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In one aspect, there is provided the use of a nanoparticle or nanoparticle aggregate to prepare
a pharmaceutical composition for altering or destroying target cells in an animal when said
cells are exposed to ionizing radiation, wherein the nanoparticle or nanoparticle aggregate
consists éf a metal oxide, wherein the density of said nanoparticle or the density of said
nanoparticle aggregate is of at least 7 g/cm’ and wherein the nanoparticle or nanoparticle
aggregate is covered with a biocompatible coating allowing the nanoparticle stability between

pH 6.5 and 7.5 in a physiological fluid.

In another aspect, there is provided a pharmaceutical composition when used for altering or
destroying target cells in an animal when said cells are exposed to ionizing radiations,
wherein said pharmaceutical composition comprises a nanoparticle or nanoparticle aggregate
and a pharmaceutically acceptable excipient, wherein the nanoparticle or nanoparticle
aggregate consists of a metal oxide, wherein the density of said nanoparticle or the density of
said nanoparticle aggregate is of at least 7 g/em®, and wherein the nanoparticle or
nanoparticle aggregate is covered with a biocompatible coating allowing the nanoparticle

stability between pH 6.5 and 7.5 in a physiological fluid.

In another aspect, there is provided a pharmaceutical composition when used for detecting or
visualizing and then altering or destroying target cells in an animal when said cells are
exposed to ionizing radiation, wherein said pharmaceutical composition comprises a
nanoparticle or nanoparticle aggregate and a pharmaceutically acceptable excipient, wherein
the nanoparticle or nanoparticle aggregate consists of a metal oxide, wherein the density of
said nanoparticle or the density of said nanoparticle aggregate is of at least 7 g/em® and
wherein the nanoparticle or nanoparticle aggregate is covered with a biocompatible coating

allowing the nanoparticle stability between pH 6.5 and 7.5 in a physiological fluid.
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CLAIMS

. Use of a nanoparticle or nanoparticle aggregate to prepare a pharmaceutical

composition intended to alter or destroy target cells in an animal when said ce|
are exposed fo ionizin’g radiations, wherein the nanoparticle is made of an gxide

- (MO,), the density of said oxide being of at least 7 g/cm® and whergin the

nanoparticle or nanoparticle aggregate is covered with a biocompatib}é coating

‘ alloWing the nanoparticle stability between pH 6.5 and 7.5 in a physio gical fluid.

. Use according to claim 1, wherein the oxide is selected from th g’roup consisting

of CeOs, Nd2Os, Smy0s, EuzOs, Gdz0s; Tbz0s, Dy20s, HghOs, Er,Os, TmzOs,
Yb20s, LuzOs, HfO», TaOs, Ta:0s, WOz, WOs, ReO,, OsOf, IrO,, PO, PtO,, HgO,
Hgz0, Tix0s, PbO, Pb,03, PbsOs, PbO,, PoO2, Biz0s, MbO, RuO,, RhoOs, RNOy,
PdO, Agz0, AgO, CdO, Inz0s.

. Use according to claim 2, wherein the oxide is AfO,.

. Use'according to any one of claims 1 to ¥, wherein the size of the nanoparticle or

nanoparticle aggregate is between argind 10 and 200 nm.

. Use according to any one of claims 1 to 4, wherein said ionizing radiations are

selected in the group congisting of X-Rays, y-Rays, electron beams and

radioisotope emissions.

. Use according to any’one of claims 1 to 5, wherein the ionizing radiations are of
about 2 KeV to abgut 25 000 KeV.
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9. Use according to any one of claims 1 to 8, wherein the nanoparticle is made of an
inorganic material having an effective atomic number (Zer) of at least 50.

10.Use according to any one of claims 1 to 9, wherein the nénoparticle is essentiglly
spherical in shape. | '

11.Use according to any one of claims 1 to 10, whereih target cells are selected in
- the grdup consisting of benign cells, pre-malignant cells and malignant cells.

12.Use according to claim 11, wherein said malignant cells are ells from a tumor
selected in the group consisting of a haematological tumor apd a solid tumor. |

13.Use according to any one of claims 1 to 12, wherein the pharmaceutical
composition further comprises an additional therapeytic compound, distinct from a
nanoparticle or nanoparticle aggregate, intended 16 treat cancer.

14.Use according to any one of claims 1 to 13, #herein said animal is a human.

15. Pharmaceutical composition intended fo alter or destroy target cells in @ mammal
when said "cells are exposed ionizing radiations, said pharmaceutical
composition comprising a naroparticie or nanoparticle aggregate and a
pharmaceutically acceptable gxcipient, wherein the nanoparticle is made of an
oxide (MO,), the density/of said oxide being of at least 7 g/em®, and the
nanoparticle or nanoparjicle aggregate is covered with a biocompatible coating
allowing the nanopartidle stability between pH 6.5 and 7.5 in a physiological fluid.
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CLAIMS

. Use of a nanoparticle or nanoparticie aggregate to prepare a pharmaceutical

composition for altering or destroying target cells in an animal when said cells are
exposed to ionizing radiation, wherein the nanoparticle or nanoparticle aggregate
consists of a metal oxide, wherein the density of said nanoparticle or the density of
said nanopariicle aggregate is of at least 7 g/cm® and wherein the nanoparticle or
nanoparticle aggregate is covered with a biocompatible coating allowing. the
nanoparticle stability between pH 6.5 and 7.5 in a physiological fluid.

Use according to claim 1, wherein thé metal oxide is selected from the group
consisting of Ce0,, Nd,O;, Smy0;, Eu,0, Gdy05, ThoOs, Dyo05, H00;, ErRQOs,
Tm,0s, YboOs, LupOs, HFO,, TaO,, Ta,0s, WO, WO;, ReD,, 0s0;, IrO;, PtO, PIO,,
HgO, Hg:O, ThOs, PbO, Pb0s, PbsO4, PbO,, PoO,, BizOs NbO, RUO,, Rh,0;, RO,

PdO, Ag,0, AgO, CdO, In,0;.

Use according to claim 2, wherein the metal oxide is HfO,.

Use according to any one of claims 1 to 3, wherein the size of the nanoparticle or

nanoparticle aggregate is between around 10 and 200 nm.

Use according to any one of claims 1 fo 4, wherein said ionizing radiations are

selected in the group consisting of X-Rays, y-Rays, electron beams and radioisotope

emissions.

Use according to any one of claims 1 to 5, wherein the ionizing radiation is of about 2
KeV io about 25 000 KeV,

Use according to claim 8, wherein the ionizing radiation is of about 2 KeV to 6000
KeV.

Use according to claim 8, wherein the ionizing radiation is of about 2 KeV to 1500
KeV.
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Use according to any one of claims 1 to 8, wherein the nanoparticle or nanoparticle
aggregate consists of a metal oxide having an effective atomic number (Z.g) of at least
50' . N .

Use according to any one of claims 1 to 9, wherein the nanoparticle or nanoparticle

aggregate is essentially spherical in shape.

Use according to any one of claims 1 to 10, wherein target cells are selected in the

group consisting of benign cells, pre-malignant celis and malignant cells,

Use according to claim 11, wherein said malignant cells are cells from a tumor

selected in the group consisting of a haematological tumor and a solid tumor.

Use according to any one of claims 1 to 12, wherein the pharmaceutical composition
further comprises an additional therapeutic compound, distinct from a nanoparticle or
nanoparticle aggregate, intended to treat cancer.

Use according to any one of claims 1 to 13, wherein said animal is a human.

Pharmaceutical composition when used for altering or destroying target cells in an

animal when said cells are exposed fo ionizing radiations, wherein said

pharmaceufical composition comprises a nanoparticle or nanopartic)e a'ggregate and a

pharmaceutically acceptable excipient, wherein the nanoparticle or nanoparticle

aggregate consists of a metal oxide, wherein the density of said nanoparticle or the

16.

density of said nanoparticle aggregate is of at least 7 g/cm®, and wherein the

‘nanoparticle or nanopariicle aggregate is covered with a biocompatible coating

allowing the nanoparticle stability between pH 6.5 and 7.5 in a physiological fiuid.

Pharmaceutical composition when used for detecting or visualizing and thén altering
or destroying target cells in an animal when said cells are exposed to ionizing
radiation, wherein said pharmaceutical composition comprises a nanoparticle or
nanoparticle ‘aggregate and a phannaceuﬁoaliy acceptable excipient, wherein the
nanoparticle or nanopariicle aggregate consists of a metal oxide, wherein the density
of said nanoparticle or the density of said nanoparticle aggregate is of at least 7 g/om”®,
and wherein the nanoparticle or nanoparticle ‘aggregate is  covered with a
biocompatible coating allowing the nanoparticle stability between pH 8.5 and 7.5 in a

physiological fluid.



