admin 
istration 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 

0164 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 
(LD)/maintenance dose (MD)) of 10:1. In this study, dose 
escalation proceeded to 1120 mg single dose (SD) and a 
multiple dose regimen up to 500 mg BID Day I followed by 
100 mg daily for 6 successive days. Leighton et al. “Dal 
bavancin: Phase I Single and Multiple-Dose Placebo Con 
trolled Intravenous Safety, Pharmacokinetic Study in 
Healthy Volunteers. 41 ICAAC Abstracts, Chicago, Ill., 
Sep. 22-25 2001, Abstract No. 951, p. 25, 
0165 Leighton et al. also described other single and 
multiple dose administrations. In the single dose studies, 
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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 et al. 
“Dalbavancin: Phase I Single and Multiple-dose Placebo 
Controlled Intravenous Safe Pharmacokinetic Study in 
Healthy Volunteers.” 41 ICAAC, Chicago, Ill., December 
2001, Poster No. 951. 
0166 White et al. reported dosing regimens of single 0.5 
hour intravenous infusion of 70 mg, 140 mg, 220 mg. or 360 
mg. The multi-dose regimen consisted of 70 mg adminis 
tered daily for 7 days. White et al. “V-Glycopeptide: Phase 
1 Single and Multiple-Dose Placebo Controlled Intravenous 
Safety, Pharmacokinetic, and Pharmacodynamic Study in 
Healthy Subjects.” 40" ICAAC, Toronto, Canada, Sep. 
17-20, 2000, Poster No. 2196 and Abstract No. 2196. All of 
the above-mentioned references are hereby expressly incor 
porated by reference in their entirety. 
0.167 Novel methods are provided for administration of 
dalbavancin to 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. 
0.168. 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 suf 
ficient to prevent or reduce severity of a future bacterial 
infection when administered to an individual who is Sus 
ceptible 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 generally administered in a pharmaceutically 
acceptable carrier. 
0.169 Dalbavancin is often provided as a hydrochloride 
salt, which is freely soluble in water. 
0170 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. 
0171 As used herein, “individual refers to a vertebrate, 
typically a mammal, often a human. 
0172 All homologs of dalbavancin described above 
exhibit a prolonged half-life in plasma, often 9 days or more, 
although MAG is thought to have a shorter half-life than 
other homologs. The long half-life permits longer intervals 
between dosages than Vancomycin or teicoplanin. As 
described in Example 1, weekly dosing of dalbavancin is 
effective for control of bacterial infections, in contrast to the 
twice daily dosing schedule which is often used for Vanco 
mycin or the once daily schedule generally used for teico 
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planin. Less frequent dosing of dalbavancin offers signifi 
cant 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 less frequency 
than other available treatment options. The novel dosage 
regimen available for dalbavancin results in improved effi 
cacy because at concentrations required to effect less fre 
quent dosing, dalbavancin exhibits minimal adverse effects 
in vivo, evidencing a large pharmaceutical window, and 
further because blood levels of dalbavancin are maintained 
above minimum bactericidal levels for the entire treatment 
protocol, evidencing a prolonged serum half-life for dalba 
vancin. The combination of the large pharmaceutical win 
dow coupled with prolonged serum half-life permits less 
frequent dosing of dalbavancin. 

0173. In addition, dalbavancin is preferably formulated 
with a stabilizer which inhibits degradation of one or more 
of the components of dalbavancin. In one preferred embodi 
ment, dalbavancin is formulated with a 1:2 weight ratio of 
mannitol:dalbavancin. In another preferred embodiment, 
dalbavancin is formulated with a 1:1:4 weight ratio of 
mannitol: lactose:dalbavancin. 

0.174. In some embodiments, a dalbavancin formulation 
is administered at a dosage that results in therapeutically 
effective (i.e., bactericidal) plasma levels of the drug for 
several days, often at least about 5 to about 10 days, often 
at least about one week. Generally, dalbavancin is main 
tained in plasma at or above the minimum bactericidal 
concentration of about 4 mg/l 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 one 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 bio 
assay. An example of a method for quantitating dalbavancin 
in plasma is provided in Example 5. 

0175 Upper limits for dalbavancin plasma concentration 
levels are generally dictated by dosages which inhibit unac 
ceptable adverse effects in the patient population treated. 
0176 Dalbavancin compositions may be administered in 
a single dose or in multiple doses. When administered as a 
single dose, the dalbavancin composition is preferably for 
mulated to 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. 

0177. 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. 
0178 Dalbavancin compositions also may be adminis 
tered in multiple doses two or more days or at least one week 
apart or in one or more biweekly doses. In some embodi 
ments, a dalbavancin composition is administered weekly, 
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followed by biweekly, or monthly administration. In some 
embodiments, dalbavancin is administered at weekly inter 
vals for 2, 3, 4, 5, 6, or more weeks. 
0.179 Most advantageously, daily dosing is not required 
because higher, less frequent doses are used. Single or 
multiple doses may 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, may be administered for various infec 
tion treatments. Where multiple doses are administered, for 
example, weekly, each dose may range, for example, from 
about 0.25 to about 5.0 grams. 

0180 For embodiments in which a single dose is admin 
istered to treat an infection, the amount of the dose may be, 
for example, about 0.1 to about 5 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 is administered 
for treatment of a 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 1 gram, e.g., about 0.5 or 
about 0.25 gram. 
0181. In dosing schemes that include multiple dosages, 
the individual dosages may be the same or different. In some 
embodiments, 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 1 gram, or 
the first dose may be about 0.4 to about 3 g and the second 
dose about 0.2 to 1.5 g. 
0182. In some embodiments, at least two dosages are 
administered wherein the first dosage includes about twice 
as much dalbavancin as Subsequent dosages. In one embodi 
ment, a first dosage includes about 1 gram of dalbavancin 
and a Subsequent dosage includes 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. 

0183 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 often 
about 1 week apart. In one embodiment, a first dosage of 
about 1 gram of dalbavancin and a second dosage of about 
0.5 gram of dalbavancin are administered about 1 week 
apart. 

0.184 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 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 
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example, one, two, three, four, five, six or more doses, each 
dose after the initial dose being given after the selected 
dosage interval. 
0185. 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 least 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 about 30 mg/l, and 
even more preferably at least about 40 mg/l. 
0186 Dalbavancin can be administered parenterally, e.g., 
intramuscularly (i.m.), intravenously (i.v.) (bolus or slow 
infusion), Subcutaneously (s.c.), intraperitoneally (i.p.), or 
intrathecally (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 health 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 a 0.5 gram intravenous 
dose one week later. 

0187 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 cause precipitation to occur. In some embodi 
ments, dalbavancin is administered at an appropriate rate 
Such that the drug forms a complex with endogenous pro 
tein(s) in the bloodstream. Without intending to be bound to 
a particular theory, it is believed that endogenous protein, 
Such as human serum albumin, can form a complex in vivo 
with one or two molecules of dalbavancin homolog mono 
mers. When a sufficient amount of dalbavancin is present, it 
is believed that up to two molecules of dalbavancinhomolog 
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. 
Alternatively, it is possible that dimeric dalbavancin is 
binding to a single binding site on the endogenous protein. 
A further elaboration on the dalbavancin-endogenous pro 
tein complexes discussed above may be found in U.S. Ser. 
No. 10/713,924, entitled “COMPOSITIONS AND METH 
ODS FORTREATING BACTERIAL INFECTIONS WITH 
PROTEIN-DALBAVANCIN COMPLEXES filed on Nov. 
14, 2003, as Attorney Docket No. 34231-20053.00, the 
disclosure of which is hereby incorporated by reference in 
its entirety. 

0188 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 example, an infusion duration 
of about 30 minutes may be used where the dose is about 0.5 
to about 1 gram. Intravenous administration under con 
trolled rate conditions can generate concentrations of dal 
bavancin 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 dalbavancin with 
endogenous protein(s) such as serum albumin, which may 
increase the solubility of dalbavancin in plasma as compared 
to in vitro studies. 

0189 Formation of a dalbavancin complex in vitro or ex 
Vivo may permit faster administration, such as at least about 
1 minute, at least about 10 minutes or at least about 20 

Apr. 6, 2006 

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 gene for the protein. 

0190. 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 thera 
peutically or prophylactically effective (i.e., bactericidal) 
plasma level for an extended period of time, often at least 5 
days, more often 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. 

0191 Examples of indications that can be treated include 
both complicated and uncomplicated skin and soft tissue 
infections (SSTI) (also known as complicated and uncom 
plicated skin and skin structure infections (SSSI)), blood 
stream infections (BSI), catheter-related blood stream infec 
tions (CRBSI), osteomyelitis, prosthetic joint infections, 
Surgical 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 internal cardiac 
defibrillators). Gram-positive or antibiotic-resistant bacterial 
infections may be treated, such as a Staphylococcus, Strep 
tococcus, Neisseria, or Clostridium genus infection, in par 
ticular Staphylococcus aureus, Staphylococcus epidermidis, 
Staphylococcus hemolyticus, Streptococcus pyogenes, 
Groups A and C Streptococcus, Neisseria gonorrhoeae, or 
Clostridium difficile. 
0.192 The invention provides methods for treatment of 
skin and soft tissue infections (SSTIs). Patients who may 
benefit from this treatment may have either deep or super 
ficial infections. SSTI may involve deeper soft tissue and/or 
require significant Surgical intervention, such as for example 
a major abscess, infected ulcer, major burn, 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). 

0193 The clinical presentation of skin and skin structure 
infection may vary from mild folliculitis to severe necrotiz 
ing fasciitis. The mode of acquisition may also vary with 
community-acquired skin and skin structure infections, 
which are often preceded by injuries resulting from occu 
pational 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 
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most frequent Source of infection is the patient’s endogenous 
flora. Staphylococcus aureus, coagulase-negative staphylo 
cocci, and Enterococcus spp. are the pathogens most fre 
quently isolated from SSTIs. 
0194 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 com 
plicated infections or infections that require Surgical inter 
vention, or patients with underlying diabetes mellitus 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 pyogenes. Methods for treatment of a skin or 
Soft tissue bacterial infection include administering a thera 
peutically effective amount of dalbavancinto an individual 
in need of treatment, in an amount and according to a dosing 
regime as discussed above. In some embodiments, a dalba 
vancin 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 second dosage is about 500 mg. In another 
embodiment, the first dose may be about 1200 mg and the 
second dose may be about 600 mg. 
0195 The invention also provides methods for prophy 
lactic prevention of the onset of a bacterial infection, for 
example an infection caused by Staphylococcus aureus, or 
by a Neisseria or Clostridium genus bacterium. In a pro 
phylactic method of the invention, a prophylactically effec 
tive amount of dalbavancin is administered to an individual 
who may be susceptible to contracting a bacterial infection, 
for example, through a medical procedure. Often, dalbavan 
cin 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 intra 
muscular (i.m.), intravenous (i.v.), intraperitoneal (i.p.), Sub 
cutaneous (s.c.), or intrathecal (i.t.) injection, prior or Sub 
sequent to Surgery as a preventative step against infection. 
Dalbavancin compositions may be administered immedi 
ately 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 infec 
tion, including situations in which an individual has been 
exposed to or is likely to be exposed to a bacterially infected 
individual. For prophylactic methods, dalbavancin compo 
sitions may be administered as either a single dose or as two 
or more doses of equal or different amount that are admin 
istered several days to about one week apart. In one embodi 
ment, a dalbavancin composition may be administered prior 
to or simultaneously with insertion of an intravenous cath 
eter in order to prevent a bloodstream related infection. 
0196. For prophylactic methods, dalbavancin composi 
tions 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 
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a single dose comprising about 0.1 to about 3 grams, or 
about 0.1 to about 1 gram, e.g., about 0.25 gram or about 0.5 
gram. In one embodiment, a single dose of about 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) treatment. 
0197). 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) against 
one or more Gram-negative bacterial species and/or a Gram 
positive bacterial strain against which dalbavancin is not 
effective is administered in addition to dalbavancin. In some 
embodiments, dalbavancin 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 

0198 Animal studies of dalbavancin were conducted 
using mice, rats, rabbits, dogs, and minipigs. 
0199 Various validated methods were used to quantify 
dalbavancin. Dalbavancin API consists of 5 homologues 
(A, A, Bo, B, and B). Methods based on antibacterial 
activity measured all microbiologically active dalbavancin 
components. With chromatographic methods, the major 
component Bo was measured in combination with compo 
nent B (together 90% to 95% of dalbavancin) and the result 
reported in terms of total dalbavancin. Liquid Scintillation 
counting (LSC) and liquid chromatography with radio 
chemical detection (LC/RC) allowed for the measurement of 
dalbavancin and metabolites in plasma, urine, and feces of 
animals given radiolabeled drug. Whenever both dalbavan 
cin and drug-derived radioactivity were quantified in the 
plasma of animals given clinically relevant doses, the con 
centration-time curves for drug and radioactivity were 
superimposable. This indicates that virtually all of the drug 
derived radioactivity in plasma was intact drug. 
0200. The drug was widely distributed throughout the 
body into all tested organs and tissues after IV dose admin 
istration. Dalbavancin penetrated into the skin of rats and 
minipigs. Dalbavancin kinetics behaved in a predictable 
manner across species. Plasma clearance (CL) was found to 
be proportional to species body weight. Additionally, dal 
bavancin crossed the rat placenta and was found in fetal rat 
plasma. 

0201 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 metabo 
lism of marker Substrates by isolated human hepatic 
microsomes. Administration of dalbavancin to rats did not 
induce any P450 activity. 
0202 Similar dalbavancin metabolite profiles are 
observed across species. Two (2) metabolites (OH-dalba 
vancin and MAG) have been observed in the urine of rats, 
dogs, and humans. Both metabolites are either undetectable 
or close to the limit of detection (<0.4 mg/L) in human 
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plasma, have less antibacterial activity than dalbavancin, 
and contribute little (if anything) to in vivo activity. With 
clinically relevant doses, similar results were generally 
observed in animal plasma. 

0203 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. Dalba 
vancin is also excreted into rat milk. Therefore, dalbavancin 
is eliminated from the body via metabolism, urinary excre 
tion, and fecal excretion. This would predict that little if any 
dose adjustments would be required based on patient demo 
graphics. Suprisingly, patients with severe renal failure 
(creatinine clearance CL, less than 30 mL/min) achieved 
higher levels than normal renal patients (creatinine clearance 
CL 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 
0204 The invention provides pharmaceutical composi 
tions formulated for administration of dalbavancin accord 
ing to the methods described above. Pharmaceutical com 
positions of the invention may be in the form of a 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, often 
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 individual, 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. 

0205 Dalbavancin may optionally be in a pharmaceuti 
cally acceptable form for administration to an individual, 
optionally as a pharmaceutically acceptable, non-toxic salt. 

0206 Examples of suitable salts of dalbavancin include 
salts formed by Standard reaction with both organic and 
inorganic acids such as, for example, hydrochloric, hydro 
bromic, Sulfuric, phosphoric, acetic, trifluoroacetic, trichlo 
roacetic, succinic, citric, 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, alicyclic, or aromatic 
organic amines Such as methylamine, dimethylamine, 
diethylamine, ethanolamine, and picoline. (See, for 
example, U.S. Pat. No. 5,606,036.) 
0207. In some embodiments, a pharmaceutically accept 
able aqueous formulation of dalbavancin is provided that is 
Suitable for parenteral administration, Such as, for example, 
intravenous injection. For preparing Such an aqueous for 
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mulation, methods well known in the art may be used, and 
any pharmaceutically acceptable carriers, diluents, excipi 
ents, 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. 

0208 Dalbavancin may be administered parenterally, i.e., 
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 protective bar 
riers of the human body, exceptional purity of a parenteral 
dosage form free of microorganisms and insoluble particu 
lates 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. 

0209 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 Sci 
ences, eighteenth edition, 1990 (“Remington'). 

Steam Sterilization 

0210. The USP defines steam sterilization as employing 
saturated Steam under pressure for at least 15 minutes at a 
minimum of 121° C. in 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 

0211. In dry heat sterilization, a bulk drug material is 
subjected to elevated temperatures at relatively low humid 
ity. 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. 

Sterilization by Radiation 

0212 Sterilization by radiation may employ either elec 
tromagnetic radiation or particle radiation. Electromagnetic 
radiation, comprised of photons of energy, includes ultra 
violet, gamma, X-ray, and cosmic radiation. Gamma radia 
tion, emitted from radioactive materials such as cobalt-60 or 
cesium-137, is the most frequently used source of electro 
magnetic sterilization. The particle radiation most widely 
employed for sterilization is the beta particle or electron 
radiation. 

Sterilizing Filtration 

0213 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. 
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Sterile Freeze-Drying (Lyophilization) 
0214) This method employs sterilizing filtration with the 
Subsequent step of separating the sterilized drug from Solu 
tion by sublimating the solution after the solution is frozen, 
leaving behind the drug Substance. The method typically 
comprises the following steps: 

0215) 
0216. 2) sterilize the solution by membrane filtration 

1) dissolve bulk drug in aqueous solution 

0217 3) fill the sterilized solution in opened, pre 
sterilized vials and place in freeze-drying chamber 

0218 4) freeze the solution in the vials 
0219 5) evacuate the chamber to sublime the ice under 
low temperature 

0220 6) increase the temperature to room temperature 
or above to remove the residual water. 

Sterile Freeze-Drying (Lyophilization) with Addition of 
Sterile Water (Steam) 

0221) 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 
0222. 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 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 powder 
filling to be practical, the drug must have good flow prop 
erties—the powder should generally be granular, non-crys 
talline and of uniform particle size. 
0223) A pharmaceutical composition for parenteral 
administration includes dalbavancin and a physiologically 
acceptable diluent such as sterile or deionized water, for 
injection, physiological saline, 5% dextrose, water miscible 
Solvent (e.g., ethyl alcohol, polyethylene glycol, propylene 
glycol, etc.), non-aqueous vehicle (e.g., oil Such as corn oil, 
cottonseed oil, peanut oil, and sesame oil), or other com 
monly used diluent. The formulation may additionally 
include 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 
sodium bisulfite). (See, for example, U.S. Pat. No. 6,143, 
739.) Other suitable pharmaceutical carriers and their for 
mulations are described in “Remington’s Pharmaceutical 
Sciences” by E. W. Martin. As is known in the art, pharma 
ceutical preparations of the invention may also be prepared 
to contain acceptable levels of particulates (e.g., particle 
free) and to be non-pyrogenic (e.g., meeting the require 
ments of an injectable in the U.S. Pharmacopeia). 
0224. In one embodiment, a pharmaceutical composition 

is provided by dissolving a dried (e.g., lyophilized) dose of 
dalbavancin, often containing a stabilizer or mixture of 
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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 dalbavan 
cin solution is above 3.0, and about 3.5 to 4.5. This solution 
is further diluted in a 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 to 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. 

0225 Pharmaceutical compositions for parenteral admin 
istration 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, 
optionally including an excipient, under conditions in which 
bactericidal effectiveness of dalbavancin is retained. The 
composition may be in the form of a dry (e.g., 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 or gamma 
sterilization methods, or by sterile filtration. 
0226. A typical formulation for parenteral 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 
about 10 mg. or about 2 to about 4 mg of dalbavancin per 
ml of final preparation. 
0227. In some embodiments, a pharmaceutical composi 
tion in accordance with the invention includes a mixture of 
dalbavancin and one or more additional antibiotics. Prefer 
ably, 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 bacterial strains 
against which dalbavancin is not effective, such as, for 
example, illnezolide or daptomycin. The mixture may also 
include a pharmaceutically acceptable carrier as described 
above. 

0228. In some embodiments, pharmaceutical composi 
tions of the invention include one or more stabilizing 
substances which inhibit degradation of one or more of the 
components of dalbavancinto less active or inactive mate 
rials, homologs, or related materials, for example, MAG. As 
used 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, Bo, 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. 
0229. Examples of stabilizers include, for example, non 
ionic Substances such as Sugars, e.g., mono-, di-, or polysac 
charides, or derivatives thereof. Sugar alcohols, or polyols. 
Such stabilizing Substances include, for example, mannitol, 
lactose, Sucrose, Sorbitol, glycerol, cellulose, trehalose, mal 
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tose, raffinose, dextrose, low and high molecular weight 
dextrans, or mixtures thereof. 
0230. 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 amino acids are glycine, alanine, Valine, 
leucine, isoleucine, phenylalanine, tryptophan, and aspar 
agine. Stabilizers may also be cyclodextrins, cyclic amides 
Such as niacinamide and benzamide, salicylic acid, and its 
ortho-, meta-, para-Substituted hydroxyl acids and esters. 
0231. 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 
1-7, more preferably 2-6, more preferably 3-5, more pref 
erably 4-5, more preferably approximately 4.5. 
0232. In one embodiment, the pharmaceutical composi 
tion includes a weight ratio of 1:2 mannitol:dalbavancin. In 
another embodiment, the pharmaceutical composition 
includes a weight ratio of 1:1:4 mannitol: lactose:dalbavan 
cin. Surprisingly, it has been found that a combination of 
mannitol and lactose provides a greater stabilizing effect 
than either substance alone. Often, the pH of a pharmaceu 
tical composition of the invention is, for example, about 3 to 
about 5, for example about 3.5 or about 4.5. 
0233. 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. 
0234 Storage of dalbavancin compositions is often at 
lower than ambient temperature, such as at about 5° C., to 
enhance stability. 
Drying 

0235 Acetone removal from high molecular weight natu 
ral products can be quite difficult 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 deli 
cate 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. 
0236 Drying is carried out under vacuum (internal tem 
perature at <25° C.). When most of the acetone has been 
removed from the product, about 20% (w/w) of low endot 
oxin water is sprayed on the Solid product and drying is 
continued at the same conditions. To follow the drying 
process, acetone and Karl Fischer (K.F.) analyses are per 
formed, 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. 
0237) 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 
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contained 6.4% of MAG and 3.2% of acetone. 126 g of this 
dried dalbavancin batch (batch 027, HC1/Dalba ratio 1.7 
mols/mol) was charged in a 1 L round bottomed flaskand 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 vacuum 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 

T P Delta Water 
Timeh C. mbar water % Acetone % MAG % sprayed 9% 

O 1.6 3.2 2O 
2 20-25 50 8.3 2.8 O 2O 
4 20-25 50 15.6 1.9 O 2O 
6 20-25 50 23.3 O.9 O 
8 30 50 22.6 O.S6 
10 30 50 21.8 O43 O 
12 30 50 20.8 O.22 O 

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

Drying at 30° C. at 10 mbar. 

0238 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 experi 
ment. The results obtained are reported in Table 4B. 

TABLE 4B 

Delta Water 
Time h T. C. P. mbar KF 96 Acetone % MAG 9% sprayed 9% 

O 1.6 3.21 2O 
2 30 10 13.0 1.09 O 2O 
4 30 10 15.08 1.18 O 2O 
6 30 10 16.8 O.O2 O 

24 30 10 8.89 O.O2 O 

0239 From these laboratory experiments, it can be con 
cluded that the drying process can be simplified by adding 
water to the solid product. These results were unexpected 
since the degradation of dalbavancinto 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 a 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 

0240 Wet dalbavancin was put into a tumble drier, DR 
216, and dried at 29-32° C. (external temperature) with 
maximum vacuum (<50 mbar). At the beginning, the inter 
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nal temperature decreased from 30 to 17-18° C. and then, 
when it began to increase, a sample of product was taken for 
analysis (water 17.2% and acetone 9.5%). At this point, low 
endotoxin water (about 20%, wifw) 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%, (Table 4C). 

TABLE 4C 

External temperature 29-30 C. Pressure = 10-15 mbar 

Water MAG 
Time weight Int. added water Acetone area 
h Kg Temp. mL (*) analysis # % % % 

O 19.1 O.11 
1 17.4 :::::: 

2 18.3 :::::: 

3 23.5 2002O1019 17.27 9.52 :::::: 

4.5 26.8 500 13.59 4.10 O.13 
6.5 28.1 500 1960 O.61 O16 
8.5 28.1 22.38 0.13 O.12 
9.5 28.5 1986 O.12 O.13 

temp. Press 
hours (°C.) mbar 

O 32 28O 
2 29 32 
3 
7 
9 

11 
12.5 — 
15 
17 35 O 
18 
26 37.8 - 
65 35.7 O 

Analysis # 
MAG. 
KF 

Acetone 

(*) An. # 200101392 
() An. # 200101913 

Campaign 
Lot 

% MAG 
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TABLE 4C-continued 

External temperature 29-30 C. Pressure = 10-15 mbar 

Water MAG 
Time weight Int. added water Acetone area 
h Kg Temp. mL (*) analysis # % % % 

11.5 21.9 17.68 O.09 O.31 
15 29.5 14.11 n.d. O.38 

Final weight 2592 g, An. # 2002.01027: 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 
0241 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. 

TABLE 5 

Lot 027R 

Lot O27 Water 

KF Acetone MAG temp. Press KF Acetone MAG added 
(%) (%) (%) ( C.) mbar (%) (%) (%) (mL) 

0.52 f(*) 30 171 O.22 
(°) 

23 57 16 6.7 O.23 
29 1 7.4 3.94 0.44 400 
28.4 2 8 2.6 O48 400 
28 4 10 1.5 O.S9 400 
27 12 13.9 1 O.74 400 
27.3 9 12 O.45 O.88 

5.5 2.9 
27.5 8 11.5 O.26 O.96 

1.6 3.1 Ila. 
2001 O1408 Analysis # 2001O1944 

6.46% MAG 1.81% 
1.63% KF 11.86% 
3.14% Acetone O.27% 

Full Scale Production Data 

0242 Below in Table 6 is a summary of the process and 
MAG levels between the full scale campaigns of 2002 and 
2004. 

TABLE 6 

2002 2004 
O2OOO4fR O2OOOSFR O2OOO6 DA204001 DA204OOO2 DA204OOO3 

2.3 O.8 1.7 0.4 O.3 O.3 
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0243 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 con 
tinued until the acetone content is less than 0.5%. 

0244. 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 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 to 3.14% in 
Lot 027) and an unexpectedly low amount of MAG degra 
dation product (compare 1.81% in Lot 027/R to 6.46% in 
Lot 027). 
0245. Therefore, a method for drying dalbavancin 
includes the steps of adding water to the dalbavancin prod 
uct in order to displace the acetone. A preferred amount of 
water to be added is about 20% of the assumed final dry 
product. Alternatively, the amount of water may be about 
15%, alternatively about 25%, alternatively about 30%, 
alternatively about 40%, alternatively about 45%, alterna 
tively about 50% of the assumed final dry product. 
0246 A method for drying dalbavancin may include the 
steps of drying the dalbavancin product for about 2 hours 
without the addition 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 level is less than 
about 1.5%. 

Manufacture 

0247 All bulk solution manufacturing operations take 
place in a class 100,000. (Grade D) area. Aseptic filling takes 
place in a class 100 (Grade A) laminar airflow area. 
0248. 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 until 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 HC1 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 particle load to 
the sterilizing filters). The solution is aseptically filled into 
sterile/depyrogenated Type I glass vials. Sterile siliconised 
lyophilisation stoppers are partially inserted to the lyophi 
lisation position and the vials are transferred to the lyophi 
lisation chamber. 

0249. The lyophilisation process is monitored by the use 
of thermocouple probes for representative vials. Vials are 
frozen at -45° C. and held for 3 hours, after which vacuum 
is applied. The shelf temperature is adjusted to -25° C. 
When all thermocouples are -29° C. or warmer the shelf 
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temperature is adjusted to 0°C. When all 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 chamber is restored to atmo 
spheric 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 
0250 All components and equipment are sterilized by 
appropriate processes. Vials are washed and sterilized in a 
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. 

0251 Validation of sterilization processes uses the “over 
kill” approach for both steam and dry heat sterilization 
cycles. All sterilization cycles provide a sufficient lethality to 
provide at least a 10 probability of microbial survival 
regardless of the naturally occurring microorganisms. All 
cycles are designed with lethalities sufficient to provide not 
less than 12 log reductions. Dry heat cycles will provide a 
minimum of a 3 log endotoxin reduction. 
Stability Studies 
0252) Dalbavancin was found to decompose during the 
freeze drying process. The addition of a stabilizer was found 
to decrease the amount of decomposition of the active 
component Bo during the stability studies. 

0253) The stability of various lyophilized formulations of 
dalbavancin at 25° C. and 40° C. over time is shown in 
FIGS. 1-4. Under FDA guidelines, a product that is stable 
for three to six months at 40°C. is assumed to be stable for 
two years at room temperature. FIGS. 1A, 2A, 3A, and 4A 
show the decrease in amount of dalbavancin component Bo 
which is one of the bactericidally active dalbavancin com 
ponents. As discussed above, component Bo is also one of 
the major components of most dalbavancin compositions. 
FIGS. 1B, 2B, 3B, and 4B show the increase in the amount 
of MAG, a less active component thought to be a decom 
position 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 FIGS. 1-4. Any of these compositions 
could be used to produce a stable, sterile, particle free 
dosage form. 

TABLE 7 

Compositions of Various Dalbavancin Formulations 

Dalbavancin Mannitol Lactose 
Composition (mg vial) (mg vial) (mg vial) pH 

A. 250 62.5 3.4 
B 250 3.69 
C 250 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 62.5 5.3 
I 250 125 S.O 
J 250 62.5 S.O 
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TABLE 7-continued 

Compositions of Various Dalbavancin Formulations 

Dalbavancin Mannitol Lactose 
Composition (mg vial) (mg vial) (mg vial) pH 

K 250 125 4.5 
L 250 62.5 4.5 
M 250 62.5 62.5 4.5 
N 250 125 4.5 
O 250 125 3.3 

0254 As seen in FIGS. 1B and 2B, at T=0, there is 
already a significant amount (greater than 4%) of MAG 
present for Composition D, which contains dalbavancin 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. After 3 and 6 months 
at 40° C. Composition D had 21.0% MAG and 23.7% 
MAG, respectively (see FIG. 2B). This implies that pure 
dalbavancin is highly unstable, and that merely freeze 
drying the dalbavancin results in significant degradation. In 
addition, normal drying also results in formation of the 
MAG degradation product. Storage at -20°C. is required for 
Some formulations of dalbavancin. 

0255. 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 pH 4.5. As seen in FIGS. 1A 
and 2A, as the pH was increased, there was less initial 
degradation of Bo and less overall degradation over time. 
Analogously, in FIGS. 1B and 2B, there was less MAG 
formation in the compositions that were adjusted to a higher 
pH, both initially and over time at both temperatures. 

0256 The addition of mannitol was also shown to 
increase the stability of dalbavancin significantly. The deg 
radation of factor Bo and increase in MAG over time was 
also reduced significantly in comparison with Composition 
D, which was also not pH adjusted but contained no man 
nitol. 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. (see FIG. 
1A) and T=40°C. (see FIG. 2A), which is less than half the 
amount of MAG present in Composition D at T=0. 

0257 As the pH was increased and the amount of man 
nitol 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 FIGS. 1A and 2A, as the pH was 
increased, there was less initial degradation of Bo and less 
overall degradation over time. Analogously, in FIGS. 1B 
and 2B, there was less MAG formation in the compositions 
that were adjusted to a higher pH, both initially and over 
time. 

0258 Increasing the amount of mannitol, while keeping 
the pH constant, also resulted in an increase in Stability. For 
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instance, although Compounds L and K, which contain 62.5 
mg and 125 mg of mannitol at pH 4.5, respectively, have 
similar amounts of Bo at T=0, the change in the percentage 
of Bo 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. 

0259 Although changing the pH of the compositions 
containing only mannitol did result in changes in the amount 
of degradation of Bo, there was no predictable trend. Com 
pounds L, J, and H contain 62.5 mg of mannitol at pH 4.5, 
5.0, and 5.3, respectively. The changes in the percentage of 
Bo after 12 months was 1.0, 1.2, and 0.7, respectively, at 25° 
C. Compounds 0, K, and I contain 125 mg of mannitol at pH 
3.3, 4.5, and 5.0, respectively. The changes in the percentage 
of Bo for these compositions after 12 months was 0.5, 0.1, 
and 0.3, respectively, at 25°C. Notably, after 2 months at 40° 
C., the amount of component Bo only decreased by 1.9% in 
Compound O and 1.0% in Compound M (See FIG. 4A). 

0260 Although the change in the percentage of Bo 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 FIG. 
3A, the amount of initial degradation of Bo at T=0 is 
significantly less for Compound O (88.3% B). This is 
especially the case when compared with Compound K (pH 
4.5) and Compound I (pH 5.0), which had 85.3% B, and 
85.5% Bo, respectively. The differences between the amount 
of Bo present and the amount of MAG present in Compound 
O (see FIGS. 3A and 3B) can most likely be explained by 
the fact that, as explained previously, Bo is not the only 
dalbavancin component that degrades to form MAG. 

0261 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 Bo over 12 
months was only 0.6 at 25°C. After 2 months at 40°C., the 
change in percentage of Bo was only 1.4. Lactose alone, 
however, does not appear to stabilize the dalbavancin as well 
as mannitol. At pH 4.5, the Bo component of Compound K 
(125 mg of mannitol) only decreased by 1.0 after 2 months 
at 40° C. 

0262 The combination of mannitol and lactose also 
appears to stabilize dalbavancin and is particularly pre 
ferred. Mannitol and lactose have similar stabilizing prop 
erties. Mannitol, however, is a diuretic. Therefore, in a 
preferred embodiment, the amount of mannitol is mini 
mized. Compound M contains 62.5 mg each of mannitol and 
lactose. As seen in FIG. 3A, the change in percentage of 
MAG over 12 months at 25°C. was only 0.6. In addition, as 
seen in FIG. 4A, the amount of MAG only increased by 
2.1% after 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% after 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. 

0263. 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 

TIME (MONTHS 

TEST O 1 3 6 

Physical Appearance White to White to White to White to 
off white to off white to off white to off white to 
pale yellow pale yellow pale yellow pale yellow 

solid solid solid solid 
HPLC Assay 95.4 95.7 92.2 91.6 
Component Distribution 

(A + A) 2.6 2.5 2.4 2.5 
Bo 87.O 86.O 85.4 84.9 
(B1 + B2) 5.8 6.2 6.3 6.4 
Degradants 

MAG 1.O 1.5 1.9 2.2 
Maximum Individual Unspecified n.d. n.d. n.d. n.d. 

Total Degradants 1.O 1.5 1.9 2.2 
Reconstitution Time 115 57 47 55 
Appearance of Solution Clear to Clear to Clear to Clear to 

pale yellow pale yellow pale yellow pale yellow 
Solution Solution solution Solution 

Particulate Matter 

Particles 210 microns Meets 
USP 

Particles 225 microns Meets 
USP 

Moisture 0.4 O.S O.S O.6 
pH of Reconstituted Solution 4.3 4.6 4.5 4.5 
Sterility Meets 

USP 

n.d. not detected 
— not tested at this time point, per stability protocol 

0264) 

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 O 1 3 6 9 12 

Physical Appearance White to White to White to White to White to White to 
Off Off Off Off Off Off 

white to white to white to white to white to white to 
pale pale pale pale pale pale 

yellow yellow yellow yellow yellow yellow 
solid solid solid solid solid solid 

HPLC Assay 95.4 97.3 94.2 93.7 94.0 93.8 
Component Distribution 

(A + A) 2.6 2.5 2.5 2.5 2.4 2.4 
Bo 87.O 86.2 85.8 85.3 86.7 85.9 
(B1 + B2) 5.8 6.2 6.4 6.5 5.5 6.4 
Degradants 

MAG 1.O 1.1 1.3 1S 1.7 1.7 
Maximum Individual Unspecified n.d. n.d. n.d. n.d. O.1 n.d. 

Total Degradants 1.O 1.1 1.3 1S 1.8 1.7 
Reconstitution Time 115 146 53 40 37 49 
Appearance of Solution Clear to Clear to Clear to Clear to Clear to Clear to 

pale pale pale pale pale pale 
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TABLE 8B-continued 

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

TIME (MONTHS 

Apr. 6, 2006 

TEST O 1 3 6 9 12 

yellow yellow yellow yellow yellow yellow 
solution Solution Solution Solution Solution Solution 

Particulate Matter 

Particles 210 microns Meets 
USP 

Particles 225 microns Meets 
USP 

Moisture 0.4 0.4 0.4 O.S O6 O.S 
pH of Reconstituted Solution 4.3 4.5 4.5 4.4 4.5 4.5 
Sterility Meets 

USP 

n.d. Not detected 
— Not tested at this time point, per stability protocol. 

0265 0266 

TABLE 8C 

Stability of Dalbavancin for Injection Lot 554399 at 25° C./60% RH 
500 mg vial, mannitol and lactose, pH 4.5 

TIME MONTHS 

TABLE 8D 

Stability of Dalbavancin for Injection Lot 554399 at 5° C. 
500 mg vial, mannitol and lactose, pH 4.5 

TIME (MONTHS 

TEST O 3 6 9 12 TEST O 3 6 9 12 

Physical Appearance White White White White White Physical Appearance White White White White White 
to off to off to off to off to off to off to off to off to off to off 

white to white to white to white to white to white to white to white to white to white to 
pale pale pale pale pale pale pale pale pale pale 

yellow yellow yellow yellow yellow yellow yellow yellow yellow yellow 
solid solid solid solid solid solid solid solid solid solid 

HPLC Assay 95.4 94.6 93.2 93.9 92.6 HPLC Assay 95.4 94.7 92.7 93.7 93.4 
Component Distribution Component Distribution 

(Ao + A) 2.6 2.5 2.5 2.5 2.4 (Ao + A) 2.6 2.5 2.5 2.5 2.4 
Bo 87.O 86.0 85.9 87.O 86.2 Bo 87.O 86.2 86.1 87.6 86.9 
(B+ B2) 5.8 6.4 6.3 5.7 6.4 (B+ B2) 5.8 6.4 6.3 5.7 6.4 
Degradants Degradants 

MAG 1.O 1.2 1.2 1.4 1.4 MAG 1.O O.9 O.9 1.O O.9 
Maximum Individual n.d. n.d. n.d. n.d. n.d. Maximum Individual n.d. n.d. n.d. n.d. n.d. 
Unspecified Unspecified 

Total Degradants 1.O 1.2 1.2 1.4 1.4 Total Degradants 1.O O.9 O.9 1.O O.9 
Reconstitution Time 115 55 68 S4 50 Reconstitution Time 115 90 88 75 72 
Appearance of Solution Clear to Clear to Clear to Clear to Clear to Appearance of Solution Clear to Clear to Clear to Clear to Clear to 

pale pale pale pale pale pale pale pale pale pale 
yellow yellow yellow yellow yellow 
Solution solution solution solution solution 

Particulate Matter 

yellow yellow yellow yellow yellow 
solution solution solution solution solution 

Particulate Matter 

Particles 210 microns Meets Meets Particles 210 microns Meets Meets 
USP USP USP USP 

Particles 225 microns Meets Meets Particles 225 microns Meets Meets 
USP USP USP USP 

Moisture 0.4 O.3 0.4 0.4 O.S Moisture 0.4 O.3 O.3 0.4 0.4 
pH of Reconstituted 4.3 4.5 4.5 4.6 4.6 pH of Reconstituted 4.3 4.5 4.5 4.5 4.6 
Solution Solution 
Sterility Meets Meets Sterility Meets Meets 

USP USP USP USP 

n.d. Not detected 
— Not tested at this time point, per stability protocol. 

n.d. Not detected 
— Not tested at this time point, per stability protocol. 
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0267 Data from further long-term stability studies are 
listed in Tables 9-11. Samples were analyzed by reverse 
phase HPLC utilizing binary mobile phase gradient and a 
UV detection system to determine the stability of the dal 
bavancin formulation. Dalbavancin content was determined 
using an external reference standard. The percentage distri 
bution of dalbavancin components was calculated by com 
paring the area of each single component to the total area of 
all of the major drug components. The percentage distribu 
tion of impurities was calculated by comparing each the area 
of individual impurity to the total chromatographic area. 
0268 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 9A, 10A, and 
11A, which has 1.5% MAG at T=0. Stability data for Batch 
02.0005/R is shown in Tables 9B, 10B, and 11B, which has 
0.8% MAG at T=0, as a result of a different drying process 
described that is described below. 
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0269 Dalbavancin demonstrated good stability during 
storage at -20° C. (see Tables 9A-B) with no significant 
changes in bioassay, HPLC assay, HPLC distribution, or 
total impurities. The pH remained unchanged and a slight 
increase in water content was observed. 

0270 Degradation was observed over 36 months at 5°C. 
(see Table 10A) as evidenced by an increase in MAG 
content by about 2.9% and a corresponding decrease in 
Factor Bo 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). 

0271 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 Bo 
of approximately 8.5%. Levels of other factors, related 
Substances, and pH remained unchanged. The water content 
increased by about 1.6%. 

TABLE 9A 

Stability Data for Unformulated Dalbavancin Batch 025 at -20° C. (pH 3.5 

TIME (MONTHS 

TEST O 3 6 9 12 18 24 36 

Physical Appearance 
HPLC Assay (anhydrous, 92.0 93.3 90.1 88.6 88.4 91.1. 89.6 90.3 
free base, % wiw) 
Component Distribution 
(HPLC 9% AUC) 

Ao + A 4.0 4.0 4.O 4.0 3.9 3.9 3.9 3.8 
Bo 834 83.S. 82.1 82.9 84.4 83.8 83S 82.7 
B1 + B2 7.5 7.4 8.1 8.O 7.4 7.3 7.5 7.9 
Related Substances 
(HPLC 9% AUC) 

MAG 1.5 1.5 1.3 1.6 1.3 1.5 1.4 1.2 
Maximum Individual O.2 O.2 O.2 O.2 O.2 O.2 O.2 O.2 
Unspecified 
Total Impurities S.1 S.1 5.8 S.2 4.3 4.9 S.2 5.6 
Moisture (% w/w) 11.O 133 12.1 12.6 12.1 128 12.2 14.2 
pH 3.0 2.9 3.0 2.9 2.9 2.9 29 2.8 
Microbial Limits <10, <10 cfug 

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

0272 
TABLE 9B 

Stability Data for Unformulated Dalbavancin Batch 0200057R at -20° C. 

TIME MONTHS 

TEST O 3 6 9 12 18 

Physical Appearance White White White White White White 
to tal to tal to tan to tan to tal to tan 
powder powder powder powder powder powder 

HPLC Assay (anhydrous, free base, % 92.0 94.4 92.5 94.6 91.0 92.1 

Component Distribution (HPLC 
% AUC) 

Ao + A 2.5 2.5 2.5 2.5 2.4 2.5 
Bo 87.1 87.5 86.7 86.6 86.5 87.3 
B + B. 6.2 S.6 6.2 6.2 6.6 5.9 
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TABLE 9B-continued 

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

TIME (MONTHS 

TEST O 3 6 9 12 18 

Related Substances (HPLC 9% AUC) 

MAG O.8 O.9 O.9 O.8 O.9 O.9 
Maximum Individual Unspecified O.2 O.2 O.2 O3 O.2 O.2 
Total Impurities 4.3 4.5 4.6 4.7 4.4 4.4 
Moisture (% w/w) 18.2 20.1 20.1 20.3 2O.O 19.6 
pH 2.4 2.5 2.4 2.5 2.5 2.6 
Microbial Limits 2.1 cfug 

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

0273) 
TABLE 10A 

Stability Data for Unformulated Dalbavancin Batch 025 at 5° C. 

TIME (MONTHS) 

TEST O 3 6 9 12 18 24 

Physical Appearance 
HPLC Assay (anhydrous, 92.0 91.O 90.3 91.8 90.5 89.3 88.2 87.3 
free base, % wiw) 
Component Distribution 
(HPLC 9% AUC) 

Ao + A 4.0 4.O 3.9 3.9 3.8 3.9 3.8 3.7 
Bo 834 83.1 81.3 81.8 83.3 82.2 813 79.8 
B + B2 7.5 7.4 7.9 7.7 7.2 7.2 7.2 7.5 
Related Substances 
(HPLC 9% AUC) 

MAG 1.5 1.8 2.O 2.5 2.8 3.3 3.8 4.4 
Maximum Individual O.2 O.3 O.3 O.2 O.2 O.2 O.2 O.3 
Unspecified 
Total Impurities S.1 5.5 6.9 6.5 5.7 6.7 7.7 9.0 
Moisture (% w/w) 11.O 12.3 118 13.2 1S.O 14.8 14.9 17.6 
pH 3.0 3.0 3.0 2.9 2.9 2.9 2.9 2.8 
Microbial Limits <10, <10 cfug — — <1, 3 cfug — <1.1 cfug <1, <1 cfug 

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

TABLE 1 OB 

Stability Data for Unformulated Dalbavancin Batch 0200057R at 5° C. 

TIME MONTHS 

0274) 

TEST O 3 

Physical Appearance White to White to 
tan tan 

powder powder 
HPLC Assay 92.0 92.0 
(anhydrous, free base, 

Component Distribution 
(HPLC 9% AUC) 

Ao + A 2.5 2.5 
Bo 87.1 87.1 
B1 + B2 6.2 S.6 

6 

White to 
tan 

powder 
91.7 

2.5 
85.6 
6.2 

9 12 18 

White to White to White to 
tan tan tan 

powder powder powder 
91.8 89.2 89.7 

2.4 2.4 2.3 
85.3 846 84.3 
6.1 6.4 5.5 

Apr. 6, 2006 
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Stability Data for Unformulated Dalbavancin Batch 0200057R at 5 C. 

TIME MONTHS 

TEST O 3 6 9 12 18 

Related Substances 

(HPLC 9% AUC) 

MAG O.8 1.5 1.9 2.1 2.6 4.1 
Maximum Individual O.2 O.2 O.2 O.2 O.2 O.3 
Unspecified 
Total Impurities 4.3 4.9 5.8 6.3 6.6 7.9 
Moisture (% w/w) 18.2 17.4 17.2 16.4 15.4 14.2 
pH 2.4 2.5 2.4 2.5 2.5 2.5 
Microbial Limits 2, 1 cfug <1, <1 cfug 

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

0275 
TABLE 11 B-continued 

TABLE 11 A 
Stability Data for Unformulated Dalbavancin Batch 020005/R 

Stability Data for Unformulated Dalbavancin Batch 025 at 25° C. at 25 C.60% RH. 
60% RH 

TIME MONTHS 
TIME MONTHS 

TEST O 1 3 6 
TEST O 1 3 6 12 

Physical Appearance 
HPLC Assay 92.0 90.9 87.0 85.2 78.8 
(anhydrous, free base, 

Component Distribution 
(HPLC 9% AUC) 

Ao + A 4.0 3.9 3.8 3.7 3.4 
Bo 834 81.6 79.5 76.3 74.9 
B1 + B2 7.5 7.4 7.O 7.3 6.3 
Related Substances 
(HPLC 9% AUC) 

MAG 1.5 3.6 6.O 8.1 11.7 
Maximum Individual O.2 O.2 O.2 0.4 O.3 
Unspecified 
Total Impurities S.1 7.1 9.6 12.7 15.4 
Moisture (% w/w) 11.O 113 12.1 12.9 12.6 
pH 3.0 3.0 3.0 3.0 3.0 
Microbial Limits <10, 1, <1 cfug 

<10 cfug 

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

0276) 

TABLE 11B 

Stability Data for Unformulated Dalbavancin Batch 020005/R 
at 25° C., 60% RH. 

TIME MONTHS 

TEST O 1 3 6 

Physical Appearance White White White White 
powder powder powder powder 

HPLC Assay (anhydrous, free 
base, % wiw) 

92.0 91.2 87.2 83.3 

Component Distribution (HPLC 
% AUC) 

Ao + A 2.5 2.5 2.3 2.3 
Bo 87.1 84.9 82.3 78.7 
B1 + B2 6.2 5.3 5.3 5.8 
Related Substances 

(HPLC 9% AUC) 

MAG O.8 3.6 6.1 8.2 
Maximum Individual Unspecified O.2 O.2 O.3 0.7 
Total Impurities 4.3 7.3 10.1 13.2 
Moisture (% w/w) 18.2 15.2 13.8 12.6 
pH 2.4 2.6 2.5 2.5 
Microbial Limits 2.1 

cfug 

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

0277 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 sub 
stances. Results are shown in Tables 12-14. 

0278. The lyophilized product shows good stability when 
stored at 5° C. with only minor changes in HPLC assay or 
HPLC distribution. (see Tables 12A and B). As temperature 
increases (See Tables 13 and 14), there is a decrease in 
Factor Bo with a corresponding increase in MAG. The other 
factors do not appear to be affected by temperature. The 
product appearance and pH do not appear to be affected by 
temperature. It is also not possible to determine a clear trend 
in 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 Iniection Lot 149570 at 5° C. (lvophilized, mannitol, pH 3.5 

TIME (MONTHS 

TEST O 3 6 9 12 18 24 36 

Physical Appearance White to White to White to White to White to White to White to White to 
off white off white off white off white off white off white off white off white 
to pale to pale to pale to pale to pale to pale to pale to pale 
yellow yellow yellow yellow yellow yellow yellow yellow 
solid solid solid solid solid solid solid solid 

HPLC Assay 97.3 99.8 100.7 1OO.2 1OO.O 1OO.2 99.3 104.4 
Component 
Distribution 

(Ao + A) 3.6 3.6 3.6 3.7 3.6 3.6 3.7 3.7 
Bo 79.4 79.6 80.3 80.1 8O.O 80.1 80.0 813 
Post Bo: 12.8 12.3 11.3 11.6 11.6 11.7 11.6 10.6 
Degradants 

MAG O6 O6 0.7 O.6 O.7 0.7 0.7 0.7 
Reconstitution Time 90 45 40 45 40 40 41 66 
Appearance of Clear to Clear to Clear to Clear to Clear to Clear to Clear to Clear to 
Solution pale pale pale pale pale pale pale pale 

yellow yellow yellow yellow yellow yellow yellow yellow 
Solution solution Solution Solution Solution Solution Solution Solution 

Particulate Matter 

Particles 2 
10 microns 
Particles 2 
25 microns 
Moisture O.8 1.4 1.2 ind 1.1 1.6 1.5 1.3 
pH of Reconstituted 3.7 3.5 3.5 3.5 3.5 3.4 3.4 3.5 
Solution 
Sterility Sterile Sterile Sterile Sterile 

— Not tested at this time point, per stability protocol. 
* Analysis performed with development HPLC method. Dalbavancin B and B2 were not resolved with this method. 

0279) 

TABLE 12B 

Stability of Dalbavancin for Injection Lot 442378 at 5° C. (lyophilized, mannitol, pH 3.5 

TIME (MONTHS 

TEST O 3 6 9 12 18 

Physical Appearance White to White to White to White to White to White to 
Off Off off Off off Off 

white to white to white to white to white to white to 
pale pale pale pale pale pale 

yellow yellow yellow yellow yellow yellow 
solid solid solid solid Solid solid 

HPLC Assay 101.8 102.9 100.8 99.9 101.4 99.4 
Component Distribution 

(Ao + A) 2.5 2.5 2.5 2.5 2.5 2.5 
Bo 85.7 85.5 85.6 85.3 85.3 85.5 
(B+ B2) 5.5 5.8 S.6 5.7 6.2 5.7 
Degradants 

MAG 1.7 1.8 1.6 1.7 1.7 1.9 
Maximum Individual n.d. n.d. O.1 n.d. n.d. n.d. 
Unspecified 

Total Degradants 1.7 1.8 1.8 1.7 1.7 1.9 
Reconstitution Time 75 46 43 43 32 32 
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Stability of Dalbavancin for Iniection Lot 442378 at 5° C. (lvophilized, mannitol 

TIME (MONTHS 

H 3.5 

TEST O 3 6 9 12 18 

Appearance Solution Clear to Clear to Clear to Clear to Clear to Clear to 
pale pale pale pale pale pale 

yellow yellow yellow yellow yellow yellow 
Solution Solution Solution Solution Solution Solution 

Particulate Matter 

Particles 2 10 microns Meets Meets 
USP USP 

Particles 2 25 microns Meets Meets 
USP USP 

Moisture O.3 O.3 0.4 0.7 0.4 O6 
pH of Reconstituted 3.4 3.4 3.4 3.2 3.4 3.3 
Solution 
Sterility Sterile Sterile 

n.d. Not detected 
— Not tested at this time point, per stability protocol. 

0280 

TABLE 13A 

Stability of Dalbavancin for Injection Lot 149570 at 25° C.60% RH 
(lyophilized, mannitol, pH 3.5) 

TIME (MONTHS) 

TEST O 1 3 6 9 12 

Physical Appearance White to White to White to White to White to White to 
off white off white off white off white off white off white 

to pale to pale to pale to pale to pale to pale 
yellow yellow yellow yellow yellow yellow 
solid solid solid solid Solid solid 

HPLC Assay 97.3 99.4 98.3 100.3 99.7 98.7 
Component Distribution 

(Ao + A) 3.6 3.7 3.6 3.6 3.6 3.7 
Bo 79.4 81.0 79.3 80.0 79.7 78.9 
Post Bo: 12.8 10.6 12.1 11.1 10.9 11.6 
Degradants 

MAG O6 O.8 1.1 1.3 1.8 1.8 

Reconstitution Time 90 50 45 45 30 40 
Appearance of Solution Clear to Clear to Clear to Clear to Clear to Clear to 

pale pale pale pale pale pale 
yellow yellow yellow yellow yellow yellow 
Solution Solution Solution Solution Solution Solution 

Particulate Matter 

Particles 2 10 microns 

Particles 2 25 microns 

Moisture O.8 ind 1.6 1.4 ind 1.6 

pH of Reconstituted 3.7 3.6 3.6 3.5 3.5 3.5 
Solution 
Sterility Sterile Sterile 

— Not tested at this time point, per stability protocol. 
* Analysis performed with development HPLC method. Dalbavancin B and B were not resolved 
with this method. 
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0281 0282) 

TABLE 13B TABLE 13C 

Stability of Dalbavancin for Injection Lot 442378 at 25° C./60% RH 
IVOphilized, mannitol, pH 3.5 

TIME (MONTHS 

Stability of Dalbavancin for Injection Lot 442378 at 30° C./65% RH 
IVOphilized, mannitol, pH 3.5 

TIME (MONTHS 

TEST O 3 6 9 12 18 TEST O 1 3 6 9 12 

Physical White White White White White White Physical White White White White White White 
Appearance to off to off to off to off to off to off Appearance to off to off to off to off to off to off 

white white white white white white white white white white white white 
to pale to pale to pale to pale to pale to pale to pale to pale to pale to pale to pale to pale 
yellow yellow yellow yellow yellow yellow yellow yellow yellow yellow yellow yellow 
solid solid solid solid solid solid solid solid solid solid solid solid 

HPLC Assay 101.8 103.9 10O2 98.6 100.7 98.0 HPLC Assay 1OOO 98.5 99.7 1OOO 95.3 96.8 
Component Component 
Distribution Distribution 

(Ao + A) 2.5 2.5 2.4 2.5 2.4 2.5 (Ao + A) 2.5 2.4 2.4 2.4 2.4 2.4 
Bo 85.7 85.0 85.5 84.4 84.3 83.9 Bo 86.3 85.6 84.7 84.3 83.2 83.0 
(B1 + B2) 5.5 5.8 5.4 5.7 6.1 S.6 (B1 + B2) 5.5 5.5 5.7 5.9 6.3 S.6 
Degradants Degradants 

MAG 1.7 2.3 2.4 2.8 2.9 3.5 MAG 1.7 2.1 2.5 3.0 3.5 4.2 
Maximum n.d. n.d. O.2 n.d. n.d. O.1 Maximum O.1 O.1 O.2 O.2 O.2 O.2 
individual individual 
Unspecified Unspecified 

Total 1.7 2.3 2.5 2.8 2.9 3.6 Total 1.8 2.3 2.9 3.3 3.8 4.5 
Degradants Degradants 
Reconstitution 75 45 38 33 25 31 Reconstitution 45 55 31 27 46 26 
Time Time 
Appearance Clear to Clear to Clear to Clear to Clear to Clear to Appearance Clear to Clear to Clear to Clear to Clear to Clear to 
of Solution pale pale pale pale pale pale 

yellow yellow yellow yellow yellow yellow 
Solution solution solution solution solution solution 

of Solution pale pale pale pale pale pale 
yellow yellow yellow yellow yellow yellow 
Solution solution solution solution solution solution 

Particulate Particulate 
Matter Matter 

Particles 2 Meets Meets East c Ms. 
10 microns USP USP E" Meet 
Particles 2 Meets Meets icles 2 eeS 
25 mi USP USP 25 microns USP 

microns Moisture 0.5 O.7 O.9 O.7 O.9 O.9 
Moisture O.3 0.7 O6 0.7 0.7 O.8 H of 3.5 3.6 3.3 3.4 3.3 3.3 
pH of 3.4 3.4 3.4 3.3 3.4 3.4 p 

Reconstituted 
Reconstituted 
Solution Solution 
Sterility Sterile Sterile Sterility Sterile 

n.d. Not detected — Not tested at this time point, per stability protocol. 
— Not tested at this time point, per stability protocol. 

0283) 

TABLE 14A 

Stability of Dalbavancin for Injection Lot 149570 at 40° C.75% RH 
(lyophilized, mannitol, pH 3.5) 

TIME (MONTHS) 

TEST O 1 3 6 

Physical Appearance White to White to White to White to 

off white to off white to off white to off white to 

pale yellow pale yellow pale yellow pale yellow 
solid solid solid solid 

HPLC Assay 97.3 98.6 94.7 95.1 
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TABLE 14A-continued 

Stability of Dalbavancin for Injection Lot 149570 at 40° C.75% RH 
lyophilized, mannitol, pH 3.5 

TIME (MONTHS 

TEST O 1 3 6 

Component Distribution 

(Ao + A) 3.6 3.7 3.5 3.5 
Bo 79.4 79.8 77.1 76.5 
Post Bo: 12.8 1O.S 11.9 10.7 
Degradants 

MAG O.6 2.0 3.7 5.5 
Reconstitution Time 90 55 45 40 
Appearance of Solution Clear to Clear to Clear to Clear to 

pale yellow pale yellow pale yellow pale yellow 
Solution solution Solution solution 

Particulate Matter 

Particles 210 microns 
Particles 225 microns 
Moisture O.8 n.d. 2.0 1.7 
pH of Reconstituted Solution 3.7 3.5 3.6 3.5 
Sterility Sterile 

— Not tested at this time point, per stability protocol. 
* Analysis performed with development HPLC method. Dalbavancin B and B2 were not 
resolved with this method. 

0284) 
TABLE 1.4B 

Stability of Dalbavancin for Injection Lot 442378 at 40° C.75% RH 
lyophilized, mannitol, pH 3.5 

TIME (MONTHS 

TEST O 1 3 6 

Physical Appearance White to White to White to White to 
off white to off white to off white to off white to 
pale yellow pale yellow pale yellow pale yellow 

solid solid solid solid 
HPLC Assay 101.8 101S 98.6 91.8 
Component Distribution 

(Ao + A) 2.5 2.4 2.4 2.2 
Bo 85.7 84.2 82.O 80.6 
(B1 + B2) 5.5 5.8 S.6 5.2 
Degradants 

MAG 1.7 3.2 5.3 6.6 
Maximum Individual Unspecified n.d. O.3 O.2 O.S 

Total Degradants 1.7 3.8 S.6 7.4 
Reconstitution Time 75 46 46 41 
Appearance of Solution Clear to Clear to Clear to Clear to 

pale yellow pale yellow pale yellow pale yellow 
Solution Solution solution Solution 

Particulate Matter 

Particles 210 microns Meets 
USP 

Particles 225 microns Meets 
USP 

Moisture O.3 O.6 O.8 O.8 
pH of Reconstituted Solution 3.4 3.4 3.4 3.4 
Sterility Sterile 

n.d. Not detected 
— Not tested at this time point, per stability protocol. 
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Photostability 

0285 Dalbavancin for injection (500 mg vials) were also 
evaluated for photostability in labeled vials. Ten labeled 
vials were introduced into a photostability chamber, along 
with a dark control consisting of ten labeled vials wrapped 
with aluminum foil. The test samples 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 solu 
tion, pH, moisture, and HPLC assay. Results of this evalu 
ation are presented in Table 15. 

TABLE 1.5 

Immediate Pack Photostability Results for 500 mg vial Drug Product 

Results 

Test Light Exposed Dark Control 

Appearance White to off-white White to off-white 
solid solid 

Appearance of Solution Pale yellow solution Pale yellow solution 
Assay (anhydrous, free base) 91.8% 92.8% 
Moisture Content O.3% O.3% 
pH 4.5 4.5 
Reconstitution Time (sec) 43 68 
Component Distribution 
(% AUC) 

Ao O.7% O.7% 
A. 1.7% 1.8% 
Bo 86.0% 86.2% 
B 4.2% 4.3% 
B2 1.9% 2.0% 
Related Substances (% AUC) 

Co O.3% O.3% 
C1 O.1% O.1% 
Do O.2% O.2% 
D O.3% O.3% 
IsoBo O.9% 1.0% 
MAG 1.2% 1.1% 
Trichloro O.S90 O.S90 
RRT 0.85 O.1% n.d. 
Total Impurities (% AUC) 5.4% S.0% 

n.d. not detected 

0286 Comparison of the light exposed and dark control 
samples shows that the light exposed samples remain com 
parable, with slight changes in potency, API component 
levels, and total impurities. 
0287. The light exposed samples demonstrated the pres 
ence of a very low level of an unspecified impurity at RRT 
0.85, which was not detected in the dark control samples. 
Evaluation of this component by HPLC/MS has indicated 
that it is the mono-chlorinated derivative of the dalbavancin 
B homologues. 

0288 Based on these results, Dalbavancin for Injection is 
considered photostable in its immediate pack. 
Improved Efficacy and Reduced Side Effects 

0289 Weekly dosing of dalbavancin at high dosage lev 
els (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 Surprisingly high dosage (i.e., resulting in Surpris 
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ing high and long-lasting serum levels) of dalbavancin may 
be administered, with less frequency than other antibiotics, 
and without adverse side effects, enabling improved efficacy 
and patient compliance. 
0290. As discussed in Example 1, treatment with dalba 
vancin results in a low incidence of adverse events. Serious 
adverse events include any adverse drug experience occur 
ring at any dose that results in death, is life-threatening, 
results in hospitalization or prolongation of existing hospi 
talization, or persistent or significant disability or incapacity. 
In the Phase II trial described in Example 1, 90% of adverse 
reactions. Such as diarrhea, 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 

0291. 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 infec 
tion. 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 
instructions may be obtained. Often, a unit dose of dalba 
vancin 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 one 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 
aqueous pharmaceutical composition or dry powder (e.g., 
lyophilized) composition. 

0292 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 (e.g., 
polyethylene, polypropylene, and polycarbonate) bottles, 
vials, paper, plastic, and plastic-foil laminated envelopes and 
the like. Ife-beam sterilization techniques are employed, the 
packaging should have sufficiently low density to permit 
sterilization of the contents. 

0293 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) composition for 
administration. 

0294 Kits of the invention may include, in addition to 
dalbavancin, a non-dalbavancin antibiotic or mixture of 
non-dalbavancin antibiotics, for use with dalbavancin as 
described in the methods above. 

0295). In the examples below, the following abbreviations 
have the following meanings. If an abbreviation is not 
defined, it has its generally accepted meaning. 

0296 AcOH=acetic acid 

0297 AcONa=sodium acetate 
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0298 aq=adueous 
0299 AST=aspartate amino transferase 
0300 ALT=alanine amino transferase 
0301 BV=bed volume 
0302) CV-coefficient of variation 
0303) d=diameter 
0304 D=dalton 
0305 DCC=dicyclohexylcarbodiammide 
0306 DMEPA=3-(dimethylamino)-propylamine 
0307 DMSO=dimethyl sulfonamide 
0308) eq=equivalents 
0309 EU=endotoxin units 
0310 g=gram 
0311 GC=gas chromatography 
0312 HCl=hydrochloric acid 
0313 HO=water 
0314 HOBT=1-hydroxybenzothiazole hydrate 
0315 HPLC=high performance liquid chromatogra 
phy 

0316 HSO=sulfuric acid 
0317 IPA=isopropylamine 
0318 IU=international unit 
0319 KF=potassium fluoride 
0320 Kg=kilogram 
0321) L=liter 
0322 LC/MS/MS=liquid chromatography/mass spec/ 
maSS Spec 

0323 LDH=lactate dehydrogenase 
0324 LSC=liquid scintillation counting 
0325 m=cubic meter 
0326 MeOH=methanol 
0327 mg=milligram 

0328 mL=milliliter 
0329 mol=molar 
0330 MW=molecular weight 
0331 N=normal 
0332 NaOH=sodium hydroxide 
0333 NMP=N-methyl-2-pyrrollidone 
0334 QTD=quantitative tissue distribution 
0335) Rt=retention time 
0336 sa=standard deviation 
0337 TEA=triethylamine 

0338. The following examples are intended to illustrate 
but not limit the invention. 
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EXAMPLES 

Example 1 

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

0339. 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 structures or requiring Surgical inter 
vention were randomized to three groups: Study arm 1 
received 1100 mg of dalbavancin via intravenous injection 
(IV) on day 1: Study arm 2 received 1 g of dalbavancin IV 
on day 1 and 500 mg of dalbavancin IV on day 8: Study arm 
3 received “standard of care.” Clinical and microbiological 
response and adverse events were assessed. 
Populations for Analysis 
0340. 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 follows: The intent-to-treat (ITT) population 
included all patients who received at least one dose of study 
drug (all randomized study Subjects). The microbiological 
intent-to-treat (MITT) population were all ITT patients who 
had a culture-confirmed Gram-positive pathogen at baseline. 
The clinically-evaluable population were defined as those 
who 1) fulfilled 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 concomitant antimicrobial 
(unless a treatment failure). The microbiologically-evalu 
able population was the subset of clinically-evaluable 
patients who had a culture-confirmed Gram-positive patho 
gen at baseline. 
0341 The study populations are shown in Table 16. 

TABLE 16 

Study Populations for Dalbavancin SSTI Treatment 

Study arm 2 
Dalbavancin 
1000 mg day 1, Study arm 3 

Study arm 1 
Dalbavancin 

Populations 1100 mg day 1 500 mg day 8 “Standard of care 

Randomized 2O 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%) 17/21 (81%) 21/21 (100%) 
at EOT 
Clinically eval 13/20 (65%) 17/21 (81%) 21/21 (100%) 
at FU 
MITT 14/20 (70%) 13/21 (61.9%) 14/21 (66.7%) 
Micro eval 13/20 (65%) 11/21 (52.4%) 14/21 (66.7%) 
at EOT 
Micro eval 11/20 (55%) 11/21 (52.4%) 14/21 (66.7%) 
at FU 

ITT intent-to-treat 
MITT Subset of ITT population with culture confirmed Gram-positive 
infection 
EOT end of treatment 
FU—follow up 
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0342. 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 across treatment 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 clinically evaluable populations. 
0343 62 patients were enrolled, 20 in Study arm 1 and 21 
each in Study arms 2 and 3. The most common comparators 
for standard of care were clindamycin, ceftriaxone, Vanco 
mycin and cefazolin. Mean duration of treatment in Study 
arm 3 was 15 days. 
Baseline Pathogens and Susceptibility 
0344) Of the 62 ITT patients, 66% (14 single-dose dal 
bavancin, 13 two-dose dalbavancin, 14 standard of care) had 
a pretherapy Gram-positive pathogen isolated (MITT popu 
lation). The most common pathogen was S. aureus. The 
distribution of pathogens at baseline is shown in Table 17. 

TABLE 17 

Baseline Gram-positive Pathogens and Dalbavancin MIC Range for 
the MITT Population 

Single dose Two-dose 
Number with Dalbavancin Dalbavancin Standard of Care 
Pathogen (1100 mg) (1000/500 mg) Regimens 
(MIC) (N = 14) (N = 13) (N = 14) 

All S. aureus 13 11 10 
(0.12) (0.12) (0.016–0.25) 

Methicillin- 7 6 8 
sensitive 
Methicillin- 6 5 2 
resistant 
Group B O 2 2 
Streptococcits (0.016) (0.016) 
Streptococci is O 1 1 
pyogeneS (0.016) (0.016) 
Miscellaneous 3 2 4 
Streptococci is (0.016) (0.016) (0.016) 
and 
nontypeable 
strains 

Clinical and Microbiological Responses 
0345 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. Clini 
cal response, for both EOT and FU visits, was categorized 
as success (cure or improvement) or failure (including 
indeterminate results). Patients classified as Successes must 
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 required for the SSTI. 
0346 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 base 
line (i.e., eradication, presumed eradication, persistence, 
presumed persistence). For patients for whom follow-up 
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cultures were not performed, the microbiologic responses 
for baseline 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 patients 
bacteriological response could also include recurrence. 
Clinical Efficacy 

0347 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 dalbavan 
cin, and 76.2% in the standard of care group were classified 
as Successes at the time of the FU assessment. In an 
exploratory Subanalysis of those patients categorized with 
deep or complicated SSTI at baseline, two-dose dalbavancin 
therapy also 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. 

0348 Similar success rates at both the EOT and FU 
assessments were found in the Supportive ITT and micro 
biologically-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. aureus (MRSA) were 50% (3/6) for 
single-dose dalbavancin, 80% (/s) for two-dose dalbavan 
cin, and 50% (%) for patients treated with a standard of care 
regimen. 

TABLE 1.8 

Clinical Success Rates by Analysis Population and Treatment Group 

Single-dose Two-dose 
(1100 mg) (1000/500 mg) Standard of Care 

Population Dalbavancin Dalbavancin Regimens 

ITT at EOT 15/20 (75.0) 19/21 (90.5) 17/21 (81.0) 
ITT at FU 12/20 (60.0) 19/21 (90.5) 16/21 (76.2) 
MITT at EOT 10/14 (71.4) 12/13 (92.3) 10/14 (71.4) 
MITT at FU 7/14 (50.0) 12/13 (92.3) 9/14 (64.3) 
Clinically evaluable at 13/16 (61.5) 16/17 (94.1) 17/21 (81.0) 
EOT 
Clinically evaluable at 8/13 (61.5) 16/17 (94.1) 16/21 (76.2) 
FU 
Microbiologically 10/13 (76.9) 10/11 (90.9) 10/14 (71.4) 
evaluable at EOT 
Microbiologically 6/11 (54.5) 10/11 (90.9) 9/14 (64.3) 
evaluable at FU 

Microbiologic Efficacy 

0349 The success rates of the different treatment regimes 
with respect to different pathogens is shown in Table 19. For 
the microbiologically-evaluable population, eradication/pre 
Sumed eradication rates at the FU assessment for all organ 
isms were 58.3% (712) for single-dose dalbavancin, 92.3% 
(12/13) for two-dose 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, 
S. aureus eradication rates were higher for the two-dose 
dalbavancin group (90%) compared with single-dose dalba 
vancin (50%) and standard of care (60%) treatments. Similar 
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findings were observed for the MITT population; two-dose 
dalbavancin eradicated 80% of MRSA isolates (Table 19). 

TABLE 19 

Success Rates by Pathogen for Microbiologically ITT Population at FU 
Assessment 

Single-dose Two-dose 
(1100 mg) (1000/500 mg) Standard of 
Dalbavancin Dalbavancin Care Regimens 

Total organisms 
All S. aurents 
Methicillin 
sensitive 
Methicillin-resistant 
Miscellaneous 
Streptococcits species 

7/16 (43.8%) 
5/13 (38%) 
2/7 (29%) 

14/16 (87.5%) 
9/11 (82%) 
5/6 (83%) 

12/17 (70.6%) 
6/10 (60%) 
5/8 (63%) 

3/6 (50%) 
2/3 (67%) 

4/5 (80%) 
4/4 (100%) 

1/2 (50%) 
5/7 (71%) 

0350 For the microbiologically-evaluable and MITT 
populations, the microbiological Success rates at EOT and 
FU are summarized in Table 20. Comparable microbiologic 
success rates were 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 lower rates of success (<40%). The 
microbiologic success rates at EOT/FU in the microbiologi 
cally-evaluable population paralleled clinical response find 
ings: 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 findings were observed for 
the MITT population (data not shown). 

TABLE 20 

Microbiologic Success Rates 

Two-dose 
(1000/500 mg) Standard of Care 
Dalbavancin Regimens 

Single-dose 
(1100 mg) 
Dalbavancin 

MITT population 

EOT 5/14 (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 

EOT 5/13 (38.5) 8/11 (72.7) 10/14 (71.4) 
FU 3/11 (27.3) 8/11 (72.7) 9/14 (64.3) 

Pharmocokinetic Analysis 
0351. For patients randomized to the dalbavancin treat 
ment groups, 5 ml of blood was obtained on Day 8 for 
determination of dalbavancin plasma concentrations. For 
patients randomized to receive a 500 mg dalbavancin dose 
on Day 8, blood was obtained just prior to administration of 
the second dose. Additional 5 ml blood samples were 
obtained on Days 10 and 24 for patients were randomized to 
the single-dose dalbavancin group and on Days 20 and 34 
for those who received two doses of dalbavancin. 

0352 Dalbavancin plasma concentrations were deter 
mined using validated liquid chromatography and mass 
spectrophotometer methods. The lower limit of quantitation 
was 500 ng/ml for plasma. 
0353 Mean dalbavancin concentrations collected on 
Study days 8, 10, and 24 in the single-dose regimen were 
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31.1+7.1, 25.2+4.8, and 10.2+3.5 mg/l (meant-SD), respec 
tively. Dalbavancin concentrations following the two-dose 
regimen on Study days 8 (prior to the second dose), 20, and 
34 were 30.4+8.2, 21.2+10.0, and 9.0+4.4 mg/l, respec 
tively. As expected, all patients had dalbavancin concentra 
tions of greater than 20 mg/l 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 IV on 
day 8. Generally, minimum bactericidal concentrations are 
about 4 to 10 mg/l. 

Safety Evaluation 

0354 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). 

0355. 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 5 patients) were unrelated 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. 

0356. No dalbavancin-treated patient discontinued treat 
ment prematurely due to an AE. Three of 21 (14%) patients 
on a standard of care regiment discontinued treatment pre 
maturely 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 aeruginosa and elevated Vancomycin trough level). 

TABLE 21 

Summary of Adverse Event (AE) Data 

Single-dose Two-dose 
dalbavancin dalbavancin Standard of care 
(N = 20) (N = 21) (N = 21) 

21 AE 95% 76.2% 100% 
% AE Sewere 15% 9.5% 4.8% 
21 AE 55% 48% 57% 
possibly probably 
related to treatment 
AE leading to O O 14.3% 
discontinuation of 
study medication 
21 Severe AE 2 (10%) 2 (9.5%) 1 (4.8%) 
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0357) 

TABLE 22 

Most Common Adverse Events 

Single-dose Two-dose 
dalbavancin dalbavancin Standard of care 
(N = 20) (N = 21) (N = 21) 

Diarrhea 20% 9.5% 28.6% 
Nausea 10% 28.6% 9.5% 
Hyperglycemia 59% 14.3% 1996 
Limb Pain 10% 9.5% 9.5% 
Vomiting 10% 14.3% 4.8% 
Constipation 59% 4.8% 14.3% 

Discussion 

0358. This open-label, randomized Phase II trial shows 
that dalbavancin is effective for the treatment of adults with 
SSTI. The majority of enrolled patients had deep or com 
plicated infections (>90%) and infections that required sur 
gical intervention (-70%), while approximately 45% had 
underlying diabetes mellitus. 

0359 Two weekly doses of dalbavancin had a numeri 
cally higher clinical response rate than either a single-dose 
of dalbavancin or the standard of care regimen. Data from 
both ITT and clinically-evaluable populations suggests that 
a regimen of two sequential weekly injectable doses of 
dalbavancin (1000 mg, 500 mg weekly) is effective in the 
treatment of SSTIs. The standard of care group was treated 
for a median duration of 13 days. At follow-up, 94% of 
clinically-evaluable patients treated with two-dose dalba 
vancin were considered clinical successes versus 76% of 
those given a standard of care regimen and 61.5% of patients 
receiving single-dose dalbavancin. 

0360 S. aureus was the most frequently isolated organ 
ism at baseline. In this trial, 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 dalbavancin against Gram-positive 
isolates, including MRSA, ranged from 0.016 to 0.25 mg/L. 
0361 Microbiological success rates paralleled those of 
clinical response for the clinically-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. 

0362 Concentrations of dalbavancin obtained at 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 two doses of dalbavancin separated by one 
week. Dalbavancin plasma levels measured at the end of the 
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weekly dosing interval were substantially greater than the 
reported MIC 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 mg/l. 
0363 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 early 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 clinically 
significant hepatotoxicity or nephrotoxicity. 
0364 The two-dose dalbavancin regimen appears effec 
tive for treatment of patients with complicated SSTIs. Dal 
bavancin 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 Weekly Dalbavancin 
in the Treatment of Catheter-Related Blood Stream 

Infection (CR-BSI) 
0365. This study evaluated the safety and efficacy (clini 
cal 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 bac 
terial pathogens, relative to the standard care of treatment, 
Vancomycin. 
Methodology 

0366 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, comparative, multi-center study. Dalbavancin 
was administered once weekly in weekly dalbavancin and 
comparator (Vancomycin) was administered daily in Vanco 
mycin. Catheter removal was required for patients with 
Staphylococcus aureus infection; catheter management was 
left to the Investigator's discretion for patients with coagu 
lase-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 
0367 Approximately 80 patients were planned (40 each 
for treatment arms 1 and 3); 67 patients were analyzed (33 
in weekly dalbavancin 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 



US 2006/0074014 A1 

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 1 and 3, respectively. 
Diagnosis and Main Criteria for Inclusion 
0368 Patients with documented Gram-positive bacter 
emia defined as at least one blood culture positive for S. 
aureus, or at least two positive blood cultures for all other 
organisms (with at least one of the cultures from a percu 
taneously 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: 

0369 1. At least two of the following signs of bacte 
remia: core temperature >38.0°C. or <36.0°C., mea 
sured 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 differen 
tial count showing >10% band forms; tachycardia 
(pulse rate >100 bpm); tachypnea (respiratory rate >20. 
breaths/minute); transient hypotension (systolic blood 
pressure <90 mm Hg) 

0370 2. No apparent source for the clinical manifes 
tation of bacteremia other than the catheter (may have 
local signs and symptoms at the catheter site). 

Treatment 

0371 The treatment lasted for 14 days for patients with 
S. aureus infection, and 7 to 14 days for all other pathogens. 
Because of the long half-life of dalbavancin, the duration of 
study drug therapy was assumed to be 7 days for each dose 
of dalbavancin given in weekly dalbavancin. Dalbavancin 
was administered intravenously with a 1000 mg loading 
dose on Day 1 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 

0372 Efficacy was evaluated based on clinical and 
microbiological responses. The primary outcome parameter 
was overall 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 examina 
tions, vital signs, and ECGs. Dalbavancin plasma concen 
trations 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 8, at end of treatment 
(EOT) and at TOC. Due to the elimination of arm 2 during 
the study, only demographic data and safety data from those 
patients are described; efficacy was not evaluated. 
Statistical Methods 

0373) Efficacy, safety, and dalbavancin concentration 
data are presented using descriptive statistics. For the pri 
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mary efficacy analysis, 95% confidence intervals were also 
determined, and for prognostic factor analyses using the 
primary efficacy variable, logistic regression was used. 
Efficacy Results 
0374 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% CI: 31.5, 68.5). 
0375 For the secondary efficacy analyses, overall suc 
cess, 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 arm at both EOT and TOC. By EOT. most signs and 
symptoms at the catheter site were resolved for both study 
aS. 

Safety Results 
0376 Adverse 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 consid 
ered 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 treatment 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 SAEs or led to discontinuation of study drug. 
0377 Increased diastolic blood pressure was the most 
common abnormal clinically significant 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 dur 
ing drug therapy. 

0378. Therefore, dalbavancin given as an initial IV dose 
of 1000 mg followed 1 week later by a second IV dose of 
500 mg appears well tolerated and highly effective for the 



US 2006/0074014 A1 
38 

treatment of CR-BSI caused by Gram-positive pathogens, 
with Superior response rates to Vancomycin 

Example 3 

Pharmacokinetics and Renal Excretion of 
Dalbavancin in Healthy Subjects 

0379 The primary objectives of this study were to char 
acterize the pharmacokinetics of dalbavancin and to calcu 
late the extent of renal excretion in healthy subjects receiv 
ing a therapeutic dose of the drug. This was an open label, 
non-comparative, study. 
Study Drug Treatment 
0380 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. 

Cmax 
mg/L. 

Mean 301 
Sd 65 
CV9% 21.6 
Min 243 
Max 394 

0381 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 to 75) and mean weight was 179.6 lbs (140 to 244). 
Pharmacokinetics 

0382 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 dal 
bavancin using validated LC/MS/MS methods. The lower 
limit of quantitation of the assay was 500 ng/mL for urine 
and plasma. 

0383 Dalbavancin pharmacokinetic parameters were 
estimated by non-compartmental methods using the Win 
NonlinTM software (Pharsight Corporation). The peak con 
centration (C) values were obtained directly from the 
observed data. The area under the plasma concentration 
time curve (AUC) was calculated using the linear trapezoi 
dal rule. Clearance (CL) was computed as dose/AUC. The 
elimination half life (t) was estimated by linear regression 
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 Vol 
ume of distribution at steady state (Vss) was calculated from 
the area under the first moment curve (AUMC) multiplied 
by the dose and divided by AUC. The cumulative amount of 
dalbavancin excreted in urine was determined as the inte 
grand of the urine excretion rate (AURC). CL, or renal 
clearance, was calculated as the ratio: CL=AURC/AUC. 
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0384 Plasma concentrations of dalbavancin versus time 
are shown for all subjects in FIG. 5. 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 appar 
ent volume of distribution of more than 10 L and is assumed 
to be well distributed in the extracellular fluid. 

0385) Dalbavancin was slowly eliminated with a t of 
9-12 days. The total drug clearance was 0.0431+0.0074L/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 

t1/2 AUC VZ CL Vss AURC 
h mg hL L Lih L ng 

% Renal CLR 
Excretion Lh 

257 23843 16.O O.O431 115 419 41.9 O.O181 
21 4526 31 O.OO74 2.13 27 2.7 O.OO36 
8.1 19.O. 19.S 17.1 18.6 6.4 6.4 20.1 

227 1984.4 11.7 O.O332 8.58 379 37.9 O.O130 
282 301OO 196 O.OSO4 13.9 448 44.8 O.O226 

Safety Assessments 

0386 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. 
0387 Dalbavancin was well-tolerated in this study. No 
subject deaths or serious adverse events were reported 
during this study and no subject was prematurely withdrawn 
from study due to an AE. 
0388 All volunteers reported at least one AE, all of mild 
intensity. Three volunteers reported AEs that were possibly 
related to study medication: elevated ALT (value 46 IU/L, 
upper limit of normal 40 IU/L) in one subject; eosinophilia 
(value 0.5x10 uL. upper limit of normal 0.4x10/uL), 
elevated LDH (value 303 IU/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 IU/L, upper limit of 
normal 40 IU/L) all in one subject; and tinnitus in one 
Subject. 

0389) No trends were seen for post-baseline hematology, 
chemistry, vital signs, and ECG results. 
Discussion 

0390 A single 1000 mg IV dose of dalbavancin was 
well-tolerated. Following a single intravenous infusion of 
1000 mg, plasma concentrations of dalbavancin above 45 
mg/l 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. 
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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 dalba 
vancin may not be necessary in renally impaired patients. 

Example 4 

Pharmacokinetics of Dalbavancin Subjects with 
Renal Impairment 

0391 These were open label studies conducted to exam 
ine the safety and pharmacokinetics of intravenous dalba 
vancin when administered to subjects with mild, moderate 
and severe renal impairment. 
Study Drug Treatment 
0392 Male and female subjects between ages 18 and 80 
were eligible for enrollment. Subjects had to be within -10% 
to +50% of ideal body weight for their sex, height, and body 
frame. 

Pharmacokinetics 

0393 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. 

0394 Dalbavancin pharmacokinetic parameters were 
estimated by non-compartmental methods. The peak con 
centrations (C) were obtained directly from the observed 
data. The area under the plasma concentration-time curve 
(AUC) were calculated using the linear trapezoidal rule. 
0395 Pharmacokinetic 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 
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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 (AUC 14 mg.h/L of 23000). 
0397 For patients with mild renal insufficiency, no dos 
age adjustment of dalbavancin was required. Dalbavancin 
concentrations and pharmacokinetic parameters were simi 
lar in subjects 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 Adjust 
ments Not Required for Patients with Mild Renal Impair 
ment presented at the 2003 ECCMID Meeting, Glasgow 
(Clinical Microbiology and Infection, Volume 9 (Supple 
ment 1) page 291; 2003) and Stogniew, M. et al. “Pharma 
cokinetic Attributes 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 incor 
porated by reference in their entirety. 

Example 5 

Renal Impairment and End-Stage Renal Disease 
0398. 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, VER001-11 and VER001-13. 
0399 Clinical Study VER001-3 was terminated early (5 
subjects enrolled; 3 subjects received dalbavancin) when it 

Dosing Regimen 

Pharmacokinetic 1000 mg + 500 mg 1000 mg 
Parameter 1000 mg 1120 mg 500 mg Severe RI Severe RI* 

AUC (mg h/L) 24453 +/- 3711 25790 +/- 2447 33000 24376 +/- 6615 -48000 
AUC7 (mg h/L) 13412 +/- 2120 13644 +/- 1305 12000 6860 +/- 1613 ~14000 
AUC14 (mg h/L) 17737 +/- 2325 20207 +/- 2122 23000 10986 +/- 2817 -22000 
AUC42 (mg h/L) 23137 +/- 3326 33000 -38000 
Cmax (mg/L) 340 +/- 68 325 +/- 41 300 137 +f- 22 -300 
C7day (mg/L) 40.9 +/- 5.26 55.4 +/- 8.1 40 -30–40 -57 
C14day (mg/L) 21.3 +/- 2.56 22.8 +/- 1.9 40 ~40 

7 = drug concentration 7-days post-dose, prior to administration of another possible dose; 
4 = drug concentration 14 days post-dose, prior to administration of another possible dose. 

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 
UC = drug exposure as estimated by the area under the plasma concentration-time curve; 
UC7 = drug exposure through 7 days post-dose or through treatment period; 

= maximum observed drug concentration in plasma; 

Discussion 

0396 For patients with severe renal impairment, a single 
dose of 500 or 1000 mg of dalbavancin is administered to the 

UC14 = drug exposure through 14 days post-dose or through treatment period; 
UC42 = drug exposure through 42 days post-dose or through treatment period; 

was determined that the dosage being examined (70mg) was 
too low compared to the larger weekly dosage that was being 
proposed for clinical study. Clinical Study VER001-13 
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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 Subjects 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. 
04.00 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 medi 
cation. There were no clinically meaningful laboratory 
derangements in any of the study Subjects while receiving 
dalbavancin. 

04.01. In Clinical Study VER001-13, dalbavancin admin 
istration to Subjects with normal renal function and Subjects 
with mild renal impairment resulted in comparable concen 
tration-time profiles over the 60 day sampling interval. 
Through the relative treatment period, 7-days postdose, 
concentration-time profiles were comparable among Sub 
jects with normal renal function, and subjects with either 
mild or moderate renal impairment. A Small increase in 
concentrations was observed in Subjects with moderate renal 
impairment beyond Day 14, when concentrations were rela 
tively low and below 40 mg/L. Dalbavancin plasma con 
centration-time profiles in these subjects following 1000 mg 
dalbavancin are shown in FIG. 18. Dalbavancin pharmaco 
kinetic parameters are shown in Table 25. No dosage adjust 
ment is required for patients with mild or moderate renal 
impairment (CL->30 mL/min). The findings from this 
study are consistent with patients studied in the population 
pharmacokinetic analysis (CL->50 mL/min). 
04.02 Dalbavancin was administered to subjects with 
normal renal function, Subjects with severe renal impair 
ment, 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 normal renal function and Subjects with 
either severe renal impairment or ESRD through the first 12 
hours, but a small and gradually increasing difference was 
observed in subjects with severe renal impairment. Concen 
trations were increased by s 20% 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 
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dialysis session. No difference in concentration-profiles was 
noted between these two subgroups. Concentrations in Sub 
jects with ESRD were, however, similar to subjects with 
normal renal function, indicating compensation in renal 
insufficiency due to regularly scheduled dialysis (3-times/ 
week). Levels in dialysate corresponding to this level of 
drug dialysis were too small to measure. 
0403 Dalbavancin pharmacokinetic parameters in sub 

jects with severe renal impairment and subjects with ESRD 
(VER001-11) are compared to subjects with mild or mod 
erate 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. 20, Table 25). 
Individual drug exposures within the relative treatment 
period (AUCo.,) were generally consistent across indi 
vidual CL, 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 concentration-time profile. Area 
under the plasma concentration-time curve extrapolated 
through infinity (AUC) was increased 97% in Subjects 
with severe renal impairment. Subjects with ESRD had only 
a 45% increase in AUCo., reflecting some compensation in 
renal insufficiency with regularly scheduled dialysis. 
0404 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 adjustment is to match concentra 
tions and exposures during the two-dose relative treatment 
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 a CL-30 mL/min. This 
dosage regimen maintains 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 receiv 
ing 1000 mg (Day 1)+500 mg (Day 8), ii) subjects with 
severe renal impairment receiving 1000 mg (Day 1)+500 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 to 3 times weekly) have some compensated 
clearance of drug by dialysis and do not require a dosage 
adjustment. 

TABLE 25 

Dalbavancin Pharmacokinetic Parameters for Healthy and Renally Impaired Subjects 
FOLLOWING A single dose of dalbavancin 

Moderate Normal Severe 
Mild Renal Renal Renal Renal 

Mean Impairment Impairment Function (N = Impairment 
(+ SD) (N = 6) (N = 6) 9) (N = 6) 

Study VEROO1- VEROO1-13 VEROO1-13 VEROO1 
13 11 

Severe 
Renal ESRD ESRD Normal Renal Normal Renal 
Impairment Predialysis Postdialysis Function Function 
(N = 4) (N = 3) (N = 3) (N = 6) (N = 3) 

VEROO1- VEROO1-11 VEROO1-11 VEROO1-11 VEROO1-2 
11 
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TABLE 2 
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5-continued 

Dalbavancin Pharmacokinetic Parameters for Healthy and Renally Impaired Subjects 
FOLLOWING A single dose of dalbavancin 

Moderate Normal Severe 
Mild Renal Renal Renal Renal 

Mean Impairment Impairment Function (N = Impairment 
(+ SD) (N = 6) (N = 6) 9) (N = 6) 

Dose 1OOO 1OOO 1OOO 500 
(mg) 
Cmax 266.8 330.7 248.8 136.5 
(mg/L) (42.3) (55.7) (33.0) (21.6) 
AUCo day 7 9714 11OSO 8992 6O77 
(mg hL) (1406) (2005) (1362) (1392) 
AUCoday 14 15333 18060 13765 10412 
(mg hL) (1884) (3065) (1986) (2658) 
AUCo inf 27047 37665 24561 24O74 
(mg hL) (4084) (7123) (5252) (6613) 
CL O.O376 O.O273 O.0422 O.O222 

(L/h) (0.0048) (0.0045) (0.0079) (0.0064) 
Vss 16.5 14.7 18.5 13.2 
(L) (3.3) (2.1) (3.6) (2.9) 
t1/2 389 432 417 454 
(h) (59) (43) (108) (102) 

Example 6 

Hepatic Impairment 

04.05 Dalbavancin is eliminated by both renal and non 
renal 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 VER001-12. The study enrolled otherwise 
healthy subjects with mild, moderate, or severe hepatic 
impairment (Child-Pugh scores 5 to 6, 7 to 9, and 10 to 15, 
respectively) and matched control Subjects with normal 
hepatic function. Subjects were given a single 1000 mg IV 
dose of dalbavancin on Day 1 followed by a 500 mg IV dose 
of dalbavancin on Day 8. 
0406 Concentrations and exposures of dalbavancin did 
not increase with increasing degrees of hepatic impairment 
(FIG. 24). Dalbavancin administration to subjects with 
normal hepatic function and Subjects with mild hepatic 
impairment resulted in comparable concentration-time pro 
files over the 60 day sampling interval. Dalbavancin admin 
istration to Subjects with moderate hepatic impairment and 
Subjects with severe hepatic impairment resulted in slightly 
decreased observed concentrations when compared to Sub 
jects with normal hepatic function. The drug was well 
tolerated across all groups. 
0407. The exposure to dalbavancin for subjects with 
normal hepatic function and Subjects with mild hepatic 
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Severe 
Renal ESRD ESRD Normal Renal Normal Renal 
Impairment Predialysis Postdialysis Function Function 
(N = 4) (N = 3) (N = 3) (N = 6) (N = 3) 

1OOO 500 500 500 112O 

3.15.3 140.7 145.8 137.3 325 

(89.7) (26.4) (71.5) (39.5) (41) 
10653 6069 4969 5245 13644 
(1474) (1768) (1153) (1661) (1305) 
18698 10620 8SOO 7971 20207 

(1780) (2881) (2297) (2422) (2122) 
44497 19772 15587 12219 25790 
(11483) (5065) (6050) (3298) (2447) 

O.O238 O.O264 O.O3SO O.0429 O.0437 

(0.0068) (0.0063) (0.0113) (0.0092) (0.004) 
14.2 12.8 14.6 1S.O 8.49 

(0.8) (3.4) (3.2) (4.2) (1.05) 
469 376 347 333 149 

(103) (63) (78) (91) (3.6) 

impairment was comparable (Table 26). A trend towards a 
decrease in dalbavancin exposure and an increase in CL was 
evident for Subjects with moderate hepatic impairment and 
subjects with severe hepatic impairment. Overall, the inter 
Subject variability of the pharmacokinetic parameters was 
low and generally below 30% and although dalbavancin 
pharmacokinetic parameters were statistically different 
between the higher and lower hepatic impairment groups, 
the ranges of the exposure parameters significantly over 
lapped (FIG. 25). 
0408 Changes in dalbavancin pharmacokinetic param 
eters appeared to be influenced by the drugs distribution 
volume. Volumes of distribution increased in the same 
proportional or inversely proportional manner as CL and 
AUC. The drug terminal elimination half-life was virtually 
unchanged across the groups. Subjects with moderate and 
severe hepatic impairment, who have significantly more 
ascites and edema, have larger Volumes of drug distribution 
and Subsequently slightly lower drug exposures. 
04.09 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 decrease in mean 
exposure, Subjects with severe hepatic impairment still had 
a drug exposure 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 Healthy and Hepatically Impaired Subjects 
FOLLOWING 1000 MG dalbavancin ON Day 1 and 500 MG dalbavancin on Day 8 

Mean (+ SD) 

Cmax (mg/L) 
Cmax 2 (mg/L) 

Mild Hepatic Moderate Hepatic Severe Hepatic Normal Hepatic 
Impairment Impairment Impairment Function 
(N = 6) (N = 6) (N = 5) (N = 9) 

331.7 (80.6) 227.2 (37.5) 199.0 (30.4) 278.3 (52.6) 
177.0 (62.4) 122.7 (27.2) 118.9 (23.9) 166.3 (42.9) 
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TABLE 26-continued 
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Dalbavancin Pharmacokinetic Parameters for Healthy and Hepatically Impaired Subjects 
FOLLOWING 1000 MG dalbavancin ON Day 1 and 500 MG dalbavancin on Day 8 

Mild Hepatic 
Impairment 
(N = 6) 

Moderate Hepatic Severe Hepatic 
Impairment Impairment 
(N = 6) (N = 5) 

7561 (1540) 
14112 (2911) 
21639 (5940) 

Mean (+ SD) 

AUCoas (mg h/L) 11146 (3478) 
AUCo dis (mg h/L) 21158 (5808) 
AUCor (mg h/L) 33117 (6479) 

7710 (1099) 
14826 (1925) 
23628 (3527) 

CL (L/h) 0.0466 (0.0084) 0.0647 (0.0098) 0.0736 (0.0202) 
Vss 18.1 (5.2) 24.4 (3.0) 25.2 (4.0) 
t12 (h) 323 (27) 320 (24) 322 (68) 

Example 7 

Protein Binding of Dalbavancin using Isothermal 
Titration Microcalorimetry 

0410 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, 
25x10 ul of protein (~150 uM) was injected into a calorim 
eter cell containing dalbavancin solution (~5 uM). Actual 
protein and dalbavancin concentrations 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 conditions. For comparison, similar experi 
ments with Some necessary modifications were performed 
using teicoplanin. 
0411 Experiments with dalbavancin were conducted 
with each of the following proteins: human albumin; dog 
albumin; rat albumin; bovine albumin; and human C-glyco 
protein. Teicoplanin was studied with human albumin and 
C-glycoprotein. A comparison of binding affinities at two 
different temperatures is shown in Table 27. 

TABLE 27 

Comparison of apparent binding affinities (Ka, x 10 M 
25o C. 37o C. 

Dalbavancin 

Human albumin 1.35 (+0.2) 1.33 (+0.15) 
Rat albumin 3.1 (+0.5) 2.8 (+1.8) 
Dog albumin 0.62 (+0.09) 0.50 (+0.13) 
Bovine albumin 1.38 (+0.14) 
C-glycoprotein 1.84 (+0.36) 4.8 (+2.3) 
Teicoplanin 

Human albumin 0.96 (+0.08) 
C-glycoprotein 0.07 (+0.01) 

The + errors quoted are the standard deviations obtained from the fitting 
routine. 

0412 Integrated heat effects, after correction 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 kcal/ 
mole of injectant. The same integration was applied for 
control dilution effects, and this was subtracted from the 

Normal Hepatic 
Function 

10577 (2493) 
20473 (4883) 
33851 (8184) 
0.0466 (0.01.10) 

18.3 (3.7) 
321 (24) 

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 standard binding models. The simplest model 
assumes simple non-competitive binding equilibrium, and 
gives three parameters: 

0413 K (=1/Kdiss) is the binding association (disso 
ciation constant) 

0414 AH=the enthalpy of binding (the size of signal 
related to binding) 

0415 N=number of binding sites (assuming the bind 
ing model is correct) 

0416 Assuming non-competitive binding, N is the (rela 
tive) number of moles of injectant required to saturate all the 
available binding sites in the sample. For the dalbavancin 
experiments, dalbavancin is the “sample' and the protein 
(HSA, etc.) is the “injectant.” These preliminary results 
indicate that the binding is relatively weak and, because of 
the poor solubility of dalbavancin, it is difficult to determine 
the binding Stoichiometry (N) unambiguously. However, as 
seen in FIG. 6, in all cases, the data fits well with N-1 (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 dalba 
vancin molecules. It is possible that dalbavancin forms a 
dimer that binds 1:1 with a protein. Results of binding 
Stoichiometry modeling Suggests that two dalbavancin mol 
ecules are bound to one molecule of protein, unlike teico 
planin, which exhibits 1:1 binding. 
0417 Table 28 presents the calculated percent bound for 
antibiotic concentrations in the range 1-500 LM, assuming 
physiological concentrations of human serum albumin 
(6x10M) and C-glycopeptide (1.5x10M). To relate this 
to the clinical situation, the peak concentration of dalbavan 
cin is approximately 300 mg/L, or 165 uM. 

TABLE 28 

Calculated percent Binding of Teicoplanin and Dalbavancin to Plasma 
Proteins 

Concentration of antibiotic (M) Dalbavancin Teicoplanin 

Human albumin 

1 98.8 98.3 
10 98.8 98.3 
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TABLE 28-continued 

Calculated percent Binding of Teicoplanin and Dalbavancinto Plasma 
Proteins 

Concentration of antibiotic (M) Dalbavancin Teicoplanin 

100 98.7 98.0 
16S 98.6 ND 
250 98.5 ND 
500 98.0 ND 

Human C-glycoprotein 

1 73.0 9.6 
10 68.2 9.1 

100 26.2 6.O 
16S 16.9 ND 
250 11.4 ND 
500 5.9 ND 

ND = Not done 

0418. In these experiments, the binding of dalbavancinto 
human serum albumin exceeds 98%. The fraction bound is 
fairly constant across the selected range of dalbavancin 
concentrations, i.e. 1-500 uM. This range encompasses the 
therapeutic concentrations in man. Binding of dalbavancin 
to O-glycoprotein is much greater than that of teicoplanin. 
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 help to 
explain some of the unique pharmacokinetic characteristics 
of dalbavancin. The binding and formation of a 2:1 dalba 
vancin:protein complex also explains the prolonged half 
life, and the apparent volume of distribution, which approxi 
mates extracellular water volume. The low affinity helps 
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. 

Example 8 

Pharmacokinetic Attributes and Tissue Distribution 
of Dalbavancin in Rats 

0419. Two studies were performed in rats administered a 
single IV infusion of 20 mg/kg H-dalbavancin. Excreta 
and more than 40 different tissues were collected through 70 
days post-administration, and the tissue distribution and 
pharmacokinetics of drug-derived radioactivity were deter 
mined. 

0420 HPLC-purified H-dalbavancin was used for 
these studies. Radiolabeled drug was produced via tritium 
exchange and purified by HPLC. 
Rat Mass Balance Study 
0421 Mass balance studies were conducted to determine 
the excretion pattern of dalbavancin following a single 
intravenous (IV) infusion of dalbavancin in male rats. 
0422 Fifteen male Sprague-Dawley rats received a 
single IV dose of H-dalbavancin (20 mg/kg, 100 uCi/rat). 
Following dose administration, urine and feces were col 
lected at 24 hour intervals to 14, 36, and 70 days after the 
dose (3 rats/final collection time). Water and methanol cage 
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washes were also collected. Carcasses were analyzed at the 
end of the collection period. All samples were analyzed for 
total radioactivity content by liquid Scintillation counting 
(LSC). 
0423) Following IV administration of H-dalbavancin in 

rats, drug-derived radioactivity was eliminated in both urine 
(~% of excreted radioactivity) and feces (~/3 of excreted 
radioactivity). Approximately half of the radioactivity 
administered was eliminated in the urine and feces within 
the first week, which is consistent with a plasma t 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 radioactivity was accounted for (urine, feces, 
carcass, cage washes, and tritium exchange) during the 
study. 
Rat Quantitative Tissue Distribution (OTD) Study 
0424) Quantitative tissue distribution studies were con 
ducted to assess the tissue distribution of dalbavancin fol 
lowing a single IV infusion of dalbavancinto male rats. 
0425 Forty-one male Sprague-Dawley rats received a 
single IV infusion of H-dalbavancin (20 mg/kg, 50 uCi/rat). 
Rats (3 per time-point) were euthanized at 12, 24, 48, 72.96, 
120, 144, 168,336, 840, 1176 and 1680 hours post dose for 
collection of blood, plasma, and tissues (including carcass). 
All samples were analyzed by LSC. 
0426 Concentration-time profiles were determined for 
more than 40 tissues, including kidney, liver, spleen, blood, 
plasma, lung, and skin. Concentrations and ta values of 
drug-derived radioactivity in tissues, including skin, were 
comparable to those observed in plasma. Dalbavancin was 
found to be rapidly and extensively distributed with all 
tissues having quantifiable concentrations of drug-derived 
radioactivity within 12 hours after post-infusion. Most tis 
Sues reached maximum concentration (C) within 24 h 
after the dose. Recovered radioactivity 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. Concen 
trations of radioactivity in the CNS were low but detectable 
in this healthy animal model. Dalbavancin was found to 
penetrate the skin with concentrations of drug-derived radio 
activity that were as high as or higher than in plasma. Blood 
to plasma ratio of drug-derived radioactivity remained rela 
tively constant over time and was <1. 
0427 As part of 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 h after the dose. This 
represents the majority of the drug-derived radioactivity 
found in feces. 

Example 9 

Pharmacodynamic Activity of Dalbavancin 
0428 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 deter 
mination of the minimum inhibitory and bactericidal con 
centrations (MIC and MBC). However, these parameters 
only measure net effects for a prescribed incubation period 
and do not characterize the time course of antimicrobial 



US 2006/0074014 A1 

activity. The MBC does not determine if the rate and extent 
of bactericidal activity can be enhanced by increasing con 
centrations of drug. Furthermore, MIC determinations do 
not measure whether there are inhibitory effects on bacteria 
that persist after drug removal. 
0429. 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 antibiotics shows 
little concentration dependence and the extent of killing is 
due primarily to the duration of exposure. In addition, 
beta-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 a sufficient period of time would demonstrate the 
best efficacy. This has been confirmed in several animal 
models. On the other hand, fluoroquinolones exhibit con 
centration-dependent killing and produce prolonged in-vivo 
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 
also been confirmed in several animal models. More impor 
tantly, the magnitude of the pharmacokinetic/pharmacody 
namic parameter required for efficacy for both beta-lactams 
and fluoroquinolones has been similar in animal infection 
models and human infections. 

0430. The following studies were designed to character 
ize the in-vivo pharmacodynamic characteristics of dalba 
vancin. 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, area under the concentration 
versus-time curve (AUC), the duration of time serum levels 
exceed the MIC) best predicts efficacy of dalbavancin and 
2 whether the magnitude of the PK/PD parameter required 
for efficacy is similar among common gram-positive bacte 
ria including penicillin-resistant pneumococci and methicil 
lin-resistant S. aureus. Lastly, the effect of infection site on 
the activity of dalbavancin against both S. pneumoniae and 
S. aureus in both the thigh and pneumonia infection models 
was determined. 

Study Organisms and MICs to Dalbavancin 

0431. The study organisms and their MICs to dalbavan 
cin 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 determi 
nations with S. pneumoniae. All MICs were performed at 
least in duplicate. 

TABLE 29 

In Vitro Activity of Dalbavancin Against S. pneumoniae and 
S. Atiretts Strains. 

Penicillin Methicillin 
MIC (mg/L) MIC (mg/L) 

Dalbavancin 
Organism MIC/MBC (mg/L) 

S. pneumoniae Strain 

11.99 O.OO)4 1.O 
1293 O.OO)4 2.0 
1325 O.OO8 2.0 

44 
Apr. 6, 2006 

TABLE 29-continued 

In Vitro Activity of Dalbavancin Against S. pneumoniae and 
S. Aureus Strains. 

Methicillin Dalbavancin Penicillin 
Organism MIC/MBC (mg/L) MIC (mg/L) MIC (mg/L) 

1329 O.OO8 2.0 
10813 O.O3 O.OO8 

S. airetts Strain 

25923 O.12 OSO O.12 
33591 O.12fO2S >8.O 
31 OOS O.06.0.25 O.12 
MRSA O.12fO2S >8.O 
Smith O.06.O.SO O.12 

307109 0.060.12 >8.O 

0432 Five pneumococcal and six staphylococcal organ 
isms were utilized. The dalbavancin MICs for the pneumo 
cocci 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 pneumococci, ranging from 0.06-0.12 mg/L. 
Pharmacokinetics 

0433. The plasma pharmacokinetics of dalbavancin in 
thigh-infected neutropenic Swiss ICR mice are shown in 
FIG. 44. Neutropenia in this and all 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. Drug was administered by intraperitoneal 
injection of 0.2 ml volume. Blood was removed from groups 
of three mice by retro.orbital aspiration into heparinized 
capillary tubes at 0.5, 1, 2, 4, 6, 24, 48, 72, and 96 hours after 
dosing. Plasma was separated, and dalbavancin plasma 
concentrations were measured using a microbiologic assay 
with Bacilus 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 estimated at 24, 36, 48, 72, 96 hr and 
extrapolated to 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 
0434. The impact of drug binding to serum and serum 
proteins was investigated by comparing the MIC of dalba 
vancin for two strains of S. aureus in broth, infected mouse 
serum human serum, and albumin (Table 30). MICs for both 
strains in broth was 0.12 mg/L. The MICs (arithmetic) in 
95% mouse serum increased to 32 mg/L. MICs in mouse 
serum ultrafiltrate rose to only 0.5 mg/L Suggesting that the 
great majority of the difference in the MICs was do to 
protein binding. Similar study with human serum and albu 
min resulted in an increase to only 8 mg/L. Based upon the 
MIC difference between broth and mouse serum, the degree 
of protein binding was estimated to 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 albumin on the 
In Vitro Activity of Dalbavancin Against Selected S. aureus Strains. 

MIC 95% 
MIC 95% MIC 95% MIC 95% Mouse 

MIC Mouse Human Human Serum 
Organism Broth Serum Serum Albumin Ultrafiltrate 

S. atiretts 
strain 

25923 O.12 32 8.0 8.O O.S 
MRSA O.12 32 8.0 8.O O.S 

Infection Models 

0435 The murine thigh-infection model was used for all 
organisms throughout the various studies. In this well 
established model, approximately 10° cfu of the study organ 
isms are injected into one or both thighs (in 0.1 ml) 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" cfu/thigh. The murine lung-infection 
model was used only with a single isolate of either S. 
pneumoniae or S. aureus. In this model, mice are infected by 
a intranasal inoculation of (approximately 10 cfu/ml) of 
50 ul via the nares of anesthetized mice. Treatment begins 
2-hrs after inoculation at which time the mice had 1077 
cfu/lung. 
In Vivo Time Kill 

0436 The effect of a single doses of dalbavancin on the 
in-vivo killing of a strain of S. pneumoniae and S. aureus 
over time are shown in FIGS. 45 and 46. Each point 
represents the mean of 4 thighs. Five dose levels, ranging 
16-fold were used. The dose levels used in the study against 
& aureus ranged from 5 to 80 mg/kg. The dose levels used 
in study against S. pneumoniae ranged from 0.625 to 10 
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mg/kg. The extent of killing both 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 resulted 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 
0437. In these studies, multiple dosing regimens varying 
the dose and dosage interval were administered intraperito 
neally in 0.2 ml 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. 
Study against S. aureus utilized total dose (mg/kg/6 d) levels 
ranging from 30 to 480 mg/kg/6 d. Study against S. pneu 
moniae utilized total dose levels (mg/kg/6 d) ranging from 
0.6125 to 10 mg/kg/6 d. FIGS. 47 and 48 illustrate the 
dose-response curves for dalbavancin at the different dosing 
intervals for the strain of S. pneumoniae and S. aureus in the 
thighs of neutropenic mice. Each point represents the mean 
of 4 thighs. In general, increasing the dosing interval 
resulted in a slight shift of the dose response curves to the 
left indicating more efficacy with the regimens for which 
large doses were administered infrequently. 
0438 Each of the dose-response curves was also math 
ematically 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 relationship. From these parameters we 
could then calculate the dose required to produce a net 
bacteriostatic effect over the 144 hour treatment period as 
well as the doses necessary to produce a 1 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 Table 31. 

TABLE 31 

Dalbavancin Dosages Required to Achieve a Net Static Effect, 1 and 2 Log Kill for 
Four Different Dosing Intervals in a S. pneumoniae and S. aureus Infection Model. 

q24h 

q. 12 h 2 log 

SD 1 log kill 2 log kill SD 1 log kill kill 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Organism (95% CI) 95% CI) (95% CI) (95% CI) (95% CI) (95% CI) 

SP10813 2.3 2.8 3.5 1.34 1.54 1.75 
(1.9–2.7) (2.3-3.3) (2.8–4.2) (1.14–1.57) (1.34–1.74) (1.47-2.03) 

SA292.13 8O 26 267 
(8–152) (-39–91) (-400–934) 

q36 h q 72 h 

SD 1 log kill 2 log kill SD 1 log kill 2 log kill 
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Organism (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) 

SP10813 1.26 1.53 1.81 O.71 O.77 O.82 

(1.16–1.36) (1.41–1.65) (1.67–195) (.64–88) (.59–95) (.62–1.02) 
SA292.13 15 36 122 10 31 128 

(-14–44) (-34-106) (-117–361) (–18–38) (-55–117) (-230 486) 

dose presented as total dose over 6 days (mg/kg). 
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0439 Increasing the dosage regimen from 12 to 36 hours 
in study against S. pneumoniae did not result in an appre 
ciable change in the doses associated with the three micro 
biologic endpoints. However, efficacy with the 72 h dosing 
interval required less drug. A similar relationship was 
observed in study against S. aureus. The only dosing regi 
mens that produced a 1 and 2 log kill against S. aureus were 
the 36 and 72 h intervals. 

Pharmacodynamic Parameters Correlating with Efficacy 
0440 We determined which PK/PD parameter correlated 
best with efficacy by relating the number of bacteria in thigh 
at the end of 144 hours of therapy with 1 the peak/MIC 
ratio, 2 the AUC/MIC ratio, and 3 the percentage of the 
dosing interval that serum levels exceed the MIC for each 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 relation 
ship between log cfu per thigh and the peak/MIC ratio, the 
24-hour AUC/MIC ratio and the percentage of time serum 
levels exceeded the MIC are illustrated in FIG. 49 for S. 
pneumoniae and FIG. 50 for S. aureus. Each point repre 
sents the mean of four thighs. For both organisms a 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 illustrated 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 
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place of the dose. The R represents the coefficient of 
determination 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 to each PK/PD parameter and 
was high for both AUC/MIC and Cmax/MIC. 

PK/PD Parameter Magnitude or Target 

0441) To determine if the AUC/MIC required for a static 
effect was similar for multiple pathogens, we studied the in 
Vivo activity of 24- and 72-hourly dosing regimens of 
dalbavancin against 5 strains of S. pneumoniae and 6 strains 
of S. aureus after 6 days of therapy. The dose-response 
curves for dalbavancin against these various strains are 
shown in FIGS. 51 and 52. In FIGS. 51 and 52 the dose is 
represented by the free drug mean 24 h AUC/MIC ratio over 
the 6 day period of study. In general, the shape of the 
dose-response curves was similar 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 pneu 
mococcal organisms are shifted slightly to the left. This 
curve shift Suggests less drug was necessary for effect 
against pneumococci than staphylococci. The static dose, 1 
log and 2 log kill and the associated free drug 24-hr 
AUC/MIC and Cmax/MIC are shown in Table 32. The 
extent of bacterial killing was relatively similar for most 
strains. All Strains exhibited more than a 4 logo drop in cfu 
over the 6 day study. 

TABLE 32 

Dalbavancin Eficacy Against S. pneumoniae and S. aureus. 

Static Effect 1 Log Kill 2 Log Kill 

MICMBC f24AUC f24AUC mg/kg/ f24AUC f24AUC mg/kg/ f24AUC, f24AUC 
Organism (mg/L) MIC MBC 24h MIC MBC 24 h. MIC MBC 

q24h mg/kg/ 
regimen 24h 

SP11.99 O.OO)4 O40 16.O O.49 19.4 0.57 22.7 
SP1293 O.OO)4 0.44 17.4 0.55 21.7 O.65 25.9 
SP1325 O.OO8 1.46 29.0 1.6 31.8 1.73 34.5 
SP1329 O.OO8 O.90 18.0 1.18 23.5 1.45 26.7 
SP10813 O.O3 1.34 7.5 1.54 8.7 1.75 9.9 
Mean SD O.91 - 0.44 17.6 6.9 1.1 O.47 21 7.4 1.23 - 0.52 24.3 8.2 
SA25923 O.12.O.25 42.7 216 52 51.2 250 60 60 289 69.3 
SA33591 O.12.O.25 22.3 96.2 46 27.7 121 58.3 33.5 157 74.3 
SA310OS 0.060.12 49.3 483 242 
MRSA O.06.0.25 37.7 374 90 45.3 452 109 53.5 519 125 
SA O.12.O.25 33.5 1S6 75 50.7 248 119 73.5 361 173 
Smith 
Mean SD 37.1 9.1 265 143 101 72 43.7 9.5 268 - 119 86.6 27.6 55 14 332 131 110 - 42 
q 72 h mg/kg/ 
regimen 72 

SP1325 O.OO8 O.83 6.O O.99 8.8 1.16 17.6 
SP1293 O.OO)4 1.01 14.1 1.28 18 1.68 23.8 
SP11.99 O.OO)4 0.72 10.3 O.85 12.1 O.99 35.3 
SP1396 O.OO8 O.S2 4.0 O.61 4.3 O.69 4.8 
SP10813 O.O3 O.71 1.4 0.77 1.6 O.82 1.6 
Mean SD O.77 0.18 7.2 - 4.5 O.93 + O.24 9.0 5.8 1.13 - 0.36 16.6 12.3 
SA25923 O.12.O.SO 160 274 66 185 317 76.1 214 367 88.1 
SA33591 O.12.O.25 74 123 59 93 160 76.6 114 195 94 
MRSA O.06.0.25 43 147 35.3 62 2O2 48.8 85 292 70 
SA O.12.O.25 59 96 46.1 95 163 78.0 148 254 22 
Smith 
SA307109 O.06.O.SO 31 94 11.3 34 108 12.9 37 121 14.6 
SA310OS 0.060.12 67.7 223 112 94.6 325 163 127 364 217 
Mean SD 72 h 41 16O 67 SS - 31 94 46 213 8.14 75.9 45.2 120 54 266 88 101 - 61 
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0442. For the dalbavancin regimens utilizing every 24h 
dosing, the free drug 24 h AUC/MIC value associated with 
a static effect against S. pneumoniae and S. aureus were 
17.6+6.9 and 265+143, respectively. The dose response 
curves were steep and the 24h AUC/MIC values associated 
with a 1 and 2 log kill were not appreciably higher. Therapy 
against pneumococci, based upon the 24 h AUC/MIC, 
required 12 to 23 fold less drug, as Suggested by the dose 
response curves. For S. aureus the MBC was 2 to 4-fold 
higher than the MIC. If one considers the AUC/MBC for S. 
aureus, the values would be only 4 to 8-fold higher than for 
S. pneumoniae. 

0443) For the regimens that utilized less frequent dosing 
(every 72 h), the free drug 24h AUC/MIC values associated 
with a static effect against S. pneumoniae and S. aureus were 
7.2+4.5 and 160+67, respectively. The PK/PD magnitudes 
necessary to achieve the three in vivo microbiologic end 
points (static dose, 1 and 2 log kill) were lower for the more 
widely spaced dosing regimens. When dalbavancin was 
dosed every 72 h, the 24h AUC/MIC values associated with 
the various endpoints were 1.3 to 2.4 fold lower than when 
drug was dosed every 24 h. 

0444 Penicillin-resistance in S. pneumoniae and methi 
cillin-resistance in S. aureus did not impact the 24 h AUC/ 
MIC required for dalbavancin efficacy. 

Impact of Neutrophils on Activity of Dalbavancin 

0445) To determine the effect of neutrophils on the activ 
ity of dalbavancin, we compared the dose-response curves 
with 24-hour dosing of the drug in both normal and neutro 
penic mice infected with S. pneumoniae. The Subsequent 
dose response curves are shown in FIG. 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) required 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 
significant. 

TABLE 33 

Impact of Neutrophils on the In Vivo Efficacy of Dalbavancin 
Against S. pneumoniae. 

1 log kill mg/kg 
(95% CI) 

2 log kill mg/kg 
SD mg/kg (95% CI) (95% CI) 

Normal 
Neutropenic 

2.03 (1.99–2.07) 
4.13 (0.23–8.0) 

2.35 (2.26-2.44) 
4.38 (0.28–8.50) 

2.66 (2.56-2.76) 
4.62 (0.32–8.90) 

Impact of Infection Site on Activity of Dalbavancin 

0446. To determine the impact of infection site on 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 (FIG. 54). Both S. pneumoniae 
and S. aureus were utilized in these models. The dose 
response curves in the two models utilizing S. pneumoniae 
were nearly identical. In similar study against S. aureus the 
dose response curve in the lung model is shifted to the left 
Suggesting less drug was necessary for efficacy at this site of 
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infection. However, the confidence intervals in the staphy 
lococcal study were large and these differences were not 
significant. 
Conclusions 

0447 The above studies have characterized the in-vivo 
pharmacodynamic activity of dalbavancin against a variety 
of pathogens. These can be summarized as follows. 

0448 Dalbavancin produced in vivo bactericidal activ 
ity against both S. pneumoniae and S. aureus in both the 
thigh and lung infection modes. 

0449) The efficacy of dalbavancin was dose-depen 
dent. 

0450. The dose-dependent PK/PD parameters, 24 h 
AUC/MIC and Cmax/MIC, were strongly correlated 
with the in vivo activity of dalbavancin. Regression of 
the dose-response data with the 24h AUC/MIC param 
eter resulted in the highest coefficients of determina 
tion. Therapy with the most widely spaced dosing 
intervals was more effective in these models. 

0451. The 24 h AUC/MIC values associated with 
microbiologic effect were similar among the strains 
within the species studied. Beta-lactam resistance in S. 
pneumoniae and S. aureus did not impact dalbavancin 
in vivo activity. 

04.52 Efficacy against S. pneumoniae required lower 
24h AUC/MIC values than against S. aureus. This may 
in part be explained by the species differences in MIC 
and MBC. 

0453 Efficacy against S. pneumoniae, whether based 
upon a net static effect, 1 or 2 log kill required a 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 6 days of near 1000. 

0454) Neutropenia had minimal impact on in vivo 
dalbavancin activity. 

Example 10 

Quantitative Determination of Dalbavancin in 
Plasma by HPLC-MS/MS 

0455 AHPLC-MS/MS method was developed for quan 
titative measurement of dalbavancin in plasma, as described 
below. 

Preparation of Dalbavancin Calibration and Quality Control 
Standards 

0456 Stock solutions of dalbavancin were prepared by 
dissolving dalbavancin in deionized water to prepare a 1000 
ug/ml solution, followed by serial dilutions in deionized 
water to prepare 500, 50 and 10 ug/ml solutions. 
0457 Calibration standards of 100, 60, and 40 g/ml 
dalbavancin concentration were prepared by spiking human 
plasma with appropriate volumes of a 1000 g/ml dalba 
vancin Stock solution prepared as described above. Calibra 
tion standards of 20 and 10 g/ml concentration were 
prepared by spiking human plasma with appropriate Vol 
umes of a 500 ug/ml dalbavancin stock solution, and a 
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calibration standard of 0.5 g/ml was prepared by spiking 
human plasma with an appropriate Volume of a 10 ug/ml 
stock Solution. 

0458 Quality control standards of 90 and 30 ug/ml 
dalbavancin were prepared by spiking human plasma with 
an appropriate Volume of a 1000 g/ml dalbavancin Stock 
Solution prepared as described above. A quality control 
standard of 1.5 g/ml was prepared by spiking human 
plasma with an appropriate Volume of a 50 g/ml solution. 
Preparation of Internal Standard Working Solution 
0459. A 30 ug/ml working solution of internal standard 
BI-K0098, which is the diethyl-amino-propyl-amino deriva 
tive of A-40926, was prepared as follows. Approximately 10 
mg of BI-K0098 was dissolved in approximately 10 ml of 
mobile phase A (80% of 10 mM Ammonium Formiate/ 
Formic Acid, pH 3 (v/v), 10% of Acetonitrile (v/v), and 10% 
2-Propanol (v/v)) to make a 1000 g/ml internal standard 
stock solution. The stock solution (300 ul) was then diluted 
to a volume of 10 ml with mobile phase A to make a 30 
ug/ml internal standard Solution. 
Preparation of Samples for Analysis 
0460 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 above, 100 ul of internal standard working stan 
dard solution was added and mixed. The mixture was 
permitted to equilibrate for five minutes at room tempera 
ture, followed by addition of 250 ul 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. Supernatants 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 ul of mobile phase A. 
Analytical Method 
0461 50 ul samples prepared for analysis as described 
above were injected into a Phenomenex Jupiter Cs column 
(50x2 mm, Cs 5 um 300 A), and analyzed under gradient 
HPLC conditions at a flow rate of 0.3 ml/min. The gradient 
conditions were: initial, 80% mobile phase A/20% mobile 
phase B (20%. 10 mM Ammonium Formiate/Formic Acid, 
pH 3 (v/v), 40% Acetonitrile (v/v), 40% 2-propanol (v/v)); 
1 minute, 20% mobile phase A/80% mobile phase B; 2 
minutes, 20% mobile phase A/80% mobile phase B; 2.5 
minutes, back to initial conditions. 
0462) The HPLC system was coupled to a PE SCIEX 
API-2000 triple quadrupole mass spectrometer, with turbo 
ion spray operating in a positive ionization 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 transitions: 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 contami 
nation, a post-column flow diversion in the first minute and 
2.5 minutes after the beginning of the chromatographic run 
was performed. 
0463 Software Sample 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. 
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Calibration Curves 

0464) Linearity of the assay method was assessed by 
assaying calibration standards to generate a calibration 
curve. The concentration of dalbavancin in a plasma sample 
was determined by calculating the peak area ratio between 
dalbavancin and the internal standard. 

0465 Calibration curves for dalbavancin concentrations 
over an analytical range of 0.5-100 ug dalbavancin/ml of 
human plasma were constructed using the equation y=A+BX 
(weighted 1/x), where A represents intercept of the curve, B 
represents the slope of the curve, X represents the dalbavan 
cin concentration of calibration standard (ug/ml), and y 
represents the peak area ratio of dalbavancin to internal 
standard. Three separate calibration curves were con 
structed. The results showed that dalbavancin/internal stan 
dard area ratio and dalbavancin concentrations varied lin 
early over the analytical range. The lower limit of 
quantitation (LLOO) was 0.5 ug dalbavancin per ml of 
human plasma. The slopes for the calibration curves were 
reproducible and their correlation coefficients were greater 
than 0.9995. 

Stability of Dalbavancin in Plasma 
0466. The stability of dalbavancin in plasma samples was 
tested by analyzing three replicates quality control standards 
of human plasma samples, prepared as described above, at 
two different concentrations, 1.5 and 90 ug/ml. Detectable 
dalbavancin concentration was stable after three cycles of 
freeze-thaw treatment. Dalbavancin concentration in pro 
cessed samples was stable after 24 hours at room tempera 
ture. No reduction in dalbavancin concentration with respect 
to time Zero samples was observed. 

Example 11 

Dalbavancin Mass Spectroscopy Analysis 

0467. The nature of dalbavancin multimers in solution 
was investigated and the conditions influencing the popula 
tion ratio of dalbavancin multimer to dalbavancin monomer 
were determined by electrospray ion mass spectroscopy 
(ESI-MS). 
0468 Experiments were performed using an Applied 
Biosystem API III+ mass spectrometer equipped with a 
TurbolonSpray source, a Triple Quadrupole analyzer, oper 
ating in positive ion mode. The optimized conditions are 
reported in Table 34 below. 

TABLE 34 

Instrumental Conditions for Dalbavancin Analysis on Applied BioSystem 
API III+ Mass Spectrometer. 

IonSpray source: 

IonSpray voltage 5000 V 
Orifice plate voltage 80 V 
Curtain gas flow 0.6 L/min 
Nebulizer gas flow 1.2 Limin 
Liquid flow 5 L/min 
Interface heater 60° C. 
Scan conditions 
(Q1 scan): 

Step 0.1 amu 
Dwell time 1 mSec 
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TABLE 34-continued 

Instrumental Conditions for Dalbavancin Analysis on Applied BioSystem 
API III+ Mass Spectrometer. 

MS analyzer: 

Interface plate voltage 650 V 
Q0 road offset voltage 40 V 
Q1 park mass 1OOO 
Q1 resolution 1208 
Q1 delta mass O.2 
Q1 road offset voltage 27 V 
Lens 7 voltage -SO V 
Q2 road offset voltage -SO V 
Q3 park mass 1OOO 
Q3 resolution 110 
Q3 delta mass O 
Q3 road offset voltage -70 V 
Lens 9 voltage -250 V 
Faraday plate voltage -250 V 
Channel electron multiplier -3800 W 
voltage 

Dalbavancin in Solution 

0469 Instrumental parameters were tuned on a dalbavan 
cin Solution containing 0.1 mg/ml of dalbavancin dissolved 
in a 8:2 water:isopropanol Solution. A spectrum of dalba 
vancin in solution was acquired in the range of 500-2000 
amu following direct injection of the Solution. The resulting 
spectrum, as seen in FIG. 7, indicates the presence of 
dalbavancin multimers. As a non-limiting example, one 
trace of the spectrum is attributable to a homomultimer of 
Bo, which is present as a (2nM+y.(3)) ion species, where n 
is a positive integer indicating the multiplicity of the homo 
multimer, e.g., n=1 when the multimer is a homodimer and 
n=2 when the multimer is a homotetramer, M indicates the 
mass of the monomer, y=n and 3 indicates a plus three ion 
charge. For example, the homodimer of Bo is provided when 
n=1, y=1, and M=mass of Bo. This homodimer species is 
assigned to a (2M 3) ion trace in the mass spectrum. 
Influence of Dalbavancin Concentration on the Population 
Ratio of Dalbavancin Multimer to Monomer 

0470 The influence of dalbavancin concentration on the 
population ratio of multimer to monomer was evaluated by 
mass spectroscopy using the conditions described above. 
The spectra were acquired by direct infusion of dalbavancin 
solutions at concentrations of 20, 40, 60, and 80 g/mL. The 
intensities of the main peaks were reported as a function of 
dalbavancin concentration and the population ratios of dal 
bavancin multimer to monomer were determined, as shown 
in FIG. 8. 

0471. The data indicate that the population ratio of dal 
bavancin multimer to dalbavancin monomer increases with 
increasing concentration. This may help to explain the high 
drug loading capacities that may be administered to 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 allow rapid administration of a dose of dalbavancin 
to an individual. 

0472. A non-limiting example of a method of determin 
ing the population ratio of dalbavancin multimer to mono 
mer is provided, for example, by determining the ratio 
between peak intensities of ions A and B as shown in FIG. 
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7. Dividing the intensity of peak A by the intensity of peak 
B provides one measure of the population ratio of dalba 
vancin multimer to monomer. 

Influence of pH on the Population Ratio of Dalbavancin 
Multimer to Monomer 

0473. 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 mono 
mer was determined at each of the pH values and plotted 
against pH, as seen in FIG. 9. It was determined that the 
population ratio of dalbavancin multimer to monomer 
increases with increasing pH. 

0474) While not to be limited to theory, it is believed that 
ionic groups, such as a carboxylate group on a first dalba 
vancin 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 influ 
enced by pH. It is believed that the increasing tendency of 
dalbavancin to be present as a 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 contributing to multi 
mer stability as certain functional groups, such as carboxy 
late groups, may be protonated at lower pH values. 
Influence of Solution Ionic Strength on the Population Ratio 
of Dalbavancin Multimer to Monomer 

0475. The influence of solution ionic strength on the 
population ratio of dalbavancin multimer to monomer was 
determined by mass spectrometry. The mass spectra were 
obtained in electrospray positive mode on a Finnigan LCQ 
'P' ion trap instrument previously tuned and calibrated in 
electrospray mode using Ultramark 1621, caffeine and 
MRFA (L-metionyl-arginyl-phenilalanyl-arginine). All the 
mass spectra were recorded using the conditions listed in 
Table 35. The sample parameters that were investigated are 
listed in Table 36. 

TABLE 35 

MS Conditions 

Sample Inlet Conditions: 

Capillary Temperature (C.): 200 
Sheat Gas (N2, arbitrary units): 40 
Sample Inlet Voltage Settings: 

Polarity: positive 
Source Voltage (kV): 4.70 
Capillary Voltage (V): 34 
Tube Lens Offset (V): -60 
Full Scan conditions: 

Scan range (amu): SOO 2000 
Number of microscans: 3 
Maximum ion time (ms): 200 
Zoom Scan conditions: 

Scan range (amu): 1218–1228 
Number of microscans: 5 
Maximum ion time (ms): 50 
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0476) 

TABLE 36 

Sample Parameters 

Sample Ig/mL Solvent pH 

Dalbavancin 100 COONH' 5 mM 5 
100 COO. NH 50 mM 5 
100 COO NH 100 mM 5 

0477 Sample water solutions were infused at 10 uL/min 
via a Harward Syringe pump and the mass spectra were 
obtained as seen in FIGS. 10-12. 

0478. The obtained spectra indicate that the population 
ratio of dalbavancin multimer to monomer is influenced by 
ionic strength. An increase in buffer concentration was found 
to correspond to a decrease in multimer mass traces and 
hence a decrease in dalbavancin multimer to monomer 
population ratio. 

0479. As mentioned, it is believed that ionic interactions 
are important in dalbavancin multimer stability. The fact that 
increasing ionic strength was correlated with decreasing 
intensity of multimer mass traces Substantiates the role of 
ionic interactions in multimer stability. However, as multi 
mer mass traces were present even at higher ionic strengths, 
another, second, interaction may be involved in multimer 
stabilization. 

0480 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 multimers 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 
Solution increases, the ionic interactions stabilizing the 
multimer would be disrupted by the increased population of 
ions in Solution, with which the monomers would more 
readily associate. Consequently, the solution ionic strength 
would drive the multimers to disassociate into monomer 
components and the resulting mass spectra would be free of 
any multimer 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. Accordingly, the multimers of dalbavancin are 
deemed to be stabilized, at least in part, by hydrophobic 
interactions. 

Structurally Similar Compound 

0481. It is believed that the improved efficacy of Dalba 
vancin is due at least in part to its ability to form multimers. 
It is thought that this unique characteristic is not shared even 
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 multi 
mers. The mass spectra were obtained in electrospray posi 
tive mode on a Finnigan LCQP" ion trap instrument 
previous tuned and calibrated in electrospray mode using 
Ultramark 1621, caffeine and MRFA (L-metionyl-arginyl 
phenilalanyl-arginine). All the mass spectra were recorded 
using the conditions listed in Table 37. The sample param 
eters that were investigated are listed in Table 38. Sample 
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water solutions were infused at 10 uI/min via a Harward 
Syringe pump and mass spectra were obtained as seen in 
FIGS. 13 and 14. 

TABLE 37 

Mass Spectra Conditions 

Sample Inlet Conditions: 

Capillary Temperature (C.): 200 
Sheat Gas (N2, arbitrary units): 40 
Sample Inlet Voltage Settings: 

Polarity: positive 
Source Voltage (kV): 4.70 
Capillary Voltage (V): 34 
Tube Lens Offset (V): -60 
Full Scan conditions: 

Scan range (amu): SOO 2000 
Number of microscans: 3 
Maximum ion time (ms): 200 
Zoom Scan conditions: 

Scan range (amu): 1218–1228 
Number of microscans: 5 
Maximum ion time (ms): 50 

0482 

TABLE 38 

Sample Parameters 

Sample Ig/mL Solvent pH 

Teicoplanin 50 HO Ila. 
100 HO Ila. 

n.a. = not adjusted 

0483. A similar glycopeptide antibiotic (teicoplanin) does 
not show multimeric complexes in Solution at various con 
centrations. This Supports the indication that structurally 
similar compounds fail to form multimeric species in solu 
tion, and that this phenomenon may play an important role 
in the activity of the dalbavancin. 

Example 12 

Matrix-Assisted Laser Desorption/Ionisation Time 
of Flight (MALDI-TOF) Mass Spectrometry of 

Protein-Dalbavancin Complexes 

0484 10 ul HSA, 0.150 mM was mixed with 10 ul 
dalbavancin solution (from 0.075 mM, 0.15 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 a BRUKER FLEX III, 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 DHB-9 
(2,5-dihydroxy-benzoic acid) saturated in acetonitrile/HO 
(50:50), 1 part ofsinapinic acid saturated in acetonitrile/HO 
(50:50). 0.5 ul of sample solution and 0.5 ul of matrix 
Solution were mixed and placed on the laser target. 

0485 Dalbavancin binds to the protein as the monomer 
(1HSA+1 dalbavancin). At very high dalbavancinto protein 
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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 
Dalbavancinto N,N'-diacetyl-Lys-D-Ala-D-Ala in 

the Presence of Human Serum Albumin 

0486 The binding of dalbavancin to N,N'-diacetyl-Lys 
D-Ala-D-Ala., a peptide analog of cell-wall targets of dal 
bavancin, was investigated by isothermal titration calorim 
etry (ITC) in the presence of HSA over a range of 
concentrations (up to 600 uM) at 25°C., with some addi 
tional measurements at 37° C. HSA increased the solubility 
of dalbavancin and reduced its binding affinity for the 
tri-peptide ligand. Results were compared with those for 
Vancomycin. The observed effects plateaued at relatively 
low HSA concentrations, consistent with a non-competitive 
binding model that allows binding of ligand to dalbavancin 
both free in solution and (more weakly) to the dalbavancin 
HSA complex. 
0487 Preliminary experiments demonstrated that, in the 
absence of serum proteins, dalbavancin and Vancomycin 
show similar binding profiles: both give exothermic binding 
to N,N'-diacetyl-Lys-D-Ala-D-Ala., but no evidence of bind 
ing to dipeptide (D-Ala-D-Ala) or to Lys-D-Ala-D-Lactate. 
For dalbavancin/tri-peptide interaction, the data were con 
sistent with binding with K=1-10 uM, depending on 
temperature, similar to Vancomycin under the same condi 
tions. In the presence of HSA, the solubility of dalbavancin 
is significantly increased and the binding affinity for tripep 
tide 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 temperatures (25 and 37° C.) and different HSA 
concentrations; (b) use these data to construct a binding 
model to compare with observed numbers. 
0488 Dalbavancin was supplied by Biosearch Italia. 
Other reagents were from Sigma: Vancomycin hydrochlo 
ride (Sigma V-2002, fiv 1485.7), N,N'-diacetyl-Lys-D-Ala 
D-Ala (Sigma D-9904, fiv 372.4), human albumin (HSA: 
Sigma A-3782; mw 69,366). 
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0489 Antibiotics and peptides were dissolved in aqueous 
buffer (20 mM. Na phosphate, 150 mM. NaCl, pH 7.4) 
containing HSA, with gentle stirring immediately before 
each experiment. Peptide concentrations were determined 
by weight. Dalbavancin concentrations were determined 
either by weight or by UV absorbance using the molar 
extinction coefficients e=12430 (dalbavancin, Aso'- 
68.42), eso-6690 (vancomycin). HSA concentrations were 
determined by UV absorbance (HSA, es=37,700; Aso'- 
5.44). Spectra were recorded at room temperature in 1 cm 
pathlength quartz cuvettes using Shimadzu UV-160A or 
UV-1601 spectrophotometers, with samples diluted quanti 
tatively with buffer if necessary to give absorbance in the 
0.1-1 A range. 

0490) Isothermal titration calorimetry was performed 
using a Microcal VP-ITC instrument at 25° C. and 37° C. 
using standard operating procedures. See, e.g., Wiseman et 
al., Anal. Biochem. (1989) 179, 131-137; Cooper, et al., 
Philos. Trans. R. Soc. Lond Ser: A-Math. Phys. Eng Sci. 
(1993) 345, 23-35; Cooper, A, Isothermal Titration Micro 
calorimetry in C. Jones, B. Mulloy and A. H. Thomas (Eds.), 
Microscopy, Optical Spectroscopy, and Macroscopic Tech 
niques. Humana Press, Totowa, N.J., (1994) p 137-150; 
Cooper, A., Microcalorimetry of Protein-protein Interactions 
in J. E. Ladbury and B. Z. Chowdhry (Eds.); Biocalorimetry: 
The Applications of Calorimetry in the Biological Sciences. 
Wiley, (1998)p 103-111; and Cooper, A., Curr. Opin. Chem. 
Biol. (1999) 3, 557-563. Samples were degassed gently prior 
to loading to prevent bubble formation in the calorimeter 
cell. Each experiment typically comprised 25x10 ul injec 
tions of peptide solution (s.1 mM) into the calorimeter cell 
(volumes 1.4 ml) containing antibiotic solution (s20-100 
uM). Control experiments involved injection of ligand into 
buffer under identical conditions to determine heats of 
peptide dilution, and these values were used for correction 
of raw binding data prior to analysis. Dalbavancin/tri-pep 
tide binding experiments were repeated several times at each 
temperature. ITC binding data were analyzed using standard 
Microcal ORIGINTM software to determine the apparent 
number of binding sites (N), the binding affinity (K=1/ 
K) and enthalpy of binding (AH). 

TABLE 39 

Thermodynamic data for binding of tri-peptide binding to dalbavancin and Vancomycin 
determined by ITC assuming a simple non-cooperative binding model: effects of temperature 

Dalbavancin 

with HSA 

and HSA. 

To C. N K. M. Kdiss M AH kcal/mol AS eu IHSAM 

10 O.S9 6.7OE--OS 1.49 -10.26 -9.60 O 
10 O.S9 9.2OE--OS 1.09 -8.95 -4.30 O 
10 O.S9 6.85E--OS 1.46 -10.30 -9.60 O 
10 O.S6 6.24E--05 1.60 -10.30 -9.90 O 
25 O.6 3.13E--OS 3.19 -10.10 -8.90 O 
25 X 3.3OE--OS 3.03 -11.30 -12.60 O 
25 X 3.2OE--OS 3.13 -11.70 -14.00 O 
25 X 2.8OE--OS 3.57 -14.30 -23.OO O 
25 0.57 3.03E--OS 3.30 -12.60 -17.OO O 
25 O.74 3.19E--OS 3.13 -11.20 -12.50 O 
25 O.S4 3.93E--OS 2.54 -12.90 -17.60 O 
25 0.37 1.18E--OS 8.47 -26.40 -6SSO 13.6 
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TABLE 39-continued 
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Thermodynamic data for binding of tri-peptide binding to dalbavancin and Vancomycin 
determined by ITC assuming a simple non-cooperative binding model: effects of temperature 

and HSA. 

To C. N K. M. Kdiss M AH kcal/mol AS eu HSAM 
with HSA 25 O.35 1.18E--OS 8.47 -27.80 -70.10 13.6 
with HSA 25 O.68 3.5OE-04 28.57 -2O.OO -46.20 34.2 
with HSA 25 O.83 2.76E--04 36.23 -16.90 -36.50 80.7 
with HSA 25 1.38 3.49E-04 28.65 -18.60 -41.70 104 
with HSA 25 O.9 3.1OE-04 32.26 -21.05 -50.OO 288 
with HSA 25 1242 2.84E--04 35.21 -1950 -44.90 430 
with HSA 25 O.86 2.18E--04 45.87 -15.OO -30.40 6O1 

37 O.82 1.3OE--OS 7.69 -12.50 -16.8O O 
37 O.6 1.1OE--OS 9.09 -1740 -33.2O O 

with HSA 37 O.179 125E-04 80.00 -98.60 -299.OO 482 
with HSA 37 O.S 9568 104.52 -26.60 -67.60 S16 
Vancomycin 10 1.1 6.9OE-05 1.45 -9.49 -6.80 O 

25 O.91 3.4OE--OS 2.94 -10.70 -10.60 O 
25 0.97 3.6OE--OS 2.78 -12.90 -17.8O O 

with HSA 25 1.OS 2.90E--OS 3.45 -10.09 -8.8O 513 

0491 ITC experiments on the binding of tri-peptide to 0495 D+La-DL; K =DLL/DL) 
dalbavancin in the absence of HSA give consistent data for 
binding affinities, with average K in the region of 1.4.3.1, 
and 8.4 uM at 10, 25, and 37° C. respectively (Table 39). 
Binding is exothermic. Concentration calculations here indi 
cate that N is closer to 0.5 under these conditions. This is 
consistent with the binding of one tri-peptide molecule per 
dalbavancin dimer under these conditions. These binding 
affinities and enthalpies of binding are comparable to those 
observed with Vancomycin under the same conditions (Table 
39, and D. McPhail, A. Cooper, J. Chem. Soc.-Faraday 
Trans. (1997) 93, 2283-2289.). Note also that Vancomycin 
undergoes ligand-induced dimerization at higher concentra 
tions. 

0492 Addition of HSA to the dalbavancin mixtures 
reduces the apparent binding affinity between tri-peptide and 
dalbavancin, though the binding is apparently more exother 
mic (Table 39). The HSA concentration dependence for this 
at 25°C. is shown in FIG. 15. After an initial rise (weak 
ening) in apparent Kiss up to 35 LM HSA, it remains 
relatively constant for higher HSA concentrations approach 
ing physiological levels (600 uM). The plateau level at high 
concentrations of HSA (Kis35uM) corresponds to around 
10-12x weaker binding affinity than in the absence of HSA. 
A similar reduction is seen at 37° C. 

0493) The HSA effect was not due to interaction with the 
tri-peptide. Control ITC experiments for binding of Vanco 
mycin to tri-peptide in the presence of HSA gave results 
comparable to 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 solu 
tion. It follows that any effect of HSA on dalbavancin/tri 
peptide interaction must be due to interaction between HSA 
and dalbavancin. 

0494. Although not wishing to be bound by theory, the 
above data are consistent with a non-competitive binding 
model. This model assumes that the tri-peptide ligand (L) 
can bind to dalbavancin (D) both in the free state and 
(possibly with different affinity) in the dalbavancin-HSA 
complex. 

0496 D+HSA-D.HSA: Kis-DIHSAMD.HSA) 
0497 D.HSA+La-LD.HSA: Kis-D.HSAL/ 
LDHSA) 

0498. Apparent (Observed) Ligand Binding Dissociation 
Constant (Non-Competitive): 

KL = total DLL? total DL complex 

0499) This shows a hyperbolic dependence of K, on 
free HSA concentration that agrees well with the observed 
data (FIG. 15). At high HSA this reaches an asymptotic 
(plateau) value 

0500 K =KLisa (for large IHSA)) 
0501) This suggests that the binding affinity for tri 
peptide is around 35 uM when dalbavancin is bound to HSA, 
compared to 3 uM for free dalbavancin (25° C. figures). 
0502. Further mechanisms may be suggested in terms of 
whether dalbavancin is acting as a monomer 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 concentrations) shows that binding 
is complete at lower molar ratios (lower N) for dalbavancin 
(FIG. 16). This is consistent with a 2:1 dalbavancinpeptide 
complex. 
0503) 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 FIG. 17, showing the possible 
interaction of dalbavancin monomers and dimers with tri 
peptide ligands and HSA, is consistent with these observa 
tions. FIG. 17A depicts dalbavancin as in monomer-dimer 
equilibrium in Solution (predominantly as dimer), but bind 
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ing 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). FIG. 
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 dalbavancinto both tri-peptide and to HSA, with 
variable apparent Stoichiometries. 
0504. 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 also bind peptides with a reduced 
affinity. 

Example 13 

A-40926 and Dalbavancin Preparations 

Preparation of A-40926 
0505 A-40926, the natural glycopeptide produced by 
fermentation, was the starting material for producing Dal 
bavancin. It was produced by a Nonomuria sp ATCC 39727 
as a mixture of A-40926 and its acetyl derivative (see U.S. 
Pat. No. 4,935,238 and B. Golstain et al. Antimicrobial 
Agent and Chemotherapy, December 1987, p. 1961-1966). 
The acetyl derivative was first deacetylated to A-40926. 
After deacetylation, A-40926 was purified by column chro 
matography on polyamide as described below. The follow 
ing description is representative of the current production 
method. The amounts reported here are about 4 of the 
amounts usually worked in an industrial preparation. 
Deacylation of A-40926 
0506 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%. Stirring 
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 reten 
tate in order to obtain, at the end of the process, a permeate 
of 20-25 m and a retentate of 4.5-5 m (one half of the 
starting value). 
0507 The permeate, which contained A-40926, was ana 
lyzed 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 pro 
cess, the yield can be increased up to 90%. 
Purification of A-40926 on Polyamide Column 
0508 After extraction, A-40926 contained in filtered 
broth was purified on a polyamide column, as described 
below. The amount reported in this description is about /10 
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of the amount usually worked in an industrial preparation 
and is representative of the current production method. 
0509) 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 sodium 
carbonate in 800 L of water and adjusting the pH of the 
resulted solution with acetic acid. 

0510) The A-40926 filtered broth (9000 L; assay 0.275 
mg/L. A-40926 2475 g; pH 6+0.2: temperature 10+3° C.) 
was loaded into the column at about 5 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 dissolving 4 Kg of sodium carbonate in 750 
L of demineralized water and adjusting the pH with acetic 
acid. 

0511 A-40926 was recovered from the column by eluting 
with 4 BV (2000 L) of a buffer solution 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, neu 
tralized with 1N HCl, and analyzed by HPLC. About 2000 
L of final clear solution were obtained. 

0512. 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-40926 Concentration 

0513. 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% HC1. The solution was then diluted with 80 
L of acetone, and its pH was adjusted again at pH 2.6 with 
23% HC1. 

Decoloring 

0514) 680 g of charcoal PA 200 C (-0.3 g/g A-40926) was 
added under stirring to 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 
adjusted at 6.7 with aq. NaOH, and the concentration step 
was continued using the usual nanofilter until the A-40926 
concentration was around 100 g/L. 20 L concentrated solu 
tion was obtained (A-40926 1884 g., 94.2 g/L). 
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Precipitation and Drying 

0515. The previous solution was diluted under stirring 
with 20 L of acetone, and its pH was adjusted at 5.1 with 
10% HC1. 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 cen 
trifuged, and the solid was washed with 3x10 L of fresh 
acetone. The mother liquors were analyzed and discharged 
after having ascertained the absence of product. 
0516 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%; sul 
phated ashes 4.8%). The yield, starting from the activity 
loaded on the column, was 68.4%. 

Synthesis of Dalbavancin 

0517 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-40926 was first sub 
ject to an esterification step to make MA, which was then 
Subject to an amidation step to make MA-A-1. A final 
hydrolysis step then converted MA-A-1 into dalbavancin. 

Esterification Step (Step 1) 
0518. The following description is representative of the 
current method in use. 

Preparation of HO, 96%/MeOH (Solution A) 

0519 In a 15 L round bottomed flask equipped with a 
mechanical stirrer and a thermometer, 2.28 L of HSO 96% 
(300 mL of HSO 96% per Kg of A-40926 powder) was 
added drop wise to 7.9 L of MeCH. An external ice bath was 
used to maintain the temperature between 0 and 5° C. 
Reaction Procedure 

0520 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 0°C.2°C. At this temperature the 
Suspension was treated with the previously prepared Solu 
tion A (HSO/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 esteri 
fication was considered complete when the residual A-40926 
was less than 5% and diester was not more than 10% as 
HPLC area 9%. 

Ester (MA) isolation 
0521. 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 10.2 L of 
triethylamine (TEA). Stirring was continued for an addi 
tional hour at 0-2 C., then the solid obtained was centri 
fuged, washed with water (10 L per Kg of A-40926) and 
finally with MeOH (3 L of MeOH per Kg of starting 
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A-40926) previously cooled at 10-15° C. Washing with 
water was done primarily to remove sulphates from MA. 
0522 Mother liquors and washings were separately ana 
lyzed and discharged if contained less than 1-2% of activity. 
The product was dried in vacuo (50 mmHg) at 35-40° C. 
(external 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. 
0523 The analysis showed the following values of HPLC 
area 96: MA 89.8, 

0524) 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) 
0525) The following description is representative of the 
current production method. 

Preparation of the DMSO/HC1 Mixture (Solution B) 
0526 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 ice bath below 10° C. HCl 
37% (1 L) was then slowly added under stirring maintaining 
the temperature of the mixture below 25°C. 

Amidation Procedure (Production of MA-A-1) 
0527 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 DMSO/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 mol of starting MA) and 325 g of 1-hydroxyben 
Zotriazole hydrate (HOBT.H.O; MW 153.1: 2.04 mol: 0.71 
mol per mol of starting MA) were added to the reaction 
mixture. Stirring was continued until a complete Solution 
was obtained, then the mixture was adjusted 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 
(DMSO/HCl). 
0528. A dicyclohexylcarbodiammide (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 addi 
tional 51.5g of solid DCC (0.25 mol) 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. 

0529) 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 HCl 1N (0.85 L) to destroy 
any residual DCC. 
Hydrolysis of MA-A-1 to Dalbavancin (Step 3) 

0530. After 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 



US 2006/0074014 A1 

additions of NaOH 15%. After this time the residual MA 
A-1 was less than 0.2% as HPLC area 96. 

0531. The mixture was then acidified at pH 3.0 with 1N 
HCl (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 contain 
ing 21.74 g/L of Dalbavancin (total activity 3322 g; 1.828 
mol, yield=68.2%) was obtained. 
Purification of Dalbavancin 

0532. The following description is representative of the 
current production method. 
0533. The 152.8 L of solution obtained from the hydroly 
sis step and containing 3322 g of Dalbavancin activity was 
split into two parts and each one was purified separately on 
the same 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. 
Polyamide Column Preparation 
0534. The glass-lined column (internal diameter=40 cm, 
h=320 cm) 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 

0535 The first portion of 76.4 L of starting solution was 
diluted with HO (56 L) in order to lower the DMSO content 
under 5% (v/v), and acidified to pH 2.78 with 1 NHCl (3.4 
L). This solution was then loaded onto the column at a flow 
rate of 150 L/h. After loading, the resin was washed with the 
following solutions: 4 BV (1600 L) of HO acidified with 
AcOH (8 L), pH=3.2; 5 BV (2000 L) of AcONa 0.1 M, 
pH=8.2; 1 BV (400 L) of HO acidified with AcOH (1 L), 
pH=3.2. Dalbavancin was eluted with 4 BV (2400 L) of 
HO/MeOH (8:2) acidified with AcOH (6 L), pH=3.4. 
0536. 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 (B+B)280%) 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 145g of impure 
Dalbavancin (8.7%), were neutralized and discharged. 
Resin Regeneration 
0537 Before re-using the resin was washed with the 
following solutions: 2.5 BV (1000 L) of 1:1 MeOH/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 

0538. The second portion of the starting solution coming 
from the hydrolysis step (76.5 L) was diluted with HO (56 
L) to lower the DMSO content under 5% (v/v) and acidified 
to pH 2.87 with 3.0 L of 1 N HC1. 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. 

0539. 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 Polyamide Regeneration 
0540. After 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; 2.5 BV of 1:1 0.5% NaOH 
isopropanol; 10 BV of demineralized water. 
Decoloration and Precipitation of Dalbavancin 
0541) 1.5 mol of 1N HCl 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-EK1 from 
SEITZ-SCHENK, and the cake was washed with 50 L of 
HO/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 
obtained. 909 mL of 1 NHCl was finally added to adjust the 
pH at 2.63, which corresponds to the salification ratio of 
1.65 mol/mol Dalbavancin 
0542. The solution (22.2 L) was poured out, under stir 
ring, 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 endot 
oxin water (<250 EU/mL), divided in two portions of 0.5 L 
each, was sprayed on the solid after 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%; C13.0%). 

Example 14 

Alternative Methods for A-40926 and Dalbavancin 
Preparation 

0543. The methods described below are alternative meth 
ods that can used in the A-40926 and Dalbavancin prepa 
ration process. 
A-40926 Preparation on XAD-7 HP 
Deacetylation and Mycelium Microfiltration 
0544 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 (2.5 L). After 4 hours of stirring, the broth was 
adjusted at pH 10.6 with 15% HCl, and microfiltered 
through a 0.2 micron membrane. 439 L of clear permeate 
was collected and then concentrated by nanofiltration using 
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a MPS 44 membrane with a 250 D cut off. The A-40926 
concentrated solution obtained (58.6 L; 3.89 g/L) was 
adjusted at pH 6.4 and stored at 4°C. until used. 
Column Preparation and Purification. 
0545) XAD-7 HP resin (8 L) was suspended in a 1:1 
water/methanol solution, filtered, and loaded into a proper 
glass-column (internal diameter 12 cm) with a peristaltic 
pump. 

0546) The resin was then washed with water and equili 
brated with 6 BV of a sodium carbonate aqueous solution 
buffered at pH 6 prepared by dissolving 5 g of sodium 
carbonate per liter of water and adjusting the pH with acetic 
acid. 

0547 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 /, 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 BV (40 L) of a 8:2 mixture water/ 
acetone with 5 mL of acetic acid/L of water. 

0548 A-40926 was finally eluted with 8 BV (64 L) of a 
1:1 waterfacetone mixture acidified with 5 mL of acetic 
acid/L of water. 16 fractions of 4L each were collected. 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 (45.3 g; 22.2%) of less pure A-40926 
were discharged. 
0549. After the elution the resin was regenerated with 6 
BV (55 L) of NaOH 0.5%fisopropanol (1:1) mixture, and 
finally washed to neutral with 10 BV of water. 
Charcoal Treatment. 

0550 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. 

0551. The decolorized solution 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 HPLC chromatograms at Rt=2-4 minutes. 
When the retentate was concentrated to /10 of the starting 
volume (4 L), the same volume of water was added and the 
Solution obtained was concentrated again. This concentra 
tion/dilution step was repeated three times in order to reduce 
the residual acetone to 0.25%. The final solution (2.2 L. 
146.3 g of A-40926, 66.5 g/L, yield=91.5%) was analyzed 
by HPLC. The purification yield was 75.4%. 
A-40926 Crystallization. 

0552) A300 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 
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pH of this solution was adjusted at 7 (30% NaOH), and 1.2 
mL of 5:1 acetonefisopropanol mixture per mL of concen 
trated solution was added drop wise at this temperature. The 
resulted mixture was left to cool at 20° C. After 1.5 hours, 
the solid obtained was filtered, washed on the filter with 
acetone, 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, starting 
from the filtered broth, was about 64%. 
A-40926 Preparation on CG-71 
Column Preparation 
0553 CG-71 resin (350 mL) was poured into a glass 
column (internal diameter=4 cm) and washed with water. 
The resin was equilibrated with 3BV 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 14.7 g of A-40926 was loaded into the 
column (42 g/L 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 aqueous solution of sodium carbonate (5 g/L) 
adjusted at pH 9 with acetic acid. 
0554. The activity was then eluted with 10 BV of dem 
ineralized 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 (yield= 
79.6%). This solution was then concentrated by ultrafiltra 
tion and the concentrate solution was further diluted with 
demineralized water and ultrafiltered again. The solution 
obtained was further concentrated under reduced pressure to 
50 mL. 

A-40926 Crystallization. 

0555. 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 tempera 
ture. 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 Step in Dalbavancin Synthesis Using 
N-Methyl-2-Pyrrolidine (NMP) as a Solvent 

0556 MA mixture was added portion wise under stirring 
to a 1:1 NMP/MeOH mixture (64 mL). Stirring at 20-25°C. 
was continued until complete solution, then DMEPA (2.42 
mL, 1.96 mol/eqi) and HOBT (1.06 g; 0.71 mol/eq) 
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 NMP (previously prepared from 
34.0 mL HCl 37% dissolved in 57.7 mL NMP). Then a 
solution of DCC (3.17 g; 1.57 mol/eqi) 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 alterna 
tive to DMSO for the amidation reaction. The whole process 
was not influenced by this solvent change and the final 
Dalbavancin obtained was chemically equivalent to other 
batches. 
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Alternative Method of Dalbavancin Preparation: One-Pot 
Procedure 

05:57 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 HCl (g) in 16.4 
mL of MeOH was added to complete the product solubili 
zation. The temperature was then left to rise to 20°C. while 
stirring was continued for additional 24 hours. 
0558 After this time, 40 mL of DMSO and 0.4 g of 
HOBT were added to the reaction mixture. 

0559) 1,1-dimethyamine propylamine was then added, 
adjusting the pH of the resulting reaction mixture between 
3-3.1 (measured after diluting a sample 9:1 with water). 1.8 
g of Solid DCC was then added and stirring was continued 
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 

HO 
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of 15% NaOH. Stirring was continued for additional 60 
minutes, and the mixture was acidified at pH 2.8 with 260 
mL of 15% aq. HC1. About 800 mL of final clear solution 
containing 6.4 g of Dalbavancin was obtained (yield=76%). 
0560 HPLC analyses showed that the profile of the 
product obtained is comparable with that obtained with the 
other manufacturing processes. 
0561 N',N'-Dialkyl Antibiotic Compounds 
0562) The present invention provides N',N'-dialkyl 
antibiotic compounds useful, for example, for preventing 
and/or treating microbial infections in mammals. For con 
venience, in the description herein, dalbavancin compounds 
are numbered according to U.S. Pat. No. 5,750,509 and as 
depicted in FIG. 26. 
0563. In certain embodiments, the present invention pro 
vides N',N'-dialkyl antibiotic compounds according to 
formula (III), or a pharmaceutically acceptable salt or Sol 
vate thereof: 

(III) 
OG 

O O 

C 

O O R1 

N 
N N NR 
H H 

O O 

C 

HO 
O 

OH 

0564) In certain embodiments, the present invention pro 
vides N',N'-dialkyl antibiotic compounds according to 
formula (IV), or a pharmaceutically acceptable salt or Sol 
vate thereof: 

(IV) 
OG 
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0565 Formulas (III) and (IV) provide the peptide core of 
the N',N'-dialkyl antibiotic compounds of the invention. 
The peptide comprises seven 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'-dialkyl antibiotic com 
pounds comprise two alkyl Substituents on the amino ter 
minal nitrogen, or N'. In other words, in formulas (III) and 
(IV) R' and R" are alkyl. 
0566 In preferred embodiments, RandR" are C alkyl. 
In certain embodiments, R' and R'' are each independently 
selected from propyl, ethyl and methyl. In further embodi 
ments, RandR'' are each 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. 
0567 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 defined in the sections above. Exemplary ami 
noalkylamino groups are described in U.S. Pat. No. 5,750, 
509. In certain embodiments, X is N,N-dimethylaminopro 
pylamino. 

0568. Thus, in particular embodiments, the invention 
provides compounds according to formula (V), or a phar 
maceutically acceptable salt or solvate thereof: 

OG 
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0569. 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 N',N'-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, C.-D-mannopyrannosyl or 
6-O-acetyl-C-D-mannopyrannosyl. In particular embodi 
ments, G is hydrogen or a Sugar moiety. For example, G can 
be hydrogen or glucuronamine. 

0570. 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 embodi 
ments, the fatty acid is selected from the group consisting of 
8-methylnonanoic acid, n-decanoic acid, 9-methyl-decanoic 
acid, n-undecanoic acid, 10-methyl-undecanoic acid, 
n-dodecanoic acid, 11-methyl-dodecanoic acid, n-tride 
canoic acid, 12-methyl-tridecanoic acid and n-tetradecanoic 
acid. In preferred embodiments, the fatty acid is a C fatty 
acid. In particular embodiments, the fatty acid is 10-methyl 
undecanoic acid. 

0571. In certain embodiments, the present invention pro 
vides a compound according to formula (VI), or a pharma 
ceutically acceptable salt or solvate thereof: 

(V) 
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0572) In formula (VI), R is Co. acyl. In particular 
embodiments, R is selected from the group consisting of 
8-methylnonanoic acid, n-decanoic acid, 9-methyl-decanoic 
acid, n-undecanoic acid, 10-methyl-undecanoic acid, 
n-dodecanoic acid, 111-methyl-dodecanoic acid, n-tride 
canoic acid, 12-methyl-tridecanoic acid and n-tetradecanoic 
acid. In preferred embodiments, R is a C fatty acid. In 
particular embodiments, R is 10-methyl-undecanoic acid. 
0573. As described in the synthetic sections below, N', 
N'-dimethyl antibiotic compounds can be synthesized from 
dalbavancin compounds. Accordingly, certain N',N'-dim 
ethyl antibiotic compounds of the invention possess the 
Sugar moieties and fatty acids of dalbavancin A, A, B, B, 
Co and C. 
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(VI) 

O 

NYR. 
H 

OH 

0574. In particular embodiments, the present invention 
provides N',N'-dimethyl antibiotic compounds. An N'. 
N'-dimethyl antibiotic compound comprises formula (I) or 
(II) with two methyl groups at N',N'N'-dimethyl anti 
biotic compound can be glycosylated with one or more Sugar 
moieties as described above. In certain embodiments, a 
N',N'-dimethyl antibiotic compound is acylated on one or 
more of these Sugar moieties. In preferred embodiments, the 
acyl group is 10-methyl-undecanoic acid. 

0575. In preferred embodiments, the present invention 
provides the N',N'-dimethyl antibiotic compound accord 
ing to the following structure (VII), or a pharmaceutically 
acceptable salt or solvate thereof: 

(VII)   
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0576. In certain embodiments, the N',N'-dialkyl anti 
biotic 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 dalbavancin com 
pounds in a composition. For example, the N',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 embodiments, 
the N',N'-dialkyl antibiotic compound is enriched two, 
three, five, ten, one hundred, one thousand or ten thousand 
fold. 

0577. In further embodiments, the N',N'-dialkyl anti 
biotic compound is isolated. As used herein, the term 
isolated indicates that the N',N'-dialkyl antibiotic com 
pound is enriched relative to non-dalbavancin compounds in 
a composition. For example, the N',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 embodiments, 
the N',N'-dialkyl antibiotic compound is enriched two, 
three, five, ten, one hundred, one thousand or ten thousand 
fold. 

HO 

0578. In still further embodiments, the N',N'-dialkyl 
antibiotic compound is purified and isolated. As used herein, 
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the term purified and isolated indicates that the N',N'- 
dialkyl antibiotic compound is enriched relative to non 
dalbavancin compounds and relative to other dalbavancin 
compounds in a composition. For example, the N',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 fermenta 
tion 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. 

0579 N',N'-Dialkyl Antibiotic Compounds 

0580. The present invention also provides N',N'-di 
alkyl antibiotic compounds having a carboxylic acid group 
at carbonyl 63. These compounds are useful, for example, 
for preparing N',N'-dialkyl antibiotic compounds of the 
invention. In certain embodiments, these N',N'-dialkyl 
antibiotic compounds are also useful for preventing and/or 
treating microbial infections in mammals. 

0581. In certain embodiments, the present invention pro 
vides N',N'-dialkyl antibiotic compounds according to 
formula (VIII), or a pharmaceutically acceptable salt or 
solvate thereof: 

(VIII) 
OG 

O O 
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O O RI 
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N N NR 
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C 

HO 
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0582. In certain embodiments, the present invention pro 
vides N',N'-dialkyl antibiotic compounds according to 
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formula (IX), or a pharmaceutically acceptable salt or Sol 
vate thereof: 

OG 
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(IX) 

0583. Formulas (VIII) 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 (III) 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 Substitu 
ents on the amino terminal nitrogen, or N'. In other words, 
in formulas (I) and (II) R' and R'' are alkyl. Further, in 
Formulas (VIII) and (IX), X is OH as in antibiotic A40926 
compounds known to those of skill in the art. 

0584) In preferred embodiments, R' and R' are Ca 
alkyl. In certain embodiments, R' and R' are each indepen 
dently selected from propyl, ethyl and methyl. In further 
embodiments, R' and R'' are each independently selected 
from ethyl and methyl. In more preferred embodiments, at 
least one of R' and R' is methyl. In most preferred embodi 
ments, R' and R'' are methyl. 
0585. 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 N',N'-dialkyl antibiotic compounds are glycosylated 

at positions G and M of formulas (VIII) and (IX). In 
particular embodiments, M is hydrogen or a Sugar moiety. 
For example, M can be hydrogen, C.-D-mannopyrannosyl or 
6-O-acetyl-C-D-mannopyrannosyl. In particular embodi 
ments, G is hydrogen or a Sugar moiety. For example, G can 
be hydrogen or glucuronamine. 

0586 
moieties can be acylated or acetylated, or both. For example, 

In certain embodiments, one or both of the Sugar 

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 embodi 
ments, the fatty acid is selected from the group consisting of 
8-methylnonanoic acid, n-decanoic acid, 9-methyl-decanoic 
acid, n-undecanoic acid, 10-methyl-undecanoic acid, 
n-dodecanoic acid, 11-methyl-dodecanoic acid, n-tride 
canoic acid, 12-methyl-tridecanoic acid and n-tetradecanoic 
acid. In preferred embodiments, the fatty acid is a C fatty 
acid. In particular embodiments, the fatty acid is 10-methyl 
undecanoic acid. 

0587. In certain embodiments, the present invention pro 
vides a compound according to formula (X), or a pharma 
ceutically acceptable salt or solvate thereof: 
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0588) In formula (X), R is Cola acyl. In particular 
embodiments, R is selected from the group consisting of 
8-methylnonanoic acid, n-decanoic acid, 9-methyl-decanoic 
acid, n-undecanoic acid, 10-methyl-undecanoic acid, 
n-dodecanoic acid, 11-methyl-dodecanoic acid, n-tride 
canoic acid, 12-methyl-tridecanoic acid, and n-tetradecanoic 
acid. In preferred embodiments, R is a C fatty acid. In 
particular embodiments, R is 10-methyl-undecanoic acid. 
0589 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 A, A, B, B, Co and C. 
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(X) 

R1 

snR. 
H 

OH 

0590. In particular embodiments, the present invention 
provides N',N'-dimethyl antibiotic compounds. An N'. 
N'-dimethyl antibiotic compound comprises formula (VIII) 
or (IX) with two methyl 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 N',N'-dimethyl antibiotic compound is acylated on one 
or more of these Sugar moieties. In preferred embodiments, 
the acyl group is I O-methyl-undecanoic acid. 

0591. In preferred embodiments, the present invention 
provides the N',N'-dimethyl antibiotic compound accord 
ing to the following structure (XI), or a pharmaceutically 
acceptable salt or solvate thereof: 

(XI)   
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0592) In certain embodiments, the N',N'-dialkyl anti 
biotic 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 a composition. For example, the N',N'-dialkyl antibi 
otic 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 embodiments, 
the N',N'-dialkyl antibiotic compound is enriched two, 
three, five, ten, one hundred, one thousand or ten thousand 
fold. 

0593. In further embodiments, the N',N'-dialkyl anti 
biotic compound is isolated. As used herein, the term 
isolated indicates that the N',N'-dialkyl antibiotic com 
pound is enriched relative to non-antibiotic compounds in a 
composition. For example, the N',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 embodiments, 
the N',N'-dialkyl antibiotic compound is enriched two, 
three, five, ten, one hundred, one thousand or ten thousand 
fold. 

0594) In still further embodiments, the N',N'-dialkyl 
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',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 fermenta 
tion 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. 

Methods of Making the Compounds of the Invention 
0595. The compounds of the invention can be made 
according to any method apparent to those of skill in the art 
for preparing such N',N'-dialkyl antibiotic compounds. 

0596) For instance, in certain embodiments, an N',N'- 
dialkyl 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'- 
monomethyl compound or composition can be methylated 
by contacting the compound or composition with a mixture 
of HCHO, NaBHCN, DMF, HO and NaHCO, at room 
temperature 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 NaBHCN to yield the N',N'-dimethyl antibiotic com 
pound or composition. 

Scheme 1 

CH, HCHO, NaBHCN, CH3 
/ DMF, H2O, NaHCO 

R-N --> R-N 
V RT 
H CH3 

0597) The corresponding N'-monomethyl compound or 
composition can be prepared according to published tech 
niques, such as those described extensively in U.S. Pat. No. 
5,750,509 and U.S. Patent Application Publication No. US 
2004/0142883, the contents of which are incorporated by 
reference in their entireties. To the extent that the com 
pounds or compositions have protecting groups on their N' 
nitrogen, they can be removed by any technique known to 
the person of skill in the art. 

0598 Suitable starting materials include dalbavancin Ao 
A, B, B, C and C and antibiotic A40926 factors A. A. 
Bo, B, Co and C. As shown in the examples below, 
N',N'-dimethyl dalbavancin Bo was prepared from dalba 
vancin Bo 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 struc 
tures: 
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0599 wherein R is as follows: 

Dalbavancin Compound R 

Ao —CH(CH3)2 
A1 —CH2CH2CH 
Bo —CH2CHCCH) 
B —CH2CH2CHCH 
Co —CH2CH2CH(CH), 
C1 —CH2CH2CH2CH2CH 

0600. In further embodiments, an N',N'-dialkyl anti 
biotic compound of the invention can be prepared from 
antibiotic A 40926 fermentation broth. The fermentation 
broth comprising antibiotic A40926 and related compounds 
can be prepared according to techniques described, for 
example, in U.S. Pat. No. 5,750,509 and U.S. Patent Appli 
cation Publication No. U.S. 2004/0142883. The broth can be 
purified to yield the desired antibiotic A40926 compounds, 
which can be esterified, amidated and hydrolyzed according 
to U.S. Pat. No. 5,750,509 and U.S. Patent Application 
Publication No. US 2004/0142883 to yield a mixture of 
dalbavancin compounds. N',N'-dialkyl antibiotic com 
pounds 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 inven 
tion. 

Compositions 
0601. In another aspect, the present invention provides 
compositions comprising one or more compounds of the 
invention. Generally, the compositions of the invention 
comprise a 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 
compounds. 
0602. In certain embodiments, the compositions are phar 
maceutical compositions, described in more detail in the 
sections below. 

0603. In particular embodiments, the compositions com 
prise a N',N'-dialkyl antibiotic compound of the invention 
and a dalbavancin or antibiotic A 40926 compound. The 
dalbavancin or antibiotic A 40926 compound can be any 
dalbavancin or antibiotic A40926 compound known to those 
of skill in the art. Exemplary dalbavancin compounds 
include those described in U.S. Pat. No. 5,750,509 and U.S. 
Patent Application Publication No. US 2004/0142883, the 
contents of which are hereby incorporated by reference in 
their entireties. Exemplary antibiotic A 40926 compounds 
are described in U.S. Pat. Nos. 4,935,238, 4,868,171 and 
4,782,042, the contents of which are hereby incorporated by 
reference in their entireties. 

0604 Exemplary dalbavancin compounds include dalba 
vancin A, A, B, B, C and C. The preparation of these 
dalbavancin compounds is described extensively in U.S. 
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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. 
0605. 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 homomul 
timers and heteromultimers. For instance, the multimer can 
comprise a combination of any of the factors present in the 
dalbavancin composition, including any of dalbavancin fac 
tors A, A, Bo, B, B, Co, C, D, D, MAG, or isoBo. For 
example, the multimer may comprise a N-alkyl dalbavan 
cin compound and a N',N'-dialkyl dalbavancin com 
pound. In certain embodiments, the present invention also 
provides homodimers of the compounds of the invention. In 
further embodiments, the present invention provides het 
erodimers of the compounds of the invention with dalba 
vancin compounds. The dalbavancin compounds can be 
dalbavancins of the invention or dalbavancins known to 
those of skill in the art. 

0606. 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 or antibiotic A 40926 compounds. In certain 
embodiments, relative to the dalbavancin or antibiotic A 
40926 compounds, the N',N'-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, 17, 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). 
0607. 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'-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, 17, 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). 
0608. In certain embodiments, the compositions of the 
invention comprise a significant amount of an N',N'- 
dialkyl antibiotic compound of the invention relative to 
antibiotic A 40926 compounds. In certain embodiments, 
relative to the antibiotic A40926 compounds, the N',N'- 
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, 17, 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). 
0609. In certain embodiments, the compositions of the 
invention comprise a significant amount of an N',N'- 
dialkyl antibiotic compound of the invention relative to 
other compounds. In certain embodiments, the N',N'- 
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, 17, 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). 
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0610. In further embodiments, the present invention pro 
vides compositions comprising dalbavancin A, A, Bo, B, 
Co and C, together with an N',N'-dialkyl antibiotic com 
pound of the invention wherein the amount of the compound 
of the invention is enriched relative to one or more or all of 
dalbavancin A, A, B, B, C and C. The composition can 
be enriched, for example, so that the N',N'-dialkyl anti 
biotic 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, 17, 1.75, 1.8, 19, 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 
A, A, Bo, B, Co and C. In preferred embodiments, the 
compound is according to formula (V). 
0611. In certain embodiments, the present invention pro 
vides compositions comprising dalbavancin Bo and an N'. 
N'-dialkyl antibiotic compound of the invention. In further 
embodiments, the present invention provides compositions 
comprising dalbavancin B and an N',N'-dialkyl antibi 
otic compound of the invention. In further embodiments, the 
present invention provides compositions comprising dalba 
vancin Bo, dalbavancin B, and an N',N'-dialkyl antibiotic 
compound of the invention. In preferred embodiments, the 
N',N'-dialkyl antibiotic compound of the invention is 
according to formula (V). In particularly preferred embodi 
ments, the present invention provides compositions com 
prising the compound of formula (V), dalbavancin Bo and 
dalbavancin B. These compositions can be purified, iso 
lated 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 
formula (V), dalbavancin Bo and dalbavancin B would 
comprise at least 90,91, 92,93, 94, 95, 96, 97,98, 98.5, 99 
or 99.5% of the three compounds relative to other com 
pounds in the composition. Purity can be assessed by any 
means known to those of skill in the art such as HPLC, for 
instance by % area under the curve. 
0612. In the compositions of the invention, the amount of 
each component can be calculated by weight, by molar 
amount or by any other technique known to those of skill in 
the art. 

0613 Methods of Use 
0614 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',N'-dialkyl antibiotic compound or 
composition in a therapeutically or prophylactically effec 
tive amount. 

0615. 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 a bacterial infection). A “therapeutically 
effective amount can vary depending on, inter alia, the 
compound, the disease and its severity, and the age, weight, 
etc., 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',N'-dialkyl antibiotic com 
































