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1
TREATING DIABETES MELITUS USING INSULIN INJECTIONS WITH LESS THAN DAILY
INJECTION FREQUENCY

FIELD OF THE INVENTION

The present invention relates to a novel insulin administration scheme, which is i.a.
useful in treatment of diabetes mellitus and hyperglycaemia, in particular of insulin-
dependent diabetes mellitus. The administration of insulin and insulin involves use of ana-

logues having a prolonged profile of action in a novel dosage regimen.

BACKGROUND OF THE INVENTION

Diabetes mellitus often requires insulin treatment to establish proper metabolic con-
trol (comprising mainly glycaemic control, but also other metabolic parameters benefit from
insulin treatment). The established practise of insulin treatment is to administer the insulin
product once or more often per day, optionally in combination with other treatment modali-
ties, as described in available treatment guidelines. Intravenous and subcutaneous insulin
infusion is also used in clinical practise.

One widely used insulin treatment option is to administer a long acting insulin prod-
uct, also referred to as basal insulin, to cover the insulin need of the patient wholly or par-
tially. The long acting insulin is administered once or more often per day and is used on both
Diabetes type 1 and type 2 as well as for other forms of insulin requiring disease states (hy-
perglycaemia of any cause).

Currently, the treatment of diabetes, both type 1 diabetes and type 2 diabetes, relies
to an increasing extent on the so-called intensive insulin treatment. According to this regi-
men, the patients are treated with multiple daily insulin injections comprising one or two daily
injections of a long acting insulin to cover the basal insulin requirement supplemented by bo-
lus injections of a rapid acting insulin to cover the insulin requirement related to meals.

The current practice in management of diabetes and hyperglycaemia is set forth in
e.g.:

- IDF Clinical Guidelines Task Force. Global Guideline for Type 2 Diabetes. Brussels: In-
ternational Diabetes Federation, 2005, http://www.idf.org/webdata/docs/IDF%20GGT2D.pdf,

- IDF Clinical Guidelines Task Force. Guideline for Management of PostMeal Glucose.
Brussels: International Diabetes Federation, 2007,
http://www.idf.org/webdata/docs/Guideline PMG _final.pdf,
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2
- D. M. Nathan, J. B. Buse, M. B. Davidson, E. Ferrannini, R. R. Holman, R. Sherwin, and
B. Zinman. Management of hyperglycemia in type 2 diabetes: a consensus algorithm for the
initiation and adjustment of therapy: update regarding thiazolidinediones: a consensus
statement from the American Diabetes Association and the European Association for the
Study of Diabetes. Diabetes care 31 (1):173-175, 2008,

Reviews relating to basic insulin analogues and their characteristics and current
clinical use can i.a. be found in:
- T.Heise and T. R. Pieber. Towards peakless, reproducible and long-acting insulins. An
assessment of the basal analogues based on isoglycaemic clamp studies. Diabetes Obes
Metab 9 (5):648-659, 2007, and

- A H. Barnett. A review of basal insulins. Diabet Med 20 (11):873-885, 2003.

DESCRIPTION OF THE DRAWINGS

Figure 1 shows the glucose infusion rate plotted against the time since the admini-
stration of the trial drug.

Figure 2 shows the blood glucose level plotted against the time since the administra-

tion of the trial drug.

DESCRIPTION OF THE INVENTION

The present invention is based on the surprising finding that it is possible to treat
diabetes and hyperglycaemia by administration of insulin at increased intervals. For instance
it has been verified that intervals longer than 24 hours provide for satisfactory diabetes
treatment regimens. A number of advantages directly follow from such simplified treatment
regimens:

Convenience is improved for patients by the less than daily administration need

Less than bi-daily administration during part of the week further improves conven-
ience

Improved convenience potentially improves patient compliance ultimately improving
the long term outcome for the patient

If an administration device is used to administer less than daily lower cost of treat-

ment may result from lower needle or device auxiliary component consumption.
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In its most general aspect, the invention hence relates to a method for treatment of a
condition or disease where administration of insulin will be of benefit, comprising administer-
ing, to a patient in need thereof, effective dosages of an insulin derivative of a naturally oc-
curring insulin or an insulin analogue, wherein said insulin derivative exhibits a prolonged
profile of action and wherein said dosages are administered at intervals longer than 24
hours.

The invention also relates to use of such insulin derivatives in treatment methods
discussed herein, and the invention also relates to use of such insulin derivatives in prepara-
tion of pharmaceutical compositions for the treatment of the diseases and conditions dis-
cussed herein.

Diseases and conditions which are the primary targets for this method are diabetes
mellitus (type 1 or 2) or other conditions characterized by hyperglycaemia, but also metabolic
diseases and conditions in general where the metabolic effects of insulin has a clinical rele-
vance are of interest, such as pre-diabetes, impaired glucose tolerance, metabolic syndrome,
obesity, cachexia, in vivo beta-cell loss/death, excessive appetite, and inflammation. All
these types of conditions are known to or believed to benefit from a stable metabolic state in
the subject who has the disease/condition.

At any rate, any therapeutic regimen where administration of insulin is included may
be modified by implementing the current teachings, meaning that such therapies will include
administration of prolonged-profile-of-action insulins, insulin analogues or derivatives of ei-
ther of these according to the teachings provided herein.

Treatment regimens of the invention

The invention is best used at the convenience of the patient. Therefore, specific ad-
ministration intervals will be explored for each insulin product exhibiting a sufficiently long
profile of action to allow for the presently disclosed dosage regimens where dosages are
administered less than daily. The final mode of use thus depends both on the product's ca-
pabilities and on the disposition and preference of the patient. This is due to the fact that the
effect of any insulin depends on the insulin need of the individual patient and the sensitivity to
the pharmacodynamic actions of insulin and lastly also to the preferences of the patient in a
given situation. These conditions may change over time, both in terms of longer periods
(years) and from day to day.

Nevertheless, the present invention provides a number of embodiments of a general
dosage regimen.

In one embodiment of the method of the invention, the dosages are administered at

intervals of at least 36 hours. In one embodiment of the method of the invention, the dosages
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are administered at intervals of at least 42 hours. The intervals may be longer, depending i.a.
on the duration of the prolonged action of the insulin, analogue or derivative used. So, in
some embodimente said dosages are administered at intervals of at least 48 hours, in other
embodiments said dosages are administered at intervals of at least 72 hours, in a further
embodiment said dosages are administered at intervals of at least 96 hours, and in yet one
further embodiment said dosages are administered at intervals of at least 120 hours.

In other embodiment, said dosages are administered at intervals of at least 144
hours, but higher intervals may according to the invention be employed, meaning that said
dosages may be administered at intervals of at least 168 hours, and even as high intervals
as at most 336 hours constitute an embodiment of the present invention.

In an embodiment said dosages are administered at intervals of at most 312 hours.

In another embodiment said dosages are administered at intervals of at most 288
hours.

In yet another embodiment said dosages are administered at intervals of at most
264 hours.

In a further embodiment said dosages are administered at intervals of at most 240
hours.

In yet one further embodiment, said dosages are administered at intervals of at most
216 hours.

One embodiment entails that said dosages are administered at intervals of at most
192 hours, and another embodiment entails that said dosages are administered at intervals
of at most 168 hours.

In one line of embodiments of the invention the dosages are administered at regular
intervals. For instance, said dosages are in one of these embodiments administered every
second day. In another of these embodiments said dosages are administered every third
day, and in yet another of these embodiments, said dosages are administered every 4th day.
Other embodiments include those where said dosages are administered every 5th day,
where said dosages are administered every 6th day, where said dosages are administered
every 7th day and those where said dosages are administered every 14th day - however, the
invention also includes those embodiments, where said dosages are administered every 8th,
9th, 10th, 11th, 12th, or 13th day.

As an alternative to administration of at regular intervals it is an embodiment of the
invention that the dosages are administered at fixed weekdays. This entails an advantage
seen from patient perspective for the simple reason that it is easier to memorize a fixed

weekly scheme.
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Hence in one embodiment the dosages are administered at 3 fixed weekdays. In
another embodiment the dosages are administered at 2 fixed weekdays.

In one embodiment none of said fixed weekdays are adjacent to each other. For an
administration scheme including 3 weekdays, this means that the following schemes are
possible: Monday-Wednesday-Friday; Monday-Wednesday-Saturday; Monday-Thursday-
Saturday; Tuesday-Thursday-Saturday; Tuesday-Thursday-Sunday; and Tuesday-Friday-
Sunday.

In the embodiment using 2 fixed weekdays, these are according to a more specific
embodiment separated by 2 and 3 other weekdays - i.e. allowing for the following schemes:
Monday-Thursday; Monday-Friday; Tuesday-Friday; Tuesday-Saturday; Wednesday-
Saturday; Wednesday-Sunday; and Thursday-Sunday.

The method according to any one of the claims, wherein substantially no other natu-
rally occurring insulin, insulin analogue or derivative of naturally occurring insulin or insulin
analogue is administered to said patient.

Insulins with prolonged action useful in the invention

Interesting derivatives with prolonged profiles of action are disclosed in WO
2005/012347 (Novo Nordisk) and these are all considered especially useful for putting the
present invention into practice - in the following, these are termed "the '347 derivatives".

Use of '347 derivative in the method of the invention

The method of the invention include embodiments where the derivative is a '347 de-
rivative, i.e. a derivative of a naturally occurring insulin or an insulin analogue has a side
chain attached either to the a-amino group of the N-terminal amino acid residue of the B
chain or to the e-amino group of a Lys residue present in the B chain of the parent insulin, the
side chain being of the general formula:

-W-X-Y-Z

wherein W is:

) an g-amino acid residue having a carboxylic acid group in the side chain which residue
forms, with one of its carboxylic acid groups, an amide group together with the a-amino
group of the N-terminal amino acid residue of the B chain or together with the e-amino group
of a Lys residue present in the B chain of the parent insulin;

) a chain composed of two, three or four a-amino acid residues linked together via amide
bonds, which chain — via an amide bond - is linked to the a-amino group of the N-terminal
amino acid residue of the B chain or to the e-amino group of a Lys residue present in the B
chain of the parent insulin, the amino acid residues of W being selected from the group of

amino acid residues having a neutral side chain and amino acid residues having a carboxylic
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acid group in the side chain so that W has at least one amino acid residue which has a car-
boxylic acid group in the side chain; or
o a covalent bond from X to the a-amino group of the N-terminal amino acid residue of
the B chain or to the e-amino group of a Lys residue present in the B chain of the parent insu-

lin;

Xis:
) —CO-;
. —COCH(COOH)CO-;
. —CON(CH,COOH)CH,CO-;
. —CON(CH,COOH)CH,CON(CH,COOH)CH,CO—;
. —CON(CH,CH,COOH)CH,CH,CO—;
. —CON(CH,CH,COOH)CH,CH,CON(CH,CH,COOH)CH,CH,CO-;
. —CONHCH(COOH)(CH2)sNHCO-;
. —CON(CH,CH,COOH)CH,CO—; or
. —CON(CH,COOH)CH,CH,CO-.

that

a) when W is an amino acid residue or a chain of amino acid residues, via a bond
from the underscored carbonyl carbon forms an amide bond with an amino group in W, or

b) when W is a covalent bond, via a bond from the underscored carbonyl carbon
forms an amide bond with the N-terminal a-amino group in the B chain or with the e-amino

group of a Lys residue present in the B chain of the parent insulin;

Y is:
o —(CH2)m— where m is an integer in the range of 6 to 32;
) - a divalent hydrocarbon chain comprising 1, 2 or 3 -CH=CH- groups and a number of

-CH,- groups sufficient to give a total number of carbon atoms in the chain in the range of 10
to 32;
. - a divalent hydrocarbon chain of the formula —(CH,),CsH4(CH.)w— wherein v and w are

integers or one of them is zero so that the sum of v and w is in the range of 6 to 30; and

Zis:
) —COOH;
o —CO-Asp;

. —CO-Gluy;
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. —CO-Gly;

J —-CO-S8ar;

. —CH(COOQH);;

. —N(CH,COOH),;
. —-S0O;3H; or

. —PO3H;

and any Zn?* complexes thereof, provided that when W is a covalent bond and X is
—CO-, then Z is different from —COOH.

In one embodiment the side chain —W-X-Y-Z is attached to the a-amino group of the
N-terminal amino acid residue of the B chain of the parent insulin.

In another embodiment of the invention, side chain —W-X-Y-Z is attached to the ¢-
amino group of a Lys residue present in the B chain of the parent insulin. In one more spe-
cific aspect of this embodiment, the side chain -W-X-Y-Z is attached to the e-amino group of
a Lys residue present in position 28 of the B chain. In a further more specific aspect of this
embodiment, the side chain —W-X-Y-Z is attached to the e-amino group of a Lys residue pre-
sent in position 29 of the B chain. In a further more specific aspect of this embodiment, the
side chain —-W-X-Y-Z is attached to the e-amino group of a Lys residue present in position 30
of the B chain.

The substructure W of the side chain -W-X-Y-Z can be a covalent bond. Alterna-
tively, W can be a residue of an a-amino acid having a carboxylic acid group in the side chain
and comprising a total of from 4 to 10 carbon atoms. Specifically, W can be the residue of an
og-amino acid, that can be coded for by the genetic code. Thus, W can, for example, be se-
lected from the group consisting of a-Asp, B-Asp, a-Glu, and y-Glu. Further options for W are
for example a-hGlu and d-hGlu.

In a further embodiment, W is a chain composed of two a-amino acid residues of
which one has from 4 to 10 carbon atoms and a carboxylic acid group in the side chain while
the other has from 2 to 11 carbon atoms but no free carboxylic acid group. The a-amino acid
residue with no free carboxylic acid group can be a neutral, codable a-amino acid residue.
Examples of W according to this embodiment are: a-Asp-Gly; Gly-a-Asp; B-Asp-Gly; Gly-B-
Asp; a-Glu-Gly; Gly-a-Glu; y-Glu-Gly; Gly-y-Glu; a-hGlu-Gly; Gly-a-hGlu; 8-hGlu-Gly; and
Gly-6-hGlu.

In a further embodiment, W is a chain composed of two a-amino acid residues, in-
dependently having from 4 to 10 carbon atoms, and both having a carboxylic acid group in

the side chain. One of these a-amino acid residues or both of them can be codable a-amino
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acid residues. Examples of W according to this embodiment are: a-Asp—a-Asp; a-Asp—a-Glu;
a-Asp—a-hGlu; a-Asp—p-Asp; a-Asp—y-Glu; a-Asp—0-hGlu; B-Asp—a-Asp; B-Asp—a-Glu; B-
Asp—-a-hGlu; B-Asp—-Asp; B-Asp—y-Glu; B-Asp—0-hGlu; a-Glu—a-Asp; a-Glu—a-Glu; a-Glu—
a-hGlu; a-Glu—B-Asp; a-Glu—y-Glu; a-Glu-0-hGlu; y-Glu—a-Asp; y-Glu—a-Glu; y-Glu—a-hGlu;
y-Glu—B-Asp; y-Glu—y-Glu; y-Glu-3-hGlu; a-hGlu-o-Asp; a-hGlu-o-Glu; a-hGlu—a-hGlu; a-
hGlu—B-Asp; a-hGlu-y-Glu; a-hGlu—8-hGlu; 8-hGlu-a-Asp; d-hGlu-a-Glu; d-hGlu—a-hGlu; &-
hGlu—B-Asp; 8-hGlu—y-Glu; and d-hGlu-8-hGlu.

In a further embodiment, W is a chain composed of three a-amino acid residues, in-
dependently having from 4 to 10 carbon atoms, the amino acid residues of the chain being
selected from the group of residues having a neutral side chain and residues having a car-
boxylic acid group in the side chain so that the chain has at least one residue which has a
carboxylic acid group in the side chain. In one embodiment, the amino acid residues are
codable residues.

In a further embodiment, W is a chain composed of four a-amino acid residues, in-
dependently having from 4 to 10 carbon atoms, the amino acid residues of the chain being
selected from the group having a neutral side chain and residues having a carboxylic acid
group in the side chain so that the chain has at least one residue which has a carboxylic acid
group in the side chain. In one embodiment, the amino acid residues are codable residues.

In one embodiment W can be connected to the e-amino group of the Lys residue in
the B-chain via an urea derivative.

The substructure X of the side chain -W-X-Y-Z can be a group of the formula —-CO-
that, via a bond from the underscored carbonyl carbon, forms an amide bond with an amino
group in W or, when W is a covalent bond, with the N-terminal a-amino group in the B chain
or with the g-amino group of a Lys residue present in the B chain of the parent insulin.

In a further embodiment, the substructure X of the side chain can be a group of the
formula -CH(COOH)CO- that, via a bond from the underscored carbonyl carbon, forms an
amide bond with an amino group in W or, when W is a covalent bond, with the N-terminal a-
amino group in the B chain or with the e-amino group of a Lys residue present in the B chain
of the parent insulin.

In a further embodiment, the substructure X of the side chain can be a group of the
formula -CON(CH,COOH)CH,CO- that, via a bond from the underscored carbonyl carbon,
forms an amide bond with an amino group in W or, when W is a covalent bond, with the N-
terminal a-amino group in the B chain or with the €-amino group of a Lys residue present in

the B chain of the parent insulin.
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In a further embodiment, the substructure X of the side chain can be a group of the
formula -CON(CH, CH,COOH)CH,CO- that, via a bond from the underscored carbonyl car-
bon, forms an amide bond with an amino group in W or, when W is a covalent bond, with the
N-terminal a-amino group in the B chain or with the ¢-amino group of a Lys residue present in
the B chain of the parent insulin.

In a further embodiment, the substructure X of the side chain can be a group of the
formula -CON(CH,COOH)CH, CH,CO- that, via a bond from the underscored carbonyl car-
bon, forms an amide bond with an amino group in W or, when W is a covalent bond, with the
N-terminal a-amino group in the B chain or with the ¢-amino group of a Lys residue present in
the B chain of the parent insulin.

In a further embodiment, the substructure X of the side chain can be a group of the
formula -CON(CH,COOH)CH,CON(CH,COOH)CH,CO- that, via a bond from the under-
scored carbonyl carbon, forms an amide bond with an amino group in W or, when W is a co-
valent bond, with the N-terminal a-amino group in the B chain or with the e-amino group of a
Lys residue present in the B chain of the parent insulin.

In a further embodiment, the substructure X of the side chain can be a group of the
formula -CON(CH,CH,COOH)CH,CH,CO- that, via a bond from the underscored carbonyl
carbon, forms an amide bond with an amino group in W or, when W is a covalent bond, with
the N-terminal a-amino group in the B chain or with the e-amino group of a Lys residue pre-
sent in the B chain of the parent insulin.

In a further embodiment, the substructure X of the side chain can be a group of the
formula -CON(CH,CH,COOH)CH,CH,CON(CH,CH,COOH)CH,CH,CO- that, via a bond
from the underscored carbonyl carbon, forms an amide bond with an amino group in W or,
when W is a covalent bond, with the N-terminal a-amino group in the B chain or with the ¢-

amino group of a Lys residue present in the B chain of the parent insulin.

The substructure Y of the side chain -W-X-Y-Z can be a group of the formula
-(CH,)m— where m is an integer in the range of from 6 to 32, from 8 to 20, from 12 to 20, or
from 12-16.

In another embodiment, Y is a divalent hydrocarbon chain comprising 1, 2 or 3
-CH=CH- groups and a number of -CH.- groups sufficient to give a total number of carbon
atoms in the chain in the range of from 6 to 32, from 10 to 32, from 12 to 20, or from 12-16.

In another embodiment, Y is a divalent hydrocarbon chain of the formula
-(CH),CsH4(CH,)w— wherein v and w are integers or one of them is zero so that the sum of v

and w is in the range of from 6 to 30, from 10 to 20, or from 12-16.



10

15

20

25

30

35

WO 2010/049488 PCT/EP2009/064290

10

In one embodiment, the substructure Z of the side chain —\W-X-Y-Z is —-COOH pro-
vided that when W is a covalent bond and X is -CO—, then Z is different from —COOH.

In another embodiment, Z is —CO-Asp.

In another embodiment, Z is —CO-Glu.

In another embodiment, Z is —CO-Gly.

In another embodiment, Z is —-CO-Sar.

In another embodiment, Z is —-CH(COOH)..

In another embodiment, Z is -N(CH,COOH),.

In another embodiment, Z is —SOzH.

In another embodiment, Z is —PO;H.

In a further embodiment W is selected from the group consisting of a-Asp, B-Asp, a-
Glu, and y-Glu; X is —CO- or —-CH(COOH)CO; Y is —(CH,),— where m is an integer in the
range of 12-18 and Z is —-COOH or —CH(COOH),.

The insulin moiety — in the present text also referred to as the parent insulin - of a
'347 derivative can be a naturally occurring insulin such as human insulin or porcine insulin.
Alternatively, the parent insulin can be an insulin analogue.

In one group of parent insulin analogues, the amino acid residue at position A21 is
Asn.

In another group of parent insulin analogues, the amino acid residue at position A21
is Gly. Specific examples from this group of analogues are Gly*?' human insulin, Gly**'
des(B30)human insulin; and Gly*?'Arg®*'Arg®*? human insulin.

In another group of parent insulin analogues, the amino acid residue at position B1
has been deleted. A specific example from this group of parent insulin analogues is des(B1)
human insulin.

In another group of parent insulin analogues, the amino acid residue at position B30
has been deleted. A specific example from this group of parent insulin analogues is des(B30)
human insulin.

In another group of parent insulin analogues, the amino acid residue at position B28
is Asp. A specific example from this group of parent insulin analogues is Asp®?® human insu-
lin.

In another group of parent insulin analogues, the amino acid residue at position B28
is Lys and the amino acid residue at position B29 is Pro. A specific example from this group
of parent insulin analogues is Lys®®Pro®* human insulin.

In another group of parent insulin analogues the amino acid residue in position B30

is Lys and the amino acid residue in position B29 is any codable amino acid except Cys, Met,
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Arg and Lys. An example is an insulin analogue where the amino acid residue at position
B29 is Thr and the amino acid residue at position B30 is Lys. A specific example from this
group of parent insulin analogues is Thr®?°Lys®*® human insulin.

In another group of parent insulin analogues, the amino acid residue at position B3
is Lys and the amino acid residue at position B29 is Glu. A specific example from this group
of parent insulin analogues is Lys®*GIu®*® human insulin.

Examples of '347 derivatives useful in the invention are the following compounds:

N®B2_(N%(HOOC(CH,)14CO)-y-Glu) des(B30) human insulin;

N®B2_(N%(HOOC(CH,)5CO)-y-Glu) des(B30) human insulin;

N#®2°—(N°-(HOOC(CH,);6CO)-y-Glu) des(B30) human insulin;

N®2°—(N°-(HOOC(CH,);7CO)-y-Glu) des(B30) human insulin;

N®2°—(N°-(HOOC(CH,);5CO)-y-Glu) des(B30) human insulin;

N?°~(N“-(HOOC(CH,):6CO)-y-Glu-N-(y-Glu)) des(B30) human insulin;

N®2°—(N°-(Asp-OC(CH,);6CO)-y-Glu) des(B30) human insulin;

N®2_(N°-(Glu-OC(CH,)14CO)-y-Glu) des(B30) human insulin;

N*#—(N°-(GIu-OC(CHz)14CO-) des(B30) human insulin;

NB?°—(N°-(Asp-OC(CH,)15CO-) des(B30) human insulin;

N2~(N“-(HOOC(CH2)15CO)-a-Glu-N-(B-Asp)) des(B30) human insulin;

N2 (N*-(Gly-OC(CH,)13CO)-y-Glu) des(B30) human insulin;

N®%_(N°-(Sar-OC(CH,)13CO)-y-Glu) des(B30) human insulin;

N®B2_(N%(HOOC(CH,)3C0)-y-Glu) des(B30) human insulin;

(NBZ_(N°-(HOOC(CHy,)13CO)-B-Asp) des(B30) human insulin;

N®%_(N°-(HOOC(CH,)13C0O)-a-Glu) des(B30) human insulin;

N®2_(N°-(HOOC(CH,)1CO)-y-D-Glu) des(B30) human insulin;

N®2_(N°-(HOOC(CH,)14CO)-B-D-Asp) des(B30) human insulin;

N®B2°_(N-HOOC(CH,)1sCO-B-D-Asp) des(B30) human insulin;

N®%_(N-HOOC(CH,)14CO-IDA) des(B30) human insulin;

N=B2_N-(HOOC(CH,);sCO)-N-(carboxyethyl)-Gly] des(B30) human insulin;

N®B2°_[N-(HOOC(CH,)1,CO)-N-(carboxyethyl)-Gly] des(B30) human insulin; and

N®2°_[N-(HOOC(CH,)14CO)-N-(carboxymethyl)-B-Ala] des(B30) human insulin.

'347 derivatives may be provided in the form of essentially zinc free compounds or
in the form of zinc complexes. When zinc complexes of a ‘347 derivative are provided, two
Zn* ions, three Zn*" ions or four Zn*" ions can be bound to each insulin hexamer. Solutions

of zinc complexes of the insulin derivatives will contain mixtures of such species.
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Details pertaining to the preparation, formulation, pharmacology and other charac-
teristics of relevance for the '347 derivatives are set forth in WO 2005/012347, which is
hereby incorporated by reference herein.

Rapid acting insulin analogues

Embodiments of the method of the invention include those wherein administration of
the naturally occurring insulin, insulin analogue or derivative exhibiting a prolonged profile of
action is supplemented with more frequent administrations of a fast-acting naturally occurring
insulin, insulin analogue or derivative and/or administration of a non-insulin anti-diabetic
drug.

So, one embodiment the invention provides a combination treatment, where any
suitable insulin, analogue or derivative described above (e.g. N*®?°~(N°-(HOOC(CH,),4CO)-y-
L-Glu) des(B30) human insulin = LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin
(Example 4 in WO 2005/012347)) and a rapid acting insulin analogue are used in combina-
tion, e.g. in a combined product, but also administered separately. Hence, all specific disclo-
sures in the present application which provide details relating to insulins useful in the pres-
ently disclosed invention relate mutatis mutandis to combination therapy involving the same
compounds together with rapid acting insulin analogues. Typically, the rapid acting insulin is
selected from the group consisting of Asp®?® human insulin; Lys®?Pro®* human insulin and
Lys®*Glu®?® human insulin. The combined product shows no blunting. The insulin derivative
disclosed in WO2005/012347 can be formulated with rapid acting insulin analogues as de-
scribed in WO2007/074133, which is hereby incorporated by reference.

In one embodiment the invention provides a combination treatment with N®2—(N*-
(HOOC(CH2)14CO)-y-L-Glu) des(B30) human insulin and AspB28 human insulin together
with pharmaceutically acceptable carriers and additives.

The insulin derivative according to the invention and the rapid acting insulin ana-
logue can if necessary be mixed in a ratio from about 90 /10%; about 80/20%, about 70/30%,
about 60/40%, about 50/50%, about 40/60%, about 30/60%, about 20/80% or about 10/90%.

Other combinations

In one embodiment of method of the invention, administration of the naturally occur-
ring insulin, insulin analogue or derivative exhibiting a prolonged profile of action is supple-
mented with administration of a non-insulin anti-diabetic drug, such as metformin.

The invention is summarized in the following paragraphs:

Claims
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1. An insulin derivative for the treatment of a condition or disease where administra-
tion of insulin will be of benefit, comprising administering, to a patient in need thereof, ef-
fective dosages of the insulin derivative, wherein said insulin derivative exhibits a pro-
longed profile of action and wherein said dosages are administered at intervals longer than
24 hours.

2. The insulin derivative according to paragraph 1, wherein said dosages are adminis-

tered at intervals of at least 36 hours.

3. The insulin derivative according to paragraph 2, wherein said dosages are adminis-

tered at intervals of at least 48 hours.

4. The insulin derivative according to paragraph 3, wherein said dosages are adminis-

tered at intervals of at least 72 hours.

5. The insulin derivative according to paragraph 4, wherein said dosages are adminis-

tered at intervals of at least 96 hours.

6. The insulin derivative according to paragraph 5, wherein said dosages are adminis-

tered at intervals of at least 120 hours.

7. The insulin derivative according to paragraph 6, wherein said dosages are adminis-

tered at intervals of at least 144 hours.

8. The insulin derivative according to paragraph 7, wherein said dosages are adminis-

tered at intervals of at least 168 hours.

9. The insulin derivative according to any one of the preceding paragraphs, wherein

said dosages are administered at intervals of at most 336 hours.

10.  The insulin derivative according to any one of the preceding paragraphs, wherein

said dosages are administered at intervals of at most 312 hours.

11.  The insulin derivative according to any one of the preceding paragraphs, wherein

said dosages are administered at intervals of at most 288 hours.
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12.  The insulin derivative according to any one of the preceding paragraphs, wherein

said dosages are administered at intervals of at most 264 hours.

13.  The insulin derivative according to any one of the preceding paragraphs, wherein

said dosages are administered at intervals of at most 240 hours.

14.  The insulin derivative according to any one of the preceding paragraphs, wherein

said dosages are administered at intervals of at most 216 hours.

15.  The insulin derivative according to any one of the preceding paragraphs, wherein

said dosages are administered at intervals of at most 192 hours.

16.  The insulin derivative according to any one of the preceding paragraphs, wherein

said dosages are administered at intervals of at most 168 hours.

17.  The insulin derivative according to any one of the preceding paragraphs, wherein

the dosages are administered at regular intervals.

18.  The insulin derivative according to paragraph 17, wherein said dosages are admin-

istered every second day.

19.  The insulin derivative according to paragraph 17, wherein said dosages are admin-

istered every third day.

20.  The insulin derivative according to paragraph 17, wherein said dosages are admin-

istered every 4th day.

21.  The insulin derivative according to paragraph 17, wherein said dosages are admin-

istered every 5th day.

22.  The insulin derivative according to paragraph 17, wherein said dosages are admin-

istered every 6th day.

23.  The insulin derivative according to paragraph 17, wherein said dosages are admin-

istered every 7th day.
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24.  The insulin derivative according to paragraph 17, wherein said dosages are admin-

istered every 14th day

25.  The insulin derivative according to any one of paragraphs 1-16, wherein the dos-

ages are administered at fixed weekdays.

26.  The insulin derivative according to paragraph 25, wherein the dosages are adminis-

tered at 3 fixed weekdays.

27.  The insulin derivative according to paragraph 25, wherein the dosages are adminis-

tered at 2 fixed weekdays.

28.  The insulin derivative according to paragraph 26 or 27, wherein none of said fixed

weekdays are adjacent to each other.

29.  The insulin derivative according to paragraph 27, wherein said 2 fixed weekdays

are separated by 2 and 3 other weekdays.

30. The insulin derivative according to any one of the preceding paragraphs, wherein
administration of the insulin derivative exhibiting a prolonged profile of action is supple-
mented with more frequent administrations of a fast-acting naturally occurring insulin or in-

sulin analogue and/or administration of a non-insulin anti-diabetic drug.

31.  The insulin derivative according to any one of paragraphs 1-29, wherein substan-
tially no other naturally occurring insulin, insulin analogue or derivative of naturally occur-

ring insulin or insulin analogue is administered to said patient.

32.  The insulin derivative according to paragraph 31, wherein administration of the in-
sulin derivative exhibiting a prolonged profile of action is supplemented administration of a

non-insulin anti-diabetic drug.

33.  Theinsulin derivative according to any one of the preceding paragraphs, wherein
said derivative has a side chain attached to the a-amino group of the N-terminal amino
acid residue of the B chain or to the g-amino group of a Lys residue present in the B chain

of the parent insulin, the side chain being of the general formula:
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-W-X-Y-Z
wherein W is:
° an g-amino acid residue having a carboxylic acid group in the side chain which resi-

due forms, with one of its carboxylic acid groups, an amide group together with the a-
amino group of the N-terminal amino acid residue of the B chain or together with the ¢-

amino group of a Lys residue present in the B chain of the parent insulin;

° a chain composed of two, three or four a-amino acid residues linked together via
amide bonds, which chain — via an amide bond — is linked to the a-amino group of the N-
terminal amino acid residue of the B chain or to the e-amino group of a Lys residue present
in the B chain of the parent insulin, the amino acid residues of W being selected from the
group of amino acid residues having a neutral side chain and amino acid residues having
a carboxylic acid group in the side chain so that W has at least one amino acid residue

which has a carboxylic acid group in the side chain; or

° a covalent bond from X to the a-amino group of the N-terminal amino acid residue

of the B chain or to the e-amino group of a Lys residue present in the B chain of the parent

insulin;

Xis:

° —-CO—;

° —COCH(COOH)CO—;

° —CON(CH,COOH)CH,CO—;

° —CON(CH,COOH)CH,CON(CH,COOH)CH,CO—;
° —CON(CH,CH,COOH)CH,CH,CO—;

° —CON(CH,CH,COOH)CH,CH,CON(CH,CH,COOH)CH,CH,CO-;
° —CONHCH(COOH)(CH,)4sNHCO-;

° —CON(CH,CH,COOH)CH,CO—; or

° —CON(CH,COOH)CH,CH,CO-

that
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a) when W is an amino acid residue or a chain of amino acid residues, via a bond from the

underscored carbonyl carbon forms an amide bond with an amino group in W, or

b) when W is a covalent bond, via a bond from the underscored carbonyl carbon forms an
amide bond with the N-terminal a-amino group in the B chain or with the e-amino group of

a Lys residue present in the B chain of the parent insulin;

Y is:
° —(CH3)n— where m is an integer in the range of 6 to 32;
° a divalent hydrocarbon chain comprising 1, 2 or 3 -CH=CH- groups and a number

of -CHx>- groups sufficient to give a total number of carbon atoms in the chain in the range
of 10 to 32;
° a divalent hydrocarbon chain of the formula —(CH>),CsH4(CH2)w — wherein v and w

are integers or one of them is zero so that the sum of v and w is in the range of 6 to 30;

and

Zis:

° —COOH;

. —CO-Asp;

° —-CO-Glu;

° —CO-Gly;

° —-CO-Sar;

° —CH(COOH)y;

° —N(CH,COOH);;
. —-SO;3H; or

~POgH;

and any Zn?** complexes thereof, provided that when W is a covalent bond and X is —-CO-,
then Z is different from —COOH.
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34.  Theinsulin derivative according to paragraph 33, wherein side chain “W-X-Y-Z is
attached to the a-amino group of the N-terminal amino acid residue of the B chain of the

parent insulin.

35.  Theinsulin derivative according to paragraph 33, wherein side chain -W-X-Y-Z is

attached to the g-amino group of a Lys residue present in the B chain of the parent insulin.

36.  The insulin derivative according to any one of paragraphs 33-35, wherein W is a

covalent bond.

37.  Theinsulin derivative according to any one of paragraphs 33-35, wherein W is an

g-amino acid residue having from 4 to 10 carbon atoms.

38.  The insulin derivative according to paragraph 37, wherein W is selected from the

group consisting of a-Asp, B-Asp, a-Glu, y-Glu, a-hGlu and d-hGlu.

39. The insulin derivative according to any one of paragraphs 33-35, wherein W is a
chain composed of two a-amino acid residues of which one has from 4 to 10 carbon atoms
and a free carboxylic acid group while the other has from 2 to 11 carbon atoms but no free

carboxylic acid group.

40.  The insulin derivative according to paragraph 39, wherein W is selected from the
group consisting of a-Asp-Gly; Gly-a-Asp; B-Asp-Gly; Gly-B-Asp; a-Glu-Gly; Gly-a-Glu; y-
Glu-Gly; Gly-y-Glu; a-hGlu-Gly; Gly-a-hGlu; 8-hGlu-Gly; and Gly-8-hGlu.

41.  The insulin derivative according to any one of paragraphs 33-35, wherein W is a
chain composed of two a-amino acid residues, independently having from 4 to 10 carbon

atoms, and both having a free carboxylic acid group.

42.  The insulin derivative according to paragraph 41, wherein W is selected from the
group consisting of a-Asp—a-Asp; a-Asp—a-Glu; a-Asp—a-hGlu; a-Asp—3-Asp; a-Asp-y-
Glu; a-Asp—0-hGlu; B-Asp—a-Asp; B-Asp—a-Glu; B-Asp—a-hGlu; B-Asp—B-Asp; B-Asp—y-
Glu; B-Asp—0-hGlu; a-Glu—a-Asp; a-Glu—a-Glu; a-Glu—a-hGlu; a-Glu—B-Asp; a-Glu-y-Glu;
a-Glu—9-hGlu; y-Glu—a-Asp; y-Glu—a-Glu; y-Glu—a-hGlu; y-Glu—p-Asp; y-Glu—y-Glu; y-
Glu—6-hGlu; a-hGlu—a-Asp; a-hGlu—a-Glu; a-hGlu-a-hGlu; a-hGlu—-Asp; a-hGlu-y-Glu;



10

15

20

25

WO 2010/049488 PCT/EP2009/064290

19

a-hGlu-6-hGlu; -hGlu-a-Asp; 6-hGlu-a-Glu; 8-hGlu—a-hGlu; 8-hGlu—B-Asp; 5-hGlu—y-
Glu; and 8-hGlu-86-hGlu.

43.

The insulin derivative according to any one of paragraphs 33-42, wherein X is —

CO- or -CH(COCQOH)CO-.

44.

45.

(CH2)m— where m is an integer in the range of from 6 to 32, from 8 to 20, from 12 to 20 or

The insulin derivative according to any one of paragraphs 33-43, wherein X is

—CON(CH,COOH)CH,CO—;
—CON(CH,COOH)CH,CON(CH,COOH)CH,CO—;
—CON(CH,CH,COOH)CH,CH,CO—;
—CON(CH,CH,COOH)CH,CH,CON(CH,CH,COOH)CH,CH,CO-
—CON(CH,CH,COOH)CH,CO—; or
—CON(CH,COOH)CH,CH,CO-.

The insulin derivative according to any one of paragraphs 33-44, wherein Y is —

from 12-16.

46.

The insulin derivative according to any one of paragraphs 33-45, wherein Z is —

COOH.

47.

The insulin derivative according to any one of paragraphs 33-45, wherein Z is

~CH(COOH),.

48.

The insulin derivative according to any one of paragraphs 33-45, wherein Z is

-N(CH,COOH),.

49.
SOzH.

50.
POsH.

The insulin derivative according to any one of paragraphs 33-45, wherein Z is —

The insulin derivative according to any one of paragraphs 33-45, wherein Z is —
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51.  The insulin derivative according to any one of paragraphs 33-50, wherein the parent

insulin has Asn or Gly at position A21.

52.  The insulin derivative according to any one of paragraphs 33-50, wherein the parent

insulin is a des(B1) analogue.

53.  The insulin derivative according to any one of paragraphs 33-50, wherein the parent

insulin is a des(B30) analogue.

54.  The insulin derivative according to any one of paragraphs 33-50, wherein position
B29 in the parent insulin can be any codable amino acid except Cys, Met, Arg and Lys and

the amino acid in position B30 is Lys.

55.  The insulin derivative according to any one of paragraphs 33-50, wherein the parent

insulin has Thr at position B29 and Lys at position B30.

56. The insulin derivative according to any one of paragraphs 33-50, wherein the parent
insulin is selected from the group consisting of human insulin; des(B1) human insulin;
des(B30) human insulin; Gly*?" human insulin; Gly*?' des(B30)human insulin; Asp®?® hu-
man insulin; porcine insulin; Lys®?Pro®?® human insulin; Gly*?'Arg®*'Arg®*? human insulin;

and Lys®*GIu®® human insulin.

57.  The insulin derivative according to paragraph 33, wherein the insulin derivative is
selected from the group consisting of N®#—(N°-(HOOC(CH,):4CO)-y-Glu) des(B30) human
insulin; N®2—(N°-(HOOC(CH,)15CO)-y-Glu) des(B30) human insulin; N®2°—(N°-
(HOOC(CH,)16C0)-y-Glu) des(B30) human insulin; N®**—(N°-(HOOC(CH,),7CO)-y-Glu)
des(B30) human insulin; N®®®—(N°-(HOOC(CH,):sCO)-y-Glu) des(B30) human insulin;
N®B2_(N%(HOOC(CH,)16CO)-y-Glu-N-(y-Glu)) des(B30) human insulin; N*®*#—(N*-(Asp-
OC(CH,)16CO)-y-Glu) des(B30) human insulin; N*®2°—(N%(Glu-OC(CH,)14CO)-y-Glu)
des(B30) human insulin; N®®*—(N°-(Glu-OC(CH,)14CO-) des(B30) human insulin; N%—
(N°-(Asp-OC(CH>)16CO-) des(B30) human insulin; N*#2°~(N*-(HOOC(CH,)15CO)-a-Glu-N-
(B-Asp)) des(B30) human insulin; N¥?°~(N°-(Gly-OC(CH,)13CO)-y-Glu) des(B30) human
insulin; N*®2°~(N®-(Sar-OC(CH,)13CO)-y-Glu) des(B30) human insulin; N®®2°—(N-
(HOOC(CH,)15C0)-y-Glu) des(B30) human insulin; (N®*—(N%-(HOOC(CH,);3CO)-B-Asp)
des(B30) human insulin; N®**°—(N°*-(HOOC(CH,)5CO)-a-Glu) des(B30) human insulin;
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N=B2_(N®-(HOOC(CH,)5CO)-y-D-Glu) des(B30) human insulin; N®##°—(N°-
(HOOC(CH,)14C0O)-B-D-Asp) des(B30) human insulin; NF*—(N°-(HOOC(CH,)1,CO)-B-D-
Asp) des(B30) human insulin; N®*—(N-HOOC(CH,);sCO-B-D-Asp) des(B30) human insu-
lin; N*®2°~(N-HOOC(CH,)14CO-IDA) des(B30) human insulin; N®#~[N-(HOOC(CH,)1sCO)-
N-(carboxyethyl)-Gly] des(B30) human insulin; N®*#~[N-(HOOC(CH,)14CO)-N-
(carboxyethyl)-Gly] des(B30) human insulin; and N®®*—[N-(HOOC(CH,).4CO)-N-
(carboxymethyl)-B-Ala] des(B30) human insulin.

58.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=B2_(N®-(HOOC(CH,):4C0)-y-Glu) des(B30) human insulin.

59.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=2_(N*-(HOOC(CH,)15CO)-y-Glu) des(B30) human insulin.

60. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=B2_(N®(HOOC(CH,),5CO)-y-Glu) des(B30) human insulin.

61.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=B2_(N®-(HOOC(CH,);7CO)-y-Glu) des(B30) human insulin.

62.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=B2_(N®-(HOOC(CH,)5CO)-y-Glu) des(B30) human insulin.

63. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=B2_(N®-(HOOC(CH,)5CO)-y-Glu-N-(y-Glu)) des(B30) human insulin.

64. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=B2_(N“(Asp-OC(CH,)1sCO)-y-Glu) des(B30) human insulin.

65. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=B2_(N“(Glu-OC(CH,)14CO)-y-Glu) des(B30) human insulin.

66. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N=B2_(N“(Glu-OC(CH,)1,CO-) des(B30) human insulin.
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67. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N%(Asp-OC(CH.)1sCO-) des(B30) human insulin.

68. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N%(HOOC(CH,)1CO)-a-Glu-N-(B-Asp)) des(B30) human insulin.

69. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N%(Gly-OC(CH,)13C0O)-y-Glu) des(B30) human insulin.

70.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N%(Sar-OC(CH,)13CO)-y-Glu) des(B30) human insulin.

71.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N°-(HOOC(CH,)15CO)-y-Glu) des(B30) human insulin.

72.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
(NB®—(N°-(HOOC(CH,)15CO)-B-Asp) des(B30) human insulin.

73.  Theinsulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N®-(HOOC(CH,);3C0)-a-Glu) des(B30) human insulin.

74.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N®-(HOOC(CH,)15CO)-y-D-Glu) des(B30) human insulin.

75.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N*-(HOOC(CH,):4CO)-B-D-Asp) des(B30) human insulin.

76. The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N*-(HOOC(CH,):4CO)-B-D-Asp) des(B30) human insulin.

77.  Theinsulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N-HOOC(CH,)1sCO-B-D-Asp) des(B30) human insulin.

78.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®B2_(N-HOOC(CH,)14CO-IDA) des(B30) human insulin.
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79.  Theinsulin derivative according to paragraph 57, wherein the insulin derivative is
N®®2_[N-(HOOC(CH,)6CO)-N-(carboxyethyl)-Gly] des(B30) human insulin.

80.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®®2_[N-(HOOC(CH,)14CO)-N-(carboxyethyl)-Gly] des(B30) human insulin.

81.  The insulin derivative according to paragraph 57, wherein the insulin derivative is
N®®2_[N-(HOOC(CH,):4CO)-N-(carboxymethyl)-B-Ala] des(B30) human insulin.

82.  The insulin derivative according to any one of paragraphs 33-57, wherein the insulin
derivative is in the form of a zinc complex, wherein each insulin hexamer binds two zinc
ions, three zinc ions, four zinc ions, five zinc ions, six zinc ions, seven zinc ions, eight zinc

ions, nine zinc ions or ten zinc ions.

83.  The insulin derivative according to any one of the preceding paragraphs, wherein
the disease or condition is selected from the group consisting of diabetes mellitus or other
conditions characterized by hyperglycaemia, pre-diabetes, impaired glucose tolerance,
metabolic syndrome, obesity, cachexia, in vivo beta-cell loss/death, excessive appetite,

and inflammation.

84.  The insulin derivative according to paragraph 83, wherein the diabetes mellitus is

Type 1 or 2 diabetes.

85.  The insulin derivative according to paragraph 83, wherein the diabetes mellitus is

Type 2 diabetes, which fails oral anti-diabetic treatment.

86.  The insulin derivative according to any one of the preceding paragraphs, wherein
the naturally occurring insulin, analogue or derivative exhibiting the prolonged profile of ac-

tion is administered by injection.

87.  The insulin derivative according to any one of the preceding paragraphs, wherein
the insulin derivative is formulated together with a pharmaceutically acceptable carrier

and/or vehicle and/or diluent and/or excipient.
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88.  Use of an isulin derivative of in the preparation of a pharmaceutical composition for
treatment of diabetes mellitus or other conditions characterized by hyperglycaemia, pre-
diabetes, impaired glucose tolerance, metabolic syndrome, obesity, cachexia, in vivo beta-
cell loss/death, excessive appetite, and inflammation, wherein the insulin derivative is as

defined in any one of paragraphs 1-87.

Formulation of insulin, insulin analogues or derivatives thereof

A pharmaceutical composition containing a naturally occurring insulin, an insulin
analogue, or a derivative of a naturally occurring insulin or insulin analogue is termed "an in-
sulin composition" herein. In order to exercise the present invention an insulin composition
may be administered parenterally to patients in need of such a treatment. Parenteral admini-
stration may be performed by subcutaneous, intramuscular or intravenous injection by
means of a syringe, optionally a pen-like syringe. Alternatively, parenteral administration can
be performed by means of an infusion pump. Further options are to administer the insulin
composition nasally or pulmonally, preferably in compositions, powders or liquids, specifically
designed for the purpose.

Injectable insulin compositions can be prepared using the conventional techniques
of the pharmaceutical industry which involve dissolving and mixing the ingredients as appro-
priate to give the desired end product. Thus, according to one procedure, a natural insulin,
analogue or derivative is dissolved in an amount of water which is somewhat less than the
final volume of the composition to be prepared. An isotonic agent, a preservative and a buffer
is added as required and the pH value of the solution is adjusted - if necessary - using an
acid, e.g. hydrochloric acid, or a base, e.g. aqueous sodium hydroxide as needed. Finally,
the volume of the solution is adjusted with water to give the desired concentration of the in-
gredients.

The buffer is typically selected from the group consisting of sodium acetate, sodium
carbonate, citrate, glycylglycine, histidine, glycine, lysine, arginine, sodium dihydrogen
phosphate, disodium hydrogen phosphate, sodium phosphate, and tris(hydroxymethyl)-
aminomethan, bicine, tricine, malic acid, succinate, maleic acid, fumaric acid, tartaric acid,
aspartic acid or mixtures thereof. Each one of these specific buffers constitutes an alternative
useful in embodiments of the invention.

In a further embodiment of the invention the formulation further comprises a
pharmaceutically acceptable preservative which may be selected from the group consisting
of phenol, o-cresol, m-cresol, p-cresol, methyl p-hydroxybenzoate, propyl p-

hydroxybenzoate, 2-phenoxyethanol, butyl p-hydroxybenzoate, 2-phenylethanol, benzyl
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alcohol, chlorobutanol, and thiomerosal, bronopol, benzoic acid, imidurea, chlorohexidine,
sodium dehydroacetate, chlorocresol, ethyl p-hydroxybenzoate, benzethonium chloride,
chlorphenesine (3p-chlorphenoxypropane-1,2-diol) or mixtures thereof. In a further
embodiment of the invention the preservative is present in a concentration from 0.1 mg/ml to
20 mg/ml. In a further embodiment of the invention the preservative is present in a
concentration from 0.1 mg/ml to 5 mg/ml. In a further embodiment of the invention the
preservative is present in a concentration from 5 mg/ml to 10 mg/ml. In a further embodiment
of the invention the preservative is present in a concentration from 10 mg/ml to 20 mg/ml.
Each one of these specific preservatives constitutes an alternative embodiment of the
invention. The use of a preservative in pharmaceutical compositions is well-known to the
skilled person. For convenience reference is made to Remington: The Science and Practice
of Pharmacy, 19th edition, 1995.

In a further embodiment of the invention the formulation further comprises an
isotonic agent which may be selected from the group consisting of a salt (e.g. sodium
chloride), a sugar or sugar alcohol, an amino acid (e.g. L-glycine, L-histidine, arginine, lysine,
isoleucine, aspartic acid, tryptophan, threonine), an alditol (e.g. glycerol (glycerine), 1,2-
propanediol (propyleneglycol), 1,3-propanediol, 1,3-butanediol) polyethyleneglycol (e.g.
PEG400), or mixtures thereof. Any sugar such as mono-, di-, or polysaccharides, or water-
soluble glucans, including for example fructose, glucose, mannose, sorbose, xylose,
maltose, lactose, sucrose, trehalose, dextran, pullulan, dextrin, cyclodextrin, soluble starch,
hydroxyethyl starch and carboxymethylcellulose-Na may be used. In one embodiment the
sugar additive is sucrose. Sugar alcohol is defined as a C4-C8 hydrocarbon having at least
one --OH group and includes, for example, mannitol, sorbitol, inositol, galactitol, dulcitol,
xylitol, and arabitol. In one embodiment the sugar alcohol additive is mannitol. The sugars or
sugar alcohols mentioned above may be used individually or in combination. There is no
fixed limit to the amount used, as long as the sugar or sugar alcohol is soluble in the liquid
preparation and does not adversely effect the stabilizing effects achieved using the methods
of the invention. In one embodiment, the sugar or sugar alcohol concentration is between
about 1 mg/ml and about 150 mg/ml. In a further embodiment of the invention the isotonic
agent is present in a concentration from 1 mg/ml to 50 mg/ml. In a further embodiment of the
invention the isotonic agent is present in a concentration from 1 mg/mlto 7 mg/ml. In a
further embodiment of the invention the isotonic agent is present in a concentration from 8
mg/ml to 24 mg/ml. In a further embodiment of the invention the isotonic agent is present in a
concentration from 25 mg/ml to 50 mg/ml. Each one of these specific isotonic agents

constitutes an alternative embodiment of the invention. The use of an isotonic agent in
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pharmaceutical compositions is well-known to the skilled person. For convenience reference
is made to Remington: The Science and Practice of Pharmacy, 19th edition, 1995.

Typical isotonic agents are sodium chloride, mannitol, dimethyl sulfone and glycerol
and typical preservatives are phenol, m-cresol, methyl p-hydroxybenzoate and benzyl alco-
hol.

Examples of suitable buffers are sodium acetate, glycylglycine, HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid), TRIS (2-amino-2-hydroxymethyl-1,3-propandiol),
and sodium phosphate.

A composition for nasal administration may, for example, be prepared as described
in European Patent No. 272097 (to Novo Nordisk A/S).

Insulin compositions containing can be used in the treatment of states which are
sensitive to insulin. Thus, they can be used in the treatment of type 1 diabetes, type 2 diabe-
tes and hyperglycaemia for example as sometimes seen in seriously injured persons and
persons who have undergone major surgery. The optimal dose level for any patient will de-
pend on a variety of factors including the efficacy of the specific insulin, analogue or deriva-
tive employed, the age, body weight, physical activity, and diet of the patient, on a possible
combination with other drugs, and on the severity of the state to be treated. It is recom-
mended that the dosage regimen be determined for each individual patient by those skilled in
the art in a similar way as for known insulin compositions, however taking into consideration
the present teachings concerning dosage intervals.

Where expedient, the insulin compositions may be used in combination with other
types of insulin, e.g. insulin analogues with a more rapid onset of action. Examples of such
insulin analogues are described e.g. in the European patent applications having the publica-
tion Nos. EP 214826 (Novo Nordisk A/S), EP 375437 (Novo Nordisk A/S) and EP 383472
(Eli Lilly & Co.).

The present invention is further illustrated by the following examples which, how-

ever, are not to be construed as limiting the scope of protection.

DEFINITIONS

By "insulin analogue" as used herein is meant a polypeptide which has a molecular
structure which formally can be derived from the structure of a naturally occurring insulin, for
example that of human insulin, by deleting and/or exchanging at least one amino acid resi-
due occurring in the naturally occurring insulin and/or adding at least one amino acid residue.
The added and/or exchanged amino acid residues can either be codable amino acid resi-

dues or other naturally occurring residues or purely synthetic amino acid residues The insulin
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analogues may be such wherein position 28 of the B chain may be modified from the natural
Pro residue to one of Asp, Lys, or lle. In another embodiment Lys at position B29 is modified
to Pro. In one embodiment B30 may be Lys and then B29 can be any codable amino acid
except Cys, Met, Arg and Lys.

Also, Asn at position A21 may be modified to Ala, GIn, Glu, Gly, His, lle, Leu, Met,
Ser, Thr, Trp, Tyr or Val, in particular to Gly, Ala, Ser, or Thr and preferably to Gly. Further-
more, Asn at position B3 may be modified to Lys or Asp. Further examples of insulin ana-
logues are des(B30) human insulin; des(B30) human insulin analogues; insulin analogues
wherein PheB1 has been deleted; insulin analogues wherein the A-chain and/or the B-chain
have an N-terminal extension and insulin analogues wherein the A-chain and/or the B-chain
have a C-terminal extension. Thus one or two Arg may be added to position B1.

In aspects of the invention a maximum of 17 amino acids have been modified. In
aspects of the invention a maximum of 15 amino acids have been modified. In aspects of the
invention a maximum of 10 amino acids have been modified. In aspects of the invention a
maximum of 8 amino acids have been modified. In aspects of the invention a maximum of 7
amino acids have been modified. In aspects of the invention a maximum of 6 amino acids
have been modified. In aspects of the invention a maximum of 5 amino acids have been
modified. In aspects of the invention a maximum of 4 amino acids have been modified. In
aspects of the invention a maximum of 3 amino acids have been modified. In aspects of the
invention a maximum of 2 amino acids have been modified. In aspects of the invention 1
amino acid has been modified.

By "insulin derivative" as used herein is meant a naturally occurring insulin or an in-
sulin analogue which has been chemically modified, e.g. by introducing a side chain in one or
more positions of the insulin backbone or by oxidizing or reducing groups of the amino acid
residues in the insulin or by converting a free carboxylic group to an ester group or acylating
a free amino group or a hydroxy group.

With “desB30 insulin”, “desB30 human insulin” is meant a natural insulin or an
analogue thereof lacking the B30 amino acid residue. Similarly, “desB29desB30 insulin” or
‘desB29desB30 human insulin” means a natural insulin or an analogue thereof lacking the
B29 and B30 amino acid residues.

With “B1”, “A1” etc. is meant the amino acid residue at position 1 in the B-chain of
insulin (counted from the N-terminal end) and the amino acid residue at position 1 in the A-
chain of insulin (counted from the N-terminal end), respectively. The amino acid residue in a
specific position may also be denoted as e.g. PheB1 which means that the amino acid resi-

due at position B1 is a phenylalanine residue.
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With "insulin” as used herein is meant human insulin, porcine insulin or bovine in-
sulin with disulfide bridges between CysA7 and CysB7 and between CysA20 and CysB19
and an internal disulfide bridge between CysA6 and CysA11.

By “parent insulin” is meant a naturally occurring insulin such as human insulin or
porcine insulin. Alternatively, the parent insulin can be an insulin analogue.

The term “no blunting” as used herein means that when formulated in one formulation
both the rapid acting insulin and the acylated insulin has profile of action which is identical or
substantially identical with the profile of action, when administering the rapid acting insulin and
the acylated insulin in separate formulations.

The expression "a codable amino acid" or "a codable amino acid residue” is used to
indicate an amino acid or amino acid residue which can be coded for by a triplet ("codon") of
nucleotides.

hGlu is homoglutamic acid.

a-Asp is the L-form of -HNCH(CO-)CH,COOH.

B-Asp is the L-form of -HNCH(COQOH)CH,CO-.

0-Glu is the L-form of -HNCH(CO-)CH,CH,COOH.

y-Glu is the L-form of -HNCH(COOH)CH,CH,CO-.

o-hGlu is the L-form of -HNCH(CO-)CH,CH,CH,COOH.

0-hGlu is the L-form of -HNCH(COOH)CH,CH,CH,CO-.

B-Ala is —=NH-CH,-CH,-COOH.

Sar is sarcosine (N-methylglycine).

The expression "an amino acid residue having a carboxylic acid group in the side
chain" designates amino acid residues like Asp, Glu and hGlu. The amino acids ¢an be in
either the L- or D-configuration. If nothing is specified it is understood that the amino acid
residue is in the L configuration.

The expression "an amino acid residue having a neutral side chain" designates
amino acid residues like Gly, Ala, Val, Leu, lle, Phe, Pro, Ser, Thr, Cys, Met, Tyr, Asn and
GIn.

When an insulin derivative according to the invention is stated to be "soluble at
physiological pH values" it means that the insulin derivative can be used for preparing in-
jectable insulin compositions that are fully dissolved at physiological pH values. Such favour-
able solubility may either be due to the inherent properties of the insulin derivative alone or a
result of a favourable interaction between the insulin derivative and one or more ingredients
contained in the vehicle.

The following abbreviations have been used in the specification and examples:
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IDA: Iminodiacetic acid
Sar: Sarcosine (N-methyl-glycine)

Su: succinimidyl= 2,5-dioxo-pyrrolidin-1-yl

The invention will further be summarized in the following paragraphs:
1. A method for treatment a condition or disease where administration of insulin will be of
benefit, comprising administering, to a patient in need thereof, effective dosages of a natu-
rally occurring insulin, an insulin analogue or a derivative of a naturally occurring insulin or of
an insulin analogue, wherein said naturally occurring insulin, insulin analogue, or derivative
exhibits a prolonged profile of action and wherein said dosages are administered at intervals

longer than 24 hours.

2. The method according to claim 1, wherein said dosages are administered at intervals

of at least 36 hours.

3. The method according to claim 2, wherein said dosages are administered at intervals

of at least 48 hours.

4. The method according to claim 3, wherein said dosages are administered at intervals

of at least 72 hours.

5. The method according to claim 4, wherein said dosages are administered at intervals

of at least 96 hours.

6. The method according to claim 5, wherein said dosages are administered at intervals

of at least 120 hours.

7. The method according to claim 6, wherein said dosages are administered at intervals

of at least 144 hours.

8. The method according to claim 7, wherein said dosages are administered at intervals

of at least 168 hours.

9. The method according to any one of the preceding claims, wherein said dosages are

administered at intervals of at most 336 hours.



10

15

20

WO 2010/049488

30

PCT/EP2009/064290

10.  The method according to any one of the preceding claims, wherein said dosages are

administered at intervals of at most 312 hours.

11.  The method according to any one of the preceding claims, wherein said dosages are

administered at intervals of at most 288 hours.

12.  The method according to any one of the preceding claims, wherein said dosages are

administered at intervals of at most 264 hours.

13.  The method according to any one of the preceding claims, wherein said dosages are

administered at intervals of at most 240 hours.

14.  The method according to any one of the preceding claims, wherein said dosages are

administered at intervals of at most 216 hours.

15.  The method according to any one of the preceding claims, wherein said dosages are

administered at intervals of at most 192 hours.

16.  The method according to any one of the preceding claims, wherein said dosages are

administered at intervals of at most 168 hours.

17.  The method according to any one of the preceding claims, wherein the dosages are

administered at regular intervals.

18.  The method according to claim 17, wherein said dosages are administered every sec-

ond day.

19.  The method according to claim 17, wherein said dosages are administered every third

day.

20.  The method according to claim 17, wherein said dosages are administered every 4th

day.

21.  The method according to claim 17, wherein said dosages are administered every 5th

day.
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22.  The method according to claim 17, wherein said dosages are administered every 6th

day.

23.  The method according to claim 17, wherein said dosages are administered every 7th

day.

24.  The method according to claim 17, wherein said dosages are administered every 14th

day

25. The method according to any one of claims 1-16, wherein the dosages are adminis-

tered at fixed weekdays.

26. The method according to claim 25, wherein the dosages are administered at 3 fixed

weekdays.

27.  The method according to claim 25, wherein the dosages are administered at 2 fixed

weekdays.

28. The method according to claim 26 or 27, wherein none of said fixed weekdays are ad-

jacent to each other.

29.  The method according to claim 27, wherein said 2 fixed weekdays are separated by 2

and 3 other weekdays.

30. The method according to any one of the preceding claims, wherein administration of
the naturally occurring insulin, insulin analogue or derivative exhibiting a prolonged profile of
action is supplemented with more frequent administrations of a fast-acting naturally occurring
insulin, insulin analogue or derivative and/or administration of a non-insulin anti-diabetic

drug.

31.  The method according to any one of claims 1-29, wherein substantially no other natu-
rally occurring insulin, insulin analogue or derivative of naturally occurring insulin or insulin

analogue is administered to said patient.
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32. The method according to claim 31, wherein administration of the naturally occurring
insulin, insulin analogue or derivative exhibiting a prolonged profile of action is supplemented

administration of a non-insulin anti-diabetic drug.

33.  The method according to any one of the preceding claims, wherein is administered a
derivative of said naturally occurring insulin or said insulin analogue, wherein said derivative
has a side chain attached to the a-amino group of the N-terminal amino acid residue of the B
chain or to the e-amino group of a Lys residue present in the B chain of the parent insulin, the

side chain being of the general formula:

-W-X-Y-Z

wherein W is:

° an a-amino acid residue having a carboxylic acid group in the side chain which resi-
due forms, with one of its carboxylic acid groups, an amide group together with the a-amino
group of the N-terminal amino acid residue of the B chain or together with the e-amino group

of a Lys residue present in the B chain of the parent insulin;

° a chain composed of two, three or four a-amino acid residues linked together via am-
ide bonds, which chain — via an amide bond - is linked to the a-amino group of the N-
terminal amino acid residue of the B chain or to the e-amino group of a Lys residue present in
the B chain of the parent insulin, the amino acid residues of W being selected from the group
of amino acid residues having a neutral side chain and amino acid residues having a carbox-
ylic acid group in the side chain so that W has at least one amino acid residue which has a

carboxylic acid group in the side chain; or

° a covalent bond from X to the a-amino group of the N-terminal amino acid residue of
the B chain or to the e-amino group of a Lys residue present in the B chain of the parent insu-
lin;

Xis:

° —CO—;
° —CH(COOH)CO-;
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° —N(CH,COOH)CH,CO—;
° —N(CH,COOH)CH,CON(CH,COOH)CH,CO—;
° —N(CH,CH,COOH)CH,CH,CO-;
° —N(CH,CH,COOH)CH,CH,CON(CH,CH,COOH)CH,CH,CO—;
° —NHCH(COOH)(CH2)sNHCO- ;
° —N(CH,CH,COOH)CH,CO—; or
° —N(CH,COOH)CH,CH,CO-
that

a) when W is an amino acid residue or a chain of amino acid residues, via a bond from the

underscored carbonyl carbon forms an amide bond with an amino group in W, or

b) when W is a covalent bond, via a bond from the underscored carbonyl carbon forms an
amide bond with the N-terminal a-amino group in the B chain or with the e-amino group of a

Lys residue present in the B chain of the parent insulin;

Y is:
° —(CHz)m— where m is an integer in the range of 6 to 32;
) a divalent hydrocarbon chain comprising 1, 2 or 3 —-CH=CH- groups and a number of

-CH,- groups sufficient to give a total number of carbon atoms in the chain in the range of 10
to 32;
° a divalent hydrocarbon chain of the formula —(CH,),CsH4(CH,)w— wherein v and w are

integers or one of them is zero so that the sum of v and w is in the range of 6 to 30; and

Zis:

° —COOH;

. —CO-Asp;

° —-CO-Glu;

° —CO-Gly;

° —-CO-Sar;

° —CH(COOH),;

e  _N(CH,COOH);
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° —-SOsH; or
[} —POsH;

and any Zn** complexes thereof, provided that when W is a covalent bond and X is -CO-,
then Z is different from —COOH.

34.  The method according to claim 33, wherein side chain —-W-X-Y-Z is attached to the o-

amino group of the N-terminal amino acid residue of the B chain of the parent insulin.

35.  The method according to claim 33, wherein side chain —-W-X-Y-Z is attached to the ¢-

amino group of a Lys residue present in the B chain of the parent insulin.
36. The method according to any one of claims 33-35, wherein W is a covalent bond.

37.  The method according to any one of claims 33-35, wherein W is an a-amino acid resi-

due having from 4 to 10 carbon atoms.

38.  The method according to claim 37, wherein W is selected from the group consisting of
a-Asp, B-Asp, a-Glu, y-Glu, a-hGlu and d-hGlu.

39. The method according to any one of claims 33-35, wherein W is a chain composed of
two a-amino acid residues of which one has from 4 to 10 carbon atoms and a free carboxylic

acid group while the other has from 2 to 11 carbon atoms but no free carboxylic acid group.

40. The method according to claim 39, wherein W is selected from the group consisting of
o-Asp-Gly; Gly-a-Asp; B-Asp-Gly; Gly-B-Asp; a-Glu-Gly; Gly-a-Glu; y-Glu-Gly; Gly-y-Glu; a-
hGlu-Gly; Gly-a-hGlu; -hGlu-Gly; and Gly-6-hGlu.

41.  The method according to any one of claims 33-35, wherein W is a chain composed of
two a-amino acid residues, independently having from 4 to 10 carbon atoms, and both hav-

ing a free carboxylic acid group.

42.  The method according to claim 41, wherein W is selected from the group consisting of
a-Asp—a-Asp; a-Asp—a-Glu; a-Asp—a-hGlu; a-Asp—B-Asp; a-Asp—y-Glu; a-Asp—0-hGlu; -
Asp-a-Asp; B-Asp—a-Glu; B-Asp—a-hGlu; B-Asp—p-Asp; B-Asp—-y-Glu; B-Asp—0-hGlu; a-Glu—
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a-Asp; a-Glu—a-Glu; a-Glu—a-hGlu; a-Glu—p-Asp; a-Glu-y-Glu; a-Glu-86-hGlu; y-Glu—a-Asp;
y-Glu—a-Glu; y-Glu—a-hGlu; y-Glu—B-Asp; y-Glu-y-Glu; y-Glu—8-hGlu; a-hGlu—a-Asp; a-
hGlu—a-Glu; a-hGlu-a-hGlu; a-hGlu—B-Asp; a-hGlu-y-Glu; a-hGlu-6-hGlu; d-hGlu—a-Asp; o-
hGlu—a-Glu; 8-hGlu—a-hGlu; d-hGlu—B-Asp; d-hGlu—-y-Glu; and d-hGlu—8-hGlu.

43. The method according to any one of claims 33-42, wherein X is —-CO- or —
CH(COOH)CO-.

44.  The method according to any one of claims 33-43, wherein X is

e  —N(CH,COOH)CH,CO—;

e  —N(CH,COOH)CH,CON(CH,COOH)CH,CO-;

e —N(CH,CH,COOH)CH,CH,CO-;

e  —N(CH,CH,COOH)CH,CH,CON(CH,CH,COOH)CH,CH,CO-
e —N(CH,CH,COOH)CH,CO-; or

e —N(CH,COOH)CH,CH,CO-.

45.  The method according to any one of claims 33-44, wherein Y is —(CH,)— where m is

an integer in the range of from 6 to 32, from 8 to 20, from 12 to 20 or from 12-16.

46. The method according to any one of claims 33-45, wherein Z is -COOH.

47.  The method according to any one of claims 33-45, wherein Z is -CH(COOH),.

48. The method according to any one of claims 33-45, wherein Z is -N(CH,COOH),.

49.  The method according to any one of claims 33-45, wherein Z is —SO3H.

50. The method according to any one of claims 33-45, wherein Z is —-PO3H.

51.  The method according to any one of claims 33-50, wherein the parent insulin has Asn

or Gly at position A21.

52.  The method according to any one of claims 33-50, wherein the parent insulin is a

des(B1) analogue.



10

15

20

25

30

WO 2010/049488 PCT/EP2009/064290

36
53. The method according to any one of claims 33-50, wherein the parent insulin is a

des(B30) analogue.

54.  The method according to any one of claims 33-50, wherein position B29 in the parent
insulin can be any codable amino acid except Cys, Met, Arg and Lys and the amino acid in

position B30 is Lys.

55.  The method according to any one of claims 33-50, wherein the parent insulin has Thr

at position B29 and Lys at position B30.

56. The method according to any one of claims 33-50, wherein the parent insulin is se-
lected from the group consisting of human insulin; des(B1) human insulin; des(B30) human
insulin; Gly*?' human insulin; Gly*?' des(B30)human insulin; Asp®?® human insulin; porcine
insulin; Lys®?®Pro®® human insulin; Gly*?'Arg®*'Arg®*? human insulin; and Lys®*GIu®?® human

insulin.

57.  The method according to claim 33, wherein the insulin derivative is selected from the
group consisting of N#2—(N®-(HOOC(CH,),4CO)-y-Glu) des(B30) human insulin; N*®2°—(N°-
(HOOC(CH,)15CO)-y-Glu) des(B30) human insulin; N®F?—(N%(HOOC(CH,)15CO)-y-Glu)
des(B30) human insulin; N®®®—(N°-(HOOC(CH,);7CO)-y-Glu) des(B30) human insulin; N*%—
(N*-(HOOC(CH>)1sCO)-y-Glu) des(B30) human insulin; N®®®—(N°-(HOOC(CH,)1CO)-y-Glu-
N-(y-Glu)) des(B30) human insulin; N®#—(N°-(Asp-OC(CH,)1sCO)-y-Glu) des(B30) human
insulin; N*®2°~(N°-(Glu-OC(CH,)14CO)-y-Glu) des(B30) human insulin; N®®**—(N*-(Glu-
OC(CH,)14CO-) des(B30) human insulin; N®*2°~(N*-(Asp-OC(CH.);sCO-) des(B30) human
insulin; N®2°—(N°-(HOOC(CHy)1CO)-a-Glu-N-(B-Asp)) des(B30) human insulin; N*##—(N°-
(Gly-OC(CH,)13CO)-y-Glu) des(B30) human insulin; N®*—(N°-(Sar-OC(CH,)13CO)-y-Glu)
des(B30) human insulin; N®®®—(N®-(HOOC(CH,);3C0)-y-Glu) des(B30) human insulin;
(NBZ_(N®-(HOOC(CHy)13CO)-B-Asp) des(B30) human insulin; N®¥*—(N°-(HOOC(CH,)1sCO)-
a-Glu) des(B30) human insulin; N**2°~(N%(HOOC(CH,);sCO)-y-D-Glu) des(B30) human insu-
lin; N*®2~(N°-(HOOC(CH,)14CO)-B-D-Asp) des(B30) human insulin; N®®—(N°-
(HOOC(CH,)14CO)-B-D-Asp) des(B30) human insulin; N®*—(N-HOOC(CH,)sCO-B-D-Asp)
des(B30) human insulin; N®#*—(N-HOOC(CH,).,CO-IDA) des(B30) human insulin; N*°—[N-
(HOOC(CH,)16CO)-N-(carboxyethyl)-Gly] des(B30) human insulin; N2°—|N-
(HOOC(CH,)14CO)-N-(carboxyethyl)-Gly] des(B30) human insulin; and N®2°~[N-
(HOOC(CH,)14C0O)-N-(carboxymethyl)-B-Ala] des(B30) human insulin.
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58.  The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CH)14CO)-y-Glu) des(B30) human insulin.
a

59.  The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CHy)15CO)-y-Glu) des(B30) human insulin.

60.  The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CHy)1sCO)-y-Glu) des(B30) human insulin.

[of

61.  The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CHs)17CO)-y-Glu) des(B30) human insulin.

62.  The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CHy)1sCO)-y-Glu) des(B30) human insulin.

[of

63. The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CH,)16CO)-y-Glu-N-(y-Glu)) des(B30) human insulin.

64. The method according to claim 57, wherein the insulin derivative is N*®2°~(N®-(Asp-
OC(CH,)16CO)-y-Glu) des(B30) human insulin.

65. The method according to claim 57, wherein the insulin derivative is N*®?°~(N°-(Glu-
OC(CH;)14C0O)-y-Glu) des(B30) human insulin.

66. The method according to claim 57, wherein the insulin derivative is N*®?°~(N°-(Glu-
OC(CH;)14CO-) des(B30) human insulin.

67. The method according to claim 57, wherein the insulin derivative is N*®?°~(N®-(Asp-
OC(CH;)16CO-) des(B30) human insulin.

68.  The method according to claim 57, wherein the insulin derivative is N*®2°—(N°-
(HOOC(CHs)1sCO)-a-Glu-N-(B-Asp)) des(B30) human insulin.

69.  The method according to claim 57, wherein the insulin derivative is N®®**°—(N°-(Gly-
OC(CH;)13C0O)-y-Glu) des(B30) human insulin.
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70.  The method according to claim 57, wherein the insulin derivative is N®*°~(N°-(Sar-
OC(CH;)13C0O)-y-Glu) des(B30) human insulin.
71.  The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CH,)5CO)-y-Glu) des(B30) human insulin.

72.  The method according to claim 57, wherein the insulin derivative is (N®*—(N*
(HOOC(CH,)13CO)-B-Asp) des(B30) human insulin.
73.  The method according to claim 57, wherein the insulin derivative is N*®2°—(N°-
(HOOC(CH,)sCO)-a-Glu) des(B30) human insulin.

74.  The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CH,)16CO)-y-D-Glu) des(B30) human insulin.

[of

75.  The method according to claim 57, wherein the insulin derivative is N*®°—(N°-
(HOOC(CH,)14CO)-B-D-Asp) des(B30) human insulin.

76.  N®?_(N°-(HOOC(CH,)14CO)-B-D-Asp) des(B30) human insulin.

77.  The method according to claim 57, wherein the insulin derivative is N®*°—(N-
HOOC(CH,)16CO-3-D-Asp) des(B30) human insulin.

78.  The method according to claim 57, wherein the insulin derivative is N*®2°—(N-
HOOC(CH,)14CO-IDA) des(B30) human insulin.

79.  The method according to claim 57, wherein the insulin derivative is N®*°~[N-
(HOOC(CH,)16CO)-N-(carboxyethy)-Gly] des(B30) human insulin.

80. The method according to claim 57, wherein the insulin derivative is N®*°~[N-
(HOOC(CH,)14CO)-N-(carboxyethy)-Gly] des(B30) human insulin.

81.  The method according to claim 57, wherein the insulin derivative is N®*°~[N-
(HOOC(CH,)14C0O)-N-(carboxymethyl)-B-Ala] des(B30) human insulin.
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82.  The method according to any one of claims 33-57, wherein the insulin derivative is in
the form of a Zinc complex, wherein each insulin hexamer binds two zinc ions, three zinc

ions or four zinc ions.

83. The method according to any one of the preceding claims, wherein the disease or
condition is selected from the group consisting of diabetes mellitus or other conditions char-
acterized by hyperglycaemia, pre-diabetes, impaired glucose tolerance, metabolic syndrome,

obesity, cachexia, in vivo beta-cell loss/death, excessive appetite, and inflammation.

84. The method according to claim 83, wherein the diabetes mellitus is Type 1 or 2 diabe-

tes.

85.  The method according to claim 83, wherein the diabetes mellitus is Type 2 diabetes,

which fails oral anti-diabetic treatment.

86.  The method according to any one of the preceding claims, wherein the naturally oc-
curring insulin, analogue or derivative exhibiting the prolonged profile of action is adminis-

tered by i.m. injection.

87.  The method according to any one of the preceding claims, wherein the naturally oc-
curring insulin, insulin analogue or derivative is formulated together with a pharmaceutically

acceptable carrier and/or vehicle and/or diluent and/or excipient.

88. A naturally occurring insulin, an insulin analogue, or a derivative of a naturally occur-
ring insulin or insulin analogue for use in a method as defined in any one of the preceding

claims.

89.  Use of a naturally occurring insulin, an insulin analogue, or a derivative of a naturally
occurring insulin or insulin analogue in the preparation of a pharmaceutical composition for
treatment of diabetes mellitus or other conditions characterized by hyperglycaemia, pre-
diabetes, impaired glucose tolerance, metabolic syndrome, obesity, cachexia, in vivo beta-
cell loss/death, excessive appetite, and inflammation, wherein the treatment is as defined in

any one of claims 1-87.
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EXAMPLES

To indicate the potential of an insulin product to be used less than once daily the du-
ration of action must be sufficiently long in most subjects using the product. An indication of
the duration of action in clinical use may be obtained under single dose experimental condi-
tions, the euglycaemic glucose clamp procedure (L. Heinemann and J. H. Anderson-Jr.
Measurement of insulin absorption and insulin action. Diabetes Technol Ther 6 (5):698-718,
2004), cf. Example 1.

To investigate the clinical effect of an insulin product, a clinical trial has to be con-
ducted under conditions representing the mode of use of the invention. Clinical trials investi-
gating compounds for the treatment of diabetes with the purpose of obtaining approval and
registration are subject to guidelines provided by regional authorities (the European guideline
serves as an example: Note for Guidance on Clinical Investigations of Medicinal Products in
the Treatment of diabetes Mellitus, EMEA, London, 2002).

As an example representing any insulin analogue with sufficiently long duration of
action LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin corresponding to N2°—
(N“-(HOOC(CH2)14C0O)-y-L-Glu) des(B30) human insulin (Example 4 in WO 2005/012347; in
the following “LysB29(N¢-hexadecandioyl-y-Glu) des(B30) human insulin") was investigated

with respect to the clinical effect after less than daily injections.

EXAMPLE 1

Investigating activity profile and duration of action of LysB29(Ne-hexadecandioyl-y-
Glu) des(B30) human insulin.

Methodology

The investigation was performed as a randomised, double-blind, single centre, six-
period cross over trial to compare the activity profiles of LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin and insulin glargine (IGlar) in subjects with type 1 diabetes and type
2 diabetes, respectively.

Subjects were randomised to different sequences of subcutaneous (s.c.) single-
dose administration of 10.4 nmol/kg LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human in-
sulin and 7.2 nmol/kg IGlar in subjects with type 1 diabetes or 14.0 nmol/kg LysB29(Ne-
hexadecandioyl-y-Glu) des(B30) human insulin and 9.6 nmol/kg IGlar in subjects with type 2

diabetes, respectively.



10

15

20

25

30

35

WO 2010/049488 PCT/EP2009/064290

41

At each dosing visit subjects received a controlled intravenous infusion of glucose
and human soluble insulin (Actrapid®) for 4-6 hours prior to trial drug administration in order
to keep the blood glucose concentration stable at a level of 90 mg/dL (5.0 mmol/L), i.e. a eu-
glycaemic clamp with a target blood glucose level of 90 mg/dL (5.0 mmol/L) was initiated.
The euglycaemic clamp was terminated at 24 hours post-dosing but earlier if blood glucose
levels increased to concentrations above 160 mg/dL (8.9 mmol/L) with no glucose infusion
during the last 30 min.

During the period from 24 to 30 hours after trial drug administration, subjects re-
mained fasting. If the blood glucose declined to near or below 70 mg/dL (3.9 mmol/L) during
this 6-hour period, the subject received one or more 10 g oral carbohydrate administrations.

Blood samples for measurement of serum LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin/plasma IGlar, and blood glucose were drawn before dosing and for
up to 96 hours after dosing.

Standard safety assessments were performed.

Number of Subjects

20 subjects with type 1 diabetes and 18 subjects with type 2 diabetes completed the

trial.

Diagnosis and Main Criteria for Inclusion

Men with type 1 diabetes or type 2 diabetes (= 12 months) aged 18-69 years (inclu-
sive), with glycosylated haemoglobin (HbA1.) £ 10% and normally treated with insulin (< 1.2
U/kg/day). Subjects with type 1 diabetes should have been treated with insulin 2 12 months
and have a body mass index (BMI) of 18-27 kg/m? (inclusive) and a fasting C-peptide < 0.3
nmol/L. Subjects with type 2 diabetes should have been treated with insulin 2 3 months and

have a BMI of 22-35 kg/m? (inclusive) and a fasting C-peptide < 1.0 nmol/L.

Test Product, Dose and Mode of Administration

Single doses 10.4 nmol/kg in subjects with type 1 diabetes and 14.0 nmol/kg in sub-
jects with type 2 diabetes) of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin,
1200 nmol/mL, 6 Zn2+/6 LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin, deliv-
ered in 1.5 mL cartridges and injected s.c. in the thigh using Becton-Dickinson MicroFineTM
syringes (1000 pL) with attached needles (29G x 12.7 mm).

Duration of Treatment
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One single dose of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin and

IGlar were administered at two different occasions at intervals of 7-21 days.

Reference Therapy, Dose and Mode of Administration

Single doses (7.2 nmol/kg in subjects with type 1 diabetes and 9.6 nmol/kg in sub-
jects with type 2 diabetes) of IGlar (Lantus®), 100 IU/mL, 600 nmol/mL delivered in 3.0 mL
cartridges and injected s.c. in the thigh using Becton-Dickinson MicroFineTM syringes (1000
uL) with attached needles (29G x 12.7 mm).

Criteria for Evaluation — Efficacy

Pharmacodynamics:
- Glucose infusion rate (GIR) during a euglycaemic clamp for 24 hours following trial drug
administration.
- Blood glucose concentrations.
- Number of oral carbohydrate administrations given from 24 to 30 hours post-dose to avoid
hypoglycaemia.

Pharmacokinetics:

- Serum LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin/plasma 1Glar
concentrations for 96 hours following a single dose of either LysB29(Ne-hexadecandioyl-y-

Glu) des(B30) human insulin or IGlar.

Primary Endpoint:
- AUCGIR(0-24h), the area under the concentration-time curve (AUC) of the GIR

curve from 0 to 24 hours

Key Secondary Endpoints:

- Oral Carbohydrate Administration: number of oral carbohydrate administrations to
avoid hypoglycaemia during the period from 24 to 30 hours after dosing

- Pharmacokinetics (tmax (time to maximum concentration), terminal half-life)

Demography of Trial Population

The 20 male subjects with type 1 diabetes and 20 male subjects with type 2 diabe-
tes were aged 37 and 56 years on average, respectively, mean weight was 74 and 93 kg,

mean HbA1c was 7.9 and 7.7%, and they had a mean diabetes duration of 21 and 14 years.
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Key Results

- The AUCGIR(0-24h) for LysB29(N¢-hexadecandioyl-y-Glu) des(B30) human insu-
lin, did not capture the total insulin action, since pronounced levels of GIR were still present
at clamp termination. GIR levels at 24 hours were approximately 3.5 and 2.5 mg/kg/min for
both treatments in type 1 and type 2, respectively.

- Mean GIRmax was higher for IGlar (5.6 and 4.2 mg/kg/min) than for LysB29(Ne-
hexadecandioyl-y-Glu) des(B30) human insulin (4.1 and 3.1 mg/kg/min), in type 1 and type 2,
respectively.

- Mean GIR Time to GIRmax was longer for LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin (13 to 20 hours) than for IGlar (11 to 13 hours) with no apparent dif-
ference between the type 1 and type 2 populations

- The mean number of oral carbohydrate administrations necessary to keep blood
glucose above 70 mg/dL (3.9 mmol/L) during the first 6 hours after euglycaemic clamp termi-
nation appeared to be higher for LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin
(7.6 and 8.3) than IGlar (6.8 and 4.2) in type 1 and type 2, respectively.

- The mean tyax was markedly longer for LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin (19 to 26 hours) than for IGlar (11-13 hours).

- The mean terminal half-life was 18 to 19 hours for LysB29(Ne-hexadecandioyl-y-
Glu) des(B30) human insulin and 13 to 25 hours for IGlar and did not differ between
LysB29(N¢-hexadecandioyl-y-Glu) des(B30) human insulin and |Glar in subjects with type 1

diabetes and in subjects with type 2 diabetes.

Key Safety Results

In general, single-dose administration of LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin and IGlar, respectively, was well tolerated in subjects with type 1

diabetes and in subjects with type 2 diabetes.

Key Conclusions

LysB29(N¢-hexadecandioyl-y-Glu) des(B30) human insulin appeared to have a
more protracted action profile and a longer duration of action compared with IGlar as evi-
denced by the GIR profile characteristics (later and lower GIRmax and substantial activity
present at clamp termination) and the number of carbohydrate administrations necessary to
keep blood glucose above 70 mg/dL (3.9 mmol/L) during the first 6 hours after termination of
the 24-hour euglycaemic clamp. The conclusions based on activity data (pharmacodynam-

ics) are supported by the pharmacokinetic data.
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EXAMPLE 2
Investigating the clinical effect of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) hu-

man insulin administered Monday, Wednesday and Friday.

Key methodological elements and results

The trial was designed to assess the feasibility, efficacy, safety and tolerability of
LysB29(N¢-hexadecandioyl-y-Glu) des(B30) human insulin for the treatment of subjects with
type 2 diabetes three times weekly (Monday, Wednesday, Friday), all in combination with
metformin, in subjects with type 2 diabetes failing on oral antidiabetic (OAD) treatment.
LysB29(Ne¢-hexadecandioyl-y-Glu) des(B30) human insulin (900 nmol/L concentration) was
investigated. Due to the long duration of action of LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin (> 24 hours) it was hypothesised that subjects may be sufficiently

regulated with three weekly injections in combination with metformin.

Primary Objective

To assess glucose control with respect to HbA1¢ after 16 weeks of treatment with
LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin three times weekly (Monday,
Wednesday, Friday), or insulin glargine once daily, all in combination with metformin in insu-

lin-naive subjects with type 2 diabetes failing on OAD treatment.

Materials and Methods

The trial was performed in insulin-naive subjects with type 2 diabetes, previously
treated with one or two oral antidiabetic agents: metformin, SU (or other insulin secretagogue
e.g. repaglinide, nateglinide), and alpha-glucosidase inhibitors At the beginning of a run-in
period all subjects discontinued their current diabetes treatment and initiated a two week up-
titration of metformin, followed by a one-week maintenance period. At randomisation, sub-
jects continued on metformin while adding on basal insulin LysB29(Ne-hexadecandioyl-y-
Glu) des(B30) human insulin 3 times weekly or insulin glargine once daily.

A total of 124subjects with type 2 diabetes, mean age of 54 years, mean duration of
diabetes of 6.9 years, mean BMI of 29.5 kg/m?, mean FPG of 10.2 mmol/L, and mean HbA,
of 8.7% were randomised (1:1) to receive once-daily LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin (900 nmol/mL) (62 subjects) or once-daily insulin glargine (62 sub-

jects), both in combination with metformin, for a treatment period of 16 weeks.
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EFFICACY RESULTS
HbA.
Treatment groups were similar with respect to mean changes in HbA. from baseline to end
of treatment (Table 1 and Table 2).
Table 1
Mean HbA. after 16 Weeks of Treatment

LysB29(Ne-hexadecandioyl-y-Glu) Insulin glargine
des(B30) human insulin

3 Times Weekly Once daily
HbA:. (%) after 16
7.3 7.2
weeks of treatment?!
Mean Change from
-1.45 -1.50

Baseline (% points)*

Arithmetic means

Table 2 ANOVA of HbA,. after 16 Weeks of Treatment

LysB29(Ne-hexadecandioyl-y- Insulin glargine
Glu) des(B30) human insulin
3 Times Weekly Once daily

Treatment Difference
vs. Insulin Glargine 0.10 [-0.22; 0.41] 0
(% points)

Results from ANOVA model with treatment, country, sex and OAD treatment at
screening (3 levels according to stratification) as fixed factors, and age and baseline HbA .

as covariates

Hypoglycaemia

For both treatment arms, more than 50% of the subjects did not report any hypogly-
caemic episodes, cf. table 3. Only one major hypoglycaemic event was reported during the
trial.
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Table 3

Overview of Hypoglycaemia

LysB29(Ne-hexadecandioyl-y-Glu)  Insulin glargine

des(B30) human insulin

3-times weekly Once daily
Number of subjects 62 62
Total Exposure
18.1 17.7
(years)
Major 1(2%) 1 0(0%)0
Minor 13 (21%) 40 14 (23%) 20
15 ( 24%
Symptoms only 20 (32%) 66 . ( 0)

Hypoglycaemic episodes defined as: major = hypoglycaemic episode where
food, glucagon or i.v. glucose had to be administered to the subject by another person be-
cause of severe central nervous system dysfunction associated with the hypoglycaemic epi-
sode, minor = non-major episode and plasma glucose value below 3.1 mmol/L, symptoms
only = non-major episode and plasma glucose value equal to or above 3.1 mmol/L or no

value recorded. N: number of subjects, %: percentage of subjects, E: number of events

Insulin Dose
Table 4

Mean Insulin Dose after 16 Weeks of Treatment

LysB29(Ne-hexadecandioyl-y-Glu)  Insulin glargine
des(B30) human insulin

3-times weekly Once daily
Total Dose
6.83 2.86
(nmol/kg pr injection)
Total Dose 20.5 20

(nmol/kg/week)

Conclusions
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In insulin-naive subjects with type 2 diabetes failing on OAD treatment, 16 weeks
treatment with LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin three times weekly
(Monday, Wednesday, Friday) in combination with metformin, resulted in comparable gly-
caemic control to that observed for insulin glargine given once daily in combination with met-

formin.

EXAMPLE 3
Steady state clamp - Investigating activity profile and duration of action of LysB29(N¢-

hexadecandioyl-y-Glu) des(B30) human insulin.

Methodology
The investigation was performed as a randomised, double-blind, single centre, two-

period cross over trial to compare the activity profiles of LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin and insulin glargine (IGlar) in subjects with type 1 diabetes.

Subjects were randomised to different sequences of subcutaneous (s.c.) multiple-
dose once daily administration of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin
and IGlar. The doses were either 0.57 U/kg or 0.85 U/kg of LysB29(Ne-hexadecandioyl-y-
Glu) des(B30) human insulin and 0.4 U/kg or 0.6 U/kg IGlar. The subjects were treated for 8
days for each dosing period. There was a washout period lasting 10-20 days between the
two dosing periods.

At the last day of each dosing period subjects received a controlled intravenous in-
fusion of glucose and human soluble insulin (Actrapid®) for 8-4 hours prior to trial drug ad-
ministration in order to keep the blood glucose concentration stable at a level of 100 mg/dL
(5.5 mmol/L), i.e. a euglycaemic clamp with a target blood glucose level of 100 mg/dL (5.5
mmol/L) was initiated. The euglycaemic clamp was terminated at 42 hours post-dosing but
earlier if blood glucose levels increased to concentrations above 200 mg/dL (11.1 mmol/L)
with no glucose infusion during the last 30 min.

Blood samples for measurement of serum LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin/plasma IGlar, and blood glucose were drawn before dosing and for
up to 146 hours after dosing.

Standard safety assessments were performed.

Number of Subjects

21 subjects completed the trial.
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Diagnosis and Main Criteria for Inclusion

Male or female subjects with type 1 diabetes (2 12 months) aged 18-69 years (inclu-
sive), with glycosylated haemoglobin (HbA1.) £ 10% and normally treated with insulin (< 1.2
U/kg/day). Subjects should have been treated with insulin 2 12 months and have a body

mass index (BMI) of 18-28 kg/m? (inclusive) and a fasting C-peptide < 0.3 nmol/L.

Test Product, Dose and Mode of Administration

Multiple doses of 0.57 U/kg or 0.85 U/kg of LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin, 600 nmol/ml, LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human
insulin, delivered in 3 ml FlexPen® (100 DU/ml) cartridge using NovoFine® 30G, 8 mm nee-

dles.

Duration of Treatment

Multiple doses of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin and
IGlar were administered using during two different dosing periods lasting 8 days (optionally

+1-5 days) at intervals of 10-20 days.

Reference Therapy, Dose and Mode of Administration

Multiple doses (0.4 U/lg or 0.6 U/kg) of IGlar (Lantus®), 100 [U/mL, 600 nmol/mL
delivered in 3.0 mL 3 mL Optiset® cartridges and injected s.c. in the thigh using PenFine®
31G, 8mm.

Criteria for Evaluation — Efficacy

Pharmacodynamics:
- Glucose infusion rate (GIR) during a euglycaemic clamp for 42 hours during the 8™ and
last dosing day.

- Blood glucose concentrations.

Pharmacokinetics:
- Serum LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin/plasma 1Glar
concentrations for 144 hours following a single dose of either LysB29(Ne-hexadecandioyl-y-

Glu) des(B30) human insulin or IGlar.

Primary Endpoint:
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- AUCGIR(0-24h), the area under the curve (AUC) of the GIR curve from 0 to 24

hours

Key Secondary Endpoints:

- Blood glucose level during euglycaemic clamp period

- Pharmacokinetics (tmax, terminal half-life)

Demography of Trial Population

The 35 male and 7 female subjects with type 1 diabetes were aged 40 years on av-
erage, respectively, mean weight was 75 kg, mean HbA1c was 7.8 %, and they had a mean

diabetes duration of 21 years.

Key Results
- The AUCGIR(0-24h) for LysB29(N¢-hexadecandioyl-y-Glu) des(B30) human insu-

lin, did not capture the total insulin action, since pronounced levels of GIR were still present
at he 24 hour time point. GIR levels at 24 hours were approximately 2.0 and 3.0 mg/kg/min
for LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin after the low or high dose ,
respectively. The corresponding values for insulin glargine were approximately 0.8 and 1.8
mg/kg/min.

- Mean GIRmax was higher for IGlar (5.6 and 4.2 mg/kg/min) than for LysB29(Ne-
hexadecandioyl-y-Glu) des(B30) human insulin (4.68 and 4.02 mg/kg/min, respectively), after
the highest dose but GIRmax was equal after the lower doses (3.07 mg/kg/min).

- Mean GIR Time to GIRmax was longer for LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin (13.2 hours and 6.1 for low and high dose respectively) than for
IGlar (5.0 and 4.1 hours for low and high dose, respectively)

- Mean peak to trough ranges were less for LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin than after insulin glargine. The values were 1.0 and 0.7 mg/kg/min
after the low and high dose, respectively. For insulin glargine the corresponding values were
1.6 and 1.1 mg/kg/min.

- Average time to loss of glucose control was longer for LysB29(Ne-hexadecandioyl-
y-Glu) des(B30) human insulin than for glargine at both dose levels. This occurred after ap-
proximately 40 hours after the low LysB29(Ne¢-hexadecandioyl-y-Glu) des(B30) human insu-
lin dose and no significant loss of glucose control (defined as an increase of blood glucose of
more than a 10 mg/dl) was seen at the 42 hours time point after the high LysB29(Ne-

hexadecandioyl-y-Glu) des(B30) human insulin dose. After insulin glargine dosing the loss of
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glucose control occurred after approximately 24 hours and 26 hours when administering the
low and high dose, respectively.

- The mean time to the maximum concentration (Cmax) was shorter for insulin
glargine than for LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin. For insulin
glargine the values were 7.2 and 6.4 hours whereas the values for LysB29(Ne-
hexadecandioyl-y-Glu) des(B30) human insulin were 9.2 and 10.1 hours after the middle and
high dose, respectively.

- The mean terminal half-life was 25.2 hours (95% CI 23 to 28 hours) for LysB29(Ne-
hexadecandioyl-y-Glu) des(B30) human insulin and 13.9 hours (95% CI 13 to 15) hours for
IGlar.

Key Safety Results

In general, multiple-dose administration of LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin and IGlar, respectively, was well tolerated in subjects with type 1

diabetes.

Key Conclusions

LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin appeared to have a flat-
ter and more protracted action profile and a longer duration of action compared with 1Glar as
evidenced by the GIR profile characteristics shown in figure 1. The figure shows that
LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin has a lower GIRmax at a compa-
rable dose, longer time to GIRmax at both dose levels and less peak to trough range. The
duration of action of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin under the
present circumstances was approximately 40 hours or longer as seen in figure 2, which
shows that LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin has the ability to con-
trol blood glucose for a longer period. The conclusions based on activity data (pharmacody-
namics) are supported by the pharmacokinetic data (longer time to Cmax and longer terminal
half-life).

EXAMPLE 4
Investigating the clinical effect of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) hu-
man insulin administered three times weekly. A trial assessing the number of hypoglycaemic

episodes and glycaemic variability during two different regimens (once daily and three times
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weekly) of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin 200U/ml in subjects
with type 1 diabetes.

Key methodological elements and results

The trial was designed to assess the feasibility, safety and tolerability of LysB29(Ne-
hexadecandioyl-y-Glu) des(B30) human insulin for the treatment of subjects with type 1 dia-
betes three times weekly.

The trial was a single centre, double blind, cross-over trial with two in-house treatment
periods each consisting of 9 days. LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insu-
lin (1200 nmol/L concentration=200 U/ml)) was investigated. Due to the long duration of ac-
tion of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin (> 24 hours) it was hy-

pothesised that subjects may be sufficiently regulated with three weekly injections.

Primary Objective

To assess the applicability of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human
insulin three times weekly, in terms of glycaemic variability, in subjects with type 1 diabetes.
This is done by comparing the number of hypoglycaemic interventions during one
week of treatment with LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin once daily

and three times weekly.

Materials and Methods

The trial was performed in insulin-treated (>12 months prior to the trial) subjects with
type 1 diabetes, as diagnosed since 212 months. Subjects were randomised to one of two
possible treatment sequences with LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insu-
lin injected three times weekly and once daily. The two in-house treatment periods were
separated by a wash-out period of 5-9 days. The once dialy dose of LysB29(Ne-
hexadecandioyl-y-Glu) des(B30) human insulin was fixed during the trial, determined by the
individual dose used when entering the trial. When using LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin tree time a week the dose per injection was one third of the weekly
dose obtained during once daily use. The treatment with LysB29(Ne-hexadecandioyl-y-Glu)
des(B30) human insulin was supplemented with insulin Aspart (Novorapid ®) for priandial
insulin coverage.

The plasma glucose levels of the participants were measured on a regular basis by

self monitoring procedures. If hypoglycaemia was detected (plasma glucose < 71 mg/dl) the
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trial personnel was to ensure the intervention with carbohydrate ingestion until the plasma

glucose was stabilised above 71 mg/dl again. The trial flow is shown in figure 3.

A total of 18 male subjects with type 1 diabetes, mean age of 43 years, mean dura-
tion of diabetes of 18 years, mean BMI of 26 kg/m?, and mean HbA . of 8.3% were random-

ised to each treatment sequence (1:1).

KEY RESULTS

Hypoglycaemic events

Table 3

Overview of Hypoglycaemic events.

Three times weekly Once daily

N (%) E R N (%) E R
All Episodes 17 {84) 156 1.2 17 (94) 165 1.3
Severe 0 (¢ O O g (0 0O 0O
Documented
Symptomatic g (50) 26 0.2 11 (61) 35 0.3
Asymptomatic 17 (94) 129 1.0 17 (94) 130 1.0
Relative i (6) 1 00 O (0 o 0O
Probable 0 () O O g (0 0O 0O

N: Number of Subjects, E: Number of Events, R: Number of Events per Day.
Classification of events - Severe = required 3" party assistance, documented symptomatic =
symptoms + plasma glucose < 71 mg/dl , Asympptomatic = no symptoms + plasma glucose
< 71 mg/dl, relative = symptoms + plasma glucose >= 71 mg/dl, probable = symptoms + no

plasma glucose value.
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Plasma glucose

Fasting plasma glucose was similar after three times weekly and once daily treatment, 8.05

and 7.33 mM, respectively.

[nsulin Dose
Total daily bolus insulin doses were similar after three times weekly and once daily treat-
ment, 27.4 and 26.3 U, respectively. The mean variation of the total daily bolus dose from
day to day during the three times weekly treatment was larger than during the once daily pe-

riod, 41.8 and 30.3 %, respectively.

Conclusions

In subjects with type 1 diabetes, 7 days fixed dose treatment with the basal insulin
LysB29(N¢-hexadecandioyl-y-Glu) des(B30) human insulin three times weekly, resulted in no
significant difference with regard to the total number of hypoglycaemic events when
compared to a fixed dose once daily injection regimen. Fasting plasma glucose and prandial
insulin doses (bolus doses) were similar in the two treatment periods, although an 11.5 %
larger variation in the total daily bolus dose was observed in the three times weekly treatment
period. This higher variation was most likely caused by compensatory insulin need due to the
difference in basal insulin coverage between the two treatment regimens. Overall, this trial
showed that the use of LysB29(Ne-hexadecandioyl-y-Glu) des(B30) human insulin three

times weekly is feasible in subjects with type 1 diabetes.

All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference in their entirety and to the same extent as if each refer-
ence were individually and specifically indicated fo be incorporated by reference and were
set forth in its entirety herein (to the maximum extent permitted by law).

All headings and sub-headings are used herein for convenience only and should not
be construed as limiting the invention in any way.

The use of any and all examples, or exemplary language (e.g., “such as”) provided
herein, is intended merely to better illuminate the invention and does not pose a limitation on
the scope of the invention unless otherwise claimed. No language in the specification should
be construed as indicating any non-claimed element as essential to the practice of the inven-

tion.
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The citation and incorporation of patent documents herein is done for convenience
only and does not reflect any view of the validity, patentability, and/or enforceability of such
patent documents.
This invention includes all modifications and equivalents of the subject matter re-

cited in the claims appended hereto as permitted by applicable law.
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CLAIMS

1. An insulin derivative for the treatment of a condition or disease where administration
of insulin will be of benefit, comprising administering, to a patient in need thereof, effective
dosages of the insulin derivative, wherein said insulin derivative exhibits a prolonged profile

of action and wherein said dosages are administered at intervals longer than 24 hours.

2. The insulin derivative according to claim 1, wherein said dosages are administered

at intervals of at least 36 hours, 42 hours, 48 hours, 72 hours or 96 hours.

3. The insulin derivative according to any one of the preceding claims, wherein the

dosages are administered at regular intervals.

4. The insulin derivative according to any one of claims 1-3, wherein the dosages are

administered at fixed weekdays.

5. The insulin derivative according to claim 4, wherein the dosages are administered

at 3 fixed weekdays.

6. The insulin derivative according to claim 4, wherein the dosages are administered

at 2 fixed weekdays.

7. The insulin derivative according to any one of the preceding claims, wherein ad-
ministration of the insulin derivative exhibiting a prolonged profile of action is supplemented
with more frequent administrations of a fast-acting naturally occurring insulin or insulin ana-

logue and/or administration of a non-insulin anti-diabetic drug.

8. The insulin derivative according to any one of claims 1-6, wherein substantially no
other naturally occurring insulin, insulin analogue or derivative of naturally occurring insulin or

insulin analogue is administered to said patient.

9. The insulin derivative according to any one of the preceding claims, wherein said
derivative has a side chain attached to the a-amino group of the N-terminal amino acid resi-

due of the B chain or to the e-amino group of a Lys residue present in the B chain of the par-
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ent insulin, the side chain being of the general formula:

-W-X-Y-Z

wherein W is:

° an a-amino acid residue having a carboxylic acid group in the side chain which
residue forms, with one of its carboxylic acid groups, an amide group together with the a-
amino group of the N-terminal amino acid residue of the B chain or together with the e-amino

group of a Lys residue present in the B chain of the parent insulin;

° a chain composed of two, three or four a-amino acid residues linked together via
amide bonds, which chain — via an amide bond — is linked to the a-amino group of the N-
terminal amino acid residue of the B chain or to the e-amino group of a Lys residue present in
the B chain of the parent insulin, the amino acid residues of W being selected from the group
of amino acid residues having a neutral side chain and amino acid residues having a carbox-
ylic acid group in the side chain so that W has at least one amino acid residue which has a

carboxylic acid group in the side chain; or

° a covalent bond from X to the a-amino group of the N-terminal amino acid residue

of the B chain or to the e-amino group of a Lys residue present in the B chain of the parent

insulin;

Xis:

° -CO—;

° —COCH(COOH)CO—;

° —CON(CH,COOH)CH,CO-;

° —CON(CH,COOH)CH,CON(CH,COOH)CH,CO—;
° —CON(CH,CH,COOH)CH,CH,CO-;

° —CON(CH,CH,COOH)CH,CH,CON(CH,CH,COOH)CH,CH,CO-;
° —CONHCH(COOH)(CH,)4sNHCO-;

° —CON(CH,CH,COOH)CH,CO—; or

° —CON(CH,COOH)CH,CH,CO-
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that

a) when W is an amino acid residue or a chain of amino acid residues, via a bond from the

underscored carbonyl carbon forms an amide bond with an amino group in W, or

b) when W is a covalent bond, via a bond from the underscored carbonyl carbon forms an
amide bond with the N-terminal a-amino group in the B chain or with the e-amino group of a

Lys residue present in the B chain of the parent insulin;

Y is:
° —(CH3)n— where m is an integer in the range of 6 to 32;
° a divalent hydrocarbon chain comprising 1, 2 or 3 -CH=CH- groups and a number

of -CH»>- groups sufficient to give a total number of carbon atoms in the chain in the range of
10 to 32;
° a divalent hydrocarbon chain of the formula —(CH.),CsH4(CH2)w — wherein v and w

are integers or one of them is zero so that the sum of v and w is in the range of 6 to 30; and

Zis:

° —COOH;

. —CO-Asp;

° —-CO-Glu;

° —CO-Gly;

° —-CO-Sar;

° —CH(COOH)y;

° —N(CH,COOH);;
. —-SO;3H; or

~POgH;

and any Zn** complexes thereof, provided that when W is a covalent bond and X is -CO-,
then Z is different from —COOH.

10. The insulin derivative according to claim 1 or 9, wherein the insulin derivative is se-
lected from the group consisting of N®®#—(N°-(HOOC(CH,):4CO)-y-Glu) des(B30) human in-
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sulin; N¥2°~(N°-(HOOC(CH,)1sCO)-y-Glu) des(B30) human insulin; N*®?—(N%
(HOOC(CH,)16C0O)-y-Glu) des(B30) human insulin; N**?°~(N°-(HOOC(CH,);;CO)-y-Glu)
des(B30) human insulin; N®®*—(N*-(HOOC(CH,):sCO)-y-Glu) des(B30) human insulin; N*%—
(N%-(HOOC(CH,)16CO)-y-Glu-N-(y-Glu)) des(B30) human insulin; N¥#°—(N°-(Asp-
OC(CH,)16C0O)-y-Glu) des(B30) human insulin; N*®2°~(N%(Glu-OC(CH,)1,CO)-y-Glu)
des(B30) human insulin; N®®®—(N%(Glu-OC(CH,)14CO-) des(B30) human insulin; N®#*—(N°-
(Asp-OC(CH,)1CO-) des(B30) human insulin; N*®?°~(N®-(HOOC(CH,)15CO)-a-Glu-N-(B-Asp))
des(B30) human insulin; N®®*—(N%(Gly-OC(CH,)3CO)-y-Glu) des(B30) human insulin;
N®B2_(N“(Sar-OC(CH,)13CO)-y-Glu) des(B30) human insulin; N®®*—(N°-(HOOC(CH,),3CO)-
y-Glu) des(B30) human insulin; (N®*—(N*-(HOOC(CH,);3CO)-B-Asp) des(B30) human insu-
lin; N®®2_(N°-(HOOC(CH,)5CO)-0-Glu) des(B30) human insulin; N*2°—(N°-
(HOOC(CH,)16C0O)-y-D-Glu) des(B30) human insulin; N*¥2°~(N°-(HOOC(CH,),4CO)-B-D-Asp)
des(B30) human insulin; N®#*—(N®-(HOOC(CH,)4CO)-B-D-Asp) des(B30) human insulin;
N#BZ_(N-HOOC(CH,);sCO-B-D-Asp) des(B30) human insulin; N*®2—(N-HOOC(CH,),4CO-
IDA) des(B30) human insulin; N*®**—[N-(HOOC(CH,):sCO)-N-(carboxyethyl)-Gly] des(B30)
human insulin; N®#~[N-(HOOC(CH,)1,CO)-N-(carboxyethyl)-Gly] des(B30) human insulin;
and N*®2°_[N-(HOOC(CH,)14CO)-N-(carboxymethyl)-B-Ala] des(B30) human insulin.

11. The insulin derivative according to claims 1 or 9, wherein the insulin derivative is
N®B2_(N%(HOOC(CH,)14CO)-y-L-Glu) des(B30) human insulin.

12. The insulin derivative according to any one of the preceding claims, wherein the
disease or condition is selected from the group consisting of diabetes mellitus or other condi-
tions characterized by hyperglycaemia, pre-diabetes, impaired glucose tolerance, metabolic
syndrome, obesity, cachexia, in vivo beta-cell loss/death, excessive appetite, and inflamma-

tion.

13. The insulin derivative according to claim 12, wherein the diabetes mellitus is Type 1

or 2 diabetes.

14. The insulin derivative according to any one of the preceding claims, wherein the
insulin derivative is formulated together with a pharmaceutically acceptable carrier and/or

vehicle and/or diluent and/or excipient.
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15. Use of an insulin derivative of in the preparation of a pharmaceutical composition
for treatment of diabetes mellitus or other conditions characterized by hyperglycaemia, pre-
diabetes, impaired glucose tolerance, metabolic syndrome, obesity, cachexia, in vivo beta-

cell loss/death, excessive appetite, and inflammation, wherein the insulin derivative is as de-

fined in any one of claims 1-14.
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