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Radio-Pharmaceutical Complexes

FIELD OF THE INVENTION

The present invention relates to complexes of thorium isotopes and particularly with
complexes of thorium-227 with certain octadentate ligands conjugated to tissue
targeting moieties. The invention also relates to the treatment of disease,

particularly neoplastic diseases, involving the administration of such complexes.

BACKGROUND TO THE INVENTION

Specific cell killing can be essential for the successful treatment of a variety of
diseases in mammalian subjects. Typical examples of this are in the treatment of
malignant diseases such as sarcomas and carcinomas. However the selective
elimination of certain cell types can also play a key role in the treatment of other

diseases, especially hyperplastic and neoplastic diseases.

The most common methods of selective treatment are currently surgery,
chemotherapy and external beam irradiation. Targeted radionuclide therapy is,
however, a promising and developing area with the potential to deliver highly
cytotoxic radiation to unwanted cell types. The most common forms of
radiopharmaceutical currently authorised for use in humans employ beta-emitting
and/or gamma-emitting radionuclides. There has, however, been some interest In
the use of alpha-emitting radionuclides in therapy because of their potential for

more specific cell Killing.

The radiation range of typical alpha emitters in physiological surroundings is
generally less than 100 micrometers, the equivalent of only a few cell diameters.
This makes these sources well suited for the treatment of tumours, including
micrometastases, because they have the range to reach neighbouring cells within a
tumour but if they are well targeted then little of the radiated energy will pass
beyond the target cells. Thus, not every cell need be targeted but damage to
surrounding healthy tissue may be minimised (see Feinendegen et al., Radiat Res
148:195-201 (1997)). In contrast, a beta particle has a range of 1 mm or more In
water (see Wilbur, Antibody Immunocon Radiopharm 4: 85-96 (1991)).
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The energy of alpha-particle radiation is high in comparison with that carried by

beta particles, gamma rays and X-rays, typically being 5-8 MeV, or 5 to 10 times
that of a beta particle and 20 or more times the energy of a gamma ray. Thus, this
deposition of a large amount of energy over a very short distance gives o-radiation
an exceptionally high linear energy transfer (LET), high relative biological efficacy
(RBE) and low oxygen enhancement ratio (OER) compared to gamma and beta
radiation (see Hall, "Radiobiology for the radiologist”, Fifth edition, Lippincott
Williams & Wilkins, Philadelphia PA, USA, 2000). This explains the exceptional
cytotoxicity of alpha emitting radionuclides and also imposes stringent demands on
the biological targeting of such isotopes and upon the level of control and study of
alpha emitting radionuclide distribution which is necessary in order to avoid

unacceptable side effects.

Table 1 below shows the physical decay properties of the alpha emitters so far

broadly proposed In the literature as possibly having therapeutic efficacy.

Table 1

Candidate nuclide | Ty,* Clinically tested for
“SAC 10.0 days leukaemia

211 A ¢ 7.2 hours glioblastoma

213B; 46 minutes leukaemia

‘2Ra 11.4 days skeletal metastases
‘“Ra 3.66 days ankylosing spondylitis

* Half life

So far, with regards to the application in radioimmunotherapy the main attention has
been focused on “''At, "°Bi and “°Ac and these three nuclides have been explored

In clinical immunotherapy trials.

Several of the radionuclides which have been proposed are short-lived, I.e. have
half lives of less than 12 hours. Such a short half-life makes it difficult to produce
and distribute radiopharmaceuticals based upon these radionuclides in a
commercial manner. Administration of a short-lived nuclide also increases the
proportion of the radiation dose which will be emitted in the body before the target

site Is reached.
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The recoll energy from alpha-emission will in many cases cause the release of
daughter nuclides from the position of decay of the parent. This recoil energy is
sufficient to break many daughter nuclel out from the chemical environment which
may have held the parent, e.g. where the parent was complexed by a ligand such
as a chelating agent. This will occur even where the daughter is chemically
compatible with, i.e. complexable by, the same ligand. Equally, where the daughter
nuclide Is a gas, particularly a noble gas such as radon, or is chemically
iIncompatible with the ligand, this release effect will be even greater. When
daughter nuclides have half-lives of more than a few seconds, they can diffuse
away into the blood system, unrestrained by the complexant which held the parent.

These free radioactive daughters can then cause undesired systemic toxicity.

The use of Thorium-227 (T41,= 18.7 days) under conditions where control of the
“>Ra daughter isotope is maintained was proposed a few years ago (see WO
01/60417 and WO 02/05859). This was in situations where a carrier system is used
which allows the daughter nuclides to be retained by a closed environment. In one
case, the radionuclide Is disposed within a liposome and the substantial size of the
liposome (as compared to recoil distance) helps retain daughter nuclides within the
liposome. In the second case, bone-seeking complexes of the radionuclide are
used which incorporate into the bone matrix and therefore restrict release of the
daughter nuclides. These are potentially highly advantageous methods, but the
administration of liposomes is not desirable in some circumstances and there are
many diseases of soft tissue in which the radionuclides cannot be surrounded by a

mineralised matrix so as to retain the daughter isotopes.

More recently, it was established that the toxicity of the “’Ra daughter nuclei
released upon decay of “’Th could be tolerated in the mammalian body to a much
greater extent than would be predicted from prior tests on comparable nuclei. In
the absence of the specific means of retaining the radium daughters of thorium-227
discussed above, the publicly available information regarding radium toxicity made
it clear that it was not possible to use thorium-227 as a therapeutic agent since the
dosages required to achieve a therapeutic effect from thorium-227 decay would
result in a highly toxic and possibly lethal dosage of radiation from the decay of the

radium daughters, I.e. there is no therapeutic window.
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WO 04/091668 describes the unexpected finding that a therapeutic treatment
window does exist in which a therapeutically effective amount of a targeted thorium-
227 radionuclide can be administered to a subject (typically a mammal) without
generating an amount of radium-223 sufficient to cause unacceptable myelotoxicity.
This can therefore be used for treatment and prophylaxis of all types of diseases at

both bony and soft-tissue sites.

In view of the above developments, it is now possible to employ alpha-emitting
thorium-227 nuclei in endoradionuclide therapy without lethal myelotoxicity resulting
from the generated “°Ra. Nonetheless, the therapeutic window remains relatively
narrow and it is in all cases desirable to administer no more alpha-emitting
radioisotope to a subject than absolutely necessary. Useful exploitation of this new
therapeutic window would therefore be greatly enhanced if the alpha-emitting
thorium-227 nuclei could be complexed and targeted with a high degree of

reliability.

Because radionuclides are constantly decaying, the time spent handling the
material between isolation and administration to the subject is of great importance.
It would also be of considerable value if the alpha-emitting thorium nuclei could be
complexed, targeted and/or administered in a form which was quick and convenient
to prepare, preferably requiring few steps, short incubation periods and/or
temperatures not irreversibly affecting the properties of the targeting entity.
Furthermore, processes which can be conducted in solvents that do not need
removal before administration (essentially in agueous solution) have the

considerable advantage of avoiding a solvent evaporation or dialysis step.

In view of the need for selectivity in the delivery of cytotoxic agents in therapy, there
IS an evident need for targeting of alpha-radionuclide complexes. However,
conjugates of suitable chelators with a small targeting peptide or small protein tend
to show poor solubility in agueous systems because the small biomolecule cannot
keep the insoluble chelate in solution. Poor solubility leads to aggregation and
precipitation. Aggregates are unacceptable in a drug preparation to be administered
to human subjects and evidently precipitation renders a composition entirely

unusable.



CcCA 02873143 2014-11-10

WO 2013/167755 PCT/EP2013/059840

- 5 _
Furthermore, also with a larger targeting peptide/protein, such as a monoclonal
antibody, the chelator will be exposed on the surface of the conjugate as a

hydrophobic ‘spot’. This might in some contexts lead to issues with micro

aggregation.

In a biological system, such as in a human patient, hydrophobicity in general is
associated with undesirable uptake in the liver. Evidently this is much more serious
with highly cytotoxic agents such as alpha-emitters than for typical drug
compounds. Hydrophobicity of the chelator also increases the risk of an immune
response, as hydrophobicity facilitates stronger binding of antibodies produced by
the host’'s immune system. Again this is of particular concern with alpha-emitters
due to their exceptional cytotoxicity. There is thus evidently a considerable need of
methods for the selective delivery of alpha-emitting thorium radionuclides by
conjugates having increased hydrophilicity, particularly of the ligand portion, so as

to address one or more of the issues discussed above.

Octadentate chelating agents containing hydroxypyridinone groups have previously
been shown to be suitable for coordinating the alpha emitter thorium-277, for
subsequent attachment to a targeting moiety (W0O2011098611). Octadentate
chelators were described, containing four 3,2- hydroxypyridinone groups joined by
linker groups to an amine-based scaffold, having a separate reactive group used for
conjugation to a targeting molecule. Preferred structures of the previous invention
contained 3,2-hydroxypyridinone groups having a methyl substituted nitrogen in
position 1 of the heterocyclic ring, and were linked to the amine based scaffold by a
an amine bond involving an formic acid attached at position 4, as shown in by the
compounds ALG-DD-NCS, ALG1005-38, Bb-1-HOPO-1-DEBN. In the experiment
where one of these hydroxypyiridinone containing molecules was conjugated to a
tumour targeting antibody, the molecule was dissolved in the organic solvent DMSO

since it could not be dissolved in agueous buffers.

CD33 (Singlec-3) Is a transmembrane receptor expressed in certain mammalian
cells, particularly myeloid cells. It has been used as a target for antibody based
treatments of certain neoplastic diseases such as acute myeloid leukemia.
However, at least one antibody tratment based on anti-CD33 antibodies has

previously been voluntarily withdrawn from sale.
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The present inventors have now unexpectedly established that the use of a 4+
thorium-227 ion complexed by an octadentate hydroxypyridinone (HOPQO)-type
ligand comprising four HOPO moieties of which at least one is substituted with a
suitable solubilising moiety can provide a dramatic improvement in solubility and
corresponding properties of the complex. Furthermore, coupling of such a ligand to
a CD33-binding targeting moiety can provide a conjugate having advantageous

properties.

SUMMARY OF THE INVENTION

Viewed from a first aspect the present invention therefore provides a tissue-
targeting complex comprising a tissue targeting moiety, an octadentate
hydroxypyridinone-containing ligand comprising four HOPO moieties and the ion of
an alpha-emitting thorium radionuclide, where at least one of the four HOPO
moieties is substituted at the N-position (1-position) with a hydroxyalkyl solubilising
group wherein the tissue targeting moiety has binding affinity for the CD33 receptor.

In one embodiment such complexes are soluble in pure water.

In a preferred embodiment, the octadentate ligand comprises at least one 3,2-
HOPO moiety, and preferably 2, 3, or 4 3,2-HOPO moieties. In a further preferred
embodiment, at least 2, preferably at least 3 and most preferably all 4 HOPO

moieties comprise hydroxyalkyl solubilising moieties at the N-position.

Preferred targeting moieties include polyclonal and particularly monoclonal
antibodies and fragments thereof. Specific binding fragments such as Fab, Fab’

Fab'2 and single-chain specific binding antibodies are typical fragments.

In such complexes (and preferably in all aspects of the current invention) the
thorium ion will generally be complexed by the octadentate hydroxypyridinone-
containing ligand, which in turn will be attached to the tissue targeting moiety by
any suitable means. Such means may include direct covalent attachment or
attachment by means of any suitable specific binding pair (e.g. biotin/avidin type
binding pairs). Any suitable attachment may be used but direct covalent bonding or
use of a covalent or binding-pair linker moiety will be typical methods. Covalent

ester or amide bonds are preferred methods.
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Viewed from a further aspect the invention provides the use of a tissue targeting
complex comprising a tissue targeting moiety, an octadentate hydroxypyridinone-
containing ligand comprising four HOPO moieties and the ion of an alpha-emitting
thorium radionuclide, where at least one of the four HOPO moieties is substituted at
the N-position with a hydroxyalkyl solubilising group and wherein the tissue
targeting moiety has binding affinity for the CD33 receptor (including any such
complex described herein) in the manufacture of a medicament for the treatment of

hyperplastic or neoplastic disease including any such disease described herein.

In a corresponding aspect, the invention provides a method of treatment of a
human or non-human animal (particularly one in need thereof) comprising
administration of at least one tissue-targeting complex comprising a tissue targeting
moiety, an octadentate hydroxypyridinone-containing ligand comprising four HOPO
moieties and the ion of an alpha-emitting thorium radionuclide, where at least one
of the four HOPO moieties is substituted at the N-position with a hydroxyalky!
solubilising group and wherein the tissue targeting moiety has binding affinity for the
CD33 receptor (including any such complex described herein). Such a method is
preferably for the treatment of hyperplastic or neoplastic disease including any such
disease described herein. Such a method is typically carried out on a human or

non-human mammalian subject, such as one in need thereof.

In a further corresponding embodiment, the invention provides for a tissue-targeting
complex comprising a tissue targeting moiety, an octadentate hydroxypyridinone-
containing ligand comprising four HOPO moieties and the ion of an alpha-emitting
thorium radionuclide, where at least one of the four HOPO moieties is substituted at
the N-position with a hydroxyalkyl solubilising group and wherein the tissue
targeting moiety has binding affinity for the CD33 receptor (including all such
complexes as disclosed herein) for use in therapy, and in particular for use in the
treatment of hyperplastic and/or neoplastic disease including any such diseases

and methods described hereln.

Viewed from a further aspect the invention provides a pharmaceutical composition
comprising a tissue-targeting complex comprising a tissue targeting moiety, an
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide, where at least one of the four

HOPO moieties is substituted at the N-position with a hydroxyalkyl solubilising
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group and wherein the tissue targeting moiety has binding affinity for the CD33
receptor (including any such complex described herein) together with at least one

pharmaceutical carrier or excipient.

S0 as to distinguish from thorium complexes of the most abundant naturally
occurring thorium isotope, i.e. thorium-232 (half-life 10" years and effectively non-
radioactive), it should be understood that the thorium complexes and the
compositions thereof claimed herein include the alpha-emitting thorium radioisotope
(i.e. at least one isotope of thorium with a half-life of less than 10° years, e.g.
thorioum-227) at greater than natural relative abundance, eg at least 20% greater.
This need not affect the definition of the method of the invention where a
therapeutically effective amount of a radioactive thorium, such as thorium-227 is

explicitly required, but will preferably be the case in all aspects.

In all aspects of the invention, it is preferable that the alpha-emitting thorium ion is
an ion of thorium-227. The 4+ ion of thorium is a preferable ion for use Iin the
complexes of the present invention. Correspondingly, the 4+ ion of thorium-227 is

highly preferred.

Viewed from a yet still further aspect the invention also provides a kit for use in a
method according to the invention, said kit comprising a tissue targeting moiety,
conjugated or conjugatable to an octadentate hydroxypyridinone-containing ligand
comprising four HOPO moieties, where at least one of the four HOPO moieties is
substituted at the N-position ( 1-position) with a hydroxyalkyl solubilising group and
wherein the tissue targeting moiety has binding affinity for the CD33 receptor. All
binding moleties and ligands preferably being those described herein. Such a Kit
will optionally and preferably include an alpha-emitting thorium radionuclide, such

as “'Th.

In a further aspect the invention furthermore provides a method for the formation of
a tissue-targeting complex, said method comprising coupling a tissue targeting
moiety to an octadentate hydroxypyridinone-containing ligand in aqueous solution,
the complex comprising four HOPO moieties and the ion of an alpha-emitting
thorium radionuclide, where at least one of the four HOPO moieties is substituted at

the N-position with a hydroxyalkyl solubilising group and wherein the tissue
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targeting moiety has binding affinity for the CD33 receptor. Such a method may be

conducted In the substantial absence of any organic solvent.

DETAILED DESCRIPTION OF THE INVENTION

In the context of the present invention, "tissue targeting” is used herein to indicate
that the substance in question (particularly when in the form of a tissue-targeting
complex as described herein), serves to localise itself (and particularly to localise
any conjugated thorium complex) preferentially to at least one tissue site at which
its presence (e.g. to deliver a radioactive decay) is desired. Thus a tissue targeting
group or moiety serves to provide greater than average localisation to at least one
desired site in the body of a subject following administration to that subject. The
targeting moiety in the present case will be selected to bind specifically to cell-
surface receptor CD33. This may be reflected, for example by having 100 or more
times greater binding affinity for cells expressing CD33 than for non-CD33
expressing cells. It is believed that CD33 is expressed and/or over-expressed In
cells having certain disease states (as indicated herein) and thus the CD33 specific
binder may serve to target the complex to such disease-affected cells. Similarly a
tissue targeting moiety may bind to cell-surface markers (e.g. CD33 receptors)
present on cells in the vicinity of disease affected cells. CD33 call-surface markers
may be more heavily expressed on diseased cell surfaces than on healthy cell
surfaces or more heavily expressed on cell surfaces during periods of growth or
replication than during dormant phases. In one embodiment, a CD33 specific
binding ligand may be used in combination with another binder for a disease-

specific cell-surface marker, thus giving a dual-binding complex.

The tissue targeting moiety may also comprise two or more components collectively
having the effect of targeting the thorium complex to the desired tissue(s). This
may be, for example, where one component is administered first and binds to a
particular tissue, tumour or cell-type (a tissue-binding agent) and a second and/or
further component (linking agent) is administered simultaneously, or preferably
subsequently, which binds in vivo to the tissue-binding agent. The linking agent
would be conjugated directly or indirectly to the complexed alpha-emitting thorium
and thus collectively the tissue-binding and linking agents would form a tissue-

targeting moiety. Suitable specific binding pairs suitable for providing the tissue



CcCA 02873143 2014-11-10

WO 2013/167755 PCT/EP2013/059840

- 10 -
binding agent and linking agent with mutual affinity are well known Iin the art (e.qg.

biotin with avidin or streptavidin).

The various aspects of the invention as described herein relate to treatment of
disease, particularly for the selective targeting of diseased tissue, as well as relating
to complexes, conjugates, medicaments, formulation, kits etc useful in such
methods. |n all aspects, the diseased tissue may reside at a single site in the body
(for example in the case of a localised solid tumour) or may reside at a plurality of
sites (for example where several joints are affected in arthritis or in the case of a

distributed or metastasised cancerous disease).

The diseased tissue to be targeted may be at a soft tissue site, at a calcified tissue
site or a plurality of sites which may all be in soft tissue, all in calcified tissue or may
include at least one soft tissue site and/or at least one calcified tissue site. In one
embodiment, at least one soft tissue site Is targeted. The sites of targeting and the
sites of origin of the disease may be the same, but alternatively may be different
(such as where metastatic sites are specifically targeted). Where more than one
site Is involved this may include the site of origin or may be a plurality of secondary

sites.

The term "soft tissue” is used herein to indicate tissues which do not have a "hard”
mineralised matrix. In particular, soft tissues as used herein may be any tissues
that are not skeletal tissues. Correspondingly, "soft tissue disease"” as used herein
indicates a disease occurring in a "soft tissue" as used herein. The invention Is
particularly suitable for the treatment of cancers and "soft tissue disease” thus
encompasses carcinomas, sarcomas, myelomas, leukemias, lymphomas and
mixed type cancers occurring in any "soft" (i.e. non-mineralised) tissue, as well as
other non-cancerous diseases of such tissue. Cancerous "soft tissue disease”
includes solid tumours occurring in soft tissues as well as metastatic and micro-
metastatic tumours. Indeed, the soft tissue disease may comprise a primary solid
tumour of soft tissue and at least one metastatic tumour of soft tissue in the same
patient. Alternatively, the "soft tissue disease"” may consist of only a primary tumour
or only metastases with the primary tumour being a skeletal disease. Neoplastic
diseases of myeloid cells are particularly suitable for treatment and/or targeting in

all appropriate aspects of the invention. Similarly, neoplastic diseases of bone
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marrow, spine (especially spinal cord) and/or blood cells are particularly suitable for

treatment and/or targeting in all appropriate aspects of the invention.

Of particular relevance in the present case are Leukaemias and lymphomas such
as Non-Hodgkin's lymphoma and particularly neoplastic diseases of leukocites and
their precursor cells, including myelodysplastic syndrome, myeloproliferative

disease and myeloid leukaemia (such as acute myeloid leukaemia).

It is a key recent finding that certain alpha-radioactive thorium isotopes (e.g. “*'Th)
may be administered in an amount that is both therapeutically effective and does
not generate intolerable myelotoxicity. As used herein, the term "acceptably non-
myelotoxic” is used to indicate that, most importantly, the amount of radium-223
generated by decay of the administered thorium-227 radioisotope is generally not
sufficient to be directly lethal to the subject. It will be clear to the skilled worker,
however, that the amount of marrow damage (and the probability of a lethal
reaction) which will be an acceptable side-effect of such treatment will vary
significantly with the type of disease being treated, the goals of the treatment
regimen, and the prognosis for the subject. Although the preferred subjects for the
present invention are humans, other mammals, particularly dogs, will benefit from
the use of the invention and the level of acceptable marrow damage may also
reflect the species of the subject. The level of marrow damage acceptable will
generally be greater in the treatment of malignant disease than for non-malignant
disease. One well known measure of the level of myelotoxicity is the neutrophil cell
count and, in the present invention, an acceptably non-myelotoxic amount of “°Ra
will typically be an amount controlled such that the neutrophil fraction at its lowest
point (nadir) is no less than 10% of the count prior to treatment. Preferably, the
acceptably non-myelotoxic amount of ““’Ra will be an amount such that the
neutrophil cell fraction is at least 20% at nadir and more preferably at least 30%. A

nadir neutrophil cell fraction of at least 40% is most preferred.

In addition, radioactive thorium (e.g. ““’Th) containing compounds may be used in
high dose regimens where the myelotoxicity of the generated radium (e.g. “*°Ra)
would normally be intolerable when stem cell support or a comparable recovery
method is included. In such cases, the neutrophil cell count may be reduced to

below 10% at nadir and exceptionally will be reduced to 5% or if necessary below
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5%, providing suitable precautions are taken and subsequent stem cell support is

given. Such techniques are well known in the art.

A thorium isotope of particular interest in the present invention is thorium-227, and
thorium-227 is the preferred isotope for all references to thorium herein where
context allows. Thorium-227 is relatively easy to produce and can be prepared
indirectly from neutron irradiated “°Ra, which will contain the mother nuclide of
““Th, i.e. “’Ac (T4 = 22 years). Actinium-227 can quite easily be separated from
the “°Ra target and used as a generator for “’Th. This process can be scaled to
iIndustrial scale If necessary, and hence the supply problem seen with most other
alpha-emitters considered candidates for molecular targeted radiotherapy can be

avolided.

Thorium-227 decays via radium-223. In this case the primary daughter has a half-
life of 11.4 days. From a pure “'Th source, only moderate amounts of radium are
produced during the first few days. However, the potential toxicity of “°Ra is higher
than that of “/Th since the emission from “*’Ra of an alpha particle is followed
within minutes by three further alpha particles from the short-lived daughters (see

Table 2 below which sets out the decay series for thorium-227).

Table 2
Nuclide Decay mode Mean particle Half-life
energy (MeV)
*7Th o 6.02 18.72 days
“’Ra o 5.78 11.43 days
“Rn o 6.88 3.96 seconds
“po a 7.53 1.78 ms
'pp B 0.45 36.1 minutes
1pj o 6.67 2.17 minutes
7T B 1.42 4.77 minutes
“Pp Stable

Partly because it generates potentially harmful decay products, thorium-227 (T4, =

18.7 days) has not been widely considered for alpha particle therapy.
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Thorium-227 may be administered in amounts sufficient to provide desirable
therapeutic effects without generating so much radium-223 as to cause intolerable
bone marrow suppression. It is desirable to maintain the daughter isotopes in the
targeted region so that further therapeutic effects may be derived from their decay.
However, it Is not necessary to maintain control of the thorium decay products In
order to have a useful therapeutic effect without inducing unacceptable

myelotoxicity.

Assuming the tumour cell killing effect will be mainly from thorium-227 and not from
its daughters, the likely therapeutic dose of this isotope can be established by
comparison with other alpha emitters. For example, for astatine-211, therapeutic
doses in animals have been typically 2-10 MBq per kg. By correcting for half-life
and energy the corresponding dosage for thorium-227 would be at least 36-200 kBqg
per kg of bodyweight. This would set a lower limit on the amount of “/Th that
could usefully be administered in expectation of a therapeutic effect. This
calculation assumes comparable retention of astatine and thorium. Clearly
however the 18.7 day half-life of the thorium will most likely result in greater
elimination of this isotope before its decay. This calculated dosage should therefore
normally be considered to be the minimum effective amount. The therapeutic dose
expressed in terms of fully retained “’Th (i.e. ““’Th which is not eliminated from the
body) will typically be at least 18 or 25 kBq/kg, preferably at least 36 kBg/kg and
more preferably at least 75 kBqg/kg, for example 100 kBg/kg or more. Greater
amounts of thorium would be expected to have greater therapeutic effect but cannot
be administered if intolerable side effects will result. Equally, if the thorium is
administered in a form having a short biological half-life (i.e. the half life before
elimination from the body still carrying the thorium), then greater amounts of the
radioisotope will be required for a therapeutic effect because much of the thorium
will be eliminated before it decays. There will, however, be a corresponding
decrease Iin the amount of radium-223 generated. The above amounts of thorium-
227 to be administered when the isotope is fully retained may easily be related to
equivalent doses with shorter biological half-lives. Such calculations are well
known in the art and given in WO 04/091668 (e.g. in the text an in Examples 1 and
2).
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If a radiolabelled compound releases daughter nuclides, it is important to know the
fate, if applicable, of any radioactive daughter nuclide(s). With ““’Th, the main
daughter product is “°’Ra, which is under clinical evaluation because of its bone
seeking properties. Radium-223 clears blood very rapidly and is either concentrated
In the skeleton or excreted via intestinal and renal routes (see Larsen, J Nucl Med
43(5, Supplement): 160P (2002)). Radium-223 released in vivo from ““’Th may
therefore not affect healthy soft tissue to a great extent. In the study by Muller in Int.
J. Radiat. Biol. 20:233-243 (1971) on the distribution of “/Th as the dissolved
citrate salt, it was found that “°Ra generated from “*/Th in soft tissues was readily
redistributed to bone or was excreted. The known toxicity of alpha emitting radium,

particularly to the bone marrow, is thus an issue with thorium dosages.

It was established for the first time in WO 04/091668 that, in fact, a dose of at least
200 kBqg/kg of “’Ra can be administered and tolerated in human subjects. These
data are presented in that publication. Therefore, it can now be seen that, quite
unexpectedly, a therapeutic window does exist in which a therapeutically effective
amount of “Th (such as greater than 36 kBg/kg) can be administered to a
mammalian subject without the expectation that such a subject will suffer an
unacceptable risk of serious or even lethal myelotoxicity. Nonetheless, it is
extremely important that the best use of this therapeutic window be made and
therefore it is essential that the radioactive thorium be quickly and efficiently
complexed, and held with very high affinity so that the greatest possible proportion

of the dose is delivered to the target site.

The amount of “°Ra generated from a ““’Th pharmaceutical will depend on the
biological half-life of the radiolabelled compound. The ideal situation would be to
use a complex with a rapid tumour uptake, including internalization into tumour cell,
strong tumour retention and a short biological half-life in normal tissues.
Complexes with less than ideal biological half-life can however be useful as long as
the dose of “’Ra is maintained within the tolerable level. The amount of radium-223
generated in vivo will be a factor of the amount of thorium administered and the
biological retention time of the thorium complex. The amount of radium-223
generated in any particular case can be easily calculated by one of ordinary skKill.
The maximum administrable amount of “’Th will be determined by the amount of
radium generated in vivo and must be less than the amount that will produce an

intolerable level of side effects, particularly myelotoxicity. This amount will
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generally be less than 300kBqg/kg, particularly less than 200 kBg/kg and more
preferably less than 170 kBg/kg (e.g less than 130 kBg/kg). The minimum effective
dose will be determined by the cytotoxicity of the thorium, the susceptibility of the
diseased tissue to generated alpha irradiation and the degree to which the thorium
IS efficiently combined, held and delivered by the targeting complex (being the

combination of the ligand and the targeting moiety in this case).

In the method of invention, the thorium complex is desirably administered at a
thorium-227 dosage of 18 to 400 kBg/kg bodyweight, preferably 36 to 200 kBqg/kg,
(such as 50 to 200 kBqg/kg) more preferably 75 to 170 kBqg/kg, especially 100 to 130
kBqg/kg. Correspondingly, a single dosage until may comprise around any of these
ranges multiplied by a suitable bodyweight, such as 30 to 150 Kg, preferably 40 to
100 Kg (e.g. a range of 540 kBq to 4000 KBq per dose etc). The thorium dosage,
the complexing agent and the administration route will moreover desirably be such
that the radium-223 dosage generated in vivo Is less than 300 kBqg/kg, more
preferably less than 200 kBqg/kg, still more preferably less than 150 kBqg/kg,
especially less than 100 kBg/kg. Again, this will provide an exposure to “’Ra
indicated by multiplying these ranges by any of the bodyweights indicated. The
above dose levels are preferably the fully retained dose of “/Th but may be the
administered dose taking into account that some ““’Th will be cleared from the body

before it decays.

Where the biological half-life of the “’Th complex is short compared to the physical
half-life (e.q. less than 7 days, especially less than 3 days) significantly larger
administered doses may be needed to provide the equivalent retained dose. Thus,
for example, a fully retained dose of 150 kBqg/kg Is equivalent to a complex with a 5
day half-life administered at a dose of 711 kBqg/kg. The equivalent administered
dose for any appropriate retained doses may be calculated from the biological

clearance rate of the complex using methods well known In the art.

Since the decay of one “’Th nucleus provides one ““’Ra atom, the retention and
therapeutic activity of the “*’Th will be directly related to the “°’Ra dose suffered by
the patient. The amount of “’Ra generated in any particular situation can be

calculated using well known methods.
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In a preferred embodiment, the present invention therefore provides a method for
the treatment of disease in a mammalian subject (as described herein), said
method comprising administering to said subject a therapeutically effective quantity
of a conjugate comprising a tissue targeting moiety, an octadentate ligand
(especially any of those described herein) and a radioactive thorium isotope (e.g.
thorium-227).

It is obviously desirable to minimise the exposure of a subject to the “’Ra daughter
Isotope, unless the properties of this are usefully employed. In particular, the
amount of radium-223 generated in vivo will typically be greater than 40 kBqg/kg,
e.g. greater than 60 kBg/Kg. In some cases it will be necessary for the “*° Ra

generated in vivo to be more than 80 kBqg/kg, e.g. greater than 100 or 115 kBqg/kg.

Thorium-227 labelled conjugates in appropriate carrier solutions may be
administered intravenously, intracavitary (e.g. intraperitoneally), subcutaneously,
orally or topically, as a single application or in a fractionated application regimen.
Preferably the complexes conjugated to a targeting moiety will be administered as
solutions by a parenteral (e.g. transcutaneous) route, especially intravenously or by
an intracavitary route. Preferably, the compositions of the present invention will be

formulated in sterile solution for parenteral administration.

Thorium-227 in the methods and products of the present invention can be used
alone or in combination with other treatment modalities including surgery, external
beam radiation therapy, chemotherapy, other radionuclides, or tissue temperature
adjustment etc. This forms a further, preferred embodiment of the method of the
iInvention and formulations/medicaments may correspondingly comprise at least
one additional therapeutically active agent such as another radioactive agent or a

chemotherapeutic agent.

In one particularly preferred embodiment the subject is also subjected to stem cell
treatment and/or other supportive therapy to reduce the effects of radium-223

iInduced myelotoxicity.

According to this invention “/Th may be complexed by targeting complexing
agents. Typically the targeting moieties will have a molecular weight from 100

g/mol to several million g/mol(particularly 100 g/mol to 1 million g/mol), and will
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preferably have affinity for a disease-related receptor either directly, and/or will

comprise a suitable pre-administered binder (e.g. biotin or avidin) bound to a

molecule that has been targeted to the disease in advance of administering “*’Th.

Suitable targeting moieties include poly- and oligo-peptides, proteins, DNA and

RNA fragments, aptamers etc, preferably a protein, e.g. avidin, strepatavidin, a

polyclonal or monoclonal antibody (including IgG and IgM type antibodies), or a

mixture of proteins or fragments or constructs of protein. Antibodies, antibody

constructs, fragments of antibodies (e.g. Fab fragments or any fragment comprising

at least one antigen binding region(s)), constructs of fragments (e.g. single chain

antibodies) or a mixture thereof are particularly preferred. Suitable fragments

particuarly include Fab, F(ab'),, Fab' and/or scFv. Antibody constructs may be of

any antibody or fragment indicated herein.

In one aspect, the specific binder (tissue targeting moiety) may be an peptide with

sequence similarity or identity with at least one sequence from the following table:

Table 3. Amino acid sequence of AGC0700.

Fragment

variable Vy

QVOLVOQSGAEVKKPGSSVKVSCKASGYTEFTDYNMHWVROQAPGQGLEWIGYIYPYNG
GTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAMDYWGQGTLV

variable V,
domain
(SegID 2)

domain TVSS
(SegID 1)
Fragment DIOMTOSPSSLSASVGDRVTITCRASESVDNYGISEFMNWEFQOKPGKAPKLLIYAAS

NQGSGVPOREFSGOGSGTDETLTISSLOPDDEFATYYCQQOSKEVPWTEFGQGTKV.

1K

Complete Vy
domain
(SegID 3)

QVOLVOQSGAEVKKPGSSVKVSCKASGYTFTDYNMHWVROQAPGOQGLEWIGYIYPYNG
GTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAMDYWGQGTLV
TVSSASTKGPSVEPLAPSSKOS TS GGTAALGCLVKDYFPEPVTVOSWNSGALTSGVHT
FPAVLOSSGLYSLOSVVITVPOSSOSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT

CPPCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSH.

L]

DPEVKENWYVDG

VEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGGQPENNYK
TTPPVLDSDGOFFLYSKLTVDKSRWQOGNVESCOVMHEALHNHYTOQKSLSLSPG

Complete Vi
domailn
(SegID 4)

DIOMTQSPSSLOSASVGDRVTITCRASESVDNYGISEFMNWEFQOKPGKAPKLLIYAAS

NQGSGVPSREFSGOSGOSGTDETLTISSLOPDDFATYYCQQSKEVPWT FGQGTKV!

L LKR

TVAAPSVEIFPPSDEQLKSGTASVVCLLNNEYPREAKVOWKVDNALQSGNSQ

Lo VT

EQDSKDSTYSLOSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC
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Specifically, the tissue targeting moiety may have a sequence having substantial
sequence identity or substantial sequence similarity to those set out in SeqlD 1 to 4.
Substantial sequence identity/similarity may be taken as having a sequence
similarity/identity of at least 80% to the complete domains (SeqlD 3 or 4) and/or at
least 90% to the variable domains. Preferable sequence similarity or more
preferably identity may be at least 92%, 95%, 97%, 98% or 99%. Sequence
similarity and/or identity may be determined using the "BestFit" program of the
Genetics Computer Group Version 10 software package from the University of
Wisconsin. The program uses the local had algorithm of Smith and Waterman with
default values: Gap creation penalty=8, Gap extension penalty=2, Average

match=2.912, average mismatch 2.003.

A tissue targeting moiety will have binding affinity for CD33 and may also have a
sequence with up to about 10 amino acid variants from the above sequences for
the variable domains and up to around 40 variants for the full domains. Variants
may be by insertion, deletion and/or substitution and may be contiguous or non-
contiguous with respect to seqlDs 1-4. Substitutions or insertions will typically be
by means of at least one of the 20 amino acids of the genetic code and
substitutions will most generally be conservative substitutions. However, in one
embodiment, at least one insertion and/or substitution may be made to an amino
acid having a reactive side-chain useful for linking to the ligand moiety. Such a
side-chain may comprise, for example, at least one thiol, amine, alcohol, acid, or
amide group or any protected equivalent thereof (e.g. ester, thioester etc).
Protective groups are well known in organic chemistry and may be selected from
standard texts such as "Protective Groups in Organic Chemistry" by Theodora

Greene (incorporated herein by reference).

Generally, the octadentate ligand is conjugated directly or indirectly (e.g. via a linker
moiety) to the targeting moiety. General constructs of this type; I.e. of active (e.qg.
therapeutically or diagnostically active) metal - complexing moiety - optional linker
moiety - targeting moiety, are well known in the fields of targetead
radiopharmaceuticals and targeted imaging agents. However, little or no work is
available assessing the suitability of various ligands for specific use with thorium 4+
ions. In this regard reference may be had for example to "Handbook of Targeted

Delivery of Imaging Agents”, Ed. Torchilin, CRC Press, 1995.
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The most relevant previous work on thorium ions with hydroxypyridinone ligands

was published as W02011/098611 and discloses the relative ease of generation of

thoruim ions complexed with octadentate HOPO-containing ligands.

Previously known chelators for thorium also include the polyaminopolyacid
chelators which comprise a linear, cyclic or branched polyazaalkane backbone with
acidic (e.g. carboxyalkyl) groups attached at backbone nitrogens. Examples of
such chelators include DOTA derivatives such as p-isothiocyanatobenzyl-1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid (p-SCN-Bz-DOTA) and DTPA
derivatives such as p-isothiocyanatobenzyl-diethylenetriaminepentaacetic acid ( p-

SCN- Bz-DTPA), the first being cyclic chelators, the latter linear chelators.

Derivatives of 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid have been
previously exemplified, but standard methods cannot easily be used to chelate
thorium with DOTA derivatives. Heating of the DOTA derivative with the metal
provides the chelate effectively, but often in low yields. There is a tendency for at
least a portion of the ligand to irreversibly denature during the procedure.
Furthermore, because of its relatively high susceptibility to irreversible denaturation,
it is generally necessary to avoid attachment of the targeting moiety until all heating
steps are completed. This adds an extra chemical step (with all necessary work-up
and separation) which must be carried out during the decay lifetime of the alpha-
emitting thorium isotope. Obviously it is preferable not to handle alpha-emitting
material in this way or to generate corresponding waste to a greater extent than
necessary. Furthermore, all time spend preparing the conjugate wastes a

proportion of the thorium which will decay during this preparatory period.

It is preferred that the complexes of alpha-emitting thorium and an octadentate
ligand in all aspects of the present invention are formed or formable without heating
above 60°C (e.g. without heating above 50°C), preferably without heating above
38°C and most preferably without heating above 25°C.

It is additionally preferred that the conjugate of the targeting moiety and the
octadentate ligand be prepared prior to addition of the alpha-emitting thorium
isotope (e.g. “’Th*" ion). The products of the invention are thus preferably formed
or formable by complexation of alpha-emitting thorium isotope (e.g. “Th*" ion) by a

conjugate of an octadentate ligand and a tissue-targeting moiety.
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The chelators may be non-phosphonate molecules and in one embodiment of the
present invention the ““’Th will not be attached to any phosphonate or other bone-

targeting group nor administered with such materials.

The present inventors have now established that complexes comprising
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide are highly amenable to
generation at room temperature and/or physiological temperature (e.g. at 20°C or
37°C). Such complexes may be generated rapidly and furthermore since the
temperature of generation is comparatively low the complexation of the thorium
component may take place after the ligand moiety has been bound or otherwise
conjugated to the tissue-targeting moiety, thus reducing the number of steps

required after addition of the radioisotope.

In addition to the above, the more water soluble nature of the octadentate
hydroxypyridinone-containing ligand comprising four HOPO moieties wherein at
least one HOPO moiety comprises a hydroxyalkyl solubilising group serves to
further improve the ease of manufacture of the complete conjugate. Specifically,
during manufacturing of the conjugate a hydrophobic chelator, such as a previously
known octodentate ligand, has to be dissolved in an organic solvent, such as
DMSO or DMA. Removal of all traces of the organic solvent after conjugation is
necessary but difficult with such non-volatile polar organic solvents and complete
removal is difficult to prove analytically. Time spent in analysis is obviously
undesirable where an alpha-emitter has been incorporated because the
radionuclide continues to decay and the potency of the conjugate reduces with

time.

Due to the requirement for an organic solvent, a hydrophobic chelator is challenging
to combine not only with proteinaceous targeting molecules but even more so with
alternative targeting molecules that are more hydrophilic, including nanoparticles

having PEG or dextrane on the surface.

A PEG or alternative hydrophilic highly water soluble spacer may be desired for

biological reasons, such as prolonged halflife or reducing an immune response. The
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manufacturing of the chelator — PEG unit prior to conjugation to the protein is also
challenging due to the difference in solubillity properties of the two parts.

A PEG, or similar, spacer introduces more hydrophilicity into the molecule, between
the chelating moiety and the carrier protein. However, this only moves the chelator
further away from the carrier protein, while the hydrophobicity of the chelator is not
affected. Therefore a hydrophobic chelator may still be recognized as a
hydrophobic spot on the surface of the (PEGylated) targeting molecule and

generate undesirable reactions as discussed herein above.

Various types of targeting compounds that may be linked to thorium (e.g. thorium-
227) via an octadentate chelator (comprising a coupling moiety as described
herein). The targeting moiety may be selected from known targeting groups, which
iInclude monoclonal or polyclonal antibodies, growth factors, peptides, hormones
and hormone analogues, folate and folate derivatives, botin, avidin and streptavidin
or analogues thereof. Other possible targeting groups include RNA, DNA, or
fragments thereof (such as aptamer), oligonucleotides, carbohydrates, lipids or
compounds made by combining such groups with or without proteins etc. PEG
moieties may be included as indicated above, such as to increase the biological

retention time and/or reduce the immune stimulation.

The tissue targeting moiety may, in one embodiment, exclude bone-seekers,
liposomes and folate conjugated antibodies or antibody fragments. Alternatively,

such moieties may be included.

The thorium (e.g. thorium-227) labelled molecules of the invention may be used for
the treatment of cancerous or non-cancerous diseases by targeting disease-related
receptors. Typically, such a medical use of “’Th will be by radioimmunotherapy
based on linking ““’Th by a chelator to an antibody, an antibody fragment, or a
construct of antibody or antibody fragments for the treatment of cancerous or non-
cancerous diseases. The use of “/Th in methods and pharmaceuticals according
to the present invention Is particularly suitable for the treatment of any form of
cancer including carcinomas, sarcomas, lymphomas and leukemias, especially
cancer of the lung, breast, prostate, bladder, kidney, stomach, pancreas,
oesophagus, brain, ovary, uterus, oral cancer, colorectal cancer, melanoma,

multiple myeloma and non-Hodgkin’'s lymphoma.
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The amount of “*’Ra released could be diminished if the molecule carrying ““'Th
has a short biological retention half-time in vivo because the radionuclide will mostly
be eliminated before a high proportion of the “’Th has decayed to “’Ra. The
amount of “’Th would, however, need to be increased in order to remain
therapeutically effective, according to the present invention. If the complexing agent
is selected so as to deliver the “'Th into the interior of the targeted cells, this will
further increase the specific cytotoxicity and reduce the systemic toxic effect of the
radioactive daughters because of at least partial retention of daughter isotopes at
the tumour site. Both of these features widen the ““’Th therapeutic window and

thus form preferred embodiments of the invention.

In a further embodiment of the invention, patients with both soft tissue and skeletal
disease may be treated both by the ’Th and by the “*’Ra generated in vivo by the
administered thorium. In this particularly advantageous aspect, an extra
therapeutic component to the treatment is derived from the acceptably non-
myelotoxic amount of “°Ra by the targeting of the skeletal disease. In this
therapeutic method, “'Th is typically utilised to treat primary and/or metastatic
cancer of soft tissue by suitable targeting thereto and the ““’Ra generated from the
““'Th decay is utilised to treat related skeletal disease in the same subject. This
skeletal disease may be metastases to the skeleton resulting from a primary soft-
tissue cancer, or may be the primary disease where the soft-tissue treatment is to
counter a metastatic cancer. Occasionally the soft tissue and skeletal diseases
may be unrelated (e.g. the additional treatment of a skeletal disease in a patient

with a rheumatological soft-tissue disease).

A key aspect of the present invention in all respects is the use of an octadentate
ligand, particularly an octadentate hydroxypyridinone-containing ligand comprising
four HOPO moieties. Such ligands will typically comprise at least four chelating

groups each independently having the following substituted pyridine structure (I):
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R, N Re
R3 Rs
R4 I

Wherein R, Is an optional N-substituent solubilising group which will be present in at
least one of the four moieties of formula | and may be present in 2, 3 or all 4 such
moieties. Ry may thus be absent or may be selected from OH and hydroxyalkyil
moieties. Suitable hydroxyalkyl moieties will comprise at least one OH group but
may optionally comprise more than one, such as two, three or four OH groups.

One or two OH groups are most preferred on the hydroxyalkyl moiety.

The nitrogen on the pyridinone ring of HOPO moiety (especially the 3,2-HOPO and
2,3-HOPO) is a suitable point for introducing hydrophilic substituents without
grossly affecting the properties of the ring, and importantly, which will face outwards
after conjugating the molecule to a carrier protein or other targeting molecule. We
have previously shown that a chelator based on a pyrimidone ring having a methyl
group In this position is suitable for chelation of thorium ions. The novel chelators
have alternative groups introduced, including a hydroxyethyl at the N-position.
surprisingly, the minor change from methyl to hydroxylethyl resulted in a chelator
which was completely soluble in pure water. This molecule and some related

examples are shown below.

As used herein, all hydrocarbyl moieties are independently selected from short
hydrocarbyl groups, such as C1 to C8 hydrocarbyl, including C1 to C8 alkyl, alkenyl
or alkynyl groups. Correspondingly, alkyl groups will typically be straight or
branched chain C1 to C8 alkyl groups such as methyl, ethyl, n- or iso-propy, n-, iso-

or sec-butyl and so forth.

Highly preferred R4 groups include straight or branched chain alkyl groups (such as
those indicated above) having one, two or more hydroxy groups attached to a
carbon atom of the alkyl chain. Some highly preferred hydroxyalkyl groups include

hydroxymethyl, hydroxyethyl, hydroxy n-propyl, hydroxy iso-propyl, di-hydroxy n-
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propyl (e.g. 1,2-, 2,3- or 1,3-di-hydroxy propyl), hydroxy n-butyl, di-hydroxy n-butyl
and tri-hydroxy n-butyl with hydroxyethyl being most highly preferred. In one
embodiment, each of the 4 HOPO moieties of the octadentate ligand will comprise
a hydroxylakyl (such as hydroxyethyl) group at position R4. In a further
embodiment, all four HOPO moieties will comprise the same hydroxyalkyl group
(e.g. all 4 HOPQO groups will be N-substituted with hydroxyethyl or all 4 will be
substituted with di-hydroxy propyl).

In a highly preferred embodiment, all 4 HOPO groups will be the same HOPO
group selected from 3,2 HOPO and 2,3, HOPO groups. In a further highly preferred
embodiment (which may optionally be combined with the previous), all four HOPO
groups will be N-substituted with the same hydroxyalkly group selected from
hydroxymethyl, hydroxyethyl, hydroxy propyl, hydroxybutyl, dihydroxypropyl and
dihydroxybutyl. Of this list hydroxyethyl, hydroxypropyl and dihydroxypropyl are

most preferred.

In Formula |, groups R, to Rg may each independently be selected from H, OH, =0,
short hydrocarbyl (as described herein), a linker moiety (as described herein)
and/or a coupling moiety (as described herein). Generally, at least one of groups
R, to Rg will be OH. Generally, at least one of groups R, to Rg will be =0.
Generally, at least one of groups R, to Rg will be a linker moiety (as described
herein). Preferably, exactly one of groups R, to Rg will be =0O. Preferably exactly
one of groups R, to Rg will be OH. Preferably exactly one of groups R, to Rg will be
a linker moiety (as described herein). The remaining groups R, to Rg may be any of
those moieties indicated herein, but are preferably H. Where a linker moiety or any
additional linker, template or chelating groups attached to a linker moiety do not
comprise a coupling moiety then one of groups R4 to Rg Is preferably a coupling

molety (as described herein).

In a preferred embodiment, one of groups R, to Rg will be OH and one of R, to Re
will be =0 and the OH and =0 groups will be on neighbouring atoms of the ring.
Thus, in a preferred embodiment, OH and =O may be on atoms 2,3; 3,2; 3,4; or 4,3
respectively (numbering from the nitrogen as would be expected). Octadentate
ligands having at least one chelating moiety wherein OH and =O groups are
present at positions 3 and 2 respectively are highly preferred. The octadentate

ligands may have 2, 3 or 4 such chelating groups, where 2 or 4 such groups are



CcCA 02873143 2014-11-10

WO 2013/167755 PCT/EP2013/059840

- )5 -
highly preferred. N-substituted 3,2-HOPO moieties are highly preferred as all four

complexing moieties of the octadentate ligand.

Suitable chelating moieties may be formed by methods known in the art, including
the methods described in US 5,624,901 (e.g. examples 1 and 2) and
WO02008/063721 (both incorporated herein by reference).

As used herein, the term "linker moiety" (R, in formula 1) is used to indicate a
chemical entity which serves to join at least two chelating groups in the octadentate
ligands, which form a key component in various aspects of the invention. Linker
moieties may also join the octadentate ligand portion to the tissue targeting moiety.
Typically, each chelating group (e.g. those of formula | above and/or formula |
below) will be bi-dentate and so four chelating groups, of which at least one is of
formula |, will typically be present in the ligand. Such chelating groups are joined to
each other by means of their linker moieties. Thus, a linker moiety (e.g. group R,
below) may be shared between more than one chelating group of formula | and/or
Il. The linker moieties may also serve as the point of attachment between the
complexing part of the octadentate ligand and the targeting moiety. In such a case,
at least one linker moiety will join to a coupling moiety (R¢). Suitable linker moieties
iInclude short hydrocarbyl groups, such as C1 to C12 hydrocarbyl, including C1 to
C12 alkyl, alkenyl or alkynyl group, including methyl, ethyl, propyl, butyl, pentyi

and/or hexyl groups of all topologies.

Linker moieties may also be or comprise any other suitably robust chemical
linkages Iincluding esters, ethers, amine and/or amide groups. The total number of
atoms joining two chelating moieties (counting by the shortest path if more than one
path exists) will generally be limited, so as to constrain the chelating moieties in a
suitable arrangement for complex formation. Thus, linker moieties will typically be
chosen to provide no more than 15 atoms between chelating moieties, preferably, 1
to 12 atoms, and more preferably 1 to 10 atoms between chelating moieties.

Where a linker molety joins two chelating moieties directly, the linker will typically be
1 to 12 atoms In length, preferably 2 to 10 (such as ethyl, propyl, n-butyl etc).
Where the linker moiety joins to a central template (see below) then each linker
may be shorter with two separate linkers joining the chelating moieties. A linker

length of 1 to 8 atoms, preferably 1 to 6 atoms may be preferred in this case
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(methyl, ethyl and propyl being suitable, as are groups such as these having an

ester, ether or amide linkage at one end or both).

In addition to the linker moiety, which primarily serves to link the various chelating
groups of the octadentate ligand to each other and/or to a central template, the
octadentate preferably further comprises a “coupling moiety” (R¢). The function of
the coupling moiety is to link the octadentate ligand to the targeting moiety. This
may be achieved by either covalent or non-covalent attachment (e.g. by a specific
binding pair such as biotin/avidin (streptavidin). Linker moieties as described above
form possible coupling moieties. Preferably coupling moieties will be covalently
linked to the chelating groups, either by direct covalent attachment to one of the
chelating groups or more typically by attachment to a linker moiety or template.
Should two or more coupling moieties be used, each can be attached to any of the

available sites such as on any template, linker or chelating group.

In one embodiment, the coupling moiety may have the structure:

g—R7—X

wherein Ry; Is a bridging moiety, which is a member selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or unsubstituted aryl and substituted or
unsubstituted heteroaryl; and X is a targeting moiety or a reactive functional group.
The preferred bridging moieties include all those groups indicated herein as suitable
linker moieties. Preferred targeting moieties include all of those described herein
and preferred reactive X groups include any group capable of forming a covalent
linkage to a targeting moiety, including, for example, COOH, OH, SH, NHR and
COH groups, where the R of NHR may be H or any of the short hydrocarbyl groups
described herein. Highly preferred groups for attachment onto the targeting moiety
Include epsilon-amines of lysine residues and thiol groups of cysteine residues.
Non-limiting examples of suitable reactive X groups, include N-
hydroxysuccimidylesters, imidoesters, acylhalides, N-maleimides, alpha-halo acetyl

and isothiocyanates, where the latter three are suitable for reaction with a thiol

group.
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The coupling moiety is preferably attached, so that the resulting coupled
octadentate ligand will be able to undergo formation of stable metal ion complexes.
The coupling moliety will thus preferably link to the linker, template or chelating
moiety at a site which does not significantly interfere with the complexation. Such a
site will preferably be on the linker or template, more preferably at a position distant

from the surface binding to the target.

Preferred chelating groups include those of formula |l below:

O 1

In the above formula Il, the =0 moiety represents a keto-group attached to any
carbon of the pyridine ring, the -OH represents a hydroxy moiety attached to any
carbon of the pyridine ring and the -R| represents a linker moiety which attaches
the hydroxypyridinone moiety to other complexing moieties so as to form the overall
octadentate ligand. Any linker moiety described herein is suitable as R, including
short hydrocarbyl groups, such as C1 to C8 hydrocarbyl, including C1 to C8 alkyl,
alkenyl or alkynyl group, including methyl, ethyl, propyl, butyl, pentyl and/or hexyl
groups of all topologies. R, may join the ring of formula Il at any carbon of the
pyridine ring. The R groups may then in turn bond directly to another chelating
moiety, to another linker group and/or to a central atom or group, such as a ring or
other template (as described herein). The linkers, chelating groups and optional

template moieties are selected so as to form an appropriate octadentate ligand.

In one preferred embodiment the -OH and =O moieties of formula |l reside on
neighbouring atoms of the pyridine ring, such that 2,3-, 3,2-; 4,3-; and 3,4-

hydroxypyridinone derivatives are all highly suitable.

Molety R, resides on the nitrogen of the pyridine ring. Group Ry may be absent In

some groups of formula |l where more than one different group of formula Il is
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present in the octadentate ligand. However, at least one Ry group in each

octadentate ligand will be a hydroxyalkyl group as indicated herein.

In one preferred embodiment, at least one 3,2- hydroxypyridinone moiety is present
In the octadentate ligand structure. This may evidently be substituted by any of the

various substituent moieties indicated herein.

Since each of the moieties of formula |l has two potentially complexing oxygens,
one embodiment of the present invention provides for an octadentate ligand
comprising at least 2, preferably at least 3 and most preferably 4 independently
chosen moieties of formula |l. Each moiety of formula || may have an independent
substitution pattern, but in one preferred embodiment, at least one molety is a 3,2-
hydroxypyridinone moiety. The ligand may include 2, 3 or 4 3,2- hydroxypyridinone

moieties (substituted as appropriate, as described herein).

Each moiety of formula | or Il in the octadentate ligand may be joined to the
remainder of the ligand by any appropriate linker group as discussed herein and In
any appropriate topology. For example, four groups of formula | may be joined by
their linker groups to a backbone so as to form a linear ligand, or may be bridged by
linker groups to form a "oligomer” type structure, which may be linear or cyclic.
Alternatively, the ligand moieties of formulae | and/or || may be joined in a "cross” or
"star" topography to a central atom or group, each by a linker (e.g. "R." moiety).
Linker (R) moieties may join solely through carbon-carbon bonds, or may attach to
each other, to other chelating groups, to a backbone, template, coupling moiety or
other linker by any appropriately robust functionality including an amine, amide,

ester, ether, thio-ether or disulphide bond.

A "stellar" arrangement is indicated in formula Il below:
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Wherein all groups and positions are as indicated above and "T" is additionally a
central atom or template group, such as a carbon atom, hydrocarby chain (such as
any of those described herein above), aliphatic or aromatic ring (including
heterocyclic rings) or fused ring system. The most basic template would be a single
carbon, which would then attach to each of the chelating moieties by their linking
groups. Longer chains, such as ethyl or propyl are equally viable with two chelating
moieties attaching to each end of the template. Evidently, any suitably robust
linkage may be used in joining the template and linker moieties including carbon-

carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.

Evidently, in the structures of formula Il lll, IV and Vb, those positions of the
pyridine ring(s) which are not otherwise substituted (e.g by a linker or coupling
molety) may carry substituents described for R4 to Rs in Formula |, as appropriate.
In particular, small alkyl substituents, such as methyl, ethyl or propyl groups may be

present at any position.

The octadentate ligand will generally additionally comprise at least one coupling

molety as described above. This may be any suitable structure including any of
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those indicated herein and will terminate with the targeting moiety, a specific binder

or a functional group capable of linking to such a targeting moiety or specific binder.

The coupling moiety may attach to any suitable point of the linker, template or
chelating moiety, such as at points a), b) and/or c¢) as indicated in formula Ill. The
attachment of the coupling moiety may be by any suitably robust linkage such as
carbon-carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.
Similarly, groups capable of forming any such linkages to the targeting moiety are
suitable for the functional end of the coupling moiety and that moiety will terminate

with such groups when attached to the targeting part.

An alternative, "backbone" type structure is indicated below in Formula IV

|\—R84|—R84|—RB ,
g el RB’ ---------
IV

Wherein all groups and positions are as indicated above and "Rg" is additionally a
backbone moiety, which will typically be of similar structure and function to any of
the linker moleties indicated herein, and thus any definition of a linker moiety may
be taken to apply to the backbone moiety where context allow. Suitable backbone
moieties will form a scaffold upon which the chelating moieties are attached by
means of their linker groups. Usually three or four backbone moieties are required.
Typically this will be three for a linear backbone or four if the backbone is cyclised.

Particularly preferred backbone moieties include short hydrocarbon chains (such as
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those described herein) optionally having a heteroatom or functional moiety at one

or both ends. Amine and amide groups are particularly suitable in this respect.

The coupling moiety may attach to any suitable point of the linker, backbone or
chelating moiety, such as at points a), b) and/or c¢') as indicated in formula IV. The
attachment of the coupling moiety may be by any suitably robust linkage such as
carbon-carbon bonds, ester, ether, amine, amide, thio-ether or disulphide bonds.
Similarly, groups capable of forming any such linkages to the targeting moiety are
suitable for the functional end of the coupling moiety and that moiety will terminate

with such groups when attached to the targeting part.

An example of a "backbone" type octadentate ligand having four 3,2-HOPO
chelating moieties (each with a hydroxyethyl solubilising group) attached to a

backbone by amide linker groups would be formula V as follows:

HO

HO HO HO™

Evidently, a linker group R may be added at any suitable point on this molecule,
such as at one of the secondary amine groups or as a branching point on any of the
backbone alkyl groups. All small alkyl groups such as the backbone propylene or
the n-substituting ethylene groups may be substituted with other small alkylenes
such as any of those described herein (methylene, ethylene, propylene, and

butylene being highly suitable among those).

Exemplary "templated” octadentate ligands, each having four 3,2-HOPO chelating
moieties linked by ethyl amide groups to ethyl and propyl diamine respectively

would be formula VI as follows:



CcCA 02873143 2014-11-10

WO 2013/167755 PCT/EP2013/059840

- 37 -
HO
9

HO N
By
®
HN. N
/_/
] N
N
6
HO
VI

Evidently, any of the alkylene groups, shown in formula VI as ethylene moieties
may be independently substituted with other small alkylene groups such as
methylene, propylene or n-butylene. It is preferred that some symmetry be retained
in the molecule and thus, for example, the central ethylene group might be
substituted with a propylene while the other ethylene groups remain, or the two
ethylenes linking the HOPO moieties to one or both central tertiary amines may be
replaced with methylene or propylene. Similarly, as discussed herein, the N-
substituting groups may be replaced with any other hydroxyalkyl group as

discussed herein throughout.

As indicated above, the octadentate ligand will typically include a coupling moiety
which may join to the remainder of the ligand at any point. A suitable point for linker

attachment is shown below Iin formula VI:

Y\j/l J\Cﬁ
N A H \/\NH OH OH

J/ OH

HO VI
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Wherein R, Is any suitable linking moiety, particularly for attachment to a tissue
targeting group. A short hydrocarbyl group such as a C1 to C8 cyclic, branched or
straight chain aromatic or aliphatic group terminating in an active group such as an

amine is highly suitable as group R, in formula VI and herein throughout.

Highly preferred octadentate ligands showing suitable sites for ligand attachment

iInclude those of formulae VII and VIl below:

RL
O O
Y ‘ N/\/N N\/\N ‘ N
k H \ k
N N
OH HO
HN NH
H
OH O = ‘ ‘ R L OH
O/HN TW\O
HO OH V||
RL
O
Z N/\/N N_~
ol H H \
OH

O N N O
Hoj) |\[OH
HO OH VIII

Wherein in formulae VIl and VIII R, may be any suitable linker group or reactive
moiety as described herein. R will typically form the point of attachment of the

ligand to the targeting moliety and thus any suitable reactive group can be used for
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this attachment either directly or using a further linker. Suitable reactive moieties

for R. in formulae VII and VIII include NH, and NCS groups.

An exemplary compound with a functionalized moiety terminating the coupling
moiety, according to this embodiment, is structure IX below (the linker phenylamine
group may evidently be substituted with any other R, group as indicated herein as

appropriate):

OH

NH
HO 2 1X

The synthesis of compound |IX is described herein below and follows the following

synthetic route:
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h h CIn_N._Cl

N2 J ®J S I ]/

> HN » HN" » O "N

OBn 1 H 2 H 3 H
OBn OBn OBn

Y

' O OBn O OBn
OBn O HN™
oﬁANH H SN Oﬁ)\NH H S NI
N\ \ N ™NH o;nLOBn /rN 7 H N"“NH 0Bn~0Bn
BnO OBn O Og\ﬁ/\fo > BnO® OBn O N O)\f/\?o
x_N Oﬁ)LNJ/ =N
ﬁ)\ N. =~ H 1

1

OBn J/
NH
BnO NO- BnO 10 2

| 8H /r N\/\NH OH OH
HO” OH O 0% - N
o < OH O /r
NS Oﬁ/“\ N N
OH
I 12 I
NCS 11 NH,

All documents referred to herein are hereby incorporated by reference, including
Gordon AEV et al, Rational design of sequestering agents for plutonium and other
actinides. Chem. Rev. 2003, 103, 4207-4282, PCT Patent Application WO
2008/063721 A2 and T.N. Lambert et al., Tetrahedron Letters 43 (2002) 7379-7383.

In the methods of formation of the complexes of the present invention, it is preferred

that the reaction be carried out in aqueous solution. This has several advantages.
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Firstly, it removes the burden on the manufacturer to remove all solvent to below
acceptable levels and certify that removal. Secondly it reduces waste and most
importantly it speeds production by avoiding a separation or removal step. In the
context of the present radiopharmaceuticals, it is important that synthesis be carried
out as rapidly as possible since the radioisotope will be decaying at all times and
time spent in preparation wastes valuable material and introduces contaminant

daughter isotopes.

In one embodiment, the method comprises forming a first agueous solution of
octadentate hydroxypyridinone-containing ligand (as described herein throughout)
and a second aqueous solution of a tissue targeting moiety (as described herein

throughout) and contacting said first and said second agqueous solutions.

In a related embodiment, the method of formation of the present invention is carried
out in the substantial absence of any organic solvent. In this context, and "organic
solvent” takes its natural meaning of a material which is liquid at or around room
temperature and which comprises at least one carbon. Such organic solvents
typically comprise hydrocarbon, alcohol, ester, amide, ester and/or halogenated
moieties and such solvents are preferably present at no more than 1% (e.g. 0.0001
to 1%), preferably no more than 0.5% and most preferably no more than 0.2% by
weight in the aqueous solutions referred to herein. For the avoidance of doubt, the
targeting moieties and ligands referred to herein are not encompassed by the term
"organic solvent". Certain organic materials, such as organic acids, amines and
their salts may be present at somewhat higher concentrations so as to act as pH
buffers in the aqueous solvent. Where present these will typically be at a
concentration of no more than 10% (e.g. 0.001 to 10%), preferably no more than

5%, more preferably no more than 1% by weight.

Suitable coupling moieties are discussed in detail above and all groups and
moieties discussed herein as coupling and/or linking groups may appropriately be
used for coupling the targeting moiety to the ligand. Some preferred coupling
groups include amide, ester, ether and amine coupling groups. Esters and amides
may conveniently be formed by means of generation of an activated ester groups
from a carboxylic acid. Such a carboxylic acid may be present on the targeting
moiety, on the coupling moiety and/or on the ligand moiety and will typically react

with an alcohol or amine to form an ester or amide. Such methods are very well
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known In the art and may utilise well known activating reagents including

carbodiimide and/or azodicarboxylate activating reagents such as DCC DIC DEAD
DIAD etc.

Brief Summary of the Figures:

Figure 1: Mass spectrum AGC0715 (above), showing the distribution of
unconjugated mADb, and mADb conjugated with 1 or 2 chelators, respectively. The
average chelator-to-antibody ratio (CAR) is approximately 0.3.

Figure 2 A-B. Binding of AGC0700, and AGCO0715, analysed by flowcytometry on
CD33-positive HL-60 cells. Antibodies were detected using goat anti-human Fc,
Alexa488 conjugated secondary antibodies, and mean fluorescence intensity (MFI)
was plotted against primary antibody concentration in ug/mil. AC0O103 (Herceptin)
was used as an isotype-like control. AGC0/715 at different chelator-to-antibody
(CAR) ratios was compared with unconjugated AGC700 (A). In a control experiment
the AGC700 was mixed with a 50:50 mixture a reference mouse anti-human CD33

antibody (B).

Figure 3: Internalization of AGC0715-Th-227 (filled squares) and AGC0703-Th-227

(open squares), and the negative control trastuzumab-AC0015-Th-227 (triangles).

Figure 4A and B: HL-60 lymphoma cells incubated with the Th-227 labelled
AGCO0015 conjugated CD33-binding mAb AGCO0715 (filled circles), the Th-227
labelled AGCO0015 conjugated control mAb trastuzumab (filled squares), or culture

medium (filled diamonds). Both mAbs were labelled with Th-227 to the same
specific activity, and used at either 3 nM (A) or 0.3 nM (B).

Figure 5: Biodistribution of “’Th-AGC0715 in HL-60 tumour bearing nude mice.
Data shows high tumour uptake at day 7 p.i. (23210.7 % 1D/g).

Figure 6: HPLC Analysis of product 15 of Example 11. Starting material 11 Is
shown at 6.041 minutes, desired amide product 15 at 7.616 minutes and diacylated

side-product at 8.157 minutes.

The invention will now be illustrated by the following non-limiting Examples. All
compounds exemplified in the examples form preferred embodiments of the
iInvention (including preferred intermediates and precursors) and may be used

individually or in any combination in any aspect where context allows. Thus, for
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example, each and all of compounds 2 to 4 of Example 2, compound 10 of Example

3 and compound 7 of Example 4 form preferred embodiments of their various types.
In the Examples, the following antibodies and antibody conjugates are referred to:

AGO700 - Anti-CD33 antibody as generated in Example 3
AGO715 - AGO700 conjugated to a high-solubility conjugator (12)
AGO0703 - AGO700 conjugated to a Comparative conjugator (13)

Example 1 —Isolation of pure thorium-227

Thorium-227 is isolated from an actinium-227 cow. Actinium-227 was produced
through thermal neutron irradiation of Radium-226 followed by the decay of
Radium-227 (t1/2=42.2 m) to Actinium-227. Thorium-227 was selectively retained
from an Actinium-227 decay mixture in 8 M HNO; solution by anion exchange
chromatography. A column of 2 mm internal diameter,

length 30 mm, containing 70 mg of AG®1-X8 resin (200400 mesh, nitrate form)
was used. After Actinium-227, Radium-223 and daughters had eluted from the
column, Thorium-227 was extracted from the column with 12 M HCI. The eluate
containing

Thorium-227 was evaporated to dryness and the residue resuspended
in 0.01 M HCI.

Example 2 — Synthesis of compound 12 (AGC0015)

Step 1
N
NH, f
>  HNT
OBn 1 \
OBn

2-benzyloxyethylamine (31g, 207mmol) and glycolonitrile (16mL, 70% solution in water,
207mmol) was dissolved in 300mL EtOH (abs) and refluxed for 4 h. The volatiles were
removed under reduced pressure. The crude product (24.7g, 130mmol) was carried on to
the next step without further purification.

*H-NMR (CDCls, 400MHz): 2.92(m, 2H), 3.58-3.62(m, 4H), 4.51(s, 2H), 7.25-7.37(m, 5H)
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Step 2
N N
f I
e
HN™ > H2N

1 N

OBn OBn

1(24.7g, 130mmol) was dissolved in dry ether. HCI (g) was bubbled through the solution
for 30 minutes. The precipitate was filtered off and dried under reduced pressure, giving
the desired product (27.8g, 122.6mmol. The product was carried on to the next step

without further purification or analysis.

Step 3

o XY
N 5 &

OBn OBn

2 (27.8g, 122.6mmol) was dissolved in 230mL chlorobenzene at room temperature. Oxallyl
chloride (45mL, 530mmol) dissolved in 100mL chlorobenzene was added drop wise over 30
minutes at room temperature. The reaction mixture was stirred at room temperature for
45 hours. The reaction was carefully quenched by drop wise addition of 100mL water. The
phases were separated, and the aqueous phase was extracted with 3*100mL DCM. The
organic phases were combined and washed with 100mL brine. The organic phase was dried
over Na,SO,, filtered and the volatiles were removed under reduced pressure. The crude
product was purified by dry flash chromatography on SiO, using a gradient of MeOH (0-2%)
in DCM, vielding the desired product (21.2g, 70.8mmol).

*H-NMR (CDCls, 400MHz): 3.71-3.76(m, 2H), 4.06-4.12(m, 2H), 4.47(s, 2H), 7.217-7.22(m,
2H), 7.26-7.36(m, 4H)

MS(ESI-pos, m/z,): 321.0

Step 4

Xy XY
LT L

OBn OBn
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Sodium hydride (60% dispersion, 3.60g, 90mmol) was stirred in 50mL THF at 0 °C and
benzyl alcohol (8.3mL, 80mmol) was added drop wise over 10 minutes. The reaction
mixture was stirred for 30 minutes at 0 °C before 3 (21.2g, 70.8mmol) dissolved in 100mL
THF was added drop wise at O °C. The reaction mixture was stirred in the dark over night at
room temperature. 50mL HCl in dioxane (4M) was added drop wise before the reaction
mixture was reduced in vacuo. 500mL DCM was added, followed by 200mL water. The
phases were separated and the aqueous phase was extracted with 200mL DCM. The
organic phases were combined and washed with 100mL brine. The organic phase was dried
over Na,SO,, filtered and the volatiles were removed under reduced pressure. Dry flash
chromatography on SiO; using a gradient of MeOH (0-6%) in DCM gave the desired product
(25.6g, 69mmol).

*H-NMR (CDCls, 300MHz): 3.69-3.75(m, 2H), 4.01-4.07(m, 2H), 4.46(s,2H), 5.37(s,2H),
6.97(s, 1H), 7.19-7.39(m, 8H), 7.44-7.51(m,2H)

MS(ESI-pos, m/z): 371.1, 763.2

Step 5
Os_ O
BnO.__N._C adl
I ]/ BnO P
07 N - |
0~ °N
X H
OBn 5
OBn

4 (25.6g, 69mmol) and ethyl propiolate (41mL, 0.4mol) was heated at 140 °C for 5 hours.
The reaction mixture was cooled down to room temperature and the reaction mixture was
purified by dry flash chromatography on SiO,. A gradient of MeOH (0-10%) in DCM gave
the desired product as an inseparable mixture of the desired 4-isomer together with the 5-

iIsomer. This mixture (28.6g, ~65mmol) was used directly in the next step without further

purification.
Step 6
OxaO~_~ Os OH
BnOﬁ BnOﬁ
O” N - O~ N
5 6

OBn OBn
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5 (28.6g, ~65mmol), as obtained in the previous step, was dissolved in 300mL THF at 0 °C.
100mL KOH (1M, aq) was added, and the reaction mixture was stirred for 40 hours at room
temperature. HCL (1M, aq) was added until pH~2 (125mL) and the aqueous phase was
extracted with 3*250mL CHCI;. The organic phases were combined and washed with
100mL brine, filtered and the volatiles were removed in vacuo. The obtained material

(25.9g, “65mmol) was used without in the next step without further purification or

analysis.
Step 7
S
Os_OH N8
O N/
BnO Y
| BnO /
—>.
0” N |
5 O~ N
OBn 7 \
OBn

6 (25.9g, “64mmol), as obtained in the previous step, was partially dissolved in 400mL
DCM. 2-Thiazoline-2-thiol (8.94g, 75mmol) and DMAP (0.86g, 7mmol) was added, followed
by DCC (15.48g, 75mmol). The reaction mixture was stirred at room temperature over
night. The reaction mixture was filtered through a Celite-pad and the Celite-pad was
washed with 100mL DCM. The volatiles were removed in vacuo. The product mixture was
purified by dry flash chromatography on SiO, using first a gradient of DCM (50-100%) in
heptane, followed by a gradient of THF (0-15%) in DCM. The appropriate fractions were
reduced in vacuo, giving a mixture of products. This inpure mixture was purified by flash
chromatography on SiO, using a gradient of EtOAc (25-75%) in heptane. The appropriate
fractions were reduced in vacuo, giving a mixture of products. Finally, to get the desired
product, the product mixture was purified by dry flash chromatography on RP18-silica
using a gradient of MeCN (25-75%) in water. This gave the desired product (8.65g,
18mmol).

*H-NMR (CDCls, 300MHz): 2.90(t, J/=7.3Hz, 2H), 3.77-3.84(m, 2H), 4.18-4.23(m, 2H), 4.35(t,
J=7.3Hz, 2H), 4.51(s, 2H), 5.33(s, 2H), 6.11(d, 7.0Hz, 1H), 7.21-7.48(m, 11H)

MS(ESI-pos, m/z): 503.1

Step 8
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NH.,
S NH, OBn O
Yy G : J\Cf
9 '“ Ny ONH
N N
BnO Z NO, 8 J/ Z H \/\NH OBn OBn
| - N O
A BhO~ OBn O /r o)\f/\f
O A\ . ™ N\L
N~ i

OBn /r OBn
9 NO,

7 (5.77g, 12mmol) and 8 (1.44g, 2.4mmol) were partially dissolved in 40mL DMPU. DBU
(2.7mL, 18mmol) was added drop wise. The reaction was stirred for 4 days at room
temperature. Purification by dry flash chromatography on SiO,using a gradient of DCM and
MeOH in EtOAc gave the desired product (3.93g, 2.15mmol).

"H-NMR (CDCls, 400MHz): 2.20-2.32(m, 10H), 2.44-2.50(m, 2H), 3.05-3.20(m, 10H), 3.23-
3.27(m, 1H), 3.69-3.77(m, 8H), 4.06-4.15(m, 8H), 4.43(s, 8H), 5.24(s, 8H), 6.62(d, J=7.2Hz,
4H), 7.13(d, /=7.2Hz, 4H), 7.16-7.38(m, 42H), 7.82-7.93(m, 6H)

Step 9

OBn O OBn O
N Z N\/\NH OBn OBn N Z N\/\NH OBn OBn
BnO OBn O J/N )\Cf BnO OBn O O)\éfo
O N XN Nl
N Z

J/N Z OBr
9 N02 NH2

9 (3.93g, 2.15mmol) was dissolved in 300mL EtOH at room temperature. 60mL water was
added, followed by NH,Cl (5.94g, 32.3mmol). The reaction mixture was to 60 °C before iron
powder (1.80g, 32.3mmol) was added. The reaction mixture was stirred at 60 °C for 1 hour.
The reaction mixture was cooled down to room temperature and 400mL DCM and 100mL
water was added. The reaction mixture was filtered, and the organic phase was washed
with 100mL water and 100mL brine. The aqueous phases were combined and back
extracted with 3*100mL DCM. The organic phases were combined, dried over Na,SO,,
filtered and the volatiles were removed under reduced pressure. The product mixture was
purified by dry flash chromatography on SiO2 using a gradient of MeOH (0-7%) in DCM
gave the desired product (3.52g, 1.96mmol).

MS(ESI-pos, m/z): 899.2
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Step 10
O OBn O OH
O O
OBn O HN = OH O HN Z

N
N A \ N"NH OBn“OBn N\F H N SNH - oH o

BnOJ/ OBn O /rN o)\éfo > HOJ/ OH O J/N O
o}é/lﬁ \ N\L O A \
/rN y - N~

10 NH. ,r 11 NH.,

10 (1.00g, 0.56mmol), Pd(OH),/C (Pearlman’s catalyst, 1.00g) and 10mL AcOH was placed
In a pressure reactor. The reactor was evactuated by water aspirator and H, was
introduced (7 bar). The reaction mixture was stirred for 1 hour before the pressure was
released and 5mL HCl (6M, aq) was added to the reaction mixture. The reactor was
evacuated as before and H, was once again introduced (7 bar). After stirring for 7 days,
HPLC indicated full conversion. The reaction mixture was filtered and the volatiles were
removed under reduced pressure. The residue was dissolved in MeOH/MeCN (1:1) and the
product was precipitated by addition of Et,0. The solids were collected by centrifugation
and decanting the supernatant before the product was dried in vacuo (484mg, 0.45mmol).
*H-NMR (D,0, 400MHz): 2.70-2.95(m, 2H), 3.00-3.10(m, 2H), 3.15-3.65(m, 19H), 3.75-
4.23(m, 16H), 6.25(bs, 4H), 7.04(d, J=7.0Hz, 4H), 7.44(d, /=8.2Hz, 2H), 7.57(d, J/=8.2Hz, 2H)
MS(ESI-pos, m/z): 1076.4

Step 11

NH. J/ 12 \cs

Compound 11 (20mg, 18umol) was dissolved in 3mL MeCN and 3mL water. 20 uL
thiophosgene was added. The reaction mixture was stirred rigidly for 1 hour. The volatiles
were removed under reduced pressure and the residue was dissolved in 4mL MeCN. The
product was precipitated by adding the acetontrile phase to 40mL Et,0. The solids were
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collected by centrifugation and decating the supernatant before the product was dried in
vacuo (10mg, 9umol).
MS(ESI-pos, m/z): 1118.4

Example 3: Generation of the anti-CD33 monoclonal antibody (AGC0700).

The sequence of the monoclonal antibody (mAb) HUM195 as described in (1) and
published in (2) served as template for the generation of AGC0/700. The codon
encoding the C-terminal lysine (Lys) was omitted from the IgG1 heavy chain gene.
The resulting protein is one of three variants that are present in the antibody when
produced from the full length genes, the other two variants having a lysine attached
at one or both of the heavy chains, respectively. It is anticipated that removal of this
Lys-residue allows a more precise determination of the conjugate to antibody ratio
(CAR) as outlined in Example 2. An overview of the complete amino acid sequence
of AGCO700 is presented in Table 3.

The genes encoding AGCO0700 were generated using standard molecular biology
techniques. Briefly, the amino acid sequence of each chain was back-translated
iInto DNA sequence using Vector NTI® Software (Invitrogen/Life-Technologies Ltd.,
Paisley, United Kingdom). The optimized DNA sequence was codon optimized for
mammalian expression and synthesized by GeneArt (GeneArt/ Life-Technologies
Ltd., Paisley, United Kingdom). The VH- and VL-domains were sub-cloned via
endonuclease restriction digest into an expression vector by Cobra Biologics
(Sodertalje, Sweden). Chinese hamster ovarian suspension (CHO-S) cells were
stably transfected with the plasmid encoding the VH- and VL-domains of AGCO0700
and grown in presence of standard CD-CHO medium (Invitrogen/Life-Technologies
Ltd., Paisley, United Kingdom), supplemented with puromycin (12.5 mg/l; Sigma
Aldrich). Stable clones, expressing AGC0/700, were selected via limiting dilution
over 25 generations. Clone stability was assessed by measuring protein titers from
supernatants. A cell bank of the most stable clone was established and cryo-
preserved. Expression of the mAb was carried out at 37 [J1C for approximately 14
days in a single-use bioreactor. The monoclonal antibody was harvested after
filtration of the supernatant. AGCO0/700 is further purified by protein A affinity
chromatography (MabSelect SuRe, Atoll, Weingarten/Germany), followed by an ion
exchange step. A third purification step based on electrostatic and hydrophobicity is
used to further remove aggregates and impurities from production. The identity of
AGCO700 will be confirmed by isoelectric focusing and SDS-PAGE analysis.
Sample purity will be further analyzed by size-exclusion chromatography (SEC).

Table 3. Amino acid sequence of AGCO0700.

Fragment QVOQLVQOSGAEVKKPGOSOSVRKVSCKASGYTETDYNMHWVRQAPGQGLEWIGYIYPYNG




WO 2013/167755

CcCA 02873143 2014-11-10

PCT/EP2013/059840

- 45 -

variable Vy

GTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAMDYWGQGTLV

variable Vq

domain
(SegID 2)

domain TVSS
(SegID 1)
Fragment DIOMTOSPSSLSASVGDRVTITCRASESVDNYGISEFMNWEFQOKPGKAPKLLIYAAS

NOGSGVPSRESGSGSGTDETLTISSLOPDDEFATYYCQQSKEVPWTIFGQGTKVEIK

Complete Vy

domain
(SegID 3)

QVOQLVQSGAEVKKPGSSVKVSCRKASGYTETDYNMHWVROQAPGOQGLEWIGYIYPYNG
GTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAMDYWGQGTLV
TVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYEFPEPVTVSWNSGALTSGVHT
FPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVEFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEYPSDIAVEWESNGGQPENNYK
TTPPVLDSDGSEFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTOQKSLSLSPG

L]

Complete Vi
domain
(SegID 4)

DIOMTQSPSSLSASVGDRVTITCRASESVDNYGISEFMNWEFQOKPGKAPKLLIYAAS
NOQGSGVPSRESGSGSGTDETLTISSLOQPDDFATYYCQQSKEVPWTFGQGTKVE IKR
TVAAPSVEIFPPSDEQLKSGTASVVCLLNNEYPREAKVOWKVDNALQSGNSQESVT

EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC

Example 4: Conjugation of AGC0700 with chelator AGC0015.

The naked antibody AGC0700 was conjugated (coupled) with the water soluble

chelator (12) is presented below:

NCS




CcCA 02873143 2014-11-10

WO 2013/167755 PCT/EP2013/059840

- 46 -

The reaction was performed in a 1:1 (v/v) mixture of PBS, mixed with 70 mM borate
buffer at a pH of 8.5. A nominal molar chelator to antibody ratio of 1.3:1 was used
and the reaction was incubated for 20 hours at 21 "C. At the end of reaction time
the antibodies were separated from free chelator by size exclusion chromatography
on an AKTA Purifier (Amersham), using HiLoad Superdex 200 16/600 PG column
(GE Healthcare; part.no. 29-9893-35) and 50mM histidine buffer of pH 6.0 as a
mobile phase. The final chelator-antibody-ratio (CAR) of purified conjugates was
determined by size exclusion chromatography-mass spectrometry (SEC-MS)
analysis. Samples were enzymatically deglycosylated using recombinant EndoS
(IgGZERO, Genovis, Sweden) prior to LC-MS analysis. Briefly, the chromatography
was done on an Acquity UPLC system (Waters) and the column was a TSK Gel
Super SW 3000, 2.0 x 300 mm, 4 um particles (part no.21485) maintained at room
temperature. The mobile phase was: 50% acetonitrile in water, 0.1 % (v/v)
trifluoroacetic acid (isocratic elution). The injection volume was up to 15 uL and the
LC flow rate was 75 yL/min or 50 ul/min, for intact conjugates and reduced
conjugates, respectively. The total SEC run time was 16 minutes. The Xevo QTOF
mass spectrometer (Waters) was equipped with an electrospray ionization (ESI)
source. The ion source was operated in positive ion mode and the scan range was
2000-4000 Da. Multiply charged ions were transformed to singly charged species
by using the Maximum Entropy software. The mass spectrometer was previously
calibrated with sodium iodide in the given mass range. Intact conjugate gave one
peak the SEC-MS chromatogram, containing all conjugate species (chelators 0-n).
Representative results of a CAR-determination are presented in Figure 1. The m/z
signals corresponding to naked mADb (no chelator), conjugate containing one
chelator, and conjugate containing two chelators was identified. Reduced
deglycosylated conjugate separated into the peaks corresponding to heavy chain
and light chain with no, one or two chelators attachead.

Example 5: Chelation of Antibody/Chelator conjugate AGC0715 with Th-227.

Thorium-227 as a 4+ ion was isolated from an actinium-227 generator system.
Briefly, Th-227 was selectively retained from a Ac-227 decay mixture in 8 M HNO3
by anion exchange chromatography (negatively charged nitrate complexes are
formed with “'Th4+). After Ac-227, Ra-223 and daughters had been washed from
the column, Th-227 was eluted using 12 M HCI. The Th-227 eluate was evaporated
to dryness and the residue dissolved in 0.5 M HCI.

The antibody-conjugate AGC0715 was incubated for one hour in histidine buffer,
pH 6.0 at 37 °C in the presence of TMBq of Th-227 per 0.5 mg antibody. The high
molecular fraction containing radio labelled antibody-conjugates was separated
from free Th-227 and daughter nuclides by size exclusion chromatography using
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NAP-5 DNA Grade columns (GE Healthcare). The labelling efficiency was typically
96-98%, including potential losses in the NAP-5 desalting step.

Example 6: Binding studies of AGC0700 and AGC0715 to CD33-positive cells
by flowcytometry.

Binding to CD33-positive HL-60 cells were studied by flow cytometry. The
determination of ECsy based on the plotted curve gives an approximate value for
the affinity. The commercially available mouse anti human CD33 (BD Pharmingen;
#555450, 1Tmg/mL) was used as a reference antibody for assessment of the affinity,
including a setup with a 50:50 mixture with the mAb to be analyzed. This assay was
also used to confirm that target binding affinity was not negatively affected by
conjugation with the chelator.

HL-60 cells were grown in Iscove's Modified Dulbecco's Medium (IMDM; Invitrogen;
#12440-046) in the presence of 20 % of fetal bovine serum and
penicillin/streptomycin. Approximately 20 mL cell culture was harvested by
centrifugation at 4 °C for 5 min at 300 g. Cells were re-suspended in 10 mL PBS,
supplemented with 1 % of fetal bovine serum (FBS), and pelleted by centrifugation
at 4 °C for 5 min at 300 g. Subsequently, 20 uL of the preparation of resuspended
cells was diluted 1:500 in Coulter Isoton |l Diluent, and counted using a Beckman
Coulter Z2 instrument (Beckman Coulter; CA, USA). The preparation was adjusted
to a cell density of 3-4 x10° cells/mL, and 100 yL was transferred to each well in a
round or V-shaped bottom 96-well plate (Nunc/Fisher Scientific; NH, USA). Cells
were spun down and re-suspended after decantation, which resulted in an
approximate volume of 50 uL cell suspension per well.

The mADb or conjugate to be analyzed was prepared fresh form frozen stock by
shifting the storage buffer to PBS, kept at 4°C, and used within a few days after
preparation. F(ab), Alexa488 conjugated goat anti-human IgG Fc (Jackson
Immuno Research; # 109-5460-170) was used as a secondary antibody reagent for
detection of human mADb. The secondary antibody reagent was prepared at 0.015
mg/mL in PBS, supplemented with 0.1% BSA. The mADb stock was diluted in 10-fold
dilution steps, starting from 5 mg/mL. An isotype control mADb (trastuzumab) was
prepared accordingly. 20 uL from each dilution step of the anti-human CD33 mAb
was added to wells containing HL-60 cells. After incubation for 1 h at 4 °C the cells
were spun down and washed three times with 200 ul cold PBS, supplemented with
0.1% BSA. A solution containing 4 % goat serum was added as a blocking agent,
and incubated for 15 minutes. 20 pl from the secondary antibody reagent was
subsequently added to each well, before incubation for 30 min at 4 °C in the dark.
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The cells were washed twice, as described above, and re-suspended in 200 uL
PBS, supplemented with 0.1% BSA. All samples were analysed in 96-well round or
conical bottom plates. Fluorescent signals were recorded on a Beckham Coulter
Cell lab Quant SC flow cytometer (Beckman Coulter; CA, USA). Median values
were exported to an Excel graph sheet and plotted against the concentration. Data

were fitted using the “one-site specific” binding model in GraphPadPrism
(PrismSoftware; CA, USA) (Figure 2A-B).

The negative control with secondary but no primary antibody showed low
background, mean fluorescent intensity (MFI) values of approximately 5 (1-2% of
the high positive values).

The binding affinities of the conjugate AGC0715 was comparable to the non-
conjugated AGCO0700. Thus, conjugation did not result in reduced binding affinity
(Figure 2A). The commercial mouse anti-human CD33 reference mAb binds with
lower affinity than AGC0700 in a 50:50 mixture of the two antibodies, resulting in
about 0.7-fold less antibody bound (Figure 2B).

Example 7: Internalisation of AGC0715.

The extent of internalisation of a radioimmunoconjugate after attachment to outer
cell membrane is one factor determining the cell killing potency. Internalization into
HL-60 cells of the radioimmunoconjugate AGC0715-Th-227 and the negative
control trastuzumab-AC0015-Th-227 was studied.

The conjugated mAbs were labelled in parallel according to the procedure
described in Example 5, to a specific activity of about 20 Bqg/ug. Wells containing
200 000 cells in 500 pyL growth medium (Iscove's Modified Dulbecco's Medium
(IMDM; Invitrogen; #12440-046) supplemented with 20 % of fetal bovine serum and
penicillin/streptomycin) were added equal amounts of radioimmunoconjugate,
corresponding to 12 kBq .

Samples of cells were harvested after 0, 30, 60, 120, and 240 minutes incubation
time at 37°C and 5% CO,. After harvest the cells were washed with glycine pH 2.5,
0.9% NaCl to remove membrane bound antibody-conjugates. Analysis by flow
cytometry showed that no membrane bound antibody remained after a 2-4 minutes
acld wash. Internalisation was measured on cell pellets on a gamma counter
(Wizard) for 60 seconds and the measured counts per minute were plotted against
time (Figure 3).

Example 8: Th-227-induced cell cytotoxicity by AGC0715-Th-227.



CcCA 02873143 2014-11-10

WO 2013/167755 PCT/EP2013/059840

- 49 -

In vitro cell cytotoxicity was investigated in CD33 positive HL-60 cells. AGC0/715
and the control trastuzumab conjugated AGC0015 were used to chelate Th-227 to
a specific activity of 44 kBq/pg. HL-60 cells were grown at 37°C with 5 % CO,, and
split 1:5 three times a week. The day before the assay the culture medium (Iscove s
Modified Dulbecco’s Medium (IMDM) with 20 % FBS and 1 %
Penicillin/Streptomycin) was replaced by new medium and the volume adjusted to
give 400 000 cells per mL.

About, 1 600 000 cell (4 mL) were added to each well in a 6 well plate. The plate
was incubated until next day for addition of labelled mAb, or culture medium. After
adding labelled mADb, or culture medium, the plate was incubated for 4 additional
hours. In one experiment AGCO0/715 or trastuzumab-AGC0015 was added to each
well to a final concentration of 3 nM. In another experiment the final concentration

was 0.3 nM.

Following incubation, the cells were washed twice in culture medium, and the ATP
in the supernatant and in the pellet was measured. The cells were then split 1:2 and
incubated in culture medium at 37°C with 5% CO,. The same procedure, but with
only one wash, was repeated at days 2, 4, and 7. A quantification of ATP was used
as a measure of cell viability at different sample times (CellTiter-Glo Luminescent
cell viability assay from Promega), resulting in the growth curves shown in Figures
4A and B.

The HL-60 tumour cell binding AGCO0715-Th-227 resulted in cellular toxicity, in
contrast to the trastuzumab construct, not binding to HLG0 cells. The loss of viability
from day 4 to day 7 in the culture medium control is believed to be due to a too long
iInterval between media replacement.

Example 9: Effective tumour targeting by AGC0715 in a human xenograft
model.

Female NMRI nude mice were xenografted with cells from the human HL-60 tumour
cell line. HL-60 cells are derived from a patient with acute promyelocytic leukemia,
and express CD33 according to Sutherland et al (3). This cell line has been proven
to be tumourigenic when inoculated subcutaneously into nude mice (4). 54 female
NMRI nude mice (Taconic, Europe) were used in the study.

The animals were allowed an acclimation period of at least 5 days before entering
the study and were at an age of 4 weeks before tumour inoculation. The mice had
an approximated body weight of 20 grams at the start of the study. Animals were
kept in individually ventilated cages (IVC, Scanbur) with HEPA filtered air and had
ad libitum access to “Rat and mouse nr.3 Breeding” diet (Scanbur BK) and water
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aclidified by addition of HCI to a molar concentration of 1 mM (pH 3.0). HL-60 cells
(ATCC/United Kingdom; Catalog Number CCL-240) were grown and prepared for
subcutaneous inoculation in IMDM (Invitrogen; #12440-046) in presence of 20 %
FCS and penicillin/streptomycin. Stocks were made at passage number four (P4)
and frozen down for storage in liquid nitrogen at 3x107 cells/vial in the culture
media containing 5% DMSO.

On the day of inoculation, the cells were thawed quickly in a 37°C water bath
(approx. 2 min), washed and re-suspended in PBS, supplemented with 2% FCS
(centrifugation at 1200 rpm for 10 min). Cells were mixed thoroughly every time
cells before aspiration into the dosing syringe. A volume of 0.1 mL of cell
suspension was injected s.c. at the back using a fine bore needle (25G) while the
animals were under light-gas anaesthesia (N,O). Animals were returned to their
cages and the tumours were allowed to grow for 15 days. Dosing of test article (0.1
mL) was performed as an intravenous bolus via the tail vein.

Animals were randomized into 3 groups (n=6) after 21 days of tumour growth, and
injected with the test compound “’Th-AGC0715 at a dose of 15 kBg/animal.
Animals were euthanized at predetermined time points post injection, and blood,
muscle, femur, kKidneys, lung, liver, stomach, small intestine, large intestine and
tumour were collected. Tissues and blood samples were weighed, and the
radioactivity in each sample was measured using gamma spectroscopy (HPGe15p
or HPGe50p germanium detectors).

The measured radioactivity (Bq) was related to the radioactivity measured in 10%
injection standard samples, and the percentage of Th-227 and Ra-223 were
calculated and presented as %ID or %ID per gram of tissue. Two animals were
excluded from the analysis because of large tumours compared to the rest of the
group, as retrospective analysis showed an inverse relation between tumour uptake
and tumour size (data not shown). The data confirm specific tumour uptake of the
AGCO/715-Th-227. Previous studies have shown that non-specific retention of a
mAD In the tumour due to vascular leakage Is washing out over time and do not
exceed a few %lD/g at day 7 (data not shown).

The results of the biodistribution study are presented in the Figure 5. The data
demonstrate expected tumour targeting. Build-up of radioactivity was seen in the
tumour, but in no normal tissue.

Example 10: In vivo efficacy of AGC0715-Th-227 in xenografted mice.

Cell preparation and xenografting of female NMRI nude mice are done as described
iIn Example 9. The animals are allowed an acclimation period of at least 5 days
before entering the study and are at an age of 4 weeks before tumour inoculation.
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The mice have an approximated body weight of approximately 20 grams at the start
of the study. Animals are kept in individually ventilated cages (IVC, Scanbur) with
HEPA filtered air and have ad libitum access to "Rat and mouse nr.3 Breeding” diet
(Scanbur BK) and water acidified by addition of HCI to a molar concentration of 1
mM (pH 3.0). Mice will be inoculated with tumour cells about 10 days before dosing
in order to have mice with average size of tumours in the range from 75-150 mma3.
Animals are randomized into 4 treatment groups and 3 control groups (n=10/group).
Mice in the treatment groups are injected into the tail vein with 100 yL containing 75
kBqg/mL, 150 kBg/mL, 225 kBg/mL or 300 kBg/mL AGCO0715-Th-227, to achieve
250, 500, 750 or 1000 kBg/kg body weight (b.w.). The mice in the control groups
are administered either with vehicle only (buffer), non-radioactive antibody
(AGCO7195) or trastuzumab-Th-227, labelled to a specific activity of 500 kBg/kg
(Isotype control).

Appearance of tumours will carefully be monitored, and the tumours will be scored
(if not large enough to be measured) or measured thrice a week according to the
following scheme:

Scores:

0 Tumour cannot be detected

Tumour 1s palpable

2 Just before measurements will be possible
Marks:
R Red
A% % Signs of wound tissue
N Necrosis
B Blue

Tumour diameters will be measured in two dimensions using a digital caliper and
the volume will be estimated by the following formula: L x W x 72W (Length x Width
X 72 Width). Measurements / observations will start at day 0, i.e. the day of
inoculation. Measurements of tumour volumes will be three times a week, Monday,
Wednesday and Friday. Body weights will be recorded once a week. The data will
be presented in figures and descriptive statistics will be conducted..

The mice will be terminated following maximal tumour size of 15 mm diameter. This
diameter is equal to a volume of 1688 mm® when assuming a spherical form. No
adverse clinical sigs Is expected In this study. In case of observations of adverse
clinical signs, these will be recorded as note to files.
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After the study different treatment groups are compared by Caplan Meyer survival
curve. Treatment-induced tumour growth is also plotted and growth delays are
calculated after nonlinear regression of mean growth versus time and compared
using Student T Test.

The data of the efficacy study are expected to be similar to previously published
efficacy data obtained after administration of the monoclonal antibodies
trastuzumab and rituximab labelled with thorium-227.

Example 11 — Acid Derivative
Making an acid derivative of the water soluble chelator enabling alternative coupling
chemistries .

This example shows the successful synthesis of an acid derivative. This derivative
of the chelator enables, for example, formation of an amide bond with an epsilon
amine of the tumour targeting protein.

The present example shows the synthesis of the soluble chelator and starts out
from substance 11 (Example 2). 43 mg (~0.04 mmol) of substance 11 was
dissolved in 4 mL DMSO, 4 mL acetonitrile, and 30uL NEt3. 6 mg of succinic
anhydride was added (0.06 mmol). LC/MS analysis of the reaction mix after 22
hours reaction at room temperature showed that substance 15 had formed. Some
contaminant diacylated side product was formed. Adding the anhydride in portions

should minimize the ester formation and improve molar yield of product 1 HPLC
analysis of the resulting reaction mixture is shown in Figure 6.
O OH
0
OH O OH O HN” 7
O}é/lNH J\CI\T \V\j O H N N\L
J/N 7 H N\/\NH OH OH N = H N "“NH OH “OH

OH
/r 11 NH, HN\(\/U\OH
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Claims

1. A tissue-targeting complex comprising a tissue targeting moiety, an
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide, where at least one of the four
HOPO moieties is substituted at the N-position with a hydroxyalkyl solubilising
group and wherein the tissue targeting moiety has binding affinity for the CD33

receptor.

2. The complex as claimed in claim 1 comprising at least one 3,2-HOPO

moiety.

3 The complex as claimed in claim 1 or claim 2 wherein all 4 HOPO moieties

comprise hydroxyalkyl solubilising moieties at the N-position.

4. The complex as claimed in claim 1 or claim 2 comprising an octadentate

ligand comprising four chelating moieties of formula |

R4
R, N Re
R Re
R, |

Wherein R, is an optional N-substituent solubilising group which will be present in at
least one of the four moieties of formula |; groups R, to Rg are each independently
selected from H, OH, =0, short hydrocarbyl groups, linker moieties and/or coupling

moieties wherein one of R, to Rg is OH and one of R, to Ry is =0.

5. The complex as claimed in claim 4 wherein at least one of groups R4 to Rg Is

a linker moiety.
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0. The complex as claimed in any of claims 4 to 5 comprising four 3,2-
hydroxypyridinone moieties.

/. The complex as claimed in any preceding claim wherein the N-substituents

on each of the four HOPO groups are each independently chosen from HO-,
HOCH,-, HOCH,CH,-, HO-CH,CH,CH,-, HO-CH(CH3)CH»-, HO-CH,CH,CH,CH--,
HO-CH(CH3)CH,CH,-, HO-CH(CH,CH3)CH,-, HO-C(CH3),CH,-, HO-
CH(CH3)CH(CH3)- and HOCH,CH(CH,CH3)-.

3 The complex as claimed in any of claims 1 to 7, wherein said ion of an
alpha-emitting thorium radionuclide is the 4+ ion of an alpha-emitting thorium

radionuclide such as %'Th.

9. A complex as claimed in any of claims 1 to 8 comprising a ligand moiety of

formula VI:
O OH
yZ O
ﬁ/t ~
N A \/\NH OH “OH
HO OH O o)\ﬁ/\fo
Oﬁé)\l\l R N N\L
H
N
Jin °

HO V|

H

Wherein R Is any suitable linker moiety.

10. A complex as claimed in any preceding claim wherein the tissue targeting
molety Is a monoclonal or polyclonal antibody, an antibody fragment (such as Fab,

F(ab'),, Fab' or scFv), or a construct of such antibodies and/or fragments.

11 A complex as claimed in any preceding claim wherein the tissue targeting
moiety comprises at least one peptide chain having at least 90% sequence

similarity with one or both of the following sequences:
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Fragment variable VH domain:
QVQLVQSGAEVKKPGSSVKVSCKASGYTFTDYNMHWVRQAPGQGLEWI
GYIYPYNGGTGYNQKFKSKATITADESTNTAYMELSSLRSEDTAVYYCARGRPAM
DYWGQGTLVTVSS
Fragment variable VL domain:
DIQMTQSPSSLSASVGDRVTITCRASESVDNYGISFMNWFQQKPGKAPKL
LIYAASNQGSGVPSRFSGSGSGTDFTLTISSLQPDDFATYYCQQSKEVPWTFGQG
TKVEIK

12. Use of a tissue targeting complex comprising a tissue targeting moiety, an
octadentate hydroxypyridinone-containing ligand comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide, where at least one of the four
HOPO moieties is substituted at the N-position with a hydroxyalkyl solubilising
group and wherein the tissue targeting moiety has binding affinity for the CD33
receptor, in the manufacture of a medicament for the treatment of hyperplastic or

neoplastic disease.

13. Use as claimed in claim 12 wherein said tissue-targeting complex is a

complex as claimed in any of claims 1 to 11.

14. Use as claimed in claim 12 or claim 13 wherein said disease Is a

carcinoma, sarcoma, myeloma, leukemia, lymphoma or mixed type cancer.

15. A method of treatment of a human or non-human animal (particularly one in
need thereof) comprising administration of at least one tissue-targeting complex
comprising a tissue targeting moiety, an octadentate hydroxypyridinone-containing
ligand comprising four HOPO moieties and the ion of an alpha-emitting thorium
radionuclide, where at least one of the four HOPO moieties is substituted at the N-
position with a hydroxyalkyl solubilising group wherein the tissue targeting moiety

has binding affinity for the CD33 receptor.

10. The method of claim 15 wherein said tissue-targeting complex is a complex

as claimed in any of claims 1 to 11.
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17. The method as claimed in ¢claim 15 or claim 16 for the treatment of

hyperplastic or neoplastic disease, such as a carcinoma, sarcoma, myeloma,

leukemia, lymphoma or mixed type cancer.

18 A tissue targeting complex as claimed in any of claims 1 to 11 for use In
therapy.
19. A tissue targeting complex as claimed in claim 18 for use in the treatment of

hyperplastic and/or neoplastic disease such as a carcinoma, sarcoma, myeloma,

leukemia, lymphoma or mixed type cancer.

20. A pharmaceutical composition comprising a tissue-targeting complex
comprising a tissue targeting moiety, an octadentate hydroxypyridinone-containing
ligand comprising four HOPO moieties and the ion of an alpha-emitting thorium
radionuclide, where at least one of the four HOPO moieties is substituted at the N-
position with a hydroxyalkyl solubilising group wherein the tissue targeting moiety
has binding affinity for the CD33 receptor, together with at least one pharmaceutical

carrier or excipient.

21. The pharmaceutical composition as claimed in claim 20 comprising a tissue-

targeting complex is a complex as claimed in any of claims 1 to 11.

22. A Kit for use in a method according to any of claims 15 to 17, said kit
comprising a tissue targeting moiety, conjugated or conjugatable to an octadentate
hydroxypyridinone-containing ligand comprising four HOPO moieties, where at least
one of the four HOPO moieties is substituted at the N-position with a hydroxyalky!
solubilising group and wherein the tissue targeting moiety has binding affinity for the
CD33 receptor, said kit optionally and preferably include an alpha-emitting thorium

radionuclide, such as %'Th.

23. A method of formation of a tissue-targeting complex, said method

comprising coupling a tissue targeting moiety to an octadentate hydroxypyridinone-
containing ligand in aqueous solution, the complex comprising four HOPO moieties
and the ion of an alpha-emitting thorium radionuclide, where at least one of the four

HOPO moieties is substituted at the N-position with a hydroxyalkyl solubilising
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group and wherein the tissue targeting moiety has binding affinity for the CD33

receptor.

24. The method of claim 23 comprising preparing a first agueous solution

of octadentate hydroxypyridinone-containing ligand and a second aqueous solution

of sald tissue targeting moiety and contacting said first and said second agqueous

solutions.

25. The method of claim 24 wherein said contacting is conducted at below
40°C.

20. The method of claim 24 or claim 25 wherein said contacting is conducted In

the substantial absence of any organic solvent.

27 . The method of any of claims 23 to 26 wherein said coupling yields an
amide, ester, ether or amine bond between the ligand moiety and the targeting

molety.

28. The method of claim 27 wherein said amide or ester linkage is formed by
means of at least one activated ester group, for example formed by means a N-

hydroxy maleimide, carbodiimide or azodicarboxylate coupling reagent.
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