NEW THERAPEUTI CAL USES OF I NECALCITOL Vitamin Dis a group of prohornones,
the two nmajor forns of which are vitamn D2 (or ergocalciferol) and vitamn
D3 (or chwbeowiasdoarol ). Vitamn D, its netabolites andramaroguaseshave
potent effects on cal cium and phosphate netabolismand can therefore be
used for prevention and therapy of vitdm n D deficiency, such as rickets,
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vitam n D3 nanmed calcitriol, is known to inhibit the proliferation of many
cancer cé&efaptpishagd ofitagin i @stivity 6?‘?4@ alsp @??P@WQ@%I'@WWOWQP%Q on

of varl OLﬂés&é’éTBgd?é%ﬂ‘é’,%ﬁ%r%%hég a?’é %o %%fr%l 58 i ﬂ)@&a\ﬁl‘ceﬂ?raﬁf?ﬁatbﬂ dye use
of this conpound is 1I'ts hypertal cemc effect, I'ch prevents e

appl i cat idifferehtiptian NicarnogDcalbb wffects the idoaese sybient @siitaedihd? recaptors
calcitriol and all vitam n D anal ogues are the consequences of

hyper cal GEREXPIESSEA Y SEYETH M‘ﬁ??@‘?@‘f gelg Psluding BronesytesumacrerNages Ad

tissues, 10hnd Bqﬁﬁ]ipﬂgcgggpr@rs of nuscle contractility. Hypercal cem a may

t hus cause death by 1hpairing contraction of the heart (cardiac arrest) or

by accunul at Thesefs@abibédimon-calcemic effects of vitamin D lead to consider the
possible use of vitamin D derivatives for various therapeutic applications such as
disorders of the immune system, hormone secretion, cell differentiation or cell
proliferation. In particular, such compounds may be useful in the therapy of
disorders characterized by increased cell proliferation, such as psoriasis and/or
cancer. In particular, 1,25(OH)..vitamin Ds, the active metabolite of vitamin D3
named calcitriol, is known to inhibit the proliferation of many cancer cells lines of
various origins in vitro and to slow the progression of various tumor xenografts in
vivo. The major drawback related to the use of this compound is its hypercalcemic
effect, which prevents the application of pharmacologically active doses. The toxic
effects of calcitriol and all vitamin D analogues are the consequences of
hypercalcemia leading to micro-crystallization of calcium in various tissues, or
inducing disorders of muscle contractility. Hypercalcemia may thus cause death by
impairing contraction of the heart (cardiac arrest) or by accumulation of calcium
micro-crystals in renal tubules (kidney failure). Hypercalcemia may also cause
arthritis or cataract (deposits of micro-crystals in the joints or in the eye lens,
respectively) or muscle weakness (impaired contractions). It is therefore of utmost
importance for a vitamin D analogue to be used in therapeutics without the risk of

inducing hypercalcemia.
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ng/ day/ patient; for elocalcitol in clinical trial
2001) showed the enhanced antiproliferative and markedly lower calcemic effects

of inecalcitol compared with calcitriol. Verlinden et al. (Cancer Research 60(10),
2673-2679, 2000) also reported the in vitro and in vivo activity of inecalcitol in
inhibiting the growth of human breast cancer cells. This profile has positioned
inecalcitol as an effective drug candidate, initially for the treatment cancer.
Considering the hypercalcemic effect of vitamin D and its analogues, it has
been common practice to administer low doses of these compounds, or frequency
of administration lower than once a day. As a result, vitamin D or its analogues are
administered at doses generally much lower than 200 pg/day, and often every
other day or once a week. In particular, the approved dose of calcitriol for vitamin
D deficiency is 0.25 or 0.5 ug/day and the tested dose for calcitriol in cancer
clinical trial was 45 pg/patient once a week; in the case of seocalcitol, the tested
dose in cancer clinical trials was 10 pg/day/patient; for elocalcitol in clinical trials
for benign prostate hyperplasia, the tested dose was 150 ug/day/patient; for the
treatment of hypersecretion of parathormone (hyperparathyroidism), paricalcitol is
approved at the maximum dosage of 2 ug/day or 4 ug every other day, and
doxercalciferol at the maximum dosage of 3.5 ug/day or 20 ug every other day.



for benign prostate hyperplasia, the tested dose was 150 ng/ day/ patient;
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adm ni st elsBEbéd8eaV&€i tol at doses conprised between 1 ng and 100 ng to a
human or animal patient in need thereof. The present invention also
concerns inecalcitol for use for treating and/or preventing rickets,
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hypercalcemic effect at doses generally considered to be too toxic for all other

known vitamin D analogues.

The present invention thus concerns a method for treating and/or
preventing rickets, osteoporosis, osteomalacia, psoriasis, autoimmune diseases
such as multiple sclerosis or type | diabetes, hyperparathyroidism, benign prostate
hyperplasia, any type of cancer or any vitamin D associated disease, in particular
cancer, comprising administering inecalcitol at doses comprised between 1 mg

and 100 mg to a human or animal patient in need thereof.

The present invention also concerns inecalcitol for use for treating and/or
preventing rickets, osteoporosis, osteomalacia, psoriasis, autoimmune diseases
such as multiple sclerosis or type | diabetes, hyperparathyroidism, benign prostate
hyperplasia, any type of cancer or any vitamin D associated disease, in particular
cancer, for administration at doses comprised between 1 mg and 100 mg to a

human or animal patient in need thereof.

Said administration dose is preferably comprised between 1.5 mg and 20

mg.
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anot her ¢wivedaaept, the method of the invention is to treat various forns
of cancers, including tunors or |eukem a. Cancers of breast, prostate,
| ung, col on, bladder, brain, stomach, kidney, |iver, ovary, nouth, skin,

According to a further embodiment, the method of the invention also
comprises the administration of one or more further active ingredient, selected
from anti-osteoporotic agents, immunomodulatory agents, anti-inflammatory
agents, anti-psoriatic agents, anti-normonal agents, antiproliferative agents or anti-
cancer agents.

Preferably, said anti-cancer agent is chosen from taxoid derivatives, in
particular paclitaxel or docetaxel, or a platinum derivative in particular carboplatin,
oxaliplatin or satraplatin. Said administration may be simultaneous, separate or
sequential with that of inecalcitol.

According to another embodiment, the method of the invention is to treat
various forms of cancers, including tumors or leukemia. Cancers of breast,
prostate, lung, colon, bladder, brain, stomach, kidney, liver, ovary, mouth, skin,
intestine, uterine, head and neck, throat and blood cancers are encompassed
herein, particularly prostate cancer.

According to another embodiment, the method of the invention is to treat
non-cancerous hyperproliferative disorders of the skin, particularly psoriasis, by
administration of inecalcitol at high dose, alone or in combination with systemic
oral or parenteral treatments of psoriasis on the market or in development such as
acitretine and retinoids in general, cyclosporine, voclosporine, sirolimus,

tacrolimus, methotrexate and immunosuppressants or immunomodulators in



I ntestine, uterine, head and neck, throat and bl ood cancers are enconpassed
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According to another object, the present invention also relates to the above-
mentioned therapeutic treatment methods comprising the administration of
inecalcitol with a pharmaceutically acceptable carrier or excipient to a patient in

the need thereof.

When used herein, inecalcitol refers to inecalcitol or its pharmaceutically

acceptable salts thereof.

The identification of those subjects who are in need of treatment of herein-
described diseases and conditions is well within the ability and knowledge of one
skilled in the art. A clinician skilled in the art can readily identify, by the use of clinical
tests, physical examination, genetic tests and medical/family history, those subjects
who are in need of such treatment.

A therapeutically effective amount can be readily determined by the attending
diagnostician, as one skilled in the art, by the use of conventional techniques and by
observing results obtained under analogous circumstances. In determining the
therapeutically effective amount, a number of factors are considered by the attending
diagnostician, including, but not limited to: the species of subject; its size, age, and
general health; the specific disease involved; the degree of involvement or the



The identification of those subjects who are in need of treatnent of

her ei ndescri bed di seases and conditions is well within the ability and
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herei n, rastivg substanses i well keewatn tigg aitnhi bi ti ng t he progress of, or

preventing t pr?the context of the invention, the term “treating” or “treatment”, as used
herein, means reversing, alleviating, inhibiting the progress of, or preventing the
disorder or condition to which such term applies, or one or more symptoms of such
disorder or condition.

“Therapeutically effective amount” means an amount of a compound/
medicament according to the present invention effective in producing the desired
therapeutic effect.

According to the invention, the term “patient”, or “patient in need thereof”, is
intended for a human or non-human mammal affected or likely to be affected with
rickets, osteoporosis, osteomalacia, psoriasis, autoimmune diseases such as
multiple sclerosis or type | diabetes, hyperparathyroidism, benign prostate
hyperplasia, any type of cancer or any vitamin D associated disease. Preferably,
the patient is a human.

In general terms, the preferred dosage of drug to be administered is likely to
depend on such variables as the type and extent of progression of the disease or
disorder, the overall health status of the particular patient, the relative biological
efficacy of the compound selected, and formulation of the compound excipient, and its
route of administration and will generally exceed 1 mg/day per patient.
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the compound is dissolved like for calcitriol, doxercalciferol or paricalcitol.

Figure 1 illustrates the mean plasma concentrations vs time obtained during
a 9-month toxicology study on once-a-day oral inecalcitol performed in male
mature monkeys.

Figure 2 illustrates the mean plasma concentrations vs time obtained during
a 2-week toxicology study on twice-a-day oral inecalcitol performed in male
juvenile monkeys.

Figure 3 illustrates the mean pharmacokinetic profiles obtained with 300,
600 and 1000 pg of oral inecalcitol administered to human patients.

Figure 4 illustrates the mean pharmacokinetic profiles obtained with 2 and 4
mg of oral inecalcitol administered to human patients

The following examples are given as representative non-limiting illustrations

of the invention.

Example 1 : 9-month toxicology and toxicokinetic study of once-a-day oral

inecalcitol in monkeys

During a 9-month toxicology study in male mature cynomolgus monkeys by
daily oral administration of inecalcitol, no hypercalcemia and no toxic effects were
observed, even at the highest tested dose of 1.8 milligram (mg) per day per
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Example 2 : 2-week toxicology and toxicokinetic study of twice-a-day oral

inecalcitol in monkeys

During a 2-week toxicology study in male juvenile cynomolgus monkeys by
twice daily oral administrations of inecalcitol, no hypercalcemia and no toxic
effects were observed at the dosage of 2 x 1.6 milligram (mg) each day, despite a
frequent exposure to very high plasma levels of inecalcitol. On figure 2, mean
plasma concentrations of inecalcitol are plotted vs. time on the first day of
treatment with two successive administrations of inecalcitol around 8 AM and 7
PM, i.e. about 11 hours apart. Two almost identical peaks were observed reaching
2.75 ng/ml and 2.50 ng/ml respectively. In both instances, inecalcitol levels
returned to basal levels within 4 hours. In the table below, plasma calcium levels
(in mmoles/L, mean + s.e.m.) were monitored in the same 4 animals for two weeks
before and for two weeks during the treatment period. No significant changes in
plasma calcium were observed.

Study Day Day -13 Day -6 Day 7 Day 13
Plasma Ca 2.66 +0.08 2.61+0.06 268 +0.15 276 +0.12
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specific antigen (PSA) every 3 weeks. Efficacy endpoint was PSA response

defined as 230% decline within 3 months.

Inecalcitol was given to patients in soft gelatine capsules of different sizes, shapes
and strengths depending on the dose level studied: one, two or four 40 ug
capsules (size 11, oblong shape) for administration of 40, 80 or 160 pg/day,
respectively; three or six 100 pg capsules (size 4, round shape) for administration
of 300 or 600 pg/day, respectively; five 200 ug capsules (size 7.5, oval shape) for
administration of 1,000 ug/day; five 400 ug capsules (size 14, oblong shape) for
administration of 2 mg/day, and four 1 mg capsules (size 14, oblong shape) for
administration of 4 mg/day. In all the capsules, inecalcitol was present in the fill
content as a solution in medium chain triglycerides from fractionated coconut oil at
different concentrations depending on the capsule strengths.

3.2 Clinical results

Eight dose levels: 40 ug (qd), 80 ug (god,qd), 160 pg (god,qd), 300 ug (god,qd),
600 pg (gqod,qd), 1,000 ug (qod,qd), 2 mg (gqd) and 4 mg (qd) have been
evaluated; 50 pts have been treated; 47 pts have completed 6 cycles. Median age
was 71 years [range, 49-87], median Gleason score (Gs) 7 and median PSA 35.7
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Phar rracokl netics of 1 necalcitol HRPC patients
Figure 3 shows the mean pharmacoklnetlc profiles obtained at the first three dose

levels of 300, 600 and 1000 ug. Inecalcitol was assayed as unchanged circulating
compound in the plasma by liquid chromatography followed by tandem mass
spectrometry (LC/MS/MS). At 300 pg, peak values are barely detectable above the
lower limit of quantitation achieved by the LC/MS/MS method, i.e. 10 pg/ml (0.01
ng/ml). At 600 pg and 1000 pyg, mean peak values reached around 35 and 45
pg/ml (0.035 and 0.045 ng/ml) at 90 and 45 minutes, respectively. Figure 4 shows
the mean pharmacokinetic profiles with 2 mg and 4 mg of inecalcitol: mean peak
values reached around 70 and 260 pg/ml (0.07 and 0.26 ng/ml) at 90 and 45
minutes respectively. In the four mean pharmacokinetic profiles obtained between
600 ug and 4 mg, the diseappearance of inecalcitol was regular with an

approximate half-life comprised between 1 and 1.5 hour.



Oral administration of inecalcitol at doses of 300 ng (god, qd), 600 ng
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| necalcitol for use for treating and/or preventing rickets, osteoporosis,
ost eonmal aci a, 2pseecasits), fortie® usTWTEOHl iBgasasaidt dhwhsrgitilshidheématstestasi s or
type | di abetes, hyperparathyroidism benign prostate hyperplasia, any type
of cancedoge iaRYMPrisaFbetweesd gt 40 Shse, at doses conprised between 1
ng and 100 ng. 2 . Inecalcitol for the use according to claim1l wherein
said adm nistration dose is conprised between 1.5 ng and 20 ng. 3 .
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| necal ci tSHT‘U‘F%?eQ% indECce NTPAFERCRIGCRIR BBedrealed PRECAL t 0 3 whi ch
conprises the adm nistration of said doses of inecalcitol, at a frequency
chosen fromevery three days, every other day (qod), once-a-day (qd),

t wi ce- a-day (Mi dnecalcitol for the use according to anyone of claims 1 to 3 which

comprises the administration of said doses of inecalcitol, at a frequency chosen
from every three days, every other day (qod), once-a-day (qd), twice-a-day (bid)
and three times a day (tid).

5. Inecalcitol for the use according to anyone of claims 1 to 4 wherein the
administration is at a frequency chosen from every other day, once a day and

twice a day.

6. Inecalcitol for the use according to anyone of claims 1 to 5 which also
comprises the administration of one or more further active ingredient selected from
anti-osteoporotic agents, immunomodulatory agents, anti-inflammatory agents,
anti-psoriatic agents, anti-hormonal agents, antiproliferative agents and anti-

cancer agents.

7. Inecalcitol for the use according to claim 6 wherein said further
administration(s) is (are) simultaneous, separate or sequential with that of

inecalcitol.



and three tines a day (tid). 5 . Inecalcitol for the use according to
anyone of clains 1 to 4 wherein the admnistration is at a frequency chosen
from everyoavtensway, once a day and twice a day. 6 . | metaiPeéwokestor t he
use according to anyone of clains 1 to 5 which al so conprises the
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psoriasis. 11. Inecalcitol for the use according to anyone of clains 1 to
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hyper par atgayingipdosiasisl3 . I necalcitol for the use according to anyone of

claims 1 to 12 which is for treating benign prostate hyperpl asi a.

11. Inecalcitol for the use according to anyone of claims 1 to 10 which is for

treating multiple sclerosis.

12. Inecalcitol for the use according to anyone of claims 1 to 11 which is for

treating for treating hyperparathyroidism.

13. Inecalcitol for the use according to anyone of claims 1 to 12 which is for
treating benign prostate hyperplasia.



