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USE OF ZOLEDRONATE FOR THE MANUFACTURE OF A MEDICAMENT FOR THE
TREATMENT OF BONE METABOLISM DISEASES

The present invention relates to a method of rntravenously admmlstenng a
bisphosphonate, specifically 2-( mldazol-1yl)- -hydroxyethane-1 1-drphosphonrc acd -
(zoledronic acid) to a patient in need of bisphosphonate treatment.

Blsphosphonates are widely used to inhibit osteoclast activity in a vaﬁety of both
benign and malignant diseases that involve excessive or inappropriate bone resorption
“These pyrophosphate analogues not only reduce the occurrence of skeletal related events
but thay also provide patlents with clinrcal beneﬁt and rmproved survwal Brsphosphonates
are able to prevent bone resorptlon in wvo the therapeutrc efficacy of brsphosphonates has‘
been_demonstrated in the treatment of osteoporoSIS osteopenia, Paget's dlsease of bone,
tu'mour-induced hypercalcemia (TlH) and, more recently. bone metastases (BM) and
* multiple myeloma (MM) (for review see Flersch H 1997 Brsphos.phonates clrnrcal ln
‘Bisphosphonates in Bone Disease, From the Laboratory to the Patient. Eds: The Parthenon |
Publishing Group, New York/London PP 68-163) -
Recently, it has been reported that brsphosphonate (clodronate etldronate
alendronate and pamrdronate) admrnrstration has a favourable effect an bone pain in
patlents with metastatrc prostate cancer carcinoma (Silvio Adamr Canoer 1997‘ 80: 1674-
~ 79). Recently, it has also been reported that bisphosphonates inhibit breast and prostate
carcinoma cell adhesron to bone in vitro (Boissier et al., Cancer Res; 7. 3890-3894, 1997)
and further that pre-treatment of breast and carcinoma cells with blsphosphonates inhlbrted
tumour cell invasion via a direct actnon on the tumour cells. Yet more recently, it has been
reported that in vitro treatment of prostate canoer cell lines with zoledromc acid srgmﬁwntly s
reduoed the growth of the cell lines (Brown et al. Effects of Zoledronate on Prostate Canoer
Cells, ASBMR 2000:; Lee et al,, Brsphosphonate Treatment Inhibits the Growth of Prostat_e-
Cancer Cells‘ Cancer Research, 2000/2001 )" whereas no signlﬁcant'deorease'in tumour
| volume was detected for subcutaneous prostate cancer cell line tumours treated wrth
zoledronlc acid (Corey et al., Effects of Zoledronic Acid on Prostate Cancer in Vitro and i in

Vivo, Amer. Assoc. Cancer Res. Submitted Oct 2000). |
| Additionally, it has now been shown in a double bii nd, placebo-controlled cllnrcal

study that zoledronic acid (zoledronate) demonstrates a statrstlcally significant efficacy
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benefit over placebo in the treatment of bone metastases in prostate cancer patients and
that bisphosphonates may also be employed more generally for the treatment of
osteoblastic (ostaoseierotic) metastases, in particular osteobiaétic bone 'rnetastases, such
as the osteoblastic metastases associated with prostate cancer and similar malignant
diseases in mammals.

1-hydroxy-2(1H-imidazol-1-yf)-phosphono-ethyl phosphonic acid (zoledronic acid,

zoledronate) is a third generation bisphosphonate compound. In animal models zoledronic
acid shows high affinity to the mineralised bone matrix and lnhibits osteoclastic bone |

* resorption more effectively than earlier generation bisphosphonates; at doses that do not
affect bone forrnation and mineralization and have no appreclable impact on renal function.
This resuits in an improved ratio of antiresorptive versus renal effects (Green JR et al. “Preclinical
pharmacology of CGP 42'446, a new, potent, heterocyclic bisphosphonate compound”, J Bone Miner
Res 1994, 9:745-751; Green J et al. “Renal tolerability profile of novel, potent bisphosphonates in two
short-term rat models”, Pharmacol Toxicol 1997, 80:225-230). Zoledronic acid (ZOMETA™) is currently

- under reg ulatory review for the treatment of tumor-induced hypercalcemia (TIH) on the basis of safety
and efficacy data in a dose finding study and two pivotal clinical trials as well as supporting safety data
from several other studies in cancer patients with bone metastases. The clinical studies demonstrate that
the pharmacological action of zoledronic acid in reducing osteoclastic hyperactivity results in an effective
clmlca! inhibition of bone resormption and calcuum release lnto blood in TIH patlents

It has been found that an 1ntravenously adrmmstered img dose of zoledronic acid
infused over an interval of approximately 15 minutes showed 1) improved clinieal
practicality, 2) potenttally more reproduclble tnfusion rate when using 100 ml over 15 min
vs. lower volume infused over shorter period, 3) shows comparabie efficacy to the cun'ent | |

" standard treatment, Aredia® (d' isodium pamidronate) 90 mg dosed over a period of 24

' houra and 4) 4 mgl1 5 minutes shows nmproved renal safety versus 4 mg/ 5 minutesand
higher zoledronic acid dose/15 minutes. Thus in one embodiment, the invention is directed -
to a method of administering 2-('midazol-1 yl)-1-hydroxyethane-1, 1-di phosphonic acid
(zoiedromc acid, zoledronate) to a patient in need of blsphosphonate treatment coman|ng |
intravenously administenng 4mg of 2-(imidazol-1 yl)-1 -hydroxyethane—1 1-diphosphonic

acid or a pharmaceutically acceptable salt thereof over a period of 15 minutes to a patient -
in need of said treatment.
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In another embodiment, the present invention relates to a method of treatment of
bone metabolism diseases e4g., tumdur induoed hypercalcentia (TiH), prosthesis
" loosening, treatment or reversal of angiogenesis associated with pathological conditions
e.g. tumour angiogenesis, said method oompnsing intravenousiy admimstenng 4mg of 2.
(imidazol—1 yi)-1 -hydroxyethane—1 1-d|phosphonic acid or a phannaceutically aoceptable
salt thereof over a period of 15 minutes to a patient in need of said treatment. |

.Ina further embodirnent, the present invention relates to a method of treatment of

" bone metastases, said method ebmbﬁsing'in'travenouSiy administen‘ng 4mg of 2~(imidazol-
1yl)-1-hydroxyethane-1,1 -diphosphonic acid or a phannaoeutically aooeptabie salt themof
over a period of 15 rninutesto a patlentin need of said treatment.

ln a stlli further embodiment. the present lnventlon relates to a method of treatment or
“prevention of multaple myeloma said method comprising intravenously administering 4mg
 of 2-(im|dazol-1yl)-1 -hydroxyethane-1 1-diphosphonic acidora phannaceuﬁmlly
" acceptable salt thereof over a period of 15 minutes to a patient in need of said treatrnent.
| In the present descnption the terms 'treatrnent' or "treat” refer to both prophylactic or
preventative treatment as well as curatlve or disease ‘modifying treatment. including
treatment of patients at risk of deveioping TiH, BM, or MM or suspected to have contradted
| _the disease, e.g. TIH, as well as patients who are ill or have been diagnosed as suffenng
from a partlcular disease or medlcal condition treatable with bisphosphonates
Zoledronic acid, chemically designated as 1 -hydroxy-z-(‘ imidazol-1 -yl)ethane-1 1-
diphosphonic acid having the structure

PO,H,
N N-CH,-¢_oH

\ —/ '- PosH,

is known and can be prepared as described e.g. in US patent 4,939,130 (see also US
patents 4,777,163 and 4,687,767)..

~ Pharmaceutically acceptable salts of 1-hydroxy-2-(imidazol-1 eyl)emane-i ,1-diphos-
- phonic acid are preferably salts with bases, conveniently metal salts derived from groups o

.
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la, Ib, lla and 1Ib of rhe Periodic Table of the Elements, including alkali metal salts, e.g.
potassuum and especrally sodlum salts, or alkaline earth metal salts, preferably calcrum or
- magnesium salts, and also ammomum salts with ammonia or orgamc amines.
~ Especially preferred phannaceutically acceptable salts are those where one, two
three or four, in particular one or two, of the acidic .hydrogens of the bisphosphonic acid are
replaced by a pharmaceutically'aeceptable cation, in particular sodium, potassium or
‘ammomum in first instance sodium. .
A very preferred group of pharmaceutlcally acceptable salts Is charactensed by
| havrng one acidic hydrogen and one pharmaceutlcally acoeptable cation, espemally
sodium, in each of the phosphonic acid groups.
- Zolédronic ac:d can also be used in the form of its hydrates or it may lnclude other
- solvents used for crystallisation. ' | . '
The zoledronic acid is preferably admmlstered in.the form of pharmaceutical
eomposmons that co_ntaln the 4 mg therapeutically effective amount ophonally together with
orin admixture with inorganic or organic, solid or liquid, phannaéeutically acceptable
carriers which are suitable for intravenous adminisfration |
The method according to the mstant invention is for the intravenous admmlstratlon of

zoledronlc acid. .
According to one aspect of the present mventron there is provrded a use of

2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a pharmaceutically acceptable

aalt thereof in a patient in need thereof for bisphosphonate treatment wherein the

2-(imidazol-1yl)-1-hydroxyethane-1 1-diphosphonic acid or the pharmaceutically
 acceptable salt thereof is for intravenous administration of 4 mg thereof over a period of

15 minutes in the patient in need of said treatment.

According to another aspect of the present invention, there is provided a use of
2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a pharmaceutically acceptable
salt thereof in a patient in need thereof for treatment of a bone metabolism disease wherein
the 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or the pharmaceutically
acceptable salt thereof is for intravenous administration of 4 mg thereof oy’er.a period ef

15 minutes in the patient in need of said treatment.
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According to still another aspect of the present invention, there Is

provided a use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a

pharmaceutically acceptable salt thereof in a patient in need thereof for treatment of a
bone metastasis wherein the 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid
or the pharmaceutically acceptable salt thereof is for intravenous administration of 4

mg thereof over a period of 15 minutes to the patient in need of said treatment.

According to yet another aspect of the present invention, there is
provided a use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a
pharmaceutically acceptable salt thereof in a patient in need thereof for treatment of
multiple myeloma wherein the 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic
acid or the pharmaceutically acceptable salt thereof is for intravenous administration

of 4 mg thereof over a period of 15 minutes to the patient in need of said treatment.

According to a further aspect of the present invention, there is provided
use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a pharmaceutically
acceptable salt thereof in preparation of an intravenous medicament for treatment of
a bone metabolism disease, in which 4 mg of the 2-(imidazol-1yl)-1-hydroxyethane-
1,1-diphosphonic acid or the pharmaceutically acceptable salt thereof is for

intravenous administration over a period of 15 minutes.

According to yet a further aspect of the present invention, there Is

provided a kit for treatment of a bone metabolism disorder comprising an
intravenously administrable 4 mg unit dose of 2-(imidazol-1yl)-1-hydroxyethane-1,1-
diphosphonic acid or a pharmaceutically acceptable salt thereof together with

instructions for intravenous administration thereof over a period of 15 minutes.

According to still a further aspect of the present invention, there Is
provided use of 2-(imidazol-1yl)-1-hydroxyethane-1 1-diphosphonic acid or a
pharmaceutically acceptable salt thereof in preparation of an intravenous

medicament for treatment of bone metastasis, in which 4 mg of the 2-(imidazol-1yl)-1-

43
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hydroxyethane-1,1-diphosphonic acid or the pharmaceutically acceptable salt thereof

is for intravenous administration over a period of 15 minutes.

According to another aspect of the present invention, there is provided
a kit for treatment of bone metastasis comprising an intravenously administrable 4 mg
5 unit dose of 2-(imidaiol-1yl)-1-hydroxyethane—1 1-diphosphonic acid or a
pharmaceutically acceptable salt thereof together with instructions for intravenous

administration thereof over a period of 15 minutes.

According to still another aspect of the present invention, there is
provided a kit for treatment of multiple myeloma comprising an intravenously
10 administrable 4 mg unit dose of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic
acid or a pharmaceutically acceptable salt thereof together with instructions for

intravenous administration thereof over a period of 15 minutes.

According to yet another aspect of the present invention, there is
orovided an intravenous formulation for treatment of tumor induced hypercalcemia
15 comprising an intravenously administrable 4 mg unit dose of 2-(imidazol-1yl)-1-
hydroxyethane-1 ,1-d‘iphosphonic acid or a pharmaceutically acceptable salt thereof
together with a pharmaceutically acceptable carrier for intravenous administration

thereof over a period of 15 minutes.

According to a further aspect of the present invention, there Is provided
20 an intravenous formulation for treatment of bone metastasis comprising an
intravenously administrable 4 mg unit dose of 2-(imidazol-1yl)-1-hydroxyethane-
1,1-diphosphonic acid or a pharmaceutically acceptable salt thereof together with a

pharmaceutically acceptable carrier for intravenous administration thereof over a

period of 15 minutes.

25 According to yet a further aspect of the present invention, there is
orovided an intravenous formulation for treatment of multiple myeloma comprising an

intravenously administrable 4 mg unit dose of 2-(imidazol-1yl)-1-hydroxyethane-

4b
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1,1-diphosphonic acid or a pharmaceutically acceptable salt thereof together with a
pharmaceutically acceptable carrier for intravenous administration thereof over a

period of 15 minutes.

The intravenous formulations used in the methods of the instant
invention are injectable fluids which are preferably isotonic aqueous solutions which
can be prepared before use by methods well known in the art, for example from
lyophilised preparations which contain active ingredient alone or together with a

pharmaceutically acceptable carrier. The pharmaceutical preparations may be

sterilised and/or contain adjuncts, for example preservatives, stabilisers, wetting

agents and/or emulsifiers, solubilisers, salts for regulating the osmotic pressure
and/or buffers. Preferred intravenous infusion solutions are those containing 4 mg
of zoledronic acid per unit dose in an infusion solution volume of from about 5 up to
about 200 mi, preferably from about 50 to about 100 ml and more preferably

about 100 ml for infusion over a period of about 15 minutes plus or minus up to

about 45 seconds.

Preferably, the compositions of the invention comprise a buffering
agent. The type and amount of buffering agent may be selected in order to obtain a

pH in the range of from 5 to

4C
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7, e.g., pH 5.9, when the composition of the invention is dissolved, e.qg., in water. We have
found that stability is best at these pH values. The pH may also be adjusted by using a
pasic solution, e.g., a sodium hydroxide solution. As a preferred buffering agent one may
use trisodium citrate.

It is also preferred that the compositions of the invention comprise a bulking agent
which preferably also acts as an isotonising agent. Preferably, the bulking/isotonising agent
is chemically inert, has a low hygroscopicity and good bulking properties. The amount of
bulking/isotonising may be selected in order to obtain an isotonic solution when the
composition of the invention is dissolved. For example the weight ratio of Zoledronic acid to
the bulking/isotonising agent is in the range of from 1:5 to 1:4000, e.g., 1:10 to 1:3000, e.g.,
1:20 to 1:2500, e.g., 1:30 to 1:1000, e.g., 1:40 to 1:500, e.g., 1:50 to 1: 150. As a preferred
bulking/isotonising agent one may use mannitol.

The intravenous solution may be obtained by dissolving a pharmaceutical composition
as described above into an appropriate amount of a biocompatible water-based solvent,

water or saline for parenteral administration.

For treatment of tumor induced hypercalcemia, zoledronic acid is preferably
administered one time in most patients. Repeat dosing, administered no sooner than 7
days post Initial freatment, normally limited to one occurrence, may be used for improved
control of the hypercalcemia. For the treatment and prevention of bone metastases, long-
term administration of zoledronic acid is generally administered at 3 to 4-week intervals and
at monthly intervals for patients with multiple myeloma although this can be more or less
frequent depending upon individual circumstances. For example in one standard double
blind clinical trial for Tumour Induced Hypercalcemia, 4 mg and 8 mg equivalents of
Zoledronic acid delivered as a sodium salt of zoledronic acid are diluted with 50ml of an
Intravenous infusion solution (composition of the invention) and are delivered to a patient
over a 15 minutes period once a day. Patients are retreated with an 8 mg dose if desired.
Preferably, a minimum of 7 days, e.g., 14 days, should elapse before re-treatment to allow

for full response to the initial dose.

The compositions of the invention may be prepared as follows. The required amount
of Isotonising agent is dissolved in, e.g., 50 to 90%, of the total amount of biocompatible

water-based solvent or water. Zoledronic acid is then suspended and dissolved by adding

5
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a solution of the buffering agent. After complete dissolution the pH-value is adjusted to the
desired range with the required amount of buffering agent. The solution is then made up to
the final volume with biocompatible water-based solvent or water for parenteral use. Then

the process is continued under aseptic conditions. The solution is sterilised and filled into 4

to 10 ml vials. In plastic vials, the solutions may be stored for a long-term period.

Before storage, the content of the vials may also be dried, e.g., freeze-dried.
according to a pre-programmed cycle. When the cycle is complete, the vials are stoppered
after flushing with a gas, e.g., nitrogen or carbon dioxide, within a chamber. The vials are
sealed, e.g., with aluminium caps, outside the sterile area. The lyophilisate may then be |

used by re-dissolving the content of the vials into a solvent suitable for intravenous

administration, e.g. saline.

The present invention is illustrated by the following examples.

Example 1 :

In a stainless steel kettle the required amount of mannitol is dissolved by stirring and
under nitrogen flushing in approximately 70% of the total amount of water for injection.
Zoledronic acid is suspended and dissolved by adding a 10% trisodium citrate solution.
After complete dissolution the pH-value is adjusted with 10% trisodium citrate solution to
.9 - 6.1. The solution is then made up to the final volume with water for injection. The
following procedure is carried out under aseptic conditions (in a grade A clean area). The
solution is passed through a sterile membrane filter (0.22 micrometers pore size), and filled
into 6 ml vials with a filling weight of 1.945 g (including an overfill of 3% of the solution to be
lyophilised in order to compensate for the amount of reconstituted solution remaining in the |

vial after withdrawal). The overfill is selected according to USP. The vials are freeze-dried

according to the following cycle :
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m—WW]- | Pressure [mbar]

Begin freezing 30 min. -20°C -~

Freezing 90 min. -45°C --

Freezing 150 min. -45°C -~

equilibration time

Begin primary drying 35 min. -10°C 1500

Primary drying 85 min. 13°C 1500

Primary drying 480 min. 13°C 1500

Begin secondary 30 min. 30°C 420

drying

Secondary drying 300 min. 30°C 420

Cooling down 30 min. 20°C 420

End of cycle 5 min. 20°C 420

When the cycle is complete, the vials are stoppered after flushing with nitrogen within the
chamber. The vials are sealed with aluminium caps outside the sterile area (under LF). A
solution for intravenous injection may be reconstituted by adding 5 ml of sterile water for
injection USP to each vial. This dose is further diluted in 50 ml of sterile 0.9% Sodium
Chloride, USP, or 5% Dextrose Injection, USP. If not used immediately, for microbiological
integrity, the solution is refrigerated at, e.g., 36°- 46°F (2-8°C). The total time between

reconstitution, dilution, storage in the refrigerator and end of administration does not

preferably exceed 24 hours.

Examples 2 :

According to a similar processing as in example 1 the following composition may be

obtained.
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Compositions —

Zoledronic acid 4 mg

Mannitol, 220.0 mg

pyrogen-free

Trisodium citrate up to pH 5.9

Sodium hydroxide

Water for injection
up to 1.8 ml

_—— e ———

Example 9 :

An 8 mg composition is prepared similarly as in example 1. The type and amounts of

components are the same as for the 4 mg composition (example 7). Only amount of

Zoledronic acid and trisodium citrate is doubled while the amount of mannitol is reduced

down to 150 mg.

The Composition of Example 2 may be freeze dried and re-constituted as described in

Example 1.

4 mg zoledronic acid is reconstituted in 100 ml of infusion solution. The solution is
Infused over a period of 15 minutes. This corresponds to an infusion rate of drug of 4 mg /
15 minutes = 0.27 mg/minute = 1 micromole/minute. The 4 mg dose, infused over 15
minutes, represents a more practical alternative to other bisphosphonate drugs, which are
iInfused over a considerably longer period of time and at a higher infusion rate in terms of
mass per unit time (mg/minute) and number of molecules per unit time

(micromoles/minute), as tabulated below:
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éisphosphonate Drug
zbléi:lréhic aéid . bamidronate
Clinical dose (mg) 4 | 90
Infusion time (minutes) spec?fied 15 120
in label |
Infusion rate
mg’/minL'Jte 0.27 0.75
micromoles/minute 1 2

The volume of 100 mi containing 4 mg zoledronic acid is infused over 15 minutes as an

Intravenous drip, which allows the drug to be administered at a uniform and precise

rate. Clinical use of shorter infusion times of zoledronic acid, for example as an

intravenous push of 5 minutes [Major P, Lortholary A, Hon J,. et al., Zoledronic acid is

superior to pamidronate in the treatment of hypercalcemia of malignancy: a pooled

analysis of two randomized, controlled clinical trials, J Clin Oncol 2001; 19: 558-567],

may result in more variable infusion rates. Changing the infusion rate impacts the peak

plasma concentrations achieved, as demonstrated in a pharmacokinetic study of

zoledronic acid in cancer patients with bone metastases. Relevant data are shown in

the figure below.
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mg/15 min group, study 503 [2]

Mean plasma concentrations of
zoledronic acid (ng/mL)

500 _
400 .
300 -
200 :

100 _

1 2 3 4

hours post start infusion

—a— Zoledronic acid 4 mg
infused owver 5
minutes

—g— Zoledronic acid 4 mg
infused ower 15
minutes

The pharmacokinetic parameters derived from the individual patients’ plasma concentration

versus time curves, and urinary excretion of drug are tabulated below. Differences in mean

Cmax (maximum observed zoledronic acid concentration, at end of infusion) were

statistically significant. Differences in AUC (area under zoledronic acid concentration

versus time curve) and Ae (amount of drug excreted in urine) were not significant.

|

| Zoledronic acid 4 mg

infused over 15 minutes

Zoledronic acid 4 mg

Infused over 5 minutes

(n=7) | (n=9)
[ Cmax (ng/ml) 264 +86 403 + 118
AUC 0-24 h (ngxh/mi) 420+ 218 378 + 116
Ae 0-24 h (% of dose) 374+17.0 ~ 387+6.34

The 4 mg dose of zoledronic acid has been determined to be clinically effective in several
controlled trials in cancer patients, with placebo-or the bisphosphonate pamidronate as

comparator. Pertinent data attesting to zoledronic acid showing comparable efficacy to

pamidronate and superior efficacy against placebo are summarized below.
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Percentage of patients showing a Statistical
skeletal related adverse event significanc
! e
Zoledronic acid | Comparator:
4 mg Placebo or
pamidronate
Study 10:
breast cancer patients 42% 47% P>0.05
multiple myeloma patients 47% 49% P>0.05
Study 11:
hypercalcemic lung:cancer 42% 48% P =0.036
patients : 33% 46% P = 0.047
hypercalcemic patients with
other solid tumors
Study 39:
prostate cancer patients 33% 44% P=0.021

The dose of 4 mg zoledronic acid infused over 15 minutes offers a safety advantage in

terms of renal tolerability over the shorter infusion time of 5 minutes. The lower incidence

of renal adverse events with zoledronic acid infused over 15 minutes versus 5 minutes is

summarized below. Renal adverse events are defined as increases in a patient's serum

creatinine over baseline, by >0.5 mg/dL if baseline <1.4 mg/dL, by >1 mg/dL if baseline >

1.4 mg/dL, by > 2-fold irrespective of baseline value.
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zoledronic acid 4 mg
' 15 minutes infusion | 5 minutes infusion

Study 10: | 24/272 patients 36/272 patients
breast cancer and multiple myeloma 8.8% 13.2%
patients

Study 11: 18/165 patients 10/61 patients
lung cancer patients 10.9% 16.4%
Study 39: 14/78 patients | 22/111 patients
prostate cancer patients | 15.2% | 19.8%

Zoledronic acid 4 mg infused over 15 minutes showed similar renal tolerability compared to
pamidronate 90 mg infused over 2 hours, 8.8% versus 8.2%, respectively.

4 mg of zoledronic acid infused over 15 minutes versus higher doses of zoledronic
acid, 8 mg and 16 mg results in improved renal safety without, surprisingly, losing clinical
efficacy. -

In summary, 4 mg zoledronic acid infused in a 100 mL volume over 15 minutes
offers an input rate of drug into the patients’ systemic circulation of 1 micromole per minute,
which can be precisely administered and is considerably lower than the infusion rate used
for other bisphosphonate drugs. The shorter duration of the infusion, 15 minutes for
zoledronic acid versus 2 hours for pamidronate, offers a greater degree of flexibility and
practicality- in the clinical setting. The clinical studies attest to a clinical benefit in the
choice of zoledronic acid 4 mg dose infused over 15 minutes in terms of improved renal
tolerability versus a shorter infusion period of 5 minutes, but without impacting clinical

efficacy, which is comparable to the current standard therapy pamidronate, and superior to

placebo.
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'CLAIMS:

1. A use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a
pharmaceutically acceptable salt thereof in a patient in need thereof for
bisphosphonate treatment wherein the 2-(imidazol-1yl)-1-hydroxyethane-1,1-
diphosphonic acid or the pharmaceutically acceptable salt thereof is for intravenous
administration of 4 mg thereof over a period of 15 minutes in the patient in need of

said treatment.

2. A use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a
pharmaceutically acceptable salt thereof in a patient in need thereof for treatment of a
bone metabolism disease wherein the 2-(imidazol-1yl)-1-hydroxyethane-1,1-

diphosphonic acid or the pharmaceutically acceptable salt thereof is for intravenous

administration of 4 rrig thereof over a period of 15 minutes in the patient in need of

said treatment.

3. A use according to claim 2, wherein said bone metabolism disease Is

tumour induced hypercalcemia.

4. A use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a

pharmaceutically acceptable salt thereof in a patient in need thereof for treatment of a

bone metastasis wherein the 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid
or the pharmaceutically acceptable salt thereof is for intravenous administration of 4

mg thereof over a period of 15 minutes to the patient in need of said treatment.

S. A use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a
pharmaceutically acceptable salt thereof in a patient in need thereof for treatment of
multiple myeloma wherein the 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic
acid or the pharmaceutically acceptable salt thereof is for intravenous administration

of 4 mg thereof over a period of 15 minutes to the patient in need of said treatment.

6. A use according to any one of claims 1 to 5, wherein said 4 mg of the
2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or the pharmaceutically

13
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acceptable salt thereof is in an infusion solution volume of from about 5 up to about
200 ml.

7. A use according to claim 6, wherein said infusion volume is from

about 50 to about 100 mi.

- 8. A use according to claim 6, wherein said infusion volume is

about 100 ml.

9. A use according to any one of claims 1 to 8, wherein the 2-(imidazol-
1yl)-1-hydroxyethane-1,1-diphosphonic acid is in the form of a pharmaceutically

acceptable salt having one acidic hydrogen and one pharmaceutically acceptable

cation in each of the phosphonic acid groups.

10. A use according to claim 9, wherein said pharmaceutically acceptable

cation is sodium.

11. Use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a
pharmaceutically acceptable salt thereof in preparation of an intravenous
medicament for treatment of a bone metabolism disease, in which 4 mg of the 2-
(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or the pharmaceutically

acceptable salt thereof is for intravenous administration over a period of 15 minutes.

12. A kit for treatment of a bone metabolism disorder comprising an

intravenously administrable 4 mg unit dose of 2-(imidazol-1yl)-1-hydroxyethane-1,1-

diphosphonic acid or a pharmaceutically acceptable salt thereof together with

instructions for intravenous administration thereof over a period of 15 minutes.

13. Use of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a
pharmaceutically acceptable salt thereof in preparation of an intravenous
medicament for treatment of bone metastasis, in which 4 mg of the 2-(imidazol-1yl)-1-
hydroxyethane-1,1-diphosphonic acid or the pharmaceutically acceptable salt thereof

is for intravenous administration over a period of 15 minutes.
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14, A kit for treatment of bone metastasis comprising an intravenously
administrable 4 mg unit dose of 2-(imidazol-1yl)-1-hydroxyethane-1 ,1-diphosphonic

acid or a pharmaceutically acceptable salt thereof together with instructions for

intravenous administration thereof over a period of 15 minutes.

13. A kit according to claim 12, wherein the bone metabolism disorder is
tumor induced hypercaicemia.

16. A kit for treatment of multiple myeloma comprising an intravenously
administrable 4 mg unit dose of 2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic
acid or a pharmaceutically acceptable salt thereof together with instructions for
intravenous administration thereof over a period of 15 minutes.

17. An intravenous formuilation for treatment of tumor induced

hypercalcemia comprising an intravenously administrable 4 mg unit dose of

2-(imidazol-1yl)-1-hydroxyethane-1,1-diphosphonic acid or a pharmaceutically

acceptable salt thereof together with a pharmaceutically acceptable carrier for

intravenous administration thereof over a period of 15 minutes.

18. An intravenous formulation for treatment of bone metastasis comprising
an intravenously administrable 4 mg unit dose of 2-(imidazol-1yl)-1-hydroxyethane-
1,1-diphosphonic acid or a pharmaceutically acceptable salt thereof together with a

pharmaceutically acceptable carrier for intravenous administration thereof over a

period of 15 minutes.

19. An intravenous formulation for treatment of muitiple myeloma
comprising an intravenously administrable 4 mg unit dose of 2-(imidazol-1yl)-1-
hydroxyethane-1,1-diphosphonic acid or a pharmaceutically acceptable salt thereof
together with a pharmaceutically acceptable carrier for intravenous administration

25 thereof over a period of 15 minutes.
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