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MIXTURES OF CALCITONIN DRUG-OLIGOMER
CONJUGATES COMPRISING POLYALKYLENE GLYCOL,
USES THEREOF, AND METHODS OF MAKING SAME

Field Of The Invention

The present invention relates to drug-oligomer conjugates, and, more particularly, to

calcitonin drug-oligomer conjugates.

Béckground Of The Invention

Calcitonin is a naturally occurring hormone with a short half-life that is believed to
act directiy on osteoclasts (vié receptors on the cell surface for calcitonin). This action may
directly inhibit osteoclastic bone resorption, which may lead to hypocalcemic and/or
hypophosphatemic serum effects. Calcitonin may be useful in &eating various bone disorders
including, but not limited to, osteéporosis and Paget's disease.

Osteoporosis is a bone dispase;in which bone tissue 1s normally mineralized, but the
amount of bone is decreased and the structural intégrity of trabecular bone is impaired.
Cortical bone becomes more porous and thinner. 'Thjs makes the bone weaker and more
likely to fracture. In the United States, about 21% of postmenopausal women have '
osteoporosis (low bone density), and about 16% have had a fracture. In women older than
80, about 40% have experienced a fracture of the hip, vertebra, arm, or pelvis. The
population of older men and women has been increasing, and therefore the number of people
with osteoporosis is increasing.

" Calcitonin given as a subcutaneous injection has shown significant improvements in
bone density; however, a high incidence of side effects, including paiﬁ at the injection site,
flushing and nausea, have been reported which may limit the use of the drug.

‘Paget's disease of bone is a metabolic bone disorder of unknown origin which

normally affects older people. The disease causes an increased and irregular formation of
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bone as the bone cells, which ére responsible for dissolving the body's old bone and replacing
it with new, become out of control. Over a period of time the deformed new bone becomes
larger, weaker and has more blood vessels than normal bone. Unlike normal bone, the
structure is irreg\ilar and consequently w‘eaker,‘ which makes it prone to fracture even after a
minor injury.

In its mildest form the disease has no symptoms. In more severe cases the pain can be
intense. The rélentless progression of the disease may cause bones to bow, the skull may
increase in size and the spinal column'may curve. As the bones enlarge théy may cause
pressure on nearby nerves which can result in muscle weakness. In the case of severe skull -
enlargement this pressure can result in deafness, disturbed vision, dizziness and tinnitus.

Calcitonin may be effective in treating disorders of increased skeletal remodeling,
such as Paget's disease. In treating Paget's disease, chronic use of calcitonin may produce
long-term reduction in symptoms; however, side effects of calcitonin administration may
include nausea, hand swelling, urticaria, and intestinal cramping.

Various references have proposed conjugating polypeptides such as calcitonin with
polydispersed mixtures of polyethylene glycol or polyethylene glycol—containiﬁg polymers.
For example, U.S. Patent No. 5,359,030 to Ekwuribe proposes conjugating polypeptides such

as calcitonin with polydispersed mixtures of polye‘ihylene glycol modified glycolipid

polymers and polydispersed mixtures of polyethylene glycol modified fatty acid polymers.
The number average molecular weight of polymer resulting from each combinationis
preferred to be in the range of from about 500 to about 10,000 Daltons.

The pdlydispersity of the polymer mixtures and conjugates described in Ekwuribe is
likely a result of the use of polydispersed polyethylene glycol in the polymer synthesis. PEG
is typically produced by base-catalyzed ring-opening polymerization of eth'yléne oxide. The

reaction is initiated by adding ethylene oxide to ethylene glycol, with potassium hydroxide as

- catalyst. This process results in a polydispersed mixture of polyethylene. glycol polymers

having a number average molecular weight within a given range of molecular weights. For
example, PEG products offered by Sigma-Aldrich of Milwaukee, Wisconsin are provided in
polydispersed mixtures such as PEG 400 (M, 380-420); PEG 1,000 (M, 950-1,050); PEG
1,500 (M, 1,400-1,600); and PEG 2,000 (M, 1,900-2,200).

It is desirable to provide non-polydispersed mixtures of calcitonin drug-oligomer -

conjugates where the oligomer comprises polyethylene glycol. ‘
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Summary Of The Invention

It has unexpectedly been discovered that a mixture of calcitonin—oligdmer conjugates

‘comprising polyethylene glycol according to embodiments of the present invention may

Jower serum calcium levels by 10, 15 or even 20 percent or more. Moreover, a mixture of
calcitonin-oligomer conjugates comprising polyethylene glycol according\ to embodiments of
the present invention may be more effective at surviving an in vitro model of intestinal
digestion than non-conjugated calcitonin. Furthermore, mixtures of calcitonin-oligomer
conjugates c;omprising polyethylene glycol according to embodiments of the present
invention may exhibit a higher bioavailability than non—conjugafed calcitonin. |

’ According to embodiments of the present inveﬁtion, a substantially monodispersed
mixture of conjugates each comprising a calcitonin drug coupled to an oligomer that
comprises a polyethylene glycol moiety is provided. The polyethylene glycol moiety
preferably has at least 2, 3, or 4 polyethylene glycol subunits and, most preferably, has at
least 7 polyethylene glycol subunits. The oligomer preferably further comprises a lipophilic
moiety. The calcitonin drug is preferably salmon calcitonin. Oligomers are preferably
coupled at Lys'! and Lys18 of the salmon calcitonin. The conjugate is preferably
amphiphilically balanced such that the conjugate is aqueously soluble and able to penetrate
biological membranes. ‘

According to other embodiments of the present invention, a substantially
mon_odispersed- mixture of conjugates is provided where each conjugate includes salmon
calcitonin covalently coupled at Lys' of the salmon calcitonin to a carboxylic acid moiety of
a first oligomer that comprises octanoic acid covalently coupled at the end distal to the
carboxylic acid moiety to a methyl terminated polyethylene glycol moiety having at least 7
polyethylene glycol subunits, and covalently coupled at Lys'® of the salmon calcitonin to a
carboxylic acid moiety of a second oligomer that comprises.octanoic acid covalently coupled
at the end distal to the carboxylic'aci.d moiety to a methyl terminated polyethylene glycol
moiety having at least 7 polyethylene glycol) subunits. |

According to still other embodiments of the present invention, a substantially
monodispersed mixture of conjugates is provided where each conjugate comprises a
calcitonin drug coupled to an ‘ol'igomer comprising a polyethylene glycol moiety, and the

mixture is capable of lowering serum calcium levels in a subject by at least 5 percent.
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According to yet other embodiments of the present invention, a substantially
monodispersed mixture of conjugates is provided where each conjugate comprises a |
calcitonin drug coupled to an oligomer comprising eipolyethylene glycol moiety, and the
‘mixture has an increased resistance to degradation by chymotrypsin and/or trypsin when

5  compared to the resistance to degradation by chymotrypsin and/or trypsin of the calcitonin
drug which is not coupled to the oligomer.

According to other embodiments of the present invention, a substantially
monodispersed mixture of conjugates is provided whefe each conjugate comprises a
calcitonin drug coupled to an oligomer comprising a polyethylene glycol moiety, and the

10  mixture has a higher bioefficacy than the bioefficacy of the calcitonin'drug which is not
coupled to the oligomer.

According to still other embodiments of the present invention, a mixture of conjugates
is provided where each conjugate includes a calcitonin drug coupled to an oligomer that
comprisés a polyethylene glycol moiety, and the mixture has a molecular weight distribution

15  with a standard deviation of less than about 22 Daltons. '

‘ According to yet other embodiments of the present invéntion, a mixture of conjugates
is provided where each conjugate includes a calcitonin drug coupled to an oligomer that
comprises a polyethylene glycol moiety, and the mixture has a dispersity coefficient (DC)
greater than 10,000 where |

o)

20 DC i=1

ZNM’ ZN (,"l NM]2 -

i=1

wherein:
n is the number of different molecules in tﬁe sample;
N; is the number of i molgcules in the sample; and
M,; is the mass of the i molecule.

25 According to other embodiments of the present invention, a mixture of conjugates is
provided Ain which each conjugate includes a calcitonin drug coupled to an oligomer and has
the same number of polyethylene glycol subunits. |

According to still other embodlments of the present invention, a mixture of conjugates -

is provided in which each conjugate has the same molecular weight and has the formula:
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Calsonin Drig [ B-1~G-R-Gu—R—Go—T | ()
| P

wherein:
B is a bonding moiety;
L is a linking group;
G, G' and G" are individually selected spacer groups;
R is a lipophilic group and R' is a polyalkylene glycol group, or R' is the lipophilic group
and R is the polyalkylene oxide group;
T is a terminating group; t
j» k, m and n are individually 0 or 1; and
p is an integer from 1 to the number of nucleophilic residues on the calcitonin drug.
Pharmaceutical compositions comprising conjugate mixtures of the present invention
as well as methods of treating osteoporosis in a subject in need of such treatment by
administering an effective amount of such pharmaceutical compositions are also provided.
Additionally, methods of synthesizing such conjugate mixtures are provided.
Calcitoninfoligom'er conjugate mixtures according to embodiments of the present
invention may lower sefum calcium levels by 20 percent or more. Moreover, such conjugates
may provide decreased degradation by intestinal enzymes and/or provide increased

bioavailability when compared to non-conjugated calcitonin.

Brief Description of the Drawings

Figure 1 illustrates a géneric scheme for synthesizing a mixture of activated polymers
comprising a polyethylene glycol moiety and a fatty acid moiety according to embodimenfs
of the present invention;

Flgure 2 illustrates a scheme for synthesmng a mixture of mPEG accordmg to
embodiments of the present invention; ‘ ‘ '

Figure 3 illustrates a scheme for synthesizing a mixture of activated mPEG7-hexyl
oligomers according to embodiments of the present invention; _

Figure 4 illustrates a scheme for synthesizing a mixture of activated mPEG7-octyl
oligomers according to embodiments of the present invention; | ‘

Figure § illustrates a scheme for synthesmng a mixture of activated mPEG—decyl

oligomers accordlng to embodiments of the present invention;
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Figure 6 illustrates a scheme for synthesizing a mixture of activated stearate-PEG6
oligomers according to embodiments of the present invention;

Figure 7 illustrates a scheme for synthesizing a mixture of activated stearate-PEG8
oligomers according to embodiments of the present invention; |

Figure 8 illustrates a scheme for synthesizing a mixture of activated PEG3 oligorﬁers
according to embodiments of the present invention;

Figure 9 illustrates a scheme for synthesizing a mixture of activated palmitate-PEG3
oligomers according to embodiments of the preéent invention;
‘ Figure 10 illustrates a scheme for sYﬁthesiZing a mixture of activated PEG6
oligomers according to embodiments of the present invention;

Figure 11 illustrates a scheme for synthesizing various propylene glycol monomers
according to embodiments of the present invention;

Figure 12 illustrates a scheme for synthesizing various propylene glycol polymers

-according to embodiments of the present invention;

* Figure 13 illustrates a scheme for synthesizing various propylene glycol polymers
according to embodiments of the present invention;

Figure 14 illustrates a comparison of the average AUCs for various mixtures of
palcitonin—oligorﬁerconjugates according to embodiments of the .p'resent invention with non-
conjugated calcitonin, which is provided for comparison purposes only and does not form
part of the invention;

Figure 15 illustrates a dose-response curve for a mixture of mPEG7-octyl-calcitonin
diconjugates according to embodiments of the present invention compared with a dose-
response curve for calcitonin, which is provided for comparison purposes and is not a part of
the present invention;

Figure 16 illustrates a dose-response curve after oral administration of a mixture of

4 mPEG7-octyl-calcitonin diconjugates according to embodiments of the present invention;

Figure 17 illustrates a dose-response curve after subcutaneops administration of a
mixture of mPEG7-octyl-calcitonin diconjugateé according to embodiments of the present -
invention; and .

Figure 18 illusftrates a dose-response curve after subcutaneous administration of
salmon calcitonin, which is provided for comparison purposes and is not part of the present

invention.
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Detailed Description Of Preferred Embodiments

The invention will now be described with respect tb preferred embodiments described
herein. It should be appreciated however that these embodiments are for the purpose of
illustrating the invention, and are not to be construed as limiting the scopé of the invention as
defined by tﬁe claims.

As used herein, the term "non-polydispersed" is used to descn'be. a mixture of
corﬁpounds having a dispersity that is in contrast to the polydispersed mixtures described in
U.S. Patent No. 5,359,030 to Ekwuribe.

As used herein, the term "substantially monodispersed” is used to describe a mixture
of compouﬁdé wherein at least about 95 percent of the compounds iﬁ the mixture have the
same molecular wei ght.

As used herein, the term "monodispersed” is used to describe a mixture of compounds
wherein about 100 percent of the compounds in the mixture have the same molecular weight.

As used herein, the term "substantially purely ﬁxonodispersed" is used to describe a
mixture of compounds wherein at least about 95 percent of the compounds in the mixture
have the same molecular weight and haye the same molecular structure. Thus, a substantially
purely monodispersed mixture is a substantially monodispersed mi;_;ture, but a substantially
monodispersed mixture is not necessarily a substantially purely monodispersed mixture.

As used herein, the term "purely monodispersed" is used to describe a mixture of
compounds wherein about 100 percent of the compounds in the inixfure have the same
molecular weight and have the same moleculaf structure. Thus, a purely monodispersed
mixture is a monodispersed mixture, but a monodispersed mixture is not necessarily a purely
monodispersed mixture.

As used herein, the term "weight average molecular weight" is defined as the sum of
the products of the weight fraction for 2 given molecule in the mixture times the mass of the
molecule for each molecule in the mixture. The "weight average molecular weight" is
represented by the symbol My,

As used herein, the term "number average molecular weight" is defined as the total
weight of a mixture divided by the number of Iﬁolecules in the mixture and is reﬁrésented by
the symbol M,. |

As used herein, the term "dispersity coefficient” (DC) is defined by the formula:
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)

i=1

= n n n 1.
> N ZN:-(ZNM)
i=] i=1 1

DC

wherein:
nis the numBer of different molecules in the sample;
N; is the number of i molecules in the sample; and
M is the mass of the i molecule.

As used herein, the term "intra-subject variability" means the variability in aptivity
occurring within the same subject when the subject is administered the same dose of a drug or
pharmaceutical composition at different times. ' .

As used hérein, the term "inter-subject variability" means the variability in-activity
between two or more subjects when each subject is administered the same dose of a given
drug or pharmaceutical formulation.

- Asused herein, the term "bioefficacy" means the ability of a drug or drug conjugate to
interact with one or more desired receptors in vivo.
~ Asused herein, the term "calcitonin drug" means a drug possessing all or some of the
biological activity of calcitonin. ’
| As used herein, the term "calcitonin" means chicken calcitonin, eel calcitonin, human

calcitonin, porcine calcitonin, rat calcitonin or salmon calcitonin provided by naturél,

" synthetic, or genetically engineered sources.

As used herein, the term "calcitonin analog" means calcitonin wherein one or more of
the amino acids have been replaced while retaining some 61‘ all of the activity of the
calcitonin. The analog is described by noting the feplacéﬁent amino acids with the position
of the replacement as a superscript followed by a description of the calcitonin. For example,
"Pro’ calcitonin, human" means that the glycine typically found at the 2 position of a human
calcitonin molecule has been replaced with proline. '

Calcitonin anaiogs may be obtained by various means, as will be understood by those
skilled in the art. For example, certain aminb acids may be substituted for other amino acids
in the calcitonin structure without appreciable loss of interactive binding capacity with -
structures such as, fbr example, antigen-binding regions of antibodiés or binding sites on

substrate molecules. As the interactive capacity and nature of calcitonin defines its biological
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functional activity, certain amino acid sequence substitutions can be made in the amino acid
sequence and nevertheless remain a polypeptide with like properties.

In making such substitutions, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amino acid index in conferring interactive

biologic function on a polypeptide is generally understood in the art. It is accepted that the

. relative hydropathic character of the amino acid contributes to the secondary structure of the

resultant polypeptide, which in turn defines the interaction of the polypeptide with other
molecules, for example, enzymes, substrates, receptors, DNA, antibodies, antigens, and the

like. Each amino acid has been assigned a hydropathic index on the basis of its

.hydrophobicity and charge characteristics as follows: isoleucine (+4.5); valine (+4.2); leucine

(+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8);
glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6);
histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine
(-3.9); and arginine (-4.5). As will be understood by those skilled in the art, certain amino
acids may be substituted by other amino acids having a similar hydrgpathic index or score

and still result in a polypeptide with similar biological activity, i.e., still obtain a biological

' functionally equivalent polypeptide. In making such changes, the substitution of amino acids

whose hydropathic indices are within +2 of each other is preferfed, those which are within *1
of each other are particularly preferred, and those within +0.5 of each other are even more
pa'rticularly preferred.

It is also understood in the art that the substitution of like amino acids can be made
effectively on the basis of hydrophilicity. U.S. Patent 4,554,101 provides that the greatest '
local 'avefage hydrophilicity of a protein, as governed by the hydrophilicity of its adjacent
amino acids, correlates with a biological property of the protein. As detailed in U.S. Patent.
4,5 54,101, the following hydfophilicity values have been assigned to amino acid residues:
arginine (+3.0); lysine (+3.0); aspartate (+3.Q +1); glutamate (+3.0 = 1); seine (—i;Q.3);

_ asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 £ hl); alé.nine

(-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8);
isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). As is understood by
those skilled in the art, an amino acid can be substituted for another having a similar
hydrophilicity value and still obtain a biologically equivalent, and in particular, an:

immunologically equivalent polypeptide. In such changes, the substitution of amino acids
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whose hydrophilicity values are within +2 of each other is preferred, those which are within
£] of each other are particularly preferred, and those within +0.5 of each other are even more
particularly preferred. |

As outlined above, amino acid substitutions are generally therefore based on the
relative similarity of the amino acid side-chain substituents, for example, their

hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions (ie.,

‘amino acids that may be interchanged without significantly altering the biological activity of

the polypeptide) that take various of the foregoing characteristics into consideration are well

known to those of skill in the art and include, for example: arginine and lysine; glutamate and
aspartate; serine and threonine; glutamine and asparagine; and valine, leucine and isoleucine.

As used herein, the term "calcitonin fragment” means a segment of the amino acid
sequénce found in the calcitonin that rqtains some or all-of the acfivity of the calcitonin.

As ﬁsed herein, the term "calcitonin fragment analog” means a segment of the amino
acid sequence found in the calcitonin molecule wherein one or more of the amino acids in the
segment have been replace while retaining some or all of the activity of the calcitonin. -

As-used herein, the term “PEG” refers to straight or branched polyethylene glycol
polymers, and includes the monomethylether of polyethylene glycol (mPEG). The terms
“PEG subunit” and polyethylene glycol subunit refer to a single polyethylene glycol unit, i..,
—(CH,CH,0)—. '

As used herein, the term "lipophilic” means the ability to dissolve in lipids and/or the
ability to penétrate, interact with and/or traverse biological membranes, and the term,

"lipophilic moiety" or "lipophile" means a moiety which is lipophilic and/or which, when

 attached to another chemical entity, increases the lipophilici{y of such chemical entity.

Examples of lipophilic moieties include, but are not limited to, alkyls, fatty acids, esters of
fatty acids, cholesteryl, adamantyl and the like. ‘
 Asused herein, the term "lower alkyl" refers to substituted or unsubstituted alkyl

moieties having fro,mil to 5 carbon atoms.

As used herein, the term "higher alkyl" refers to substituted or unsubstituted alkyl
moieties having 6 or more carbon atoms. .

In embodiments of thé present invention, a substantially monodispersed mixture of
calcitonin drug-oligomer conjugates is provided. Each calcitonin drug-oligomer conjugate in

the monodispersed mixture includes a calcitonin drug coupled to an oligomer that comprises
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a polyethylene glycol moiety. Preferably, at least about 96, 97, 98 or 99 percent of the

conjugates in the mixture have the same molecular weight. More preferably, the mixture is a

mbnodispersed mixture. Even more preferably, the mixture is a substantially purely

monodispersed mixture. Still more preferably, at least about 96, 97, 98 or 99 percent of the
conjugates in the mixture have the same molecular weight and have the same molecular
structure. Most preferébly, the mixture is a purely monodispersed mixture.

The calcitonin drug is preferabiy calci_toniﬁ. More preferably, the calcitonin drug is
salmon calcitonin. However, it is to be understood that the calcitonin drug may be selected
from various calcitonin drugs known to those skilled in the art includiﬁg, for example,
calcitonin precufsor peptides, calcitonin, calcitonin analogs, calcitonin fragments, and
calcitonin fragment analogs. Calcitonin precursor peptides include, but are not limited to,
katacalcin (PDN-21) (C-procalcitonin), and N-proCT (amino-terminal procalcitonin cleavage
peptide), human. Calcitonin anélogs may be provided by substitution of one or more amino
acids in calcitonin as described above. Calcitonin fragmeﬁts include, but are not limited to,
calcitonin 1-7, human; and calcitonin 8-32; salmon. Calcitonin fragment analogs-may be
provided by substitution of one or more of the amino acids in a calcitonin fragrhent as
described above.

The oligomefmay be various oligomers comprising a polyethylene glycol moiety as
will be understood by those skilled in the art. Prefe;:ably, the polyethylene glycol moiety of
the oligomer has at least '2, 3 or 4 polyethylene glycol subunits. More preferably, the
polyethylene glycol moiety has at least S or 6 polyeﬂlylene glycol subunits and, most
preferably, the polyethylene-glycol moiety has at least 7 polyethyléne glycol subunits.

The oligomer may comprise one or more other moieties as will be understood by
those skilled in the art including, but not limited to, additional hydrophilic moieties, libdphilip
moieties, Spgaéer moieties, linker moieties, and terminating moieties. The various moieties in
the oligomer are covalently coupled to one another by either hydrolyzable or non-
hydrolyzable bonds. ‘

The oligomer may further comprise one or more additional hydrophilic moieties (i.e.,

moieties in addition to the polyethylene glycol moiety) including, but not limited to, sugars,

‘polyalkylene oxides, and polyamine/PEG copolymers. As polyethylene glycol is a

polyalkylene oxide, the additional hydrophilic moiety may be a polyethylene glycol moiety.
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Adjacent polyethylene glycol moieties will be considered to be the same moiety if they are

" coupled by an ether bond. For example, the moiety

—0—CHy—0—CoH;—0—CyHy —O0—CoHy — O—CoHy —O—CoHy—

is a single polyethylene glycol moiety having six polyethylene glycol subunits. If this moiety

were the only hydrophilic moiety in the oligomer, the oligomer would not contain an

" additional hydrophilic moiety. Adjacent polyethylene glycol moieties will be considered to

be different moiéties if they are coupled by a bond other than an ether bond. For example,

the moiety

—~O——-C2H4—O-—-C2H4—O—C2H4—-O—02H4—g——'O—-C2H4-——O——C2H4——-
is a polyethylene glycol moiety having four polyéthylene glycol subunits and an additional
hydrophilic moiety having two polyethylene glycol subunits. Preferably, oligomers
according to embodiments of the present invention comprise a polyethylene glycol mdiety
and no additional hydrophilic moieties. -
The oligomer may further comprise one or more lipophilic moieties as will be
understood by those skilled in the art. The lipophilic moiety is preferably a saturéted or

unsaturated, linear or branched alkyl moiety or a saturated or unsaturated, linear or branched

- fatty acid moiety. Whejﬁ the lipophilic moiety is an alkyl moiety, it is preferably a linear,

saturated or unsaturated alkyl moiety having 1 to 28 carbon atoms. More prefefably, the
alkyl moiety has)2 to 12 carbon atoms. When the lipoﬁhﬂic moiety is a fatty acid moiety, it is .
preferably a natural fatty acid moiety that is linear, saturated or unsaturated, having 2 to 18
carbon atoms. More preferably, the fatty acid moiefy has 3 to 14 carbon atoms. Most
preferably, the fatty acid moiety has at least 4, 5 or 6 carbon atoms.

The oligomer may further comprise one or more spacer moieties as will be understood-
by those skilled in the art. Spacer moieties may, for example, be used to separate a .
hydrophilic moiety from a lipophilic moiety, to separate a lipophilic moiety or hy_drdphilic ‘
moiety from the calcitom'ﬁ drug, to éep’arate a first hydrophilic or lipophilic mbiety from a
second hydrophilic or lipophilic moiety, or to separate a hydrophilic moiety or lipophilic
moiety from a linker moiety. Spacer moieties are preferably selected from the group
consisting of sugar, cholesterol and glycerine moieties.

The oligomer may further comprise one or more linker moieties that are used to

couple the oligomer with the calcitonin drug as will be understood by those skilled in the art.
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~ Linker moieties are preferably selected from the group consisting of alkyl and fatty acid

moieties.

The oligomer may further comprise one or more terminating moieties at the one or
more ends of the oligbmer which are not coupled to the calcitonin drug. The terminating
moiety is preferably an alkyl or alkoxy moiety, and is more preferably a lower alkyl or lower
alkoxy moiety. Most preferably, the terminating moiety is methyl or methoxy. While the
terminating moiety is preferably an alkyl or alkoxy moiety,‘ it is to be understood that the
terminating moiety may be various moieties as will be understood by those skilled in the art
including, but not limited to, sugars, cholesterol, alcohols, and fatty acids.

The oligomer is pfeferably covalently coupled to the calcitonin drug. In some

. embodiments, the calcitonin drug is coupled to the oligomer utilizing a hydrolyzable bond:

(e.g., an ester or carbonate bond). A hydrolyzable coupling may provide a calcitonin drug-
oligomer conjugate that acts as a prodrug. In certain instahces, for example where the

calcitonin drug-oligomer conjugate is inactive (i.., the conjugate lacks the ability to affect

-the body through the calcitonin drug's primary mechanism of action), a hydrolyzable

coupling may provide for a time-release or controlled-release effect, administering the
calcitonin drug over a given time period as one or more oligomers are cleaved from their
respective calcitonin drug-oligomer conjugates to provide the active drug. In other
embodiments, the calcitonin drug is coupled to the oligomer utilizing a non-hydrolyzable

bond (e.g., a carbamate, amide, or ether bond). Use of a non-hydrolyzable bond may be

. preferable when it is desirable to allow the calcitonin drug-oligomer éonjugate to circulate in

the bloodstream for an extended period of time, preferably at least 2 hours. When the

- oligomer is vcovalently coupled to the calcitonin drug, the oligomer further comprises one or

more bonding moieties that are used to covalently couple the oligomer with the calcitonin
drug as will be understood by those skilled in the art. Bonding moieties are preferably
selected from the group consisting of covalent bond(s), ester moieties, carbonate moiefies-,
carbamate moieties, amide moieties and secondary amine moieties. More than one moiety on
the oligomer may be covalently coupled to the calcitonin drug.

While the oligomer is preferably covalently coupled to the calcitonin drug, it is to be
understood that the oligomer may be non-covalently coupled to the calcitonin drug to form a
non-covalently conjugated calcitonin drug-oligomer complex. As will be understood by

those skilled in the art, non-covalent couplings include, but are not limited to, hydrogen
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bonding, ionic bonding, Van der Waals bonding, and micellular or liposomal encapsulation.
According to embodiments of the present invention, oligomers may bé suitably constructed,
modified and/or apbropriately functionalized to impart the ability for non-covalent
conjugation in a selected manner (e.g., to imphrt hydrogen bonding capability), as will be
understood by those skilled in the art. According to other embodiments of present invention,
oligomers may be derivatized with various compounds including, but not limited to, amino
acids, oligopeptides, peptides, bile acids, bile acid derivatlfves', fatty acids, fatty acid
derivatives, salicylic acids, salicylic acid derivatives, aminosalicylic acids, and aminosalicylic
acid derivatives. The resultihg oligomers can non-covalently couple (complex) with drug
molecules, pharmaceutical products, and/or pharmaceutical excipients. The resulting
complexes preferably have balanced lipophilic and hydrophilic properties. According to still
other embodiments of the present invention, oligomers may be deﬁvatized with amine and/or

alkyl amines. Under suitable acidic conditions, the resultiilg oligomers can form non-

~covalently conjugated complexes with drug moleéules, pharmaceutical products and/or

pharmaceutical excipients. The products resulting from such complexation preferably have
balanced lipophilic and hydrophilic properties.-

More than one oligomer (i.e., a plurality of oligomers) may be coupled to the
calcitonin drug. The oli gomers in thg: plurality are preferably the same. However, it is to be

understood that the oligomers in the plurality may be different from one another, or,

| alternatively, some of the oligomers in the plurality may be the same and some "may be

different. When a plurality of oligomers are coupled to the calcitonin drug, it may be
preferable to couple one or xfxore of the oligomers to the calcitonin drug with hydrolyzable
bonds and couple one or more of the oligomers to the calcitonin drug with non-hydrolyzable
bonds. Alternatively, all of the bohds coupling the plurality of oligomers to the calcitonin
drug may be hydrolyzable, but have varying degrees of hydrolyzability such that, for
example, one or more of the oligomers is rapidly removed from the calcitonin drug by

hydrolysis in the body and one or more of the 6ligome;s is slowly removed from the

- calcitonin drug by hydrolysis in the body.

The oligomer may be coupled to the calcitonin drug at various nucleophilic residues

of the calcitonin drug including, but not limited to, nucleophilic hydroxyl functions and/or

. amino functions. When the calcitonin drug is a polypeptide, a nucleophilic hydroxyl fiinction -

may be found, for example, at serine and/or tyrosine residues, and a nucleophilic amino
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- function may be found, for examphle, at histidine and/or lysine residues, and/or at the one or

more N-termini of the polypeptide. When an oligomer is coupled to the one or more N-
terminus of the calcitonin polypeptide, the coupling preferably forms a secondary amine.
When the calcitonin drug is salmon calcitonin, for example, the oligomer may be coupled to
an amino functionality of the salmon calcitonin, including the amino functionality of Lys',
Lys'® and/or the N-terminus. While one or more oligomers may be coupled to the salmon
calcitonin, a higher bioefficacy, such as improved serum calcium lowering ability, is
observed for the di-conjugated saimon calcitonin where an oligomer is coﬁpled to the amino
functionalities of Lys'! and the Lys'®.

Substantially monodispersed mixtures of calcitonin drug-oligomer conjugates of the
present invention may be synthesized by various methods.  For example, a substantially
monodispersed mixture of oligomers consisting of carboxylic acid and polyethylene glycol is
synthesized by contacting a substantially monodispersed mixture of carboxylic acid with a
substantially 'monodispersed mixture of polyethylene glycol under conditions sufficient to
provide a substantially monodispersed mixture of oligomers. The oligomers of the
substantially monodispersed mixture are then activated so that they are capable of reacting,
with a calcitonin drug to provide a calcitonin drug-oligomer conjugate. One embodimént ofa -
synthesié route for providing a substantially monodispersed mixture of oligomers is
illustrated in Figure 3 and described in Examples 11-18 hereinbelow. Another embodiment
of a synthesis route for providing a As'ubstantially monodispersed mixture of oligomers is '
illustrated in Figure 4 and described in Examples 19-24 hereinbelow. Still another
embodiment of a synthesis routé for providing a substantially monodispersed mixture of
oligomers is illustrated in Figure 5 and described in Examples 25-29 hereinbelow. Yet
anqther. embodiment of a synthesis route for providing a substantially monodispersed mixture
of oligomers is illustrated in Figure 6 and described in Examples 30-31 hereinbelow.
Another embodiment of a synthesis route for providing a substantially monodispersed
mixture of oligomers is illustrated in Figure 7 and described in Examples 32-37 hereinbelow.
Still another embodiment of a synthesis route for providing a substantiallj monodispersed
mixture of oligomers is illustrated in Figure 8 and described in Example 38 hereinbelow.

Yet another embodiment of a synthesis route for providing a substantially mon’odisperséd

mixture of oligomers is illustrated in Figure 9 and described in Example 39 hereinbelow.
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Another embodiment of a synthesis route for providing a substantially monodispersed

-mixture of oligomers is illustrated in Figure 10 and described in Example 40 hereinbelow.

The substantially monodispersed mixture of activated oligomers may be reacted with
a substantially monodispersed mixture of calcitonin drugs under conditions sufficient to
provide a mixture of calcitonin drug-oligomer conjugates. A preferred synthesis is described

in Example 41 hereinbelow. As will be understood by those skilled in the art, the reactio‘ni

conditions (e.g., selected molar ratios, solvent mixtures and/or pH) may be controlled such

that the mixture of calcitonin drug;oligomer conjugates resulting from the reaction of the

* substantially monodispersed mixture of activated oligomers and the substantially

monodispersed mixture of calcitonin drugs is a substantially monodispersed mixture. For
example,-conjugation at the amihé functionality of lysine may be suppressed by maintaining
the pH of the reaction solutioﬁ below the pK, of lysine. Alternétively, the mixture of
calcitonin drug-oligomer conjugates may be separated and isolated utilizing, for example,
HPLC to provide a substantially monodispersed mixture of calcitonin drug-oligomer
conjugates, for example mono-, di-, or tri-conjugates. The degree of conjuga;:ion (e.g.,
whether the isolated molecule is a mono-, di-, or tri-conjugate) of a particular isolated
conjugate may be determined and/or verified utilizing various techniques as will be
understood by those skilled in the art including, but not limited to, mass spectroscopy. The
particular conjugate structﬁré (e.g., whether the oligomer is at Lys'!, Lys'® or the N-terminus
of a salmon calcitonin monoconjugate) may be determined and/or verified utilizing various
techniques as will be understood by those skilled in the art including, but not limited to,
sequence anélysis, peptide mapping, selective enzymatic cleavage, and/or endopeptidase
cleavage.

As will be understood by those skilled in the art, one or more of the reaction sites on
the calpitoniri drug may be blocked by, for example, reacting the calcitonin drug W1th a
suitable blocking reagent such as N-tert-butoxycarbonyl (t-BOC), or N-(9-
fluorenylmethoxycarbonyl) (N-FMOC). This procesé' may be preferred, for example, when
the calcitonin drug is a polypeptide and it is desired to form an unsaturated conjugate (i.e., a
conjugate wherein not all nucleophilic residues are conjugatéd) having an oligomer at the N-
terminus of the polypeptide. Following such blocking, the substantially monodispersed
mixture of blocked calcitonin drugs may be reacted with the substantially monodispersed

mixture of activated oligomers to provide a mixture of calcitonin drug-oligomer conjugates
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having oligomer(s) coupled to one or more nucleophilic residues and having blocking
moieties coupled to other nuéleophilic residues. After the conjugation reaction, the calcitonin
dfug—oligomer conjugates may be de-blocked as will be understood by those skilled in the art.
If necessary, the mixture of calcitonin drﬁg-oligo’mer conjugates may then be separated as
described above to provide a substantially monodispersed mixture of calcitonin drug- ‘ A
oligomer conjugates. Alternatively, the mixture of calcitonin drug-oligomer conjugates may
be separated prior to de-blocking.

- Substantially monodispersed mixtures of calcitonin drug-oligomer conjugates
according to embodiments of the present invention preferably have improved properties when
compared with those of conventional mixtures. For example, a substantially monodispersed
mixture of calcitonin-oligomer conjugates preferably is capable of lowering serum calcium
levels by at least 5 percent. Preferably, the mixture of conjugates is capable of lowering
serum calcium levels by at least 10,11, 12, 13 or 14 percent. More preferably, the mixture of
conjugates is capable of lowering serum calcium levels by at least 15, 16, 17, 18 or 19
percent, and, most preferably, the mixture of conjugates is capable of lowering serum calcium
levels by at least 20 percent.

As another example, a substantially monodispersed mixture of calcitonin-oligomer
conjuga{es preferably has an increased resistance to degradation by chymotrypsin and/or
trypsin wﬁen compared to the resistance to degradation by chymotrypsin and/or fcrypsin,
respectively, of the calcitonin drug which is not coupled to the oligomer. Resistance to
chymotrypéin or trypsin borresponds to the percent remaining when the molecule to be tested
is digested in the applicable enzyme using the procedure outlined in Example 51 below.
Preferably, the resistance to degradation by chymotrypsin of the mixture of calcitonin drug- .
oligdmer conjugates is about 10 percent greater than tﬁe resistance to degradation by
chymotrypsin of the mixture of calcitonin drugs that is not conjugated with the oligomer.
More preferably, the resistance to degradation by chymotrypsin of the mixture of calcitonin
drug-oligomer conjugates is about 15 percent greater than thé resistance )to degradation by

chymotrypsin of the mixture of calcitonin drug that is not conjugated with the oligomer, and,

. most preferably, the resistance to degradation by chymotrypsin of the mixture of calcitonin

drug-oligomer conjugates is about 20 percent greater than the resistance to degradation by
chymotrypsin of the mixture of calcitonjn drug that is not conjugated with the oligomer..
Preferably, the resistance to degradation by trypsin of the mixture of calcitonin drug~oligomer
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conjugates is about 10 percent greater than the resistance to degradation by trypsin of the
mixture of calcitonin drug that is not conjugated with the oligomer. More preferably, the
resistance to degradation by trypsin of the mixture of calcitonin drug-oligomer conjugates is

about 20 percent greater than the resistance to degradation by trypsin of the mixture of

. calcitonin drug that is not conjugated with the oligomer, and, most preferably, the resistance

to degradation by trypsin of the mixture of calcitonin drug-oligomer conjugates is about 30
percent greater than the resistance to degradation by trypsin of the mixture of calcitonin drug
that is not conjugated with the oligomer. ’

As still another example, a substantially monodispersed mixture of calcitonin-
oligomer conjugates preferably has a higher bioefficacy than the bioefficacy of the calcitonin
drug which is not coupled to the oligomer. The bioefficacy of a particular éompound
corresponds to its area-under-the-curve (AUC) value. Preferably, the bioefficacy of the |
mixture is about 5 percent greater than the bioefficacy of the calcitonin drug which is not
coupled to the oligomer. More preferably, the bioefficacy of the mixture is about ‘101 percent
greater than the bioefficacy of the calcitonin drug which'is not coupled to the oligomer.,

As yet another example, a substantially monddispersed mixture of calcitonin-oligomer
conjugates preferably has an in vivo activity that is greater than the in vivo activity of a -
polydispersed mixture of calcitonin drug-oli gémer conjugates having ﬂle same number
average molecular weight as the substantially monodispersed mixture. As will be understood
by those skilled in the art, the number avérage molecular weight of a mixture may be
measured by various methods including, but not limited to, size exclusion chromatography
such as gel penne}a.tion'chromatography as described, for example, in H.R. Allcock & F.W.
Lampe, CONTEMPORARY POLYMER CHEMISTRY 394-402 (2d. ed., 1991). o

As another example, a substantially monodispersed mixture of calcitonin-oligomer
conjugates preferably has an in vitro activity that is greater than the in vitro activity of a
polydispersed mixture of calcitonin drug-oligomer conjugates having the same number
average molecular weight as the substantially monodispersed mixture. As will be understood
by those skilled in the art, the number average molecular weight of a mixture may be
measured by various methods including, but not limited to, size excluéion chromatography.

As still anothér example, a substantially monodispersed mixture of calcitonin-
oligomer conjugateé preferably has an increased resistance to degradation by chymotrypsin

and/or trypsin when compafed to the resistance to degradation by chymotrypsin and/or
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trypsin of a polydispersed mixture of calcitonin drug-oligomer conjugates having the same
number average molecular weight as the substantially monodispersed mixture. As will be
understood by those skilled in the art, the number average molecular weight of a mixture may
be measured by various methods including, but not limited to, size exclusion
chromatography. ‘

" As yet another example, a substantially monodispersed mixture of calcitonin-oligomer
conjugates preferably has an inter-subj ect variability that is less than the inter-subject
variability of a polydispersed mixture of calcitonin drug-oligomer conjugates having the

same number average molecular weight as the substantially monodispersed mixture. As will

be understood by those skilled in the art, the number average molecular weight of a mixture

may be measured by various methods including, but not limited to, size exclusion
chromatography. The inter-subject variability may be measured by various methods, as will
be understood By fhose skilled in the art. The inter-subject variability is preferably calculated
as follows. The area under a dose responée curve (AUC) (i.e., the area between the dose- '
resi:onse curve and a baseline value) is determined for each subject. Thgi average AUC for all
subjects is determined by summing the AUCs of each subject and dividing the sum by the
number of subjects. The absblute value of the difference between the subject’'s AUC and the
average AUC is then determined for each subject. The absolute values of the differences
obtained arc‘ then summed to give a value that represents the inter-subject variability. Lower
values represent lower inter-subject variabilities and higher valueé represent ﬁigher inter-
subject variabilities.

Substantially monodispersed mixtures of calcitonin drug-bligomer conjugates
according to embodiments of the present invention preferably have two or more of the above-

described improved properties. More preferably, substantially monodispersed mixtures of

- calcitonin drug-oligomer conjugates according to embodiments of the present invention have

three or more of the above-described improved préperties. Most preferably, substantially
monodispersed mixtures of calcitonin drug-oligomer conjugates according to embodiments of
the present invention have four or more of the above-described improved properties.

In still other embodiments according to the present invention, a mixture of conjugates
having a molecular weight distribution with a standard deviation of less than about 22
Daltons is provided. Each conjugate in the mixture includes a calcitc;fﬁn drug coupled to an

oligomer that comprises a polyethylene glycbl moiety. The standard deviation is preferably

19



10

15

20

25

30

WO 02/098451 PCT/US02/17575

less than about 14 Daltons and is more preferably less than about 11 Daltons. The molecular
weight distribution may be determined by methods known to those skilled in the art
including, but not limited to, size exclusion chromatography such as gel permeation
c&omatOgaphy as described, for example, in H.R. Allcock & F.W. Lampe, CONTEMPORARY
POLYMER CHEMISTRY 394-402 (2d. ed., 1991). The standard deviation of the molecular
weight distribution rhay then be determined by statistical methods as will be understood by
those skilled in the art.

The calcitonin drug is preferably calcitonin. More preferably, the calcitonin drug is
salmon calcitém'n.' However, it is to be understood that the calcitonin drug may be selected
from various calcitonin drugs known to those skiiled in the art including, for example,
calcitonin precursor peptides, calcitonin, calcitonin analogs, calcitonin fragments, and
calcitonin fragment analogs. Calcitonin precufsor peptides include, but are not limited to,
katacalcin (PDN—21) (C-procalcitoniﬁ), and N—proCT (amino-terminal procalcitonin cleavage
peptide), human. -Calcitonin analogs may be provided by substitution of one or more amino
acids in calcitonin as described above. Calcitonin fragments include, but are not limited to,"
calcitonin 1-7, human; and calcitdnin 8-32, salmon. Calcitonin fragment analogs may be
provided by substitution of one or more of the amino acids in a calcitonin fragment as
described above. \

The oligomer may be various oligomers comprisiﬁg’ a polyethylene glycol moiety as
will be understood by those skilied in the art. Preferébly, the polyethylene glycol moiety of
the oligomer has at least 2, 3 or 4 polyethylene glycqi subunits. More preferably, the
pplyethyiene glycol rﬁoiety’has at least 5 or 6 polyethylene. glycol subunits and, most
preferably, the polyethylene glycol moiety has at least 7 polyethylene glycol subunits.

- The oligomer may comprise one or more other moieties as will be understood by

- those skilled in the art including, but not limited to, additional hydrophilic moieties, lipophilic

moiéties, spacer moieties, linker moieties, and terminating moieties. Thg various moieties in
the oligomer are covalently coupled to one another by either hydrolyzable or non-
hydrolyzable bonds. |

The oligomer may further comprise one or more additional hydrophilic moieties (i.e.,
moieties in addition to the polyethylene glycol moiet}}) including, but not limited to, sugars,
polyalkylene oxides, and polyaﬁnine/PEG copolymers. As pblyethylene glycolisa .
polyalkylene oxidé, the additional hydrophilic moiety may be a poiyethyleﬁe glycol moiety.
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Adjacent polyethylene glycol moieties will be considered to be the same moiety if they are

coupled by an ether bond. For example, thé moiety
—0—CaHy— 0—CHy— O—CaHy—O0—CHy— O—C;H;— O— CoHy—
is a single polyethylene glycol moiety having six polyethylene glycol subunits. If this moiety
were the only hydrophilic moiety in-the oligomer, the oligomer would not contain an
additional hydrophilic moiety. Adj acént polyethylene glycol moieties will be considered to
be different moieties if they are coupled by a bond other than an ether bond. For example,
the moiety
o
—0—C,H;—0—C,H;—0—CH;—0—C,Hy—C—0—C,yH;—0—CH;—

1s-a polyethylene glycol moiety having four polyethylene glycol subunits and an additional
Hydrophilic Irioiety having two polyethylene glyéol subunits. Preferably, oligomers
according to embodiments of the present invention comprise a polyeth;lllene glycol moiety
and no additional hydrophilic moieties. |

The oligomer may further comprise one or more lipophilic moieties as will be
understood by those skilled in the art. The lipophilic moiety is preferably a saturated or
unsaturated, linear or branched alkyl moiety or a saturated or unsaturated, linear or branched
fatty acid moiety. When the lipophilic moiety is an alkyl moiety, it is preferably a linear,
saturated or unsaturated alkyl moiety ﬁaving 1 to 28 carbon atoms. More preferably, the
alkyl moiety has 2 to 12 carbon atoms. When the lipophilic moiety is a fatty acid moiety, it is
preferably a natural fatty' acid rﬁoiety that is linear, saturated or unsaturated, having 2 to 18
carbon atoms. More preferably, the faﬁy acid moiety has 3 to 14 cafbon étoms. Most
preferably, the fatty acid moiety has at least 4, 5 or 6 carbon ators.

The oﬁgomer may further comprise one or more spacer moieties as will be understood
by tﬁose skilled in the art. Spacer moieties may, for exémple, be used to separate a
hydrophilic moiety from a lipophilic mdiety, to separate a lipophilic moiety or hydrophilic
moiety from the calcitonin drug, to separate a first hydrophilic or Hpophﬂic moiety from a
second hydrophilic or lipophilic moiety, or to separate a hydrophilic moiety or lipophilic
moiety from a linker moiety. Spacer moieties are preferably selected from the group
consisting of sugar, cholesterol and glycerine moieties. ‘

The oligorﬁer may further cbmprise one or more linker moieties that are used to

couple the oligomer with the calcitonin drug as will be understood by those skilled in the art.
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Linker moieties are preferably selected from the group consisting of alkyl and fatty acid
moieties.

The oligomer may further comprise one or more terminating moieties at the one or
more ends of the oligomer which are not coupled to the calcitonin drug. The terminating
moiety is preferably an alkyl or Aalkoxy moiety, and is more preferably a lower alkyl or lower
alkoxy moiety. Most préferably, the terminating moiety is methyl or methoxy. While the
terminating moiety is preferably an alkyl or alkoxy moiety, it is to be understood that the
terminating moiety may be various moieties as will be understood by those skilled in the art
including, but not linﬁted to, sugars, cholesterol, alcohols, and fatty acids.

The oligomer is preferably covalently coupled to the calcitonin drug. In some
embodiments, the calcitonin drug 1s coupled to the oligomer utilizing'a hydrolyzable bond -
(e.g., an ester or carbonate bond). A hydrolyzable coupling may provide a calcitonin drug-

oligomer conjugate that acts as a prodrug. In certain instances, for example where the

-calcitonin drug-oligomer conjugate is inactive (i.e., the conjugate lacks the ability to affect

the body through the calcitonin drug's primary mechanism of action), a hydrolyzable

. coupling may provide for a time-release or controlled-release effect, administering the

. calcitonin drug over a given time period as one or more oligomers are cleaved from their

respective calcitonin drug-oligomer conjugates to provide the active drug. In other

embodiments, the calcitonin drug is coupled to the oligomer utilizing a non-hydrolyzable

_ bond (e.g., a carbamate, amide, or ether bond). Use of a non-hydrolyzable bond may be

preferable when it is desirable to allow the calcitonin drug-oligomer conjuga{e to circulate in
the bloodstream for an extended period of timé, preferably at least 2 hours. When the
oligomer is covalently coupled to the calcitonin drug, the oligomer further comprises.one or
more Bonding moieties that ére used to covalently couple the oligomer with the calcitonin
drug as will be understood by those skilled in the art. Bonding moieties are preferably
selected from the group consisting of covalent bond(s), ester moieties, carbonate moieties,
carbamate moieties, amide moieties and secondary amine moieties. More than one moiety on
the oligomer may be covalently coupled to the calcitonin drug.

‘ While the oligomer is preferably covalently coupled to the calcitonin drug, it is to be
understood that the oligomer may be non-covalently coupled to the calcitonin drug to form a
non-covalently conjugated calcitonin drug-oligomer complex. As will be understood by

those skilled in the art, non-covalent couplings include, but are not limited to, hydrogen
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bonding, ionic bonding, Van der Waals bonding, and mice]lular or liposomal encapsulation.
According to embodiments of the present invention, oligomers may be suitably constructed,
modified and/or appropriately functionalized to impart the ability for non-covalent
conjugation in a selected manner (e.g., to impart hydrogen bonding capability), as will be
understood by those skilled in the art. According to other embodiments of preseht invention,
oligomers may be derivatized with various compounds including, but not limited to, amino
acids, oligopeptides, peptides, bile acids, bile acid derivatives, fatty acids, fatty acid
derivatives, salicylié acids, salicylic acid derivatives, aminosalicylic acids, and aminosalicylic
acid derivatives. The resulting oligofners can non-covalently couple (complex) with drug
molecules, pharmaceutical products, and/or pharmaceutical excipients. The resulting

complexes preferably have balanced 1ip6philic and hydrophilic properties. According to still

‘other embodiments of the present invention, oligomers may be derivatized with amine and/or

alkyl amines. Under suitable acidic conditions, the resulting oligomers can form non-
covalently conjugated compléxes with drug molecules, pharmaceutical products and/or
pharmaceutical excipients. The f)roducté resulting from such complexation preferably have
balanced lipophilic and hydrophilic properties.

‘ More than one oligomer (i.e., a plurality of oligomers) may be coupled to the
calcitonin drug. The oligomers in the plurality are preferably the same. However, it is to be
understood that the oligomers in the plurality may be diffefent from one another, or,

alternatively, some of the oligomers in the plurality may be the same and some may be

* different. When éplurality of oligomers are coupled to the calcitonin drug, it may be

preferable to couple one or more of the oligomers to the calcitonin drug with hydrolyzable '
bonds and couple one or more of the oligomers to the calcitonin drug withA non-hydrolyzable
bonds. . Alternatively, all of fhe bonds coupling the plurality of oligomers to the calcitonin
drug may be hydrolyzable, but have varying degrees of hydrolyzability such that, for
example, one or more of the oligomers is rapidly removed from the calcitonin Jdrug by
hydrolysis in the body and one or more of the oligomers is slowly removed from the
calcitonin drug by hydrolysis in the bociy.

The oligomer may be coupled to the calcitonin drug at various nucleophilic residues
of the calcitonin drug including, but not limited to, nucleophilic hydroxyl functions and/or
amino functions. When the calcitonin drug is a polypeptide, a nucleophilic hydroxyl function

may be found, for example, at serine and/or tyrosine residues, and a nucleophilic amino
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function may be found, for example, at histidine and/or lysine residues, and/or at the one or

- more N-termini of the polypeptide. When an oligomer is coupled to the one or more N-

terminus of the calcitonin polypeptide, the coupling preferably forms a secondary amine.
When the calcitonin drug is salmon calcitonin, for example, the oh'gbmer may be coupled to
an amino functionality of the salmon ca_lcitonin, including the amino functionality of Lys'!,
Lys18 and/or the N-terminus. While one or more oligomers may be coupled to the salmon
calcitonin, a higher bioefficacy, such as improved serum calcium lowering ability, is
observed for the di-conjugated salmon calcitonin where an oligoﬁler is coupled to the amino
functionalities of Lys'' and the Lys'®.

Mixtures of calcitonin drug-oligomer conjugates having a molecular weight
dlstnbutlon with a standard deviation of less than dbout 22 Daltons may be synthemzed by
various methods. For example; a mixture of ¢ligomers having a molecular Welght

distribution with a standard deviation of less than about 22 Daltons consisting of carboxyhc

- acid and polyethylene glycol is synthesized by contacting a mixture of carboxylic acid having

a molecular weight distribution with a standard deviation of less than about 22 Daltons with a

- mixture of polyethylene glycol having a molecular weight distribution with a standard

deviation of less than about 22 Daltons under conditions sufficient to provide a mixture of
oligomers having a molecular weight distribution with a standard deviation of less than about
22 Daltéris. The oligomers of the mixture having a molecular weight distribution with a-
standard deviation of less than about 22 Daltons are then activated so that they are capable of -
reacting with a calcitonin drug to provide a calcitonin drug-oligomer conjugate. One
embodiment of a synthesis route for providing a mixture of activated 6ligomers having a
moleculaf weight distribﬁtion with a standard deviation of less thaﬁ about 22 Daltons is
illustrated in Figure 3 and described in Examples 11-18 hereinbelow. Another 'embodiment .
of a synthesis roﬁte for providing.a mixture of activated oligomers having a molecular weight
distribﬁtion with a standard deviation of less than about 22 Daltons is illustrated in Figure 4
and described in Examples 19-24 hereinbelow. Still another embodiment of a synthesis route
for provfding a mixture of activéted oligomers having a molecular weight distribution with a
standard deviation of less than about 22 Daltons is illustrated in Figure 5 and described in
Examples 25-29 hereinbelow. Yet another embodiment of a synthesis route for providing a
mixture of activated oligomers having a molecular weight distribution with a standard

deviation of less than about 22 Daltons is illustrated in Figure 6 and described in Examples

24



10

15

20

25

30

WO 02/098451 PCT/US02/17575

30-31 hereinbelow. Another embodiment of a synthesis route for providing a mixture of
activated oligomers having a molecular weight diétribution with a standard deviation of less
than about 22 Daltons is illustrated in Figure 7 and described in Examples 32-37
hereinbelow. Still another embodiment of a synthesis route for providing a mixture of

activated oligomers having a molecular weight distribution with a standard deviation of less

4 than about 22 Daltons is illustrated in Figure 8 and described in Example 38 hereinbelow.

Yet another embodiment of a synthesis route for providing a mixture of activated oligomers
having a molecular weight distribution with a standard deviation of less than about 22
Daltons is illustrated in Figure 9 and described in Example 39 hereinbelow. Another
embodiment of a synthesis route for providing a mixture of activated oligomers having a
molecular weight distribution with a standard deviation of less than about 22 Daltons is
illustrated in Figure 10 and described in Example 40 hereinbelow.

The mixture of activated oligomers having a molecular weight distribution with a
standard deviation of less than about 22 Daltons is reacted with a mixture of calcitonin drugs
having a molecular weight distribution with a standard deviation of less than about 22
Daltons under conditions sufficient to provide a mixture of calcitonin drug-oligomer
conjugates. A preferred synthesis is described in'Example 41 hereinbelov?. As will be
understood by those skilleci in the art, the reaction conditions (e.g., selected molar ratios,
solvent mixtures and/or pH) may be controlled such that the mixture of calcitonin drug-

oligomer conjugates resulting from the reaction of the mixture of activated oligoiners having

~ amolecular weight distribution with a standard deviation of less than about 22 Daltons and

the mixture of calcitonin drugs having a molecular weight distribution with a standard -
deviation of less than about 22 Daltons is a mixture having a molecular weight distribution
with a standard deviation of less than about 22 Dé.ltons. For example, conjugation at the
amino functionality of lysine may be suppressed by maintaining the pH of the reaction
solution below the pK, of lysine. Alternatively; the mixture of calcitonin drug-oligomer
conjugates may be separated and isolated ﬁtilizing, for exémple, HPLC to provide a mixture
of calcitonin drug-oligomer conjugates, for example mono-, di-, or tri-conjugates, Having a
molecular weight distribution with a standard deviation of less than about 22 Daltons. The
degree of cdnjugation (e.g., whether the isolated molecule is a mono-, di-, or tﬁ-conjugate) of
a particular isolated conjugate may be determined and/or verified utilizing various techniques’

as will be understood by those skilled in the art including, but not limited to, mass
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spectroscopy. The particular conjugate structure (e.g., whether the oligomer is at Lys', Lys'®

or the N-terminus of a salmon calcitonin monoconjugate) may be determined and/or verified
utilizing various techniques as will be understood by those skilled in the art including, but not
limited to, sequence analysis, peptide mapping, selective enzymatic cleavage, and/or .
endopeptidasé cleavage.

As will be understood by those skilled in the art, one or more of the reaction sites on
the calcitonin drug may be blocked by, for example, reacting the calcitonin drug with a
suitable blocking reagent such as N-tert—butoxycarbonyl‘ (t-BOC), or N-(9-
fluorenylmethoxycarbonyl) (N-FMOC). This process may be preferred, for example, when
the calcitonin drug is a polypeptide and it is desired to form an unsaturated conjugate (i.e., a
conjugate wherein not all nucledphilic residues are conjugated) having an oligomer at the N-
terminus of the polypeptide. Following sﬁch blocking, the mixture of blocked calcitonin
drugs having a molecular weight distribution with a standard deviation of less than about 22
Daltons may be reacted with the mi){ture of activated oligomers héving a molecular wéight
distribution with a standard deviation of less than about 22 Daltons to Iﬁrovide a mixture of
calcitonin drug-oligomer conjugates having 61igomer(s) coupled to one or more nucleophilic
residues and having blocking moieties coupled to other nucleophilic residues. After the
conjugation reaction, the calcitonin drug-oligomer conjugates may be de-blocked as will be

understood by those skilled in the art.' If necessary, the mixture of calcitonin drug-oligomer

conjugates may then be separated as described above to provide a mixture of calcitonin drug-

oligomer conjugates having a molecular weight distribution with a standard deviation of less
than about 22 Daltons. Alternatively, the mixture of calcitonin drug-oligomer conjugates
may be separated prior to de-blocking.

Mixtures of ﬁalcitom'n drug-oligomer conjugates having a molecular Weight
distribution with a standard deviation of less than about 22 Daltons according to
embodiments of the present invention preferably havp improved properties when compared
with those of conventional mixtures. For example, a mixture of calcitonin drug-oligomer
conjugates having a molecular weight distribution With a standard deviation of less than
about 22 Daltons preferably is capable of lowering serum calcium levels by at leést 5 percent.
Preferably, the mixture of conjugates is capable of lowering serum calcium levels by at least

10, 11, 12, 13 or 14 percent. More preferably, the mixture of conjugates is capable of
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lowering serum calcium levels by at least 15, 16, 17, 18 or 19 percent, and, most preferably,
the mixture of conjugates is capable of lowering serum calcium levels by at least 20 percent.
As another example, a mixture of calcitonin drug—oli gomer conjugates having a
molecular weight distributién with a standard deviation of less than about 22 Daltons
preferably has an increased resistance to degradation by chymotrypsin an_d/or trypsin when
compared to the resistance to degradation by chymotrypsin and/or trypsin, respectively, of the
calcitonin drug which is not coupled to the oligomer. Resistance to chymotrypsin or trypsin
corresponds to the percent remaining when the molecule to be tested is digested in thé
applicable enzyme using a procedure similar to the one outlined in Examéle 51 below.
Preferably, the resistahce to degradation by chymotrypsin of the mixture of calcitonin drug-
oligomer conjugates is about 10 percent greater than the resistance to degradation by
chymotrypsin of the mixture of calcitonin drugs that is not conjugated with the oligomer.
More preferably, the‘resistance to degradation by chymotrypsin of the mixture of calcitonin
drug-oligomer conjugates is about 15 percent greater than the resistance to degradation by
chymotrypsin of the mixture of calcitonin drug that is not conjugated with the oligomer, and,
most preferably, the resistance to degradation by chymotrypsin of the mixture of calcitonin
drug-oligomer conjugatés is about 20 percent greater than the resistance to degradation by
éhymotrypsin of the mixture of calcitonin drug that is not conjugated with the oligomer.
Preferably, the resistance to degradation by trypsin of the mixture of calcitonin drug-oligomer

conjugates is about 10 percent greater than the resisftancé to degradation by trypsin of the

_mixture of calcitonin drug that is not conjugated with the oligomer. More preferably, the

Tesistance to degradation by trypsin of the mixture of calcitonin drug-oligomer conjugates is

about 20 percent greater than the resistance to degradation by trypsin of the mixture of ‘
calcitonin drug that is not conjugated with the oligomer, and, most preferably, the resistance
to degradation by trypsin of the mixture of cé.lcitonin drug-oligomer' conjugates is about 30
percent greater than the resistance to degradation by trypsin of the mixture of calcitonin drug
that is not conjugated with the oligomer. ‘ o
As still another example, a mixture of calcitonin drug-oligomer conjugates having a
molecular weight distribution with a standard deviation of less than about 22 Daltons
preferably has a higher bioefficacy than the bioefficacy of the calcitonin drug which is not
coupled to the oligomer. The bioefficacy of a particular compound corresponds to its area-

under-the-curve (AUC) value. Preferably, the bioefficacy of the mixture is abouf 5 percent
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greater than the bioefficacy of the calcitonin drug which is not coupled to the oligomer.
More preferably, the bioefficacy of the mixture is about 10 percent greater than the
bioefﬁbacy of the calcitonin drug which is not coupied to the oligomer.

As yet another éxample, a mixture of calcitonin drug-oligomer conjugates having a
molecular weight diétribution with a standard deviation of less than about 22 Daltons
preferably has an in vivo aétivity that is greater than the in vivo activity of a polydispersed
mixture of calcitonin drug-oligomer conjugates having the same number average molecular
weight as the mixture of calcitonin drug-oligomer conjugates having a molecular weight |
distribution witﬁ a standard deviation of less than about 22 Daltons. As will be understood -
by those skilled in the art, the number average molecular weight of a mixture may be
measured by various methods including, but not limited to, size exclusion chromatography
such as gel permeation chromatography as described, for example, in H.R. Allcock & F.W.
Lampe, CONTEMPORARY POLYMER CHEMISTRY 394-402 (2d. ed., 1991).

~ As another example, a mixture of calcitonin drug-oligomer conjugates having a
molecular weight distribution with a standard deviation of less than about 22 Daltons
preferably has an in vitro activity that is greater than the in vitro activity of a polydispersed
mixture of calcitonin drug-oligomer conjugates having the same number average molecular
weight as the mixture of calcitonin drug-oligomer conjugates having a molecular weight
distribution with a standard deviation of less than about 22 Daltons. As will be understood
by those skilled in the art, the number average molecular weight of a mixtufe may be
measured by various methods including, but not limited to, size exclusion chromafography.

As still another example, a mixture of calcitonin drug—oligomer conjugates having a
molecular Weight distribution with a standard deviation of less than about 22 Daltons
preferably has an increased resistance to degradation by chymotrypsin and/or trypsin when
compared to the resistance to degradation by chymotryi)sin and/or trypsin of a polydispersed
mixture of calcitonin drug-oligomer conjugates having the sanie.number average molecqlar

weight as the mixture of calcitonin drug-oligomer conjugates having a molecular weight

distribution with a standard deviation 6f less than about 22 Daltons. As will be understood

by those skilled in the art, the number average moleculdr weight of a mixture may be
measured by various methods including, but not limited to, size exclusion chromatography.
As yet another example, a mixture of calcitonin drug-oligomer conjugates having a

molecular weight distribution with a standard deviation of less than about 22 Daltons
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preferably has an inter-subject variability that is less than the inter-subject variability of a
polydispersed mixture of calcitonin drug-oligomer conjugates having the same number

average molecular weight as the mixture of calcitonin drug-oligomer con}ugates having a

‘molecular weight distribution with a standard deviation of less than about 22 Daltons. As W1H

be understood by those skilled in the art, the number average ‘molecular weight of a mixture

may be measured by various methods including, but not limited to, size exclusion
chromatography. The inter-subject variability may be measured by various methods, as will
be understood by those skilled in the art. The inter-subject variability is preferably calculated
as follows. The area under a dose response curve (AUC) (i.e., the area between the dose-
response curve and a baseline value) is determined for each subject. »The average AUC for all

subjects is determined by sﬁmming the AUCs of each subject and dividing the sum by the

number of subjects. The absolute valte of the difference between the subject’s AUC and the

average AUC is then determined for each subject. The absolute values of the differences ‘
obtained are then summed to give a value that represents the inter-subject variability. Lower
values represent lower intef—subj ect variabilities and higher values represent higher inter-
subj ecf variabilities. -

Mixtufes of calcitonin drug-oligomer conjugates having a molecular weight'
distribution with a standard deviation of less than r:;bout 22 Daltons according to
embodiments of the present invention preferably have two or more of the above-described

impfoyed properties. More preferably, mixtures of calcitonin drug-oligomer conjugates

having a molecular weight distribution with a standard deviation of less than about 22

Daltons according to embodiments of the present invention have tﬁree or more of the above-
described improved properties. Mbst preferably, mixtures of calcitonin drug-oligomer
conjugates having a molecular weight dlstnbutlon with a standard deviation of less than
about 22 Daltons according to embodiments of the present invention have four or more of the
above-described improved properties.

According to yet other embodiments of the present invention, a mixture of conJugates
is provided where each conJugate includes a calcitonin drug coupled to an oligomer

comprising a polyethylene glycol moiety, and the mixture has a d1sper51ty coefficient (DC)

greater than 10,000 where
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wherein:

nis fhe number of different molecules _in the sample;

N; is the number of i molecules in the sample; and

M,; is the mass of the i molecule.
The mixture of conjugateé preferably has é dispersity coefficient greater than 100,000. More
prefefably, the dispersity coefficient of the conjugate mixture is greater than 500,000 and,
most preferably, the dispersity coefficient is gréater than 10,000,000. The variables n, Nj, and
M; may be determined by various methods as will be understood by those skilled iq the art, |
including,vbut not limited to, methods described below in Example 49.

The calcitonin drug is preferably calcitonin. More preferably, the calcitonin drug is
salmon calcitonin. However, it is to be understood that the calcitonin drug may be selected
from various calcitonin drugs known to fchosé skilled in the art including, for example,
calcitonin precursor peptides, calcitonin, calcitonin analogs, calcitonin fragmenis, and
calcitonin fragment analogs. Calcitonin precursor peptides include, but are not limited to,
katacalcin (PDN-21) (C-procalcitonin), and N-proCT (amino-terminal procalcitonin cleavage
peptide), human. . Calcitonin analogs may be provided by substitution of one or more amino
acids in calcitonin as described above. Calcitonin fragments include, but are not 1imited. to,

calcitonin 1-7, human; and calcitonin 8-32, salmon. Calcitonin fragment Aanalogs may be

provided by substitution of one or more of the amino acids in a calcitonin fragment as

described above. ,

The oligomer may be various oligomers comprising a polyethylene glycol moiety as
will be understood by those skilled in the art. Preferably, the polyethylene glycol moiety of ‘
the oligomer has at least 2, 3 or 4 polyethylene glycol subunits. More preferably, the
polyethylene glycol moiety has at least 5 or 6 polyethylene glycol subunits and, most
preferably, the polyethylene glycol moiety has at least 7 polyethylene glycol subunits.

The oligomer may cbmprise one or more other moieties as will be understood by
those skilled in the art including, but not limited to, additional hydrophilic moieties, lipqphilic g

moieties, spacer moieties, linker moieties, and terminating moieties. The various moieties in
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the oligomer are covalently coupled to one another by either hydrolyzable or non-
hydrolyzable bonds. ‘

The oligomer may further comprise one or more additional hydrophilic moieties (i.e.,
moieties in addition to the polyethylené glycol moiéty) including, but not limited to, sugars,
polyalkylene oxides, and polyamine/PEG copolymers. As polyethylené glycol 1s a
polyalkylene oxide, the additional hydrophilic moiety may be a polyethylene glycol moiety.

. Adjacent polyethylene glycol moieties will be considered to be the same moiety if they are

'coupled by an ether bond. For example, the moiety

—0—CyHy—0—CyHy—O0—CoHy—O0—CoHy —0—CoHy — O—Colly—
is a single polyethylene glycol moiety having six polyethylene glycol subunits. If this moiety
were the only hydrophilic moiety in the oligomer, the oligomer would not contain an |
additional hydrophilic moiety.. Adjacent polyethylene glycol moieties will be considered to
be different moieties if 