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Brachygel for treatment of cancer and/or for guidance of surgery

Technical field

The present disclosure relates to a solution comprising a water insoluble carbohydrate

and a radionuclide chelated by a hydrophobic chelator or embedded in a nanoparticle,

wherein the solution sets under aqueous conditions, such as in vivo, to form e.g. a gel,

a semi-solid, a solid, a crystal or any mixtures thereof. The disclosure further relates to

preparation of such solution and use of such solution for brachytherapy and/or guidance

of surgery.

Background

Internal radiotherapy (brachytherapy) was introduced in clinical practice in the mid

nineteenth century and is used today, usually in combination with external beam

radiotherapy for treatment of cervical, prostate, breast and skin cancer. In brachytherapy,

radioactive sources are placed within or next to the tumor tissue with the aim of treating

cancer. The outcome is a localized and very high radiation dose inducing ionization that

leads to DNA damage and cell death. A feature of brachytherapy is that the irradiation

affects only a localized area around the radiation sources. Exposure to radiation of

healthy tissues farther away from the sources is therefore reduced. In addition, if the

patient moves or if there is any movement of the tumor within the body during treatment,

e.g. caused by respiration, the radiation sources retain their correct position in relation

to the tumor. These characteristics of brachytherapy provide advantages over external

beam radiotherapy - the tumor can be treated with very high doses of localized radiation

whilst reducing the probability of unnecessary damage to surrounding healthy tissues.

Over the last decades, brachytherapy (BT) technology and practice has

developed to include new low energy radioactive sources, three dimensional imaging

and computer-optimized dose planning. Still, current state-of-the-art BT sources rely on

material technology developed more than 50 years ago, which is based on encapsulation

of radionuclides such as iodine-125 and palladium-103 in small metal seeds.

Furthermore, the metal seeds currently used for administration of the radionuclide in BT

are implanted by invasive methods such as large gauge catheters or surgery, are prone

to migration following implantation and usually needs surgical removal after ended

treatment.



Surgery has long been the cornerstone in the treatment of solid cancers. The extent of

surgery, the surgical approach and its successful outcome vary according to the type of

cancer, its stage, size, distribution and location. Surgery performed in the early stages

of cancer results in good treatment outcomes. The objective of the surgical procedure

can be palliative or radical. Palliative surgery aims to relieve the symptoms caused by

cancer and radical surgery has a curative intend. Surgery is sometimes also done with

the aim of preventing cancer as in case of resection of colorectal cancer precursors or

resection of ground glass opacities in the lung. For cancer surgery with a curative and

preventive intend it is paramount that all malignant cells are removed from the patient.

Therefore, precision of the surgical procedure becomes paramount.

Thorough planning of the surgical procedure is needed when the target is

not visible for the surgeon’s naked eye. For planning purposes pre-operative scans (most

often MRI and CT) are used to build 3D models of target structures and organs.

Volumetric reconstructions from pre-operative scans are also the basis for the

development of patient-specific virtual reality simulations, through which the surgeon can

perform procedural training before carrying out the actual intervention.

Another approach being utilized more and more is the use of real-time

image guidance of the surgical procedures. Technology such as the C-arm and

intraoperative cone-beam computed tomography (CBCT) are being integrated in hybrid

operating rooms. Both the C-arm and the CBCT are however based on x-ray based

imaging, in which soft tissue is not visible and where gold tissue markers are often as a

companion. Ultrasound is sometimes also used for intraoperative guidance - with and

without use of markers - as in the case of breast cancer.

NIR-camaras, SPECT scanners and gamma probe detetors are also being

integrated in robotic surgical systems, such as the da Vinci system from Intuitive

Surgical. Robotic-assisted surgery uses robotic arms to perform laparoscopic

procedures. The advantages of using robotic surgery include greater visualization,

enhanced dexterity and greater precision, which for the patient leads to a number of

benefits including reduced pain and discomfort, faster recovery time and return to normal

activities, smaller incisions, resulting in reduced risk of infection and minimal scarring.

There is therefore an urgent need in the field for development of good

fiducial markers to use with the developing technologies in the field of image-guided

surgery.



Summary

The present disclosure solves the above discussed limitations of the currently applied

technologies of brachytherapy and provides excellent fiducial markers for use in

guidance for surgical procedures. The present disclosure provides an injectable solution

that sets under aqueous conditions, such as in vivo, to form e.g. a gel, a semi-solid, a

solid, a crystal or any mixtures thereof, after which it may provide a system for controlled

release or retention of radionuclides/radioisotopes and/or act as a tissue marker for

imaging by one or multiple imaging modalities. The solution of the present disclosure

joins modern biomaterial and radioisotope technology into new brachytherapy sources

and/or surgical markers that are biocompatible, degradable, may be visible on multiple

image modalities and that are readily injectable, compatible with state-of-the-art

bronchoscopes. The solution of the present disclosure thus provides deposition of

radionuclides at defined positions e.g. at the site of a tumour.

The present disclosure in one aspect relates to a solution comprising a

water insoluble carbohydrate, a radionuclide coordinated to a hydrophobic chelator,

having a logP above 1 and/or a molecular weight above 2000 Da and a solvent having

a logP in the range of -2 to 2 . The hydrophobicity and/or the large size of the chelator

ensure that the diffusion rate in the solution of the radionuclide chelate is low and/or that

its affinity for the aqueous phase is low and thereby the radionuclide is retained in the

deposited solution. Upon administration of the solution to e.g. a site of a tumour, the

solvent of the solution diffuses into the surrounding environment, resulting in an increase

in viscosity and ultimately setting of the solution to form e.g. a gel, a semi-solid, a solid,

a crystal or any mixtures thereof, thereby providing a kinetic trap of the radionuclide. The

radionuclide is thereby retained at the administered site, allowing precise distribution of

the radiation dose.

As described above, currently employed brachytherapy technologies use

metal casings for depositing the radionuclide. Only gamma emitters can penetrate such

metal casing and current brachytherapy is limited to such radionuclides. Other emitted

photons, such as for example X-rays, may also penetrate the metal casings and is also

currently used in brachytherapy. A disadvantage of gamma radiation is a high tissue

penetration range, resulting in undesirable radiation of surrounding healthy tissue. The

same disadvantage applies to other photon radiations. The technology of brachytherapy

of the disclosure comprises no metal casing for the administration and thus allows use

of various radionuclides, such as alpha emitters, beta emitters as well as the currently

used gamma emitters. Other radionuclides which may be used with the technology of



brachytherapy of the disclosure are auger emitters or photon emitters, such as X-ray

emitters. Advantages of alpha emitters and beta emitters include a short range of tissue

penetration, allowing for precise dosing of radiation therapy, thereby the tumour can be

treated with very high doses of localised radiation whilst reducing the probability of

unnecessary damage to surrounding healthy tissues. Furthermore, radiation exposure

to medical staff handling brachytherapy sources can therefore be reduced when alpha

or beta particle sources are applied instead of the common brachytherapy seeds, as

these are readily shielded by glass, plastics or metal casings of copper and lead.

Moreover, radiation emitted from the patient during treatment will be reduced, as the

majority of the radioactive decays will be confined within the patient due to effective

interaction of alpha and beta particles with soft tissues. Alpha and beta particle

brachytherapy therapy thus provides a safer treatment, as the risk of exposing patient

relatives when in close contact is minimized.

In addition, the solution of the present disclosure is compatible with a wide

range of therapeutic radionuclides as well as diagnostic radioisotopes. The latter allows

for positron emission tomography (PET) or single photon emission computed

tomography (SPECT) imaging of the BT source distribution and, consequently, more

precise dose planning and improved therapeutic outcome for the patient. Incorporation

of radiopaque contrast agents further enable computed tomography (CT) based

evaluation of the dose distribution, as well as magnetic resonance imaging (MRI) due to

the intrinsic low water content of the marker material. Moreover, the current gel based

BT source may also serve as passive release depot of chemotherapeutics or as image

guide in external beam radiotherapy. The current gel based BT source may also serve

as passive release depot of therapeutic radioactive compounds.

Additional benefits of the gel based brachytherapy sources described in

this disclosure are that the gels are less prone to migration compared the metal seeds,

do not need surgical removal after ended treatment, have improved biocompatibility and

can be inserted/injected using less invasive application methods compared to metal

seeds that require large gauge catheters for implantation. Overall this leads to improved

patient comfort and treatment outcome, and the easy injectability though small gauge

needles or bronchoscopes expands the possible indications where brachytherapy is

relevant.

As described herein above, good fiducial markers are needed in the field

of image-guided surgery. The solution of the present disclosure provides a radioactive

fiducial marker that can be used with either PET or SPECT imaging, or handheld gamma



probe detection. Currently, no liquid fiducial marker technology capable of retaining

radioactivity at the site of injection is available, and less attractive methods are employed

where a solution of 99mTc labelled macro-aggregates diluted with a CT contrast medium

is injected into the nodule by CT guidance. Such solutions however suffer from rapid

clearance of the marker and spreading of activity which lowers precision and usability.

An ideal marker should be visible on diagnostic images and easy to identify

during a VATS procedure. The current disclosure describes multimodal fiducial markers

that: i) are easy to inject in the diseased tissue using ultrasound (US), computed

tomography (CT) or fluoroscopy image guidance, and ii) will improve the probability of

locating e.g. even small sized nodules situated deep within the lung tissue far from the

pleura. These markers are fluids before injection and are compatible with state-of-the-

art electromagnetic navigation bronchoscopes (ENB), which enables placement of the

marker with high precision. Upon injection, the solution sets to form a gel, a glass, a

semi-solid, a solid, a crystal or any combination thereof, which minimizes the risk of

migration and enables the surgeon to identify the lesion by palpation for peripherally

located SPNs.

The radiolabelled markers may be used for all surgical procedures /

indications, where fiducial markers are warranted for guidance. Robotic surgery is

another field of application of the current disclosure where guidance by PET, SPECT or

gamma probe detectors allow the robot to navigate using diagnostic images as

roadmaps and radioactive makers inside the patient as beacons.

Thus, in one aspect, the present disclosure relates to a solution comprising

a . a water insoluble carbohydrate,

b. a radionuclide coordinated to a hydrophobic chelator, and

c . an organic solvent having a logP in the range of -2 to 2 ,

wherein the one or more hydrophobic chelators have a logP above 1 and/or a molecular

weight above 2000 Da.

In one aspect, the present disclosure relates to a dispersion comprising

a . a water insoluble carbohydrate,

b. a radionuclide embedded in a nanoparticle, and

c . an organic solvent having a logP in the range of -2 to 2 .



In one aspect, the present disclosure relates to a solution as described herein, for use

as a medicament.

In one aspect, the present disclosure relates to a solution as described herein, for use in

brachytherapy.

In one aspect, the present disclosure relates to a solution as described herein, for use in

the treatment of cancer.

In another aspect, the present disclosure relates to a method for treating cancer, the

method comprising administering a solution according to any one of the preceding items

to an individual in need thereof.

In one embodiment, the method as described herein further comprises a step of

calculating the radiation dose provided by the administered solution.

In one embodiment, the method as described herein further comprises a step of

providing external beam radiation therapy at selected sites.

In yet another aspect, the present disclosure relates to use of the solution as described

herein for guidance of surgery.

Description of Drawings

Figure 1:

Characterization of Y(IO) and Lu(IO) complexes by UV-VIS spectroscopy. UV-VIS

spectra of lOs titrated with increasing concentrations of Y3+ or Lu3+ in ethanol are shown.

Figure 2 :

In vitro release of Lu(8HQ) complex from the SAIB-based brachygels. The cumulative

release of Lu was quantified by ICP-MS. (A) Percent cumulative release of Lu from

brachygels composed of SAIB, GTH, GTO or GTD and ethanol (55:37:8 w/w%). (B)

Percent cumulative release of Lu from brachygel composed of SAIB (46-64 w/w%), GTH

(28-46 w/w%) and ethanol (8 w/w%). (C) Percent cumulative release of Lu from

brachygel composed of SAIB (46-64 w/w%), GTO (28-46 w/w%) and ethanol (8 w/w%).



Figure 3 :

In vitro release of Lu(IO) complexes from the LOIB-based brachygels. The cumulative

release of Lu was quantified by ICP-MS. (A) Percent cumulative release of Lu from

brachygels composed of LOIB, GTH, GTO or GTD and ethanol (55:37:8 w/w%). (B)

Percent cumulative release of Lu from brachygel composed of LOIB (46-64 w/w%), GTO

(28-46 w/w%) and ethanol (8 w/w%). (C) The effect of ionophores on the release rate of

Lu from the brachygel composed of LOIB:GTO:EtOH (55:37:8).

Figure 4 :

In vitro release of 177Lu from SAIB-based and LOIB-based brachygels. The released of

radioactive 177Lu was measured by LSC and corrected for decay. The SAIB-brachygel

was composed of SAIB:GTO:xSAIB:EtOH (66:17:9:8) and the LOIB-brachygels were

composed of LOIB:GTO:xSAIB:EtOH (52:35:5:8 for 177Lu(8HQ) and 50:33:9:8 for both

177Lu and 177Lu(8HQ-2l)).

Figure 5 :

SPECT/CT images of an intratumorally injected non-releasing SAIB-based brachygel

loaded with 177Lu(8HQ) in CT26 tumor-bearing mice. (A) Coronal SPECT/CT image of

CT26 tumor-bearing mice injected with 177Lu-brachygel. (B) Transverse CT image used

for defining the ROI of the brachygel volume. (C) Transverse CT image showing the

segmented brachygel based on 250 HU CT contrast cutoff. (D) The ROI of tumor volume.

(E) The distribution of 177Lu in the brachygel. The scale bar illustrates the radioactivity

concentration (Bq/mL).

Figure 6 :

In vivo release of 177Lu determined by SPECT/CT imaging. (A) The cumulative release

of 177Lu from the brachygel formulations (%RELGEL) as a function of time. (B) The

retention of 177Lu in the tumor region (%RETTUMOR) as a function of time. (C) The relative

change of the brachygel volume (RVGEL) as a function of time. (D) Change in relative

tumor volume (RVTUMOR) as a function of time. The release and retention (%RELGEL,

%RETT) are decay and volume corrected. The data are presented as mean ± SEM. The

composition of SAIB-brachygel was SAIB:GTO:xSAIB:EtOH (66:17:9:8) and the

compositions of LOIB-brachygels were LOIB:GTO:xSAIB:EtOH (52:35:5:8 for

177Lu(8HQ) and 50:33:9:8 for both 177Lu and 177Lu(8HQ-2l)).



Figure 7 :

Therapeutic efficacy of the 177Lu(8HQ)-brachygel evaluated in CT26 tumor-bearing mice.

(A) Evolution of the tumor volume post injection (p.i.). (B) Survival of mice treated with

an intratumoral injection of 177Lu(8HQ)-brachygel (n = 4), non-radioactive brachygel (n =

5) and control, receiving an intratumoral insertion of a needle without injection of any

agent (n = 9). The data are presented as mean ± SEM. The composition of the brachygel

was LOIB:GTO:xSAIB:EtOH (50:33:9:8 w/w%).

Figure 8 :

In vitro release of Y(8HQ) complex from SAIB-based brachygels. The cumulative release

of Y was quantified by ICP-MS. (A) Percent cumulative release of Y from brachygel

composed of SAIB (64-92 w/w%) and the solvents GTH (0-28 w/w%), GTO (0-28 w/w%)

and ethanol (8-17 w/w%). (B) Percent cumulative release of Y from brachygels

composed of SAIB (64-83 w/w%), GTO (9-28 w/w%) and EtOH (8 w/w%). (C) Percent

cumulative release of Y(8HQ) or Y(8HQ-2I) from brachygels composed of SAIB:EtOH

(83:17 w/w%).

Figure 9 :

In vitro release of Y(8HQ) complex from LOIB-based brachygels. The cumulative release

of Y was quantified by ICP-MS. (A) Percent cumulative release of Y from brachygel

composed of LOIB (55-64 w/w%) GTO (28-37 w/w%) and EtOH (8 w/w%). (B) Percent

cumulative release of Y(8HQ) or Y(8HQ-2I) from brachygels composed of

LOIB:GTO:EtOH (55:37:8 w/w%).

Figure 10:

In vitro release of 90Y(8HQ) from the brachygel used for in vivo evaluation. The LOIB-

brachygel was composed of LOIB:EtOH:xSAIB (70:20:10 w/w%), and the release of 90Y

was quantified by LSC.

Figure 11:

Evaluation of the therapeutic efficacy of 90Y(8HQ)-brachygel, LOIB:EtOH:xSAIB

(70:20:10 w/w%), in CT26 tumor-bearing mice. (A) Tumor growth of mice treated with 0

MBq/mouse (cold gel), 1 MBq/mouse, 2.5 MBq/mouse 90Y(HQ)-brachygel and untreated

control. (B) Survival of mice treated with 0 MBq/mouse (cold gel), 1MBq/mouse,



2.5MBq/mouse 90Y(8HQ)-brachygel and untreated control. (C-F) Tumor growth of

individual mice. The results are presented as mean ± SEM.

Figure 12:

Ex vivo biodistribution of 90Y(8HQ) upon intratumoral administration of 90Y(8HQ) in

brachygel LOIB:EtOH:xSAIB (70:20:10 w/w%), or 90Y(8HQ) dissolved in isotonic HEPES

buffer (90Y(8HQ) or 90Y(8HQ) in tumor). (A) Retention of 90Y(8HQ) in the brachygel and

tumor at timepoints 24 h and 120 h post intratumoral injection. (B) Accumulation of

9 Y/ Y(HQ) in blood, muscle, bone, liver, and kidney quantified 24 h and 120 h post

intratumoral injection of either 90Y(8HQ)-brachygel or 90Y(HQ) dissolved in HEPES. (C)

Fold increase in organ accumulation of 90Y(8HQ) when administered in HEPES versus

in a brachygel. The results were obtained by LSC and are presented as mean ± SEM.

The radioactivity of 90Y is corrected for decay and reported as % ID/g.

Figure 13:

In vitro release of 64Cu(ll) from a LOIB:xSAIB:EtOH 70:10:20 solution at 37°C. Cu-64

was embedded in the solution using 8HQ as hydrophobic chelator. The release of Cu-

64 into HEPES buffer containing EDTA as scavenger was monitored using LSC and

display less than 5% release at all investigated timepoints.

Figure 14:

In vivo evaluation of 64Cu(8HQ) - LOIB:xSAIB:EtOH 70:10:20 solution injected

subcutaneously (s.q.) in CT26 mice. (A) Coronal CT image of a mouse injected s.q. with

the radioopague solution. (B) Coronal PET/CT image of a mouse injected s.q. with 64Cu

radiolabelled solution. (C) Activity retained in the solution (%l D/gel) as function of time,

and accumulation (%ID/g) of 64Cu in the liver and kidney as function of time.

Figure 15:

Characterization of [103Pd]PdAu NPs. (A) Size distribution (black bars) and PDI (grey

dots) of [103Pd]PdAu NPs as measured by dynamic light scattering (DLS). The obtained

nanoparticles showed an initial hydrodynamic diameter of around 20 nm after

preparation. Coating of the NP surface increases the size of the NPs to around 35 nm.

(B) Radiolabeling yields from first generation (“direct”) embedding and second

generation (“two-step” embedding. While second generation gave quantitative

radiolabeling yields with no radioactivity in the filtrate, first generation embedding saw a



limited presence of radioactivity in the filtrate upon filtering the radiolabeled [103Pd]PdAu

NPs.

Figure 16:

Characterization of solutions loaded with [103Pd]PdAu nanoparticles. (A) Formation of

solid sugar octaisobutyrate droplets containing PdAu NPs after injection of the different

solution formulation into PBS. (B+C+D) Optical UV-VIS study of the release of PdAu NPs

over timefrom SAIB/EtOH/PLA (B), LOIB/EtOH/PLA (C), and LOIB/EtOH (D). No in vitro

release of NPs over time was observed. (E) Tracking of the 103Pd radioactivity showed

only a very limited in vitro release of < 0.03% of the initial activity from an LOIB/EtOH

solution after 600 h in PBS.

Figure 17:

In vivo efficacy of the [103Pd]PdAu NP loaded and control solutions as investigated in a

murine cancer model. Depicted are: 1) “Untreated” (n = 8), no solution injected, 2)

“Cold” (n = 8), non-radioactive solution injected, 3) “103Pd gel” (n = 10), radioactive

[103Pd]PdAu NP loaded solution injected. (A) Kaplan-Meier plot showing mouse survival

of the efficacy study. Untreated mice (dotted line) showed a median survival of 10 days

(min. 10 days; max. 17 days). Mice treated with “cold” solution (dashed line) showed a

median survival of 10 days (min. 8 , max. 13). Mice treated with 103Pd solution (solid

line) showed a median survival of 20 days (min. 15, max. 34). (B) Growth curve of the

average tumor size. Untreated mice (dotted line) and mice treated with “cold” solution

(dashed line) showed rapid tumor growth. Mice treated with 103Pd-solution (solid line)

showed a pronounced delay in the tumor growth. Error bars are shown as “standard

error of the mean” (SEM).

Detailed description

The present disclosure relates to a solution comprising a radionuclide, wherein the

solution sets under aqueous conditions, such as in vivo, to form e.g. a gel, a semi-solid,

a solid, a crystal or any mixtures thereof and thereby the solution provides deposition of

the radionuclide at defined positions e.g. at the site of a tumour.

The radionuclide of the solution is coordinated to a hydrophobic chelator, having a logP

above 1 and/or a molecular weight above 2000 Da. The physicochemical properties of

the chelator ensure that the diffusion rate in the solution of the radionuclide chelate is



low and thereby the radionuclide is retained in the deposited solution. Upon

administration of the solution to e.g. a site of a tumour, the solvent of the solution diffuses

into the surrounding environment, resulting in an increase in viscosity and ultimately

setting of the solution to form e.g. a gel, a semi-solid, a solid, a crystal or any mixtures

thereof, thereby providing a kinetic trap of the radionuclide. The radionuclide is by this

means retained at the administered site, allowing precise distribution of the radiation

dose. Alternatively, the solution can be designed for controlled release of the

radionuclide chelate into the surrounding tissue. The solution may also be designed for

controlled release of the radionuclide embedded in a nanoparticle into the surrounding

tissue. This may e.g. be beneficial when employing radionuclides having a low range

tissue penetration or for treatment of large tumors.

Currently employed brachytherapy technologies use metal casings for depositing the

radionuclide. Only gamma emitters can penetrate such metal casing and current

brachytherapy is limited to such radionuclides. Other emitted photons, such as for

example X-rays, may also penetrate the metal casings and is also currently used in

brachytherapy. A disadvantage of gamma radiation is a high tissue penetration range,

resulting in undesirable radiation of surrounding healthy tissue. The same disadvantage

applies to other photon radiations. The technology of brachytherapy of the disclosure

comprises no metal casing for the administration and thus allows use of various

radionuclides, such as alpha emitters, beta emitters as well as the currently used gamma

emitters. Other radionuclides which may be used with the technology of brachytherapy

of the disclosure are auger emitters or photon emitters, such as X-ray emitters.

Advantages of alpha emitters and beta emitters include a short range of tissue

penetration, allowing for precise dosing of radiation therapy, thereby reducing the risk of

radiation damage to healthy tissues.

The solution of the present disclosure may also be used for guidance during surgery.

Incorporation of PET or SPECT radionuclide tracers allow for visualization and guidance

during surgery.

The set solution of the present disclosure is typically degraded in vivo within 3-12

months. The water insoluble carbohydrates of the solution of the present disclosure are

bio compatible compounds that upon degradation or hydrolysis results in formation of

sugars that are well tolerated in tissues, organs etc. Thus the solution of the present



disclosure eliminates the need surgical removal of the administered radionuclide after

ended treatment, as is the case for the currently used brachytherapy technologies

utilizing metal casings. In some cancer treatments, the metal seeds are left in the

patient, which is not desirable.

Definitions

The term “solution”, as used herein refers to a liquid composition comprising the

components of the disclosure. In one embodiment, all components are dissolved in

said liquid composition. A solution having all components dissolved therein may apply

to a solution comprising a radionuclide coordinated to a hydrophobic chelator. In

another embodiment, some or all the components are dispersed in said liquid

composition, such as to create a colloidal dispersion. A solution having some or all

components dispersed therein may apply to a solution comprising a radionuclide

embedded in a nanoparticle. The terms “solution” and “dispersion” may be used

interchangeably herein.

The term “setting of the solution”, as used herein, refers to a change in the physical

properties of the solution, changing from a fluid form to a gel form, a semi-solid form, a

solid form, a crystalline form or any combinations thereof. The solution of the present

disclosure is in a fluid form until subjected to aqueous conditions, such as in vivo

conditions, whereupon the organic solvent diffuses into the surrounding environment,

resulting in setting of the solution to form a gel, a semi-solid, a solid, a crystal or any

combination thereof. In other terms, “the solution sets”, to form a gel, a semi-solid, a

solid, a crystal or any combination thereof, under aqueous conditions. Thus, when

referring to “the set solution”, it is referred to the gel, the semi-solid, the solid, the

crystal or any combination thereof, formed by the solution under aqueous conditions.

Similarly, when referring to a gel, the gel mixture, the semi-solid, the solid, the crystal

or any combination thereof, it is referred to the composition or depot resulting from

subjecting the solution of the disclosure to aqueous conditions. “The form of the set

solution” may thus be a gel, a semi-solid, a solid, a crystal or any combination thereof.

The terms “the set solution”, “gel” and “depot” may be used herein interchangeably.

The term “brachygel” as used herein refers to a composition which is administered to a

person in need thereof as a means for brachytherapy and/or for guidance of surgery.

The term brachygel may refer to the solution or dispersion as described herein. The



solution or dispersion referred to may be prior to administration or following

administration. Thus, the term brachygel may refer to the set solution which under

aqueous conditions has formed a gel, a semi-solid, a solid, a crystal or any

combination thereof.

The term “logP”, as used herein, refers to the partitioning coefficient of a given

compound between a water phase and a 1-octanol phase. LogP is given as the

logarithm of the ratio of concentrations of the given compound in the water and the 1-

octanol phase. LogP is a measure of the difference in solubility of the compound in

these two phases. Positive logP values are generally characteristic of hydrophobic

compounds, whereas negative logP values indicate a hydrophilic compound.

The term “aqueous conditions”, as used herein, refers to solutions and/or conditions

comprising mainly water. The term “aqueous conditions” may also refer to a mixture or

dispersion comprising mainly water. The aqueous conditions may be in vitro conditions,

such as a buffer system. Alternatively, the aqueous conditions may be in vivo

conditions, such as at a tumor site.

The term “comprising” should be understood in an inclusive manner. Hence, by way of

example, a composition comprising compound X, may comprise compound X and

optionally additional compounds.

The term “treatment”, as used herein, refers to the management and care of a patient

for the purpose of combating a condition, disease or disorder. The term is intended to

include the full spectrum of treatments for a given condition from which the patient is

suffering, such as administration of the active compound for the purpose of: alleviating

or relieving symptoms or complications; delaying the progression of the condition,

disease or disorder and/or curing or eliminating the condition, disease or disorder. The

patient to be treated is preferably a mammalian, in particular a human being. The

patients to be treated can be of various ages.

Solution

The present disclosure relates to a solution comprising a water insoluble carbohydrate,

a radionuclide chelated by a hydrophobic chelator and an organic solvent. Under

aqueous conditions, the organic solvent diffuses into the surrounding environment



resulting in the setting of the solution to form e.g. a gel, a semi-solid, a solid, a crystal

or any combination thereof.

Thus, in one embodiment, the present disclosure relates to a solution comprising

a . a water insoluble carbohydrate,

b. a radionuclide coordinated to a hydrophobic chelator, and

c . an organic solvent having a logP in the range of -2 to 2 ,

wherein the one or more hydrophobic chelators have a logP above 1 and/or a

molecular weight above 2000 Da.

The solution is designed to control the diffusion rate of the radionuclide chelated by the

hydrophobic chelator in the solution and/or the set solution. By controlling said diffusion

rate, the release or retention of the radionuclide from the solution and/or the set

solution is controlled. This allows for design of a solution providing controlled release of

the radionuclide or retention of the radionuclide under aqueous conditions.

Administration of the solution of the disclosure may be performed by injection at the

site of interest. Thus, in one embodiment, the solution of the present disclosure is

injectable by means of a needle. The solution of the present disclosure may be a

viscous solution. Thus, in one embodiment, the solution has a viscosity in the range of

1-1000 cP, for example in the range of 1-750 cP, such as in the range of 1-500 cP, for

example in the range of 1-250, such as in the range of 1-100, for example in the range

of 100-1000 cP, such as in the range of 100-500 cP.

The water insoluble carbohydrate of the solution provides the property of the solution to

set under aqueous conditions. The hydrophobicity and viscosity of the solution and the

set solution can be controlled by the nature of said water insoluble carbohydrate,

thereby controlling the diffusion rate of the radionuclide chelate.

Coordination of the radionuclide by a hydrophobic chelator having a logP above 1 will

result in van der Waals interactions between the radionuclide chelate and the water

insoluble carbohydrate, resulting in a low diffusion rate. Alternatively, coordination of

the radionuclide by a large hydrophobic chelator, having a molecular weight above

2000 Da will result in resistance when the chelate moves through the solution, hence



lowering of the diffusion rate. In one embodiment, the radionuclide may be chelated to

a large hydrophilic chelator having a molecular weight above 2000 Da.

The solvent of the solution serves to dissolve the water insoluble carbohydrate and the

radionuclide chelated by a hydrophobic chelator. The solvent should possess the

properties of a) being able to dissolve the components of the solution and b) diffuse

from the solution into the surrounding environments under aqueous conditions.

In one embodiment, the amount of organic solvent is in the range of 1 to 30%, for

example 1 to 20%, such as 1 to 15%, for example 1 to 10%, such as 5 to 10%.

The solution of the present disclosure may in one embodiment further comprise a

further solvent, such as a monoglyceride, diglyceride and/or triglyceride.

Thus in one embodiment, the present disclosure relates to a solution comprising

a . a water insoluble carbohydrate,

b. a radionuclide coordinated to a hydrophobic chelator,

c . an organic solvent having a logP in the range of -2 to 2 , and

d . a further solvent, such as a monoglyceride, diglyceride

and/or triglyceride,

wherein the one or more hydrophobic chelators have a logP above 1 and/or a

molecular weight above 2000 Da.

In one embodiment, the amount of further solvent is in the range of 0 to 50%, such as

in the range of 0 to 40%, for example in the range of 0 to 30%, such as in the range of

0 to 20%, for example in the range of 0 to 10%.

The solution of the present disclosure may further comprise an imaging agent. Such

imaging agent will allow visualization of the solution once deposited e.g. in vivo.

Thus in one embodiment, the present disclosure relates to a solution comprising

a . a water insoluble carbohydrate,

b. a radionuclide coordinated to a hydrophobic chelator,

c . an organic solvent having a logP in the range of -2 to 2 , and

d . an imaging agent,



wherein the one or more hydrophobic chelators have a logP above 1 and/or a

molecular weight above 2000 Da.

In a separate embodiment, the present disclosure relates to a solution comprising

a . a water insoluble carbohydrate,

b. a radionuclide coordinated to a hydrophobic chelator,

c . an organic solvent having a logP in the range of -2 to 2 ,

d . a further solvent, such as a monoglyceride, diglyceride a

nd/or triglyceride, and

e. an imaging agent,

wherein the one or more hydrophobic chelators have a logP above 1 and/or a

molecular weight above 2000 Da.

In one embodiment, the present disclosure relates to a solution comprising

a . a water insoluble carbohydrate according to formula (II),

b. 90Y coordinated to 8-hydroxyquinoline,

c . Ethanol, and

d . an imaging agent according to formula (III).

More specifically, in one embodiment, the present disclosure relates to a solution

comprising

a . a water insoluble carbohydrate according to formula (II) in

the range of 60 to 80%,

b. 90Y coordinated to 8-hydroxyquinoline,

c . Ethanol in the range of 10 to 30%, and

d . an imaging agent according to formula (III) in the range of 5

to 15%.

In most embodiments, the present disclosure relates to a solution providing retention of

said radionuclide chelate.

However, in different embodiments, the present disclosure relates to a solution

providing controlled release of said radionuclide chelate. This can e.g. be obtained by

including an amount of a co-solvent as herein described.



Water insoluble carbohydrate

The water insoluble carbohydrate of the solution provides the property of the solution to

set under aqueous conditions. The hydrophobicity and viscosity of the solution and the

set solution can be controlled by the nature of said water insoluble carbohydrate,

thereby controlling the diffusion rate of the radionuclide chelate. Furthermore, the form

of the set solution may be varied by varying the water insoluble carbohydrate of the

solution.

The term “water insoluble carbohydrate” as used herein refers to a carbohydrate

having a logP in the range 2-20, such as in the range of 2-1 5 , for example in the range

of 2-1 0 , such as in the range of 2-5, for example in the range of 4-20, such as in the

range of 4-1 5 , for example in the range of 4-1 0 . The water insoluble carbohydrate may

be any monosaccharide, disaccharide, trisaccharide or oligosaccharide.

In one embodiment, the water insoluble carbohydrate is selected from the group

consisting of monosaccharides, disaccharides, trisaccharides and oligosaccharides.

The term “oligosaccharide” as used herein refers to a saccharide polymer comprising

up to 10 monosaccharide units, such as up to 9 monosaccharide units, for example up

to 8 monosaccharide units, such as up to 7 monosaccharide units, for example up to 6

monosaccharide units, such as up to 5 monosaccharide units, for example up to 4

monosaccharide units. The oligosaccharide may be linear or branched.

In one embodiment, the water insoluble carbohydrate is a monosaccharide selected

from the group consisting of Glucosamine, Galactosamine, Mannosamine, Mannose,

Rhamnose, Rhamnosamine, Galactose, Allose, Allosamine, Altrose, Altrosamine,

Gulose, Gulosamine, Idose, Idosamine, Talose and Talosamine.

The saccharides of the present disclosure may be in either the L- or the D-form.

Furthermore, the monosaccharide units of the disaccharides, trisaccharides and the

oligosaccharides may be linked by either a or β glycosidic bonds in which α,β anomeric

mixtures at any ratio may exist.

In one embodiment, the water insoluble carbohydrate is a disaccharide selected from

the group consisting of maltose, trehalose, lactose, sucrose, Galp-(1 2)-Glc, Galp-



( 1 3)-GlcN, Galp-(1 4)- Glc, Glcp-(1 4)-Glc, Glcp-(1 6)-Glc, Glcp-(1 2)-GlcN,

Galp-(1 4)-ManN, Glcp-(1 4)-GalN, Manp-(1 3)-Glc, ManNp-(1 4)-Gal, GalNp-

( 1 3)-ManN, GlcNp-(1 6)-GalN, Rhamnp-(1 6)-Glc, Glcp-(1 1)-Glcp, Talp-(1 4)-

Glu, Glup ( 1 3)-ldo, GlcNp-(1 4)-GlcN, GlcNp-(1 6)-GlcN.

In one embodiment, the water insoluble carbohydrate is a disaccharide selected from

the group consisting of maltose, trehalose, lactose and sucrose.

In one embodiment, the water insoluble carbohydrate is a trisaccharide selected from

the group consisting of raffinose, Galp-(1 2)-Glcp-(1 3)-Galp, Galp-(1 4)- Glcp-

( 1 6)-GlcN, Galp-(1 4)-Glcp-(1 6)-Gal, Glcp-(1 4)-Glcp-(1 4)- Glcp , Glcp-

( 1 6)-Glcp-(1 6)-Glc, Galp-(1 6)-Glcp ( 1 2)-Fruf, Glcp- ( 1 3)- Fruf-(2 1)-Glcp,

Galp-(1 4)-ManNp-(1 3)-Glu, Glcp-(1 4)-GalN- ( 1 2)-Man, Manp-(1 3)-Glcp-

( 1 4)-GlcN, ManNp-(1 4)-Galp-(1 3)-Glc, GalNp-(1 3)-ManNp-(1 6)-GlcN.

Rhamnp-(1 6)-Glcp -(1 4)-GlcN, Galp- ( 1 6)-Glcp-(1 1)-Glcp, Talp-(1 4)-Glup-

( 1 2)-Man, Glup ( 1 3)-ldop- ( 1 6)-Glu, GlcNp-(1 6)-GlcNp ( 1 4)-GlcN.

In one embodiment, the water insoluble carbohydrate is raffinose.

In one embodiment, the water insoluble carbohydrate is a oligosaccharide selected

from the group consisting of Galp-(1 4)-Glcp-(1 6)-glcp-(1 4)-Glc, Galp-(1 4)-

Glcp-(1 4)-Glcp-(1 4)-Glcp-(1 4)-Glc, Galp-(1 4)-Glcp- ( 1 4)-Galp-(1 4)-Glc,

Glcp-(1 4)-Glcp-(1 4)-Glcp-(1 4)-Glc, Galp- ( 1 6)-Glcp-(1 6)-Galp-(1 6)-Glc,

Galp-(1 6)-Glcp-(1 6)-Galp-(1 4)- Glc, Galp-(1 6)-Glcp-(1 6)-Glcp-(1 4)-Glc,

GlcNp-(1 4)-GlcNp-(1 6)- GlcNp-(1 4)-GlcN, GlcNp-(1 6)-Galp-(1 6)-Glcp-

( 1 2)-Fruf, Galp-(1 4)- Glcp-(1 3)- Fruf-(2 1)-Glcp, Talp-(1 4)-Glup-(1 2)-Man-

(1-3)-Glu, Glup ( 1 3)-ldop-(1 6)-Glup-(1 2)-Gal, cellulose acetate, cellulose acetate

butyrate and cellulose acetate proprionate.

In one embodiment, the water insoluble carbohydrate comprises one or more hydroxyl

groups functionalized to form esters. Such ester may be formed by a bond between the

hydroxyl group(s) of the carbohydrate and the carbonyl group of an alkanoyl(s).

In one embodiment, the water insoluble carbohydrate comprises one or more hydroxyl

groups functionalized to form C2-C7 esters.



The term “Cn-Cm esters” as used herein refers to ester functional groups formed by a

bond between an alcohol and an alkanoyl comprising between n and m carbon atoms.

For example a C2-C7 ester is an ester functional group formed by a bond between an

alcohol and the carbonyl group of a C2-C7 alkanoyl, an alkanoyl comprising between 2

and 7 carbon atoms.

Thus, in one embodiment, the water insoluble carbohydrate comprises one or more

hydroxyl groups functionalized to form esters, wherein the esters are formed by a bond

between the hydroxyl group(s) of the carbohydrate and the carbonyl group of an

alkanoyl(s).

In one embodiment, the number of hydroxyl groups of the water insoluble carbohydrate

functionalized to form esters is n , n-1 , n-2, n-3, n-4 or n-5, wherein n is the total number

of hydroxyl groups of the carbohydrate.

In one embodiment, all hydroxyl groups of the water insoluble carbohydrate are

functionalized to form esters.

In one embodiment, the esters of the water insoluble carbohydrate are C2-C10 esters,

such as C2-C9 esters, for example C2-C8 esters, such as C2-C7 esters, for example

C2-C6 esters, such as C2-C5 esters, for example C2-C4 esters, such as C2-C3 esters.

In one embodiment, the esters of the water insoluble carbohydrate are C2-C7 esters.

In one embodiment, the alkanoyl is selected from acetyl, propanoyl, butanoyl,

isobutanoyl, pentanoyl, hexanoyl, heptanoyl and benzoyl.

In one embodiment the alkanoyl is selected from acetyl, propanoyl, isobutanoyl and

benzoyl.

In one embodiment, the water insoluble carbohydrate is selected from the group

consisting of maltose octaisobutyrate (MOIB), sucrose diacetate hexaisobutyrate

(SAIB), sucrose octaisobutyrate (SOIB), lactose octaisobutyrate (LOIB), and trehalose

octaisobutyrate (TOIB).



The water insoluble carbohydrate may be a mixture of different water insoluble

carbohydrates. In one embodiment, the water insoluble carbohydrate is a mixture of

lactose octaisobutyrate and lactose octabenzoate, or a mixture of lactose

octaisobutyrate and sucrose octabenzoate.

In one embodiment, the water insoluble carbohydrate has a structure according to

formula (I) (SAIB),

.formula (I)

In one embodiment, the water insoluble carbohydrate has a structure according to

formula (II) (LOIB),

, formula (II)

In one embodiment, the water insoluble carbohydrate is raffinose undecaisobutyrate.



Radionuclide

Contrary to conventional BT metal seeds, the solution of the present disclosure can

encompass both X-ray, gamma or particle emitting sources such as alpha and beta

emitting radionuclides without relevant attenuation of the radiation.

Alpha particles have short range in soft tissue (10-50 pm) and will be fully stopped by

the metal casing of standard BT seeds. However, in current practice, application gels

containing alpha emitters are smeared onto the tumor bed after surgical resection to

guide EBRT after surgery.

Beta particles have a maximal soft tissue ranges between 0.1 - 11 mm depending on

their energy and are compatible with the solution of the present disclosure due to its low

beta-stopping power contrary to the standard BT metal seeds where the energy of the

emitted electron (beta-) will be strongly attenuated. Solutions containing beta emitters

have applications both as monotherapy or as boosters for external beam radiation

therapy (EBRT), e.g. for boosting doses to lymph nodes where EBRT otherwise is

causing damage to healthy tissues.

Photons (x-ray and gamma radiation) are electromagnetic radiation with zero mass,

zero charge, and a velocity that is always c, the speed of light. Because they are

electrically neutral, they do not steadily lose energy via coulombic interactions with

atomic electrons, as do charged particles (beta and alpha particles). As a consequence,

the dose deposition range is impacted by the mass attenuation coefficient, depends on

the tissue type and photon energy, and thus generally have a wider range of tissue

penetration than do particles. Photons are able to penetrate the metal seed and are thus

the prevailing radioactive source in current BT technologies.

The dose deposition in tissues surrounding radioactive sources emitting x-ray, gamma,

alpha or beta particles depends on the type of decay and the energy. X-rays and gammas

generally have longer tissue penetration and deposit dose further from the radioactive

source compared to particle emitters. Alpha and beta emitters in general have more well

confined dose deposition profiles and deposit the full radioactive dose within a more

confined space compared to photon emitting sources. The current disclosure allows for

use of alpha and beta emitters, which enables more well-confined tissue dose deposition

compared to x-ray or gamma sources used in conventional BT. The solution of the

present disclosure can therefore be used for BT in closer proximity of healthy tissue, or

closer to the tumor margin with reduced side effects. The solution of the present



disclosure can therefore be used in closer proximity of tissues with dose limiting toxicity

but will depend on localization of the treated tumor, the injected gel and organs of risk

and their radiosensitivity. Examples could include pericardial lymph nodes injected with

gel since cardiotoxicity hinders efficient use of EBRT to these sites. In addition, the ability

of using particle emitters having shorter range of penetration in the solution of the present

disclosure provides a safer product for the medical staff to handle during preparation

and/or treatment.

The radionuclide of the solution of the present disclosure may provide means for

application of the solution for brachytherapy and/or for surgical guidance.

Thus, the radionuclide comprised in the solution of the present disclosure may decay

by emission of particles or photons.

In one embodiment, the radionuclide is selected from the group consisting of alpha

emitters, beta emitters, X-ray emitters, auger emitter and gamma emitters.

In a preferred embodiment, the radionuclide is a beta emitter.

In one embodiment, the radionuclide is selected from the group consisting of Re-186,

Re-188, Tc-99m, In-1 11, Ga-67, Lu-177, TI-201 , Sn-1 17m, Cu-64, Mn-52, Zr-89, Co-

55, Sc-44, Ti-45, Sc-43, Cu-61 , As-72, Te-152, F-18, Ga-68, C-1 1, Nd-140, Te-149, P-

32, Y-90, Sm-153, Er-169, Lu-177, Cu-67, Sc-47, As-76, Te-1 6 1 , At-21 1, Ac-225, Bi-

212, Bi-213, Ra-223, Pd-212, Te-149, Ra-224, Pd-103, La-135, Er-165, 1-125, 1-123,

Rh-103m, Co-58m, ln-1 11, Au-198, Co-60, Cs-137, and lr-192, 1-125 and Cf-252, Am-

241 , Pd-103, Yb-169, Se-75 and Sm-145.

In one embodiment, the radionuclide is selected from the group consisting of Tc-99m,

In-1 11, Ga-67, Lu-177, TI-201 , Sn-1 17m, Cu-64, Mn-52, Zr-89, Co-55, Sc-44, Ti-45,

Sc-43, Cu-61 , As-72, Te-152, F-18, Ga-68, C-1 1, Nd-140, Te-149, P-32, Y-90, Sm-

153, Er-169, Lu-177, Cu-67, Sc-47, As-76, Te-1 6 1, At-21 1, Ac-225, Bi-212, Bi-213, Ra-

223, Pd-212, Te-149, Ra-224, Pd-103, La-135, Er-165, 1-125, 1-123, Rh-103m, Co-

58m, In-1 11, Au-198, Co-60, Cs-137, and lr-192, 1-125 and Cf-252, Am-241 , Pd-103,

Yb-169, Se-75 and Sm-145.



In one embodiment, the radionuclide is selected from the group consisting of Tc-99m,

In-1 11, Ga-67, Lu-177, TI-201 , Sn-1 17m, Cu-64, Mn-52, Zr-89, Co-55, Sc-44, Ti-45,

Sc-43, Cu-61 , As-72, Te-152, F-18, Ga-68, C-1 1, Nd-140 and Te-149. Such

radionuclides may be useful for guidance in surgical procedures.

In one embodiment, the radionuclide is selected from the group consisting of Tc-99m,

ln-1 11, Ga-67, Lu-177, TI-201 and Sn-1 17m. Such radionuclides may be useful for

SPECT-imaging based guidance in surgical procedures.

In one embodiment, the radionuclide is selected from the group consisting of Cu-64,

Mn-52, Zr-89, Co-55, Sc-44, Ti-45, Sc-43, Cu-61 , As-72, Te-152, F-18, Ga-68, C-1 1,

Nd-140 and Te-149. Such radionuclides may be useful for PET-imaging based

guidance in surgical procedures.

In one embodiment, the radionuclide is selected from the group consisting of P-32, Y-

90, Sm-153, Er-169, Lu-177, Cu-67, Sc-47, As-76, Te-1 6 1 , At-21 1, Ac-225, Bi-212, Bi-

213, Ra-223, Pd-212, Te-149, Ra-224, Pd-103, La-135, Er-165, 1-125, 1-123, Rh-103m,

Co-58m, ln-1 11, Au-198, Co-60, Cs-137, and lr-192, 1-125 and Cf-252, Am-241 , Pd-

103, Yb-169, Se-75 and Sm-145. Such radionuclides may be useful for brachytherapy.

In one embodiment, the radionuclide is selected from the group consisting of Re-186,

Re-188, P-32, Y-90, Sm-153, Er-169, Lu-177, Cu-67, Sc-47, As-76, Te-1 6 1 , At-21 1,

Ac-225, Bi-212, Bi-213, Ra-223, Pd-212, Te-149, Ra-224, Pd-103, La-135, Er-165, I-

125, 1-123, Rh-103m, Co-58m, ln-1 11, Au-198, Co-60, Cs-137, and lr-192, 1-125 and

Cf-252, Am-241 , Pd-103, Yb-169, Se-75 and Sm-145. Such radionuclides may be

useful for brachytherapy.

In one embodiment, the radionuclide is selected from the group consisting of P-32, Y-

90, Sm-153, Er-169, Lu-177, Cu-67, Sc-47, As-76 and Te-161 . Such radionuclides are

Beta- emitters and may be useful for brachytherapy.

In one embodiment, the radionuclide is selected from the group consisting of Re-186,

Re-188, P-32, Y-90, Sm-153, Er-169, Lu-177, Cu-67, Sc-47, As-76 and Te-161 . Such

radionuclides are Beta- emitters and may be useful for brachytherapy.



In one embodiment, the radionuclide is Y-90.

In one embodiment, the radionuclide is selected from the group consisting of At-21 1,

Ac-225, Bi-212, Bi-213, Ra-223, Pd-212, Te-149 and Ra-224. Such radionuclides are

alpha emitters and may be useful for brachytherapy.

In one embodiment, the radionuclide is selected from the group consisting of Th-227.

At-21 1, Ac-225, Bi-212, Bi-213, Ra-223, Pd-212, Te-149 and Ra-224. Such

radionuclides are alpha emitters and may be useful for brachytherapy.

In one embodiment, the radionuclide is Pd-103, which is an X-ray emitter and may be

useful for brachytherapy.

In one embodiment, the radionuclide is selected from the group consisting of La-135,

Er-165, 1-125, 1-123, Rh-103m, Co-58m, ln-1 11. Such radionuclides are auger emitters

and may be useful for brachytherapy.

In one embodiment, the radionuclide is selected from the group consisting of Au-198,

Co-60, Cs-137, and lr-192, 1-125 and Cf-252, Am-241 , Pd-103, Yb-169, Se-75 and Sm-

145. Such radionuclides may be useful for brachytherapy.

In one embodiment, the radionuclide is selected from the group consisting of F-18, I-

125, 1-123, 1-131 and 1-124. Such radionuclides may be embedded in the solution by

radiohalogenation of the water insoluble carbohydrate with said radionuclides.

In one embodiment, the solution may comprise radiohalogenated water insoluble

carbohydrates, such as radioiodinated or radiofluorinated water insoluble

carbohydrates. Thus in one embodiment, the solution may comprise water insoluble

carbohydrates which are labeled with 131 1, 125 l and/or 18F. Such labeling may allow

visualization of the solution by PET and/or SPECT.

Chelator

Coordination of the radionuclide to a hydrophobic chelator having a logP above 1 will

result in van der Waals interactions between the radionuclide chelate and the water

insoluble carbohydrate, resulting in a low diffusion rate through the solution.



Furthermore, the hydrophobicity of the chelator ensures that its affinity for the aqueous

phase is low, thereby retaining it in the solution of the disclosure under aqueous

conditions. Alternatively, coordination of the radionuclide by a large hydrophobic

chelator, having a molecular weight above 2000 Da will result in resistance when the

chelate moves through the solution, hence impaired diffusion rate, according to the

Stokes-Einstein equation.

The formation or presence of bonds (or other attractive interactions) between two or

more separate binding sites within the same ligand and a single central atom it termed

chelation. A molecular entity in which there is chelation (and the

corresponding chemical species) is called a "chelate". The chelate effect is the

enhanced affinity of chelating ligands for a metal ion compared to the affinity of a

collection of similar non-chelating (monodentate) ligands for the same metal.

The radionuclide may be coordinated to more than one hydrophobic chelator, such as

to two hydrophobic chelators, for example to three hydrophobic chelators, such as to

four or more hydrophobic chelators. In one embodiment, the radionuclide is

coordinated to one hydrophobic chelator. The number of hydrophobic chelators

coordinating one radionuclide depends on the valence of the radionuclide as well as

whether the hydrophobic chelator is e.g. bidentate, tridentate or hexadentate.

Stability of the radionuclide chelate is important in order for the radionuclide not to leak

out of the solution and/or the set solution. When the term stability is applied to

coordination compounds (metal complexes) it can be interpreted in two ways,

thermodynamic or kinetic stability. Thermodynamic stability refers to the change in

energy on going from reactants to products, i.e., AG for the reaction. Recall that

AG=AH-TAS=-RT InK, where AH is the enthalpy, AS the entropy and K is the

equilibrium constant for the reaction. Examples of chelators inducing thermodynamic

stability are 8-hydroxyquinoline and derivatives thereof. Kinetic stability refers to

reactivity, generally ligand substitution. Substitution occurs extremely rapidly in some

cases and extremely slowly in others. Complexes of the former type are referred to as

labile and those of the latter type inert. Example of chelators inducing kinetic stability

includes DOTA, NOTA, DTPA, EDTA, TETA and CbTE2A.



Kinetic stability of a chelate can be increased by increasing the number of binding sites

in one ligand. Additionally, the presence of a closed cage structures or rings, such as in

DOTA, increases the kinetic stability as compared to linear chelators.

In one embodiment, the radionuclide is coordinated to one or more monodentate

ligand(s).

An increased hydrophobicity and/or molecular weight of the chelator results in reduced

release of the radionuclide from the solution of the present disclosure.

In one embodiment, the hydrophobic chelator has a logP above 1, such as above 1.5,

for example above 2 , such as above 3 , for example above 4 , such as above 5 , for

example above 7 , such as above 10.

In one embodiment, the chelator has a molecular weight above 2000 Da, such as

above 2500 Da, for example above 3000 Da, such as above 4000 Da, for example

above 5000 Da.

The current disclosure utilized chelators with varying coordination sites for embedding

radionuclides in gels, i.e. bidentate hydroxyquinolines, tridentate terpyridines and

multidentate DTPA and DOTA analogues. These chelators all have high thermodynamic

stability (high binding affinity) and improved kinetic stability is obtained by going from bi-

to tri- to multi-dentate ligands.

In one embodiment, the hydrophobic chelator is selected from the group consisting of

naphthalocyanine derived dyes, phthalocyanine derived dyes, porphyrine derived dyes

such as texaphyrine, 2-hydroxyquinolines, 8-hydroxyquinoline derivatives, DOTA

derivatives, NOTA derivatives, DTPA derivatives, EDTA derivatives, TETA derivatives,

CbTE2A derivatives, Cyclen, DOTAGA, D02A, D03A, DOTM, DOTMA, DOTAM,

Cyclam, DiAmSar, PCTA, N02A, NODAGA, Desferoxamine, TCMC, Bis-CBZ-Cyclen,

TACN cryptates, calixarenes, and CB-Cyclam.

In one embodiment, the hydrophobic chelator is selected from the group consisting of

2-hydroxyquinolines, 8-hydroxyquinoline derivatives, DOTA derivatives, NOTA

derivatives, DTPA derivatives, EDTA derivatives, TETA derivatives, CbTE2A



derivatives, Cyclen, DOTAGA, D02A, D03A, DOTM, DOTMA, DOTAM, Cyclam,

DiAmSar, PCTA, N02A, NODAGA, Desferoxamine, TCMC, Bis-CBZ-Cyclen, TACN

cryptates, calixarenes, and CB-Cyclam.

In one embodiment, the hydrophobic chelator is selected from the group consisting of

2-hydroxyquinolines, 8-hydroxyquinoline derivatives, DOTA derivatives, NOTA

derivatives, DTPA derivatives, EDTA derivatives, TETA derivatives and CbTE2A

derivatives.

In one embodiment, the hydrophobic chelator is selected from the group consisting of

naphthalocyanine derived dyes, phthalocyanine derived dyes, porphyrine derived dyes

such as texaphyrine. Such chelators may facilitate visualization of the brachygel using

NIR, and may thus facilitating NIR-guided positioning and monitoring of the brachygel.

In one embodiment, the hydrophobic chelator is a phthalocyanine, such as for example

a phthalocyanine selected from the group consisting of 2,9,16,23-Tetra-tert-butyl-

29H,31 H-phthalocyanine, 1,4,8,1 1,15,18,22,25-Octabutoxy-29H,31 H-phthalocyanine

and 2,3,9,10,16,17,23,24-Octakis(octyloxy)-29H,31 H-phthalocyanine.

In one embodiment, the hydrophobic chelator is an ionophore.

In one embodiment, the hydrophobic chelator is a hydroxyquinoline derivative selected

from the group consisting of 2-hydroxyquinoline, 4 hydroxyquinoline, 6-

hydroxyquinoline and 8-hydroxyquinoline

In one embodiment, the hydrophobic chelator is a hydroxyquinoline derivative selected

from the group consisting of 8-hydroxyquinoline, 5,7-dichloro-8-hydroxyquinoline, 5,7-

diiodo-8-hydroxyquinoline, 7-amino-8-hydroxyquinoline, 2-hydroxyquinoline, 2-

Hydroxyquinoline-3-carbaldehyde, 8-Chloro-2-hydroxyquinoline, 6-Chloro-2-

hydroxyquinoline and 3-Bromo-2-hydroxyquinoline, 8-Hydroxyquinoline-7-

carbaldehyde, 7-Bromo-8-hydroxyquinoline, 8-Chloro-2-hydroxyquinoline, 2-Methyl-8-

quinolinol, 4,8-dimethyl-2-hydroxyquinoline and 2-benzyl-8-hydroxyquinoline.



In one embodiment, the hydrophobic chelator is a 8-hydroxyquinoline derivative

selected from the group consisting of 8-hydroxyquinoline, 5,7-dichloro-8-

hydroxyquinoline, 5,7-diiodo-8-hydroxyquinoline and 7-amino-8-hydroxyquinoline.

In one embodiment, the hydrophobic chelator is a 8-hydroxyquinoline derivative

selected from the group consisting of 8-hydroxyquinoline, 5,7-dichloro-8-

hydroxyquinoline and 5,7-diiodo-8-hydroxyquinoline.

In one embodiment, the hydrophobic chelator is a phosphine ligand. Said phosphine

ligand may be a monodentate ligand. In one embodiment, the hydrophobic chelator is

selected from the group consisting of phosphine, trimethylphosphine,

triphenylphosphine, methyldiphenylphosphine, trifluorophosphine, trimethylphosphite,

triphenylphosphite, tricyclohexylphosphine, diphenylphosphinomethane (dppm),

diphenylphosphinoethane (dppe), PROPHOS, dimethylphosphinomethane (dmpm),

dimethylphosphinoethane (dmpe), S,S-chiraphos, PAMP, DIPAMP, DIOP and

DuPHOS.

In one embodiment, the hydrophobic chelator is selected from the group consisting of

DOTA, NOTA, DTPA, EDTA, TETA and CbTE2A, wherein the carboxylic acids of the

chelators are protected, such as protected with an ester functionality.

In one embodiment, the ester functionality is formed by a bond between the carbonyl(s)

of the hydrophobic chelator and the hydroxyl group of a C1-C7 alcohol. The C1-C7

alcohol may be selected from the list consisting of methanol, ethanol, propanol, iso-

propanol, butanol, iso-butanol, tert-butanol, pentanol, hexanol and benzyl alcohol

Conjugation of the hydrophobic chelator to a polymer may provide a large radionuclide

chelate having impaired diffusion through the solution of the present disclosure.

In one embodiment, the hydrophobic chelator is conjugated to a polymer.

In one embodiment, the hydrophobic chelator is conjugated to a polymer selected from

the group consisting of PNIPAM, cellulose acetate butyrate, cellulose acetate, cellulose

propionate, perfluorocarbons, poloxamer pluronics, polyethylene glycol (PEG),

polylactic acid (PLA), poly(lactic-co-glycolic acid) (PLGA), poly(L-lactide) (PLA),

poly(glycolide) (PGA), ploy(DL-lactide) (DLPLA), poly(dioxanone) (PDO), poly(DL-



lactide-co-L-lactide) (LDLPLA), poly(DL-lactide-co-glycolide) (DLPLG), poly(glycolide-

co-trimethylene carbonate) PGA-TMC, poly(L-lactide-co-glycolide) (LPLG) or

poly(caprolactone) (PCL).

In one embodiment, the hydrophobic chelator is conjugated to a polymer selected from

the group consisting of PNIPAM, cellulose acetate butyrate, cellulose acetate, cellulose

propionate and polylactic acid (PLA).

In one embodiment, the hydrophobic chelator is selected from the group consisting of

PLA-DOTA, PLA-DTPA, PNIPAM-DOTA and PNIPAM-DTPA.

Alternatively, the hydrophobic chelator may be conjugated to a water insoluble

carbohydrate. The water soluble carbohydrate may be any water soluble carbohydrate

as defined herein elsewhere. In one embodiment, the hydrophobic chelator is

conjugated to a water insoluble carbohydrate selected from the list comprising SAIB,

SSIB, LOIB, trisaccharides, oligosaccharaides and cellulose.

In one embodiment, the hydrophobic chelator is selected from the group consisting of

SSIB-DOTA, SSIB-DTPA, SAIB-DOTA, SAIB-DTPA, SOB-DOTA, SOB-DTPA, LOIB-

DOTA, LOIB-DTPA, LOB-DOTA and LOB-DTPA.

In one embodiment, the hydrophobic chelator is selected from the group consisting of

SSIB-DOTA, SSIB-DTPA, SAIB-DOTA, SAIB-DTPA, SOB-DOTA and SOB-DTPA.

In one embodiment, the hydrophobic chelator is conjugated to a lipid, selected from the

group consisting of Cholesterol, DSPE, DPPE, DMPE, DOPE and lipids with long

chains.

In one embodiment, the hydrophobic chelator is conjugated to a triglyceride.

Nano-particle comprising radionuclide

An alternative strategy for retaining or releasing radionuclides in the solution of the

present disclosure is embedding of the radionuclides in particles, which either have

hindered diffusion due to their size in the viscous solution or are coated with

hydrophobic polymers to increase their affinity for the hydrophobic solution. This aspect



of the disclosure utilizes embedding of radionuclides in metallic or silica nanoparticles

(NPs) of size 1-1000 nm composed of but not limited to Au, Pt, Pd, Si, Ag, Cu, Ir or Ru.

Thus in one aspect, the present disclosure utilizes embedding of radionuclides in solid

NPs.

In one embodiment, the radionuclides are embedded in solid NPs composed of metals,

metal mixtures, metal oxides, metal sulfides, silica or other elements.

In one embodiment, the solid NPs are composed of Au, Pt, Pd, Si, Ag, Cu, Ir or Ru.

In one embodiment, the NPs have a size in the range of 1-5000 nm, such as in the

range of 1-4000 nm, for example in the range of 1-3000 nm, such as in the range of 1-

2000 nm, for example in the range of 1-1000 nm.

Embedding of radionuclides in metallic or silicate particles can be conducted by

reduction of e.g. Au, Pt, Pd, Si, Ag, Cu, Ir or Ru in the presence of the radionuclide.

Said elements may be present as single elements or as a mixture. Embedding can also

be achieved by the precipitation of metal oxides, sulfides, or similar structures, in the

presence of the radionuclide. The particle synthesis can be conducted as direct

embedding of the radionuclide without a preformed particle core, or as seeded

embedding with preformed NPs and a reducing or precipitating agent present during

synthesis. Mild reducing agent such as Citric acid, Ascorbic acid, Sodium

cyanoborohydride (NaBI-hCN), sodium acrylate, HEPES or Sodium borohydride

(NaB ), are used for particle synthesis. Higher radionuclide embedding efficiency is

achieved when the standard reduction potential of the radionuclide matches the NP

material, such as embedding of Pd-103 or Au-198 in gold nanoparticles (Au-NPs),

embedding of Pd-103 or Au-198 in palladium nanoparticles (Pd-NPs) or embedding of

Cu-64 in silver nanoparticles (Ag-NPs). Following synthesis and embedding of the

radionuclide, the particles may be post-functionalized by polymers, such as PEG or

PNIPAM or similar to prevent particle aggregation and/or to provide retention in the gel

by polymer entanglement or hydrophobic interaction with the gel matrix.

NPs composed of polymers, aggregates etc. functionalized with hydrophobic polymers

and chelators such as EDTA, DTPA or DOTA, having a size of 1-1000 nm, may

alternatively be used for entrapping radionuclides in the solution of the disclosure.



In one embodiment, NPs composed of polymers, aggregates etc. functionalized with

hydrophobic polymers and chelators such as EDTA, DTPA or DOTA, having a size of

1-5000nm, such as 1-4000 nm, for example 1-3000 nm, such as 1-2000 nm, for

example 1-1000 nm, are used for entrapping radionuclides in the solution of the

disclosure.

Thus, in one aspect, the present disclosure relates to a dispersion comprising

a . a water insoluble carbohydrate,

b. a radionuclide embedded in a nanoparticle, and

c . an organic solvent having a logP in the range of -2 to 2 .

The components of the dispersion, such as the water insoluble carbohydrate, the

solvent, optional further solvent and optional further imaging agents, and the

composition of the dispersion may be as described herein elsewhere.

In one embodiment, the radionuclide embedded in a nanoparticle is selected from the

group consisting of Pd-103 embedded in gold nanoparticles (Au-NPs), Au-198

embedded in gold nanoparticles (Au-NPs), Pd-103 embedded in palladium

nanoparticles (Pd-NPs), Au-198 embedded in palladium nanoparticles (Pd-NPs) or Cu-

64 embedded in silver nanoparticles (Ag-NPs).

In one embodiment, the nanoparticle comprising a radionuclide is coated with a

hydrophobic polymer, such as coated with PNIPAM.

Embedding of radionuclides in particles has the advantages that the radionuclide is

firmly embedded in the nanoparticle, contrary to chelation which is dynamic, dependent

on the stability as described herein above, and wherein the radionuclide can undergo

transmetallation with other available cations present in vivo. NPs may furthermore be

freeze dried and stored until use and may be easily dispersed in the solution before

injected into a patient. Particle based embedding of radionuclides dispersed in the

solution is thus easy to produce and distribute as a kit consisting of a solution

comprising a water insoluble carbohydrate and a freeze-dried powder of nanoparticles.



Organic solvent

The organic solvent of the solution of the present disclosure serves the roles of

dissolving the components of the solution, e.g. dissolving the water insoluble

carbohydrate and the radionuclide chelated to a hydrophobic chelator. Furthermore,

the organic solvent should have some miscibility with water, thereby having the

propensity for partitioning between the gel and aqueous phase.

Thus, in one embodiment, the organic solvent has a logP in the range of -2 to 2 , for

example in the range of - 1 .8 to 1.8, such as in the range of - 1 .5 to 1.5, for example in

the range of - 1 to 1, such as in the range of -2 to 1, for example in the range of - 1 .5 to

1, for example in the range of - 1 to 2 , such as in the range of - 1 to 1.5.

In one embodiment the organic solvent is an alcohol.

In one embodiment, the organic solvent is a C1-C7 alcohol, such as a C1-C6 alcohol,

for example a C1-C5 alcohol, such as a C1-C4 alcohol.

The term Cn-Cm alcohol as used herein refers to an alcohol having between n and m

carbon atoms. For example, the term C1-C4 alcohol refers to an alcohol having

between 1 and 4 carbon atoms.

In one embodiment, the organic solvent is selected from the list consisting of methanol,

ethanol, propanol, isopropanol, butanol, isobutanol, tert-butanol, benzyl alcohol,

propylene carbonate and dimethyl sulfoxide.

In one embodiment, the organic solvent is selected from the list consisting of ethanol,

benzyl alcohol, propylene carbonate and dimethyl sulfoxide.

In one embodiment, the amount of organic solvent in the solution of the present

disclosure is in the range of 1 to 30%, for example 1 to 20%, such as 1 to 15%, for

example 1 to 10%, such as 5 to 10%.

Further solvents

The solution of the present disclosure may comprise a further solvent, also referred to

herein as co-solvent. Co-solvents in one embodiment, are characterized by logP values



in the range 4 - 10. Further solvents may include but are not limited to monoglycerides,

diglycerides and/or triglycerides.

Inclusion of further solvents in the solution may provide means for tuning the release

rate of the radionuclide. An increased amount of further solvent may result in increased

release of the radionuclide from the solution and/or set solution.

In one embodiment, the further solvent is a triglyceride, selected from the group

consisting of glyceryl tridecanoate (GTD), glyceryl trioctanoate (GTO) and glyceryl

trihexanoate (GTH).

In one embodiment, the amount of further solvent is in the range of 0 to 50%, such as

in the range of 0 to 40%, for example in the range of 0 to 30%, such as in the range of

0 to 20%, for example in the range of 0 to 10%.

Imaging modalities

The solution of the present disclosure may comprise a further imaging agent. Such

additional imaging agent may provide means for visualization of the solution, e.g. the

solution administered to an individual in need thereof. Visualization of the administered

solution may be important for e.g. precise deposition of the solution, for calculation of

the dose provided by the administered solution and for guidance during surgical

procedures.

Thus, in one embodiment, the solution comprises a further imaging agent.

Imaging modalities include, but are not limited to, X-ray imaging, CT imaging, MRI,

PET imaging, single photon emission computed tomography (SPECT) imaging, nuclear

scintigraphy imaging, ultrasonography imaging, ultrasonic imaging, near- infrared

imaging and/or fluorescence imaging.

In one embodiment, the further imaging agent is selected from the group consisting of

X-ray agent, CT contrast agent and MRI contrast agent.

In one embodiment the further imaging agent is an X-ray agent. X-ray agents may

comprise one or more iodinated polymers, iodinated oligomers, iodinated lipids,



iodinated saccharides, iodinated disaccharides, iodinated polysaccharides, iodinated

peptides, or a derivative or a combination thereof. Preferred imaging agents are

iodinated compounds such as polymers or sugar molecules such as derivatives of

glucose or sucrose or derivatives of disaccharides, trisaccharides or oligosaccharides.

The X-ray agent may alternatively be a solid particle comprising, or consisting of, one

or more X-ray imaging agents, i.e., compounds that are able to block or attenuate X-ray

radiation. Such compounds include transition metals, rare earth metals, alkali metals,

alkali earth metals, other metals, as defined by the periodic table.

In one embodiment, the X-ray imaging agents are selected from Iodine (I), gold (Au),

Palladium (Pd), Silver (Ag), bismuth (Bi), gadolinium (Gd), iron (Fe), barium (Ba),

calcium (Ca) and magnesium (Mg).

In one embodiment, the further imaging agent has a structure according to formula (III),

.Formula (III).

In one embodiment, the solution comprises an iodinated derivate of a water insoluble

carbohydrate doped into a solution comprising the same class of non-iodinated water

insoluble carbohydrate.

In one embodiment, the solution may further comprise a paramagnetic compound for

use in imaging modalities such as MRI.



In one embodiment, the solution may provide imaging by MRI with negative contrast

due to the negligible water content of the solution.

In one embodiment, the solution may provide imaging by PET and/or SPECT imaging

due to embedding of relevant radionuclides in the gel, e.g. Lu-177 or Cu-64.

In one embodiment, the solution may be visible on ultrasound (US) due to its higher

viscosity and/or ductility compared to tissue.

In one embodiment, the compounds of the solution further comprise one or more

fluorophore compounds for near infrared fluorescence imaging. Said compounds may

comprise fluorescent proteins, peptides, or fluorescent dye molecules.

In another embodiment, the solution further comprises one or more gasses

encapsulated in lipid, polymer or inorganic based particles for ultrasonography imaging.

Said gasses may comprise air, sulphur halides such as sulphur hexafluoride or

disulphur decafluoride; fluorocarbons such as perfluorocarbons; fluorinated (e.g.

perfluorinated) ketones such as peril uoroacetone; and fluorinated (e.g. perfluorinated)

ethers such as perfluorodiethyl ether.

Physics of the solution

The solution of the present disclosure comprises water insoluble carbohydrates and

solvents with polar to nonpolar characteristics that together form a solution with viscosity

in the range 100-1000 cP. In some embodiments of the disclosure, the water insoluble

carbohydrates have logP values in the range 4 - 10 whereas the solvents used have

logP in the range -2 -2. When injected into aqueous media or tissue containing interstitial

fluid, the gels undergo a non-solvent induced phase separation (NIPS) where the solvent

of the gel mixture partitions into the surrounding aqueous phase leading to precipitation

of the water insoluble carbohydrate and formation of a depot with material properties

reflecting the carbohydrate. Upon NIPS, some carbohydrate form highly viscous liquids

(100000 - 1000000 cP), e.g. SAIB, while other carbohydrates form brittle or ductile

solids, e.g. Maltose octaisobutyrate, Sucrose octaisobutyrate, Lactose octaisobutyrate,

Trehalose octaisobutyrate or Raffinose undecaisobutyrate. The brittle and hard

carbohydrates can be characterized as being either amorphous, crystalline, glassy-



states or mixtures thereof. Examples of such embodiments are solutions comprising

SAIB:EtOH 80:20, SAIB:xSAIB:EtOH 50:30:20, LOIB:EtOH 80:20 or LOIB:xSAIB:EtOH

50:30:20, optionally including other carbohydrates, solvents and variations thereof.

In one embodiment, the organic solvent diffuses out of the solution under aqueous

conditions, providing a gel, a glass, a solid or a crystal.

In one embodiment, the viscosity of the solution increases by more than 1000

centipose (cP) under aqueous conditions, such as more than 5000 cP, for example

more than 10000, such as more than 50000cP, for example more than 100000 cP.

In one embodiment, the viscosity of the set solution is in the range of 100000-1000000

cP, such as in the range of 100000-750000, for example in the range of 100000-

500000 cP, such as in the range of 100000-250000 cP.

In one embodiment, the viscosity of the set solution is in the range of 100000-1000000

cP, such as in the range of 250000-1000000 cP, for example in the range of 500000-

1000000 cP, such as in the range of 750000-1000000 cP.

Both in depots that are highly viscous liquids and in depots that are brittle, ductile,

amorphous, crystalline, or glassy-states, entrapped radionuclide chelator complexes are

kinetically trapped as diffusion is impeded by the high viscosity or solid characteristics of

the depot. For larger polymer-chelator constructs or nanoparticles with increased size,

diffusion inside the gel is reduced even further due to enhanced drag/friction leading to

improved effectiveness of the kinetic trapping of these in the gel. In some embodiments

of the disclosure, SSIB-DOTA, SSIB-DTPA, PLA-DOTA, PLA-DTPA, PNIMPAM-DOTA,

PNIPAM-DTPA or PNIPAM coated Pd-103-AuNPs are utilized to induce kinetic trapping

of the radionuclide in the gel.

In some embodiment, co-solvents characterized by logP values in the range 4 - 10, such

as but not limited to mono, di and triglycerides are included in the solvent carbohydrate

solution. When injected into aqueous media or tissue containing interstitial fluids, such

solutions undergo NIPS causing the carbohydrate co-solvent solution to form a depot,

with tunable viscosities reflecting the carbohydrate material properties, the co-solvent

viscosity and the carbohydrate to co-solvent ratio. Examples of such embodiments are



SAIB:GTH:EtOH 64:28:8, SAIB:GTO:EtOH 83:9:8 SAIB:xSAIB:GTO:EtOH 66:9:17:8,

LOIB:GTO:EtOH 64:28:8, LOIB:xSAIB:GTO:EtOH 50:9:33:8 or variations thereof.

Solvent efflux kinetics from such solutions upon injection into aqueous media or tissues

containing interstitial fluids, depends on the aqueous solubility of the solvent in the gel,

as well as the solvents affinity for the hydrophobic carbohydrate ester. Solvent with

higher logP leads to slower solvent release and slower increase in viscosity of the

carbohydrate depot formed by NIPS. As an example, 95% EtOH efflux is completed

within 2 hours in vivo for gel solutions of SAIB:xSAIB:EtOH 50:20:20, i.e. these gels sets,

undergo NIPS in few hours leading to full setting of the gel within 5-6 hours after injection.

After the gel setting period, the viscosity of the fluid gels or impaired diffusion in the solid

depots, hinders escape of radionuclide complexes. Release of radioactivity from the gel

may be further improved by increasing the size of the radionuclide particle/complex or

by increasing the interaction of the particle/complex with the gel material via hydrophobic

interaction or polymer entanglement (steric interactions).

In one embodiment, the solution comprises

a . From 60-80% of the water insoluble carbohydrate,

b. From 10-30 % of the organic solvent,

c . From 5-1 5% of a further imaging agent as herein defined, and

d . From 0 to 10% of a mono, di-, or tri-glyceride.

In one embodiment, the solution sets under aqueous conditions in less than 10 h , such

as less than 8 h, for example less than 6 h, such as less than 5 h, such as less than 4

h , for example less than 3 h , such as less than 2 h.

In some embodiments of the disclosure, solutions with low viscosity and high retention

of radionuclides are warranted. By mixing water insoluble carbohydrate esters with co-

solvents lower viscosity is obtained.

In cases wherein the carbohydrate and co-solvent are fully compatible, i.e. have similar

logP as e.g. LOIB and GTO or SAIB and GTH, one phase systems are predominantly

formed, which are unable to retain radionuclides based on the kinetic trap principle due

to the reduced viscosity caused by the presence of the co-solvent. However, choosing

less compatible carbohydrate esters and co-solvent can lead to microphase separation



(MPS) wherein embedded compounds such as radionuclide complexes may be

segregated into one phase or the other. In some embodiment of the disclosure, these

phases are non-continuous or not fully percolated structures and diffusion and escape

of entrapped compounds is hindered. An example could be liquid-liquid coexistence of

droplet inside the gel retaining the radioactive complexes. An embodiment of the

disclosure where minimal release is obtained by inclusion of a co-solvent are gels

composed of SAIB:GTO:EtOH.

In most embodiments, the diffusion rate of the radionuclide chelate is such that the

radionuclide chelate is retained in the solution until the solution has set, thereby

kinetically trapping the radionuclide chelate in the set solution with no or limited release

of the radionuclide.

Retention in gel

Due to the physics of the solution as described herein above, the radionuclides may be

retained in the solution and/or the set solution. This allows for precise and stable

positioning of the radionuclides at the site of a tumor, with minimal leakage to the

surrounding tissue and/or organs.

The retention of the radionuclide in the solution and/or the set solution may be

controlled by the composition of the solution, such as controlling the viscosity of the

solution, the form of the set solution, the hydrophobicity of the chelator, the

hydrophobicity of the solvent and/or of the further solvent.

Furthermore, the retention of the radionuclide in the solution and/or the set solution

may be controlled by the relative logP values of the different components of the

solution, as described herein above in the section ’Physics of the solution’.

In one embodiment, less than 10% of the radionuclide chelated by a hydrophobic

chelator is released from the solution and/or the set solution after 5 h under aqueous

conditions, such as less than 5%, for example less than 4%, such as less than 2%.

In one embodiment, less than 10% of the radionuclide chelated by a hydrophobic

chelator is released from the solution and/or the set solution after 4 h under aqueous

conditions, such as less than 5%, for example less than 4%, such as less than 2%.



In one embodiment, less than 10% of the radionuclide chelated by a hydrophobic

chelator is released from the solution and/or the set solution after 3 h under aqueous

conditions, such as less than 5%, for example less than 4%, such as less than 2%.

In one embodiment, less than 10% of the radionuclide chelated by a hydrophobic

chelator is released from the solution and/or the set solution after 2 h under aqueous

conditions, such as less than 5%, for example less than 4%, such as less than 2%.

In one embodiment, the aqueous conditions are in vitro conditions, such as a buffer

system.

In one embodiment, the aqueous conditions are in vivo conditions, such as injection at

a tumor site.

The release may be measured by methods as described in the present disclosure,

such as described in examples 1 (in vitro release) and example 6 (in vivo release).

The low release of the radionuclide from the solution of the disclosure may provide less

undesired radiation of the surrounding healthy tissue. Furthermore, the low release of

the radionuclide from the solution of the disclosure may provide a reduced

accumulation of the radionuclide in healthy organs, such as in the blood, the muscle,

the bone, the liver and/or the kidney.

Controlled release from gel

The solution of the present disclosure may also provide for controlled release of the

radionuclide from the solution and/or the set solution. Controlled release of the

radionuclide may be advantageous for treatment of cancer using radionuclides with

short range of tissue penetration and/or for treatment of large tumors. Controlled

release of short range radionuclides may provide a uniform radiotherapeutic dose

throughout the tumor from a single brachygel injection.

The release rate of the radionuclide from the solution and/or the set solution may be

controlled by the composition of the solution, such as controlling the viscosity of the



solution, the form of the set solution, the hydrophobicity of the chelator, the

hydrophobicity of the solvent and/or of the further solvent.

Furthermore, the release rate of the radionuclide from the solution and/or the set

solution may be controlled by the relative logP values of the different components of

the solution, as described herein above in the section ’Physics of the solution’. As an

example a solution comprising water insoluble carbohydrates and solvents which are

fully compatible, i.e. having similar logP, will result in higher release of the radionuclide

from the solution and/or the set solution.

Thus in one embodiment, more than 10% of the radionuclide chelated by a

hydrophobic chelator is released from the solution and/or the set solution after 7 days

under aqueous conditions, such as more than 20%, for example more than 30%, such

as more than 40%, for example more than 50%.

In one embodiment, the aqueous conditions are in vitro conditions, such as a buffer

system.

In one embodiment, the aqueous conditions are in vivo conditions, such as injection at

a tumor site.

The release may be measured by methods as described in the present disclosure,

such as described in examples 1 (in vitro release) and example 6 (in vivo release).

Brachytherapy

The solution of the present disclosure provides improved means for brachytherapy, as

is also described herein elsewhere. Brachytherapy is commonly used as an effective

treatment for cancer. Treatment results have demonstrated that the cancer-cure rates

of brachytherapy are either comparable to surgery as well as external beam

radiotherapy (EBRT) or are improved when used in combination with these techniques.

Brachytherapy can be used alone or in combination with other therapies such as

surgery, EBRT and chemotherapy.

Brachytherapy contrasts with unsealed source radiotherapy, in which a therapeutic

radionuclide (radioisotope) is injected into the body to chemically localize to the tissue



requiring destruction. It also contrasts to EBRT, in which high-energy x-rays (or

occasionally gamma-rays from a radioisotope like cobalt-60) are directed at the tumour

from outside the body. Brachytherapy instead involves the precise placement of

radiation-sources (radioisotopes) directly at the site of the cancerous tumour. This

allows for localized high dose treatment of the diseases tissue.

In one embodiment, the present disclosure relates to a solution as described herein for

use as a medicament.

In one embodiment, the present disclosure relates to a solution as described herein for

use in brachytherapy.

In one embodiment, the present disclosure relates to a solution as described herein for

use in the treatment of cancer.

In one embodiment, the cancer is selected from the group consisting of colon

carcinoma, breast cancer, pancreatic cancer, ovarian cancer, prostate cancer, bile duct

carcinoma, cervical cancer, testicular tumor, lung carcinoma, bladder carcinoma,

epithelial carcinoma, lymph node cancer, rectum cancer, urinary cancers, uterine

cancers, oral cancers, skin cancers, stomach cancer, brain tumors, liver cancer, gastric

cancer, cancer of the head and neck and thyroid cancer.

In one embodiment, the cancer is selected from the group consisting of cervical cancer,

prostate cancer, breast cancer, skin cancer, lung cancer, pancreatic cancer and lymph

node cancer.

In one embodiment, the present disclosure provides a method for treating cancer, the

method comprising administering a solution as described herein to an individual in

need thereof.

In one embodiment, the solution is administered by injection at the tumour site.

In one embodiment, the solution is administered by smearing onto the tumour site.



Calculation of dose

In conventional brachytherapy (BT), the dosimetry or delivered dose to the tumor is

evaluated post insertion of the BT seeds in order to predict/asses the expected treatment

outcome. This is achieved by determining the position of BT seeds in the tumor by CT

imaging, which allows for calculation of the deposited radioactive dose.

The solution of the present disclosure, in one embodiment, has multimodal imaging

properties compared to the standard BT seeds. Hence, the solution of the present

disclosure may be visible in: (i) MRI with negative contrast due to the negligible water

content, (ii) SPECT and PET imaging due to embedding of relevant radionuclides in the

gel, e.g. Lu-177 or Cu-64, (iii) or by CT imaging via incorporation of e.g. iodinated sugar

esters such as xSAIB (formula III) or incorporation of gold nanoparticles in the gels. The

solutions of the present disclosure may furthermore be visible on ultrasound (US) due to

their higher viscosity and/or ductility compared to tissue, however this image modality is

not directly relevant for dose planning.

Based on MRI/PET/SPECT or CT imaging, the distribution of gel inside or next to the

tumor can be assessed, and the distribution of therapeutic radionuclides can be

calculated. Knowing the distribution of radionuclides in the tumor and the tissue

penetration of the individual radionuclides allows for calculating the radioactive dose

deposited in the tumor by e.g. Monte-Carlo simulations.

The multimodality feature of these gels is an advantage compared to traditional BT seeds

as they can be used for aligning and overlaying MRI/CT and SPECT/PET images. This

enables information about soft tissue structures (MRI), skeletal structures (CT) and

functional isotope distribution (SPECT/PET) to be available with a common reference

point allowing for an improved delineation of the tumor margin and thereby the further

dose planning. Following injection of such radioactive gels into patients, the radioactive

dose can be determined based on these features and plans for further dose-painting

using e.g. external beam radiation therapy (EBRT) or additional injections of radioactive

gels can be planned and executed.

Thus, in one embodiment, the method of treatment of cancer, as described herein,

further comprises the step of calculating the radiation dose provided by the administered

solution.



Such calculation may be based on MRI imaging, CT imaging and/or PET/SPECT

imaging as described herein above.

In one embodiment, the present disclosure relates to use of the solution as described

herein for calculation of the radiation dose provided by the administered solution.

Guidance for external beam radiation therapy

Radiotherapy is a cost-effective and widely-adopted solution to cancer therapy, with over

50% of patients diagnosed with solid tumors undergoing some form of radiation

treatment. In the US and Europe alone more than 2.5 million patients will receive

radiotherapy on an annual basis. The prevalence of this treatment option is also reflected

by the fact that over 1000 medical centers in Europe are equipped with radiotherapy

equipment, known as linear accelerators or linacs. The radiotherapy treatment is most

often delivered over several treatment fractions - sometimes up to 30 - and the ultimate

key to an effective treatment is to hit the tumor precisely on each of these treatment

fractions. To be able to achieve this, soft tissue markers, or fiducial markers are needed.

The technological advancements in radiotherapy have enabled the rise of new and

optimized treatment approaches, all of which relies on improved image-guided treatment

and the need for soft tissue markers:

• Stereotactic radiotherapy (SBRT): Markers are needed for the exact localization

of the tumors in the body in order to treat with limited but highly precise treatment

fields. SBRT involves the delivery of a single high dose radiation treatment or a

few fractionated radiation treatments (usually up to 5 treatments).

• Intensity-modulated radiation therapy (IMRT): An advanced type of high-

precision radiation that improves the ability to conform the treatment volume to

concave tumor shapes, for example when the tumor is wrapped around a

vulnerable structure such as the spinal cord or a major organ or blood vessel.

• Adaptive radiotherapy (ART): This adaptive radiotherapy technique aims to

customize each patient’s treatment plan to patient-specific variation by evaluating

and characterizing the systematic and random variations through image

feedback and including them in adaptive planning.

• Proton therapy: Proton therapy is a type of radiation treatment that uses protons

instead of photons to treat cancer. Proton therapy is often used to treat prostate



cancer. Gold markers introduce a large risk of dose perturbation/dose shadowing.

Thus, this trend calls for a need for a more positional stable tissue marker with

limited imaging artefacts and dose perturbation.

An additional feature of the solution as disclosed herein is that they may provide high

levels of CT contrast by incorporation of iodinated carbohydrate esters such as xSAIB or

iodinated polymer species or by incorporation of gold nanoparticles. This enables the

use of such solutions for brachytherapy as well as for surgical markers in SBRT, IMRT,

ART and proton therapy. The CT contrast of the solution thus allows both for calculation

of the deposited radiation dose from embedded therapeutic radionuclides as well as

providing CT contrast useful for guiding additional dose-painting by SBRT, IMRT, ART

or proton therapy.

Thus, in one aspect, the present disclosure relates to a solution as described herein for

guidance of EBRT.

Thus in one embodiment, the method for treatment of cancer as described herein, further

comprising the step of providing external beam radiation therapy at selected sites.

The sites may be selected according to the calculated dosimetry provided by the

administered solution, as described herein above.

In one embodiment, the present disclosure relates to use of the solution as described

herein for guidance of external beam radiation therapy.

Guidance for surgery

Surgery has long been the cornerstone in the treatment of solid cancers. As described

above, there is a need for in the field for development of good fiducial markers to use

with the developing technologies in the field of image-guided surgery.

The solution as described herein may comprise multimodal image modalities relevant for

surgical guidance as fiducial markers. These solutions comprise water insoluble

carbohydrates that inherently have negative contrast on MRI due to their negligible water

content, and ultrasound contrast due to their inherent high viscosity and ductility

compared to soft tissues. These solutions may further enable CT imaging via



incorporation of iodinates carbohydate esters, iodinated polymers or gold nanooparticles

and SPECT/PET imaging via embedding of diagnostic radionuclides using hydrophobic

and/or high molecular weight chelators or radionuclides embedded in nanoparticles

trapped in the gel. The current disclosure thus may offer guidance by PET, SPECT or

gamma probe detectors allowing surgeons and/or the robot to navigate using diagnostic

images as roadmaps and radioactive markers inside the patient as beacons. The solution

of the present disclosure may be used for all surgical procedures/indications, where

fiducial markers are warranted for guidance.

Thus, in one embodiment, the present disclosure relates to use of the solution as

described herein for guidance of surgery.

Combination treatment

The solution of the present disclosure offers a range of possibilities for combination

treatments, either by utilizing the current disclosure in combination with other therapies,

or by including extra/other features on top of the brachygel or surgical markers already

described.

The solution may be used for aid or guidance of one or more external or internal stimuli

(or a combination of both). It may also be used in combination with external or internal

stimuli to enhance the therapeutic effect of the given stimuli.

In one embodiment, the solution may be used in combination with photodynamic therapy

(PDT) in combination with a drug (photosensitizer or photosensitizing agent) with a

specific type of light to kill cancer cells.

In another embodiment, the solution may be used in combination with hyperthermia

based treatments such as high-intensity focused ultrasound (HIFU), radiofrequency

thermal ablation (RFA) and laser-induced interstitial thermotherapy (LITT), but not limited

to those. In high-intensity focused ultrasound (HIFU) the solution may be used to direct

or aid in delivery of acoustic energy into the desired tissue thereby destroying the

diseased tissue by e.g. thermal ablation (coagulation necrosis).

In another embodiment, the solution may be used to direct or aid in insertion of the needle

electrode into the target site for use in radiofrequency thermal ablation (RFA).



In yet another embodiment, the solution may be used to direct or aid in Laser-induced

interstitial thermotherapy (LITT) to ensure correct laser irradiation of the target tissue.

The solution of the present disclosure may be used in combination with

chemotherapeutic or immunotherapeutic treatments, wherein drug molecules are

administered orally or parenterally to the patient. The active chemo- or immune-

therapeutic drugs may also be co-formulated into the solution as described herein. Upon

intratumoral injection of such gels, chemo or immune therapeutic compounds are

released locally in the tumor, sparing healthy tissues and improving the local drug load.

The solution may furthermore be applied by smearing into the tumor bed after surgery.

This would benefit therapeutic follow up procedures within radiation therapy making it

easy to find and monitor the target tissue area. Furthermore, the solution may comprise

a wound healing or disinfection agent, thereby allowing for release of wound healing or

disinfection agent. The radionuclides of the solution may allow for treatment of remaining

tumor cells in the wound cavity.

Polymer dye, polymer chelator or polymer prodrug constructs may be loaded into the

solution with the purpose of controlled release upon intratumoral administration. This

allow for controlled release of these constructs with the purpose of achieving

accumulation in the draining lymph-nodes connected to the tumor. Subsequently the dye,

chelator or prodrug can either be localized by NIR cameras, gamma-probe detectors,

SPECT/PET scanners, or the prodrug can be activated and exhibit its effect locally in the

tumor or lymph node.

Kit for preparation

The present disclosure may further relate to a kit for preparation of the solution of the

disclosure nearby or at the site of administration. This may be advantageous since the

non-radioactive components of the solution may be provided and stored at e.g. the

hospital, whereas the radioactive source may be provided at a needs basis and applied

ultimately after being received or generated at site.

Thus, in one embodiment, the present disclosure relates to a kit comprising

a . a solution comprising a water insoluble carbohydrate, a solvent having

a logP in the range of -2 to 2 , and optionally a further solvent (co-



solvent) and/or a

further imaging agent, as described herein,

b. a solution comprising a hydrophobic chelator having a logP above 1

and/ or a molecular weight above 2000 Da.

In one embodiment, the kit further comprises a radionuclide as part of component b) or

as an individual component c).

In one embodiment, the components of component a) of the kit are provided as separate

parts, or as two components comprising a) solid components and b) liquid components.

In one embodiment, the components of component b) of the kit are provided as separate

parts, or as two components comprising a) solid components and b) liquid components.

In one embodiment, component b) of the kit comprises a hydrophobic chelator dissolved

in a solvent which may be easily evaporated, such as dissolved in ethanol.

In one embodiment, the kit further comprises a manual for preparation of the solution

from the kit.

In one embodiment, the solution is prepared by first evaporation of the acid in which the

radionuclide may be provided. In one embodiment, the preparation involves dissolving

the dried radionuclide in a solution comprising the hydrophobic chelator.

In one embodiment, the radionuclide in acid is mixed directly with a solution comprising

the hydrophobic chelator.

In one embodiment, the preparation includes evaporation of the solution comprising the

radionuclide and the hydrophobic chelator prior to mixing with the solution comprising

the water insoluble carbohydrate, and optionally further solvent and/or imaging agents.

In one embodiment, the preparation includes mixing of the solution comprising the

radionuclide and the hydrophobic chelator directly with the solution comprising the water

insoluble carbohydrate, and optionally further solvent and/or imaging agents.



Items

1. A solution comprising

a . a water insoluble carbohydrate,

b. a radionuclide coordinated to a hydrophobic chelator, and

c . an organic solvent having a logP in the range of -2 to 2 ,

wherein the one or more hydrophobic chelators have a logP above 1 and/or a

molecular weight above 2000 Da.

2 . The solution according to item 1, wherein the water insoluble carbohydrate

comprises one or more hydroxyl groups functionalized to form C2-C7 esters.

3 . The solution according to any one of the preceding items, wherein the C2-C7

esters are formed by a bond between the hydroxyl group(s) of the carbohydrate

and the carbonyl group of a C2-C7 alkanoyl(s).

4 . The solution according to any one of the preceding items, wherein the number

of hydroxyl groups functionalized to form C2-C7 esters is n, n-1 , n-2, n-3, n-4 or

n-5, wherein n is the total number of hydroxyl groups of the carbohydrate.

5 . The solution according to any one of the preceding items, wherein all hydroxyl

groups are functionalized to form C2-C7 esters.

6 . The solution according to any one of the preceding items, wherein the water

insoluble carbohydrate is selected from the group consisting of

monosaccharides, disaccharides, trisaccharides and oligosaccharides.

7 . The solution according to any one of the preceding items, wherein the water

insoluble carbohydrate is a monosaccharide selected from the group consisting

of Glucosamine, Galactosamine, Mannosamine, Mannose, Rhamnose,

Rhamnosamine, Galactose, Allose, Allosamine, Altrose, Altrosamine, Gulose,

Gulosamine, Idose, Idosamine, Talose and Talosamine.

8 . The solution according to any one of the preceding items, wherein the water

insoluble carbohydrate is a disaccharide selected from the group consisting of

maltose, trehalose, lactose, sucrose, Galp-(1 2)-Glc, Galp-(1 3)-GlcN, Galp-



( 1 4)- Glc, Glcp-(1 4)-Glc, Glcp-(1 6)-Glc, Glcp-(1 2)-GlcN, Galp-(1 4)-

ManN, Glcp-(1 4)-GalN, Manp-(1 3)-Glc, ManNp-(1 4)-Gal, GalNp-(1 3)-

ManN, GlcNp-(1 6)-GalN, Rhamnp-(1 6)-Glc, Glcp-(1 1)-Glcp, Talp-(1 4)-

Glu, Glup ( 1 3)-ldo, GlcNp-(1 4)-GlcN, GlcNp-(1 6)-GlcN.

The solution according to any one of the preceding items, wherein the water

insoluble carbohydrate is a trisaccharide selected from the group consisting of

raffinose, Galp-(1 2)-Glcp-(1 3)-Galp, Galp-(1 4)- Glcp-(1 6)-GlcN, Galp-

( 1 4)-Glcp-(1 6)-Gal, Glcp-(1 4)-Glcp-(1 4)- Glcp , Glcp-(1 6)-Glcp-

( 1 6)-Glc, Galp-(1 6)-Glcp ( 1 2)-Fruf, Glcp- ( 1 3)- Fruf-(2 1)-Glcp, Galp-

( 1 4)-ManNp-(1 3)-Glu, Glcp-(1 4)-GalN- ( 1 2)-Man, Manp-(1 3)-Glcp-

( 1 4)-GlcN, ManNp-(1 4)-Galp-(1 3)-Glc, GalNp-(1 3)-ManNp-(1 6)-

GlcN. Rhamnp-(1 6)-Glcp -(1 4)-GlcN, Galp- ( 1 6)-Glcp-(1 1)-Glcp, Talp-

( 1 4)-Glup-(1 2)-Man, Glup ( 1 3)-ldop- ( 1 6)-Glu, GlcNp-(1 6)-GlcNp

( 1 4)-GlcN.

The solution according to any one of the preceding items, wherein the water

insoluble carbohydrate is a oligosaccharide selected from the group consisting

of Galp-(1 4)-Glcp-(1 6)-glcp-(1 4)-Glc, Galp-(1 4)-Glcp-(1 4)-Glcp-

( 1 4)-Glcp-(1 4)-Glc, Galp-(1 4)-Glcp- ( 1 4)-Galp-(1 4)-Glc, Glcp-(1 4)-

Glcp-(1 4)-Glcp-(1 4)-Glc, Galp- ( 1 6)-Glcp-(1 6)-Galp-(1 6)-Glc, Galp-

( 1 6)-Glcp-(1 6)-Galp-(1 4)- Glc, Galp-(1 6)-Glcp-(1 6)-Glcp-(1 4)-Glc,

GlcNp-(1 4)-GlcNp-(1 6)- GlcNp-(1 4)-GlcN, GlcNp-(1 6)-Galp-(1 6)-

Glcp-(1 2)-Fruf, Galp-(1 4)- Glcp-(1 3)- Fruf-(2 1)-Glcp, Talp-(1 4)-Glup-

( 1 2)-Man-(1 -3)-Glu, Glup ( 1 3)-ldop-(1 6)-Glup-(1 2)-Gal, cellulose

acetate, cellulose acetate butyrate and cellulose acetate proprionate.

The solution according to any one of the preceding items, wherein the C2-C7

alkanoyl is selected from acetyl, propanoyl, butanoyl, isobutanoyl, pentanoyl,

hexanoyl, heptanoyl and benzoyl.

The solution according to any one of the preceding items, wherein the C2-C7

alkanoyl is selected from acetyl, propanoyl, isobutanoyl and benzoyl.



13. The solution according to any one of the preceding items, wherein the water

insoluble carbohydrate has a structure according to formula (I),

.formula (I)

14. The solution according to any one of the preceding items, wherein the water

insoluble carbohydrate has a structure according to formula (II),

, formula (II)

15. The solution according to any one of the preceding items, wherein the organic

solvent diffuses out of the solution under aqueous conditions, providing a gel, a

semi-solid, a solid, a crystal or any combination thereof.

16. The solution according to any one of the preceding items, wherein the viscosity

increases by more than 1000 centipose (cP) under aqueous conditions, such as

more than 5000 cP, for example more than 10000, such as more than 50000cP,

for example more than 100000 cP.



17. The solution according to any one of the preceding items, wherein the solution

sets under aqueous conditions in less than 5 h , such as less than 4 h , for

example less than 3 h, such as less than 2 h.

18. The solution according to any one of the preceding items, wherein less than

10% of the radionuclide chelated by a hydrophobic chelator is released after 5h

under aqueous conditions, such as less than 5%.

19. The solution according to any one of the preceding items, wherein the aqueous

conditions are in vitro conditions, such as a buffer system.

20. The solution according to any one of the preceding items, wherein the aqueous

conditions are in vivo conditions.

2 1. The solution according to any one of the preceding items, wherein the

radionuclide decays by emission of particles or photons.

22. The solution according to any one of the preceding items, wherein the

radionuclide is selected from the group consisting of alpha emitters, beta

emitters, X-ray emitters, auger emitters and gamma emitters.

23. The solution according to any one of the preceding items, wherein the

radionuclide is a beta emitter.

24. The solution according to any one of the preceding items, wherein the

radionuclide is selected from the group consisting of P-32, Y-90, Sm-153, Er-

169, Lu-177, Cu-67, Sc-47, As-76, Te-1 6 1 , At-21 1, Ac-225, Bi-212, Bi-213, Ra-

223, Pd-212, Te-149, Ra-224, Pd-103, La-135, Er-165, 1-125, 1-123, Rh-103m,

Co-58m, ln-1 11, Au-198, Co-60, Cs-137, and lr-192, 1-125 and Cf-252, Am-241 ,

Pd-103, Yb-169, Se-75 and Sm-145.

25. The solution according to any one of the preceding items, wherein the

hydrophobic chelator has a logP above 1, such as above 1.5, for example

above 2 , such as above 3 , for example above 4 , such as above 5 , for example

above 7 , such as above 10.



26. The solution according to any one of the preceding items, wherein the chelator

has a molecular weight above 2000 Da, such as above 2500 Da, for example

above 3000 Da, such as above 4000 Da, for example above 5000 Da.

27. The solution according to any one of the preceding items, wherein the

hydrophobic chelator is selected from the group consisting of 8-

hydroxyquinoline derivatives, DOTA derivatives, NOTA derivatives, DTPA

derivatives, EDTA derivatives, TETA derivatives and CbTETA derivatives.

28. The solution according to any one of the preceding items, wherein the

hydrophobic chelator is a 8-hydroxyquinoline derivative selected from the group

consisting of 8-hydroxyquinoline, 5,7-dichloro-8-hydroxyquinoline, 5,7-diiodo-8-

hydroxyquinoline and 7-amino-8-hydroxyquinoline.

29. The solution according to any one of the preceding items, wherein the

hydrophobic chelator is selected from the group consisting of DOTA, NOTA,

DTPA, EDTA, TETA and CbTE2A, wherein the carboxylic acids of the chelators

are protected, such as protected with an ester functionality.

30. The solution according to any one of the preceding items, wherein the

hydrophobic chelator is conjugated to a polymer, such as PNIPAM, cellulose

acetate butyrate, cellulose acetate, perfluorocarbons, poloxamer pluronics,

polyethylene glycol (PEG), polylactic acid (PLA), poly(lactic-co-glycolic acid)

(PLGA), poly(L-lactide) (PLA), poly(glycolide) (PGA), ploy(DL-lactide) (DLPLA),

poly(dioxanone) (PDO), poly(DL-lactide-co-L-lactide) (LDLPLA), poly(DL-

lactide-co-glycolide) (DLPLG), poly(glycolide-co-trimethylene carbonate) PGA-

TMC, poly(L-lactide-co-glycolide) (LPLG) or poly(caprolactone) (PCL).

3 1 . The solution according to any one of the preceding items, wherein the

hydrophobic chelator is selected from the group consisting of PLA-DOTA, PLA-

CTPA, PNIPAM-DOTA and PNIPAM-DTPA.



32. The solution according to any one of the preceding items, wherein the

hydrophobic chelator is selected from the group consisting of SSIB-DOTA,

SSIB-DTPA, SAIB-DOTA, SAIB-DTPA, SOB-DOTA and SOB-DTPA.

33. The solution according to any one of the preceding items, wherein the organic

solvent has a logP in the range of -2 to 2 , for example in the range of - 1 .8 to

1.8, such as in the range of - 1 .5 to 1.5, for example in the range of - 1 to 1, such

as in the range of -2 to 1, for example in the range of - 1 .5 to 1, for example in

the range of - 1 to 2 , such as in the range of - 1 to 1.5.

34. The solution according to any one of the preceding items, wherein the organic

solvent is an alcohol.

35. The solution according to any one of the preceding items, wherein the organic

solvent is a C1-C4 alcohol.

36. The solution according to any one of the preceding items, wherein the organic

solvent is selected from the list consisting of methanol, ethanol, propanol,

isopropanol, butanol, isobutanol, tert-butanol, benzyl alcohol, propylene

carbonate and dimethyl sulfoxide.

37. The solution according to any one of the preceding items, wherein the amount

of organic solvent is in the range of 1 to 30%, for example 1 to 20%, such as 1

to 15%, for example 1 to 10%, such as 5 to 10%.

38. The solution according to any one of the preceding items, further comprising a

monoglyceride, diglyceride and/or triglyceride.

39. The solution according to any one of the preceding items, wherein the

triglyceride is selected from the group consisting of glyceryl tridecanoate (GTD),

glyceryl trioctanoate (GTO) and glyceryl trihexanoate (GTH).

40. The solution according to any one of the preceding items, wherein the amount

of monoglyceride, diglyceride and/or triglyceride is in the range of 0 to 50%,



such as in the range of 0 to 40%, for example in the range of 0 to 30%, such as

in the range of 0 to 20%, for example in the range of 0 to 10%.

4 1. The solution according to any one of the preceding items, comprising a further

imaging agent.

42. The solution according to any one of the preceding items, wherein the further

imaging agent is selected from the group consisting of X-ray agent, CT agent,

MRI agent, PET agent and SPECT agent.

43. The solution according to any one of the preceding items, wherein the further

imaging agent has a structure according to formula (III),

.Formula (III)

44. A solution comprising

a . a water insoluble carbohydrate according to formula (II),

b. 90Y coordinated to 8-hydroxyquinoline,

c . Ethanol, and

d . an imaging agent according to formula (III).

45. A solution comprising

a . a water insoluble carbohydrate according to formula (II) in the range of

60 to 80%,

b. 90Y coordinated to 8-hydroxyquinoline,

c . Ethanol in the range of 10 to 30%, and

d . an imaging agent according to formula (III) in the range of 5 to 15%.



46. A solution according to any one of the preceding items for use as a

medicament.

47. A solution according to any one of the preceding items for use in brachytherapy.

48. A solution according to any one of the preceding items for use in the treatment

of cancer.

49. The solution according to any one of the preceding items, wherein the cancer is

selected from the group consisting of colon carcinoma, breast cancer,

pancreatic cancer, ovarian cancer, prostate cancer, bile duct carcinoma,

cervical cancer, testicular tumor, lung carcinoma, bladder carcinoma, epithelial

carcinoma, lymphoma, rectum cancer, urinary cancers, uterine cancers, oral

cancers, skin cancers, stomach cancer, brain tumors, liver cancer, gastric

cancer, cancer of the head and neck and thyroid cancer.

50. A method for treating cancer, the method comprising administering a solution

according to any one of the preceding items to an individual in need thereof.

5 1 . The method according to any one of the preceding items, wherein the solution

is administered by injection at the tumour site.

52. The method according to any one of the preceding items, further comprising the

step of calculating the radiation dose provided by the administered solution.

53. The method according to any one of the preceding items, further comprising the

step of providing external beam radiation therapy at selected sites.

54. Use of the solution according to any one of the preceding items for calculation

of radiation dose.

55. Use of the solution according to any one of the preceding items for guidance of

external beam radiation therapy.



56. Use of the solution according to any one of the preceding items for guidance of

surgery.

57. A dispersion comprising

a . a water insoluble carbohydrate,

b. a radionuclide embedded in a nanoparticle, and

c . an organic solvent having a logP in the range of -2 to 2 .

58. The dispersion according to item 57, wherein the water insoluble carbohydrate

comprises one or more hydroxyl groups functionalized to form C2-C7 esters.

59. The dispersion according to any one of items 57-58, wherein the C2-C7 esters

are formed by a bond between the hydroxyl group(s) of the carbohydrate and

the carbonyl group of a C2-C7 alkanoyl(s).

60. The dispersion according to any one of items 57-59, wherein the number of

hydroxyl groups functionalized to form C2-C7 esters is n , n-1 , n-2, n-3, n-4 or n-

5 , wherein n is the total number of hydroxyl groups of the carbohydrate.

6 1 . The dispersion according to any one of items 57-60, wherein all hydroxyl

groups are functionalized to form C2-C7 esters.

62. The dispersion according to any one of items 57-61 , wherein the water

insoluble carbohydrate is selected from the group consisting of

monosaccharides, disaccharides, trisaccharides and oligosaccharides.

63. The dispersion according to any one of items 57-62, wherein the water

insoluble carbohydrate is a monosaccharide selected from the group consisting

of Glucosamine, Galactosamine, Mannosamine, Mannose, Rhamnose,

Rhamnosamine, Galactose, Allose, Allosamine, Altrose, Altrosamine, Gulose,

Gulosamine, Idose, Idosamine, Talose and Talosamine.

64. The dispersion according to any one of items 57-63, wherein the water

insoluble carbohydrate is a disaccharide selected from the group consisting of

maltose, trehalose, lactose, sucrose, Galp-(1 2)-Glc, Galp-(1 3)-GlcN, Galp-

( 1 4)- Glc, Glcp-(1 4)-Glc, Glcp-(1 6)-Glc, Glcp-(1 2)-GlcN, Galp-(1 4)-



ManN, Glcp-(1 4)-GalN, Manp-(1 3)-Glc, ManNp-(1 4)-Gal, GalNp-(1 3)-

ManN, GlcNp-(1 6)-GalN, Rhamnp-(1 6)-Glc, Glcp-(1 1)-Glcp, Talp-(1 4)-

Glu, Glup ( 1 3)-ldo, GlcNp-(1 4)-GlcN, GlcNp-(1 6)-GlcN.

65. The dispersion according to any one of items 57-64, wherein the water

insoluble carbohydrate is a trisaccharide selected from the group consisting of

raffinose, Galp-(1 2)-Glcp-(1 3)-Galp, Galp-(1 4)- Glcp-(1 6)-GlcN, Galp-

( 1 4)-Glcp-(1 6)-Gal, Glcp-(1 4)-Glcp-(1 4)- Glcp , Glcp-(1 6)-Glcp-

( 1 6)-Glc, Galp-(1 6)-Glcp ( 1 2)-Fruf, Glcp- ( 1 3)- Fruf-(2 1)-Glcp, Galp-

( 1 4)-ManNp-(1 3)-Glu, Glcp-(1 4)-GalN- ( 1 2)-Man, Manp-(1 3)-Glcp-

( 1 4)-GlcN, ManNp-(1 4)-Galp-(1 3)-Glc, GalNp-(1 3)-ManNp-(1 6)-

GlcN. Rhamnp-(1 6)-Glcp -(1 4)-GlcN, Galp- ( 1 6)-Glcp-(1 1)-Glcp, Talp-

( 1 4)-Glup-(1 2)-Man, Glup ( 1 3)-ldop- ( 1 6)-Glu, GlcNp-(1 6)-GlcNp

( 1 4)-GlcN.

66. The dispersion according to any one of items 57-65, wherein the water

insoluble carbohydrate is a oligosaccharide selected from the group consisting

of Galp-(1 4)-Glcp-(1 6)-glcp-(1 4)-Glc, Galp-(1 4)-Glcp-(1 4)-Glcp-

( 1 4)-Glcp-(1 4)-Glc, Galp-(1 4)-Glcp- ( 1 4)-Galp-(1 4)-Glc, Glcp-(1 4)-

Glcp-(1 4)-Glcp-(1 4)-Glc, Galp- ( 1 6)-Glcp-(1 6)-Galp-(1 6)-Glc, Galp-

( 1 6)-Glcp-(1 6)-Galp-(1 4)- Glc, Galp-(1 6)-Glcp-(1 6)-Glcp-(1 4)-Glc,

GlcNp-(1 4)-GlcNp-(1 6)- GlcNp-(1 4)-GlcN, GlcNp-(1 6)-Galp-(1 6)-

Glcp-(1 2)-Fruf, Galp-(1 4)- Glcp-(1 3)- Fruf-(2 1)-Glcp, Talp-(1 4)-Glup-

( 1 2)-Man-(1 -3)-Glu, Glup ( 1 3)-ldop-(1 6)-Glup-(1 2)-Gal, cellulose

acetate, cellulose acetate butyrate and cellulose acetate proprionate.

67. The dispersion according to any one of items 57-66, wherein the C2-C7

alkanoyl is selected from acetyl, propanoyl, butanoyl, isobutanoyl, pentanoyl,

hexanoyl, heptanoyl and benzoyl.

68. The dispersion according to any one of items 57-67, wherein the C2-C7

alkanoyl is selected from acetyl, propanoyl, isobutanoyl and benzoyl.

69. The dispersion according to any one of items 57-68, wherein the water

insoluble carbohydrate has a structure according to formula (I),



, formula (I)

The dispersion according to any one of items 57-69, wherein the water

insoluble carbohydrate has a structure according to formula (II),

, formula (II)

The dispersion according to any one of items 57-70, wherein the organic

solvent diffuses out of the solution under aqueous conditions, providing a gel, a

semi-solid, a solid, a crystal or any combination thereof.

The dispersion according to any one of items 57-71 , wherein the viscosity

increases by more than 1000 centipose (cP) under aqueous conditions, such as

more than 5000 cP, for example more than 10000, such as more than 50000

cP, for example more than 100000 cP.

The dispersion according to any one of items 57-72, wherein the solution sets

under aqueous conditions in less than 5 h , such as less than 4 h, for example

less than 3 h, such as less than 2 h .



74. The dispersion according to any one of items 57-73, wherein less than 10% of

the radionuclide embedded in a nanoparticle is released after 5h under

aqueous conditions, such as less than 5%.

75. The dispersion according to any one of items 57-74, wherein the aqueous

conditions are in vitro conditions, such as a buffer system.

76. The dispersion according to any one of items 57-75, wherein the aqueous

conditions are in vivo conditions.

77. The dispersion according to any one of items 57-76, wherein the radionuclide

decays by emission of particles or photons.

78. The dispersion according to any one of items 57-77, wherein the radionuclide is

selected from the group consisting of alpha emitters, beta emitters, X-ray

emitters, auger emitters and gamma emitters.

79. The dispersion according to any one of items 57-78, wherein the radionuclide is

a beta emitter.

80. The dispersion according to any one of items 57-79, wherein the radionuclide is

selected from the group consisting of P-32, Y-90, Sm-153, Er-169, Lu-177, Cu-

67, Sc-47, As-76, Te-1 6 1 , At-21 1, Ac-225, Bi-212, Bi-213, Ra-223, Pd-212, Te-

149, Ra-224, Pd-103, La-135, Er-165, 1-125, 1-123, Rh-103m, Co-58m, In-1 11,

Au-198, Co-60, Cs-137, and lr-192, 1-125 and Cf-252, Am-241 , Pd-103, Yb-1 69,

Se-75 and Sm-145.

8 1 . The dispersion according to any one of items 57-80, wherein the radionuclide

embedded in a nanoparticle is selected from the group consisting of Pd-103

embedded in gold nanoparticles (Au-NPs), Au-198 embedded in gold

nanoparticles (Au-NPs), Pd-103 embedded in palladium nanoparticles (Pd-

NPs), Au-198 embedded in palladium nanoparticles (Pd-NPs) or Cu-64

embedded in silver nanoparticles (Ag-NPs).



82. The dispersion according to any one of items 57-81 , wherein the radionuclide

embedded in a nanoparticle is coated with a hydrophobic polymer, such as

coated with PNIPAM.

83. The dispersion according to any one of items 57-82, wherein the organic

solvent has a logP in the range of -2 to 2 , for example in the range of - 1 .8 to

1.8, such as in the range of - 1 .5 to 1.5, for example in the range of - 1 to 1, such

as in the range of -2 to 1, for example in the range of - 1 .5 to 1, for example in

the range of - 1 to 2 , such as in the range of - 1 to 1.5.

84. The dispersion according to any one of items 57-83, wherein the organic

solvent is an alcohol.

85. The dispersion according to any one of items 57-84, wherein the organic

solvent is a C1-C4 alcohol.

86. The dispersion according to any one of items 57-85, wherein the organic

solvent is selected from the list consisting of methanol, ethanol, propanol,

isopropanol, butanol, isobutanol, tert-butanol, benzyl alcohol, propylene

carbonate and dimethyl sulfoxide.

87. The dispersion according to any one of items 57-86, wherein the amount of

organic solvent is in the range of 1 to 30%, for example 1 to 20%, such as 1 to

15%, for example 1 to 10%, such as 5 to 10%.

88. The dispersion according to any one of items 57-87, further comprising a

monoglyceride, diglyceride and/or triglyceride.

89. The dispersion according to any one of items 57-88, wherein the triglyceride is

selected from the group consisting of glyceryl tridecanoate (GTD), glyceryl

trioctanoate (GTO) and glyceryl trihexanoate (GTH).

90. The dispersion according to any one of items 57-89, wherein the amount of

monoglyceride, diglyceride and/or triglyceride is in the range of 0 to 50%, such



as in the range of 0 to 40%, for example in the range of 0 to 30%, such as in the

range of 0 to 20%, for example in the range of 0 to 10%.

9 1 . The dispersion according to any one of items 57-90, comprising a further

imaging agent.

92. The dispersion according to any one of items 57-91 , wherein the further

imaging agent is selected from the group consisting of X-ray agent, CT agent,

MRI agent, PET agent and SPECT agent.

93. The dispersion according to any one of items 57-92, wherein the further

imaging agent has a structure according to formula (III),

, Formula (III)

94. A dispersion according to any one of items 57-93 for use as a medicament.

95. A dispersion according to any one of items 57-94 for use in brachytherapy.

96. A dispersion according to any one of items 57-95 for use in the treatment of

cancer.

97. The dispersion according to any one of items 57-96, wherein the cancer is

selected from the group consisting of colon carcinoma, breast cancer,

pancreatic cancer, ovarian cancer, prostate cancer, bile duct carcinoma,

cervical cancer, testicular tumor, lung carcinoma, bladder carcinoma, epithelial

carcinoma, lymphoma, rectum cancer, urinary cancers, uterine cancers, oral

cancers, skin cancers, stomach cancer, brain tumors, liver cancer, gastric

cancer, cancer of the head and neck and thyroid cancer.



98. A method for treating cancer, the method comprising administering a dispersion

according to any one of items 57-97 to an individual in need thereof.

99. The method according to any one of items 57-98, wherein the dispersion is

administered by injection at the tumour site.

100. The method according to any one of items 57-99, further comprising the

step of calculating the radiation dose provided by the administered dispersion.

101 . The method according to any one of items 57-1 00, further comprising the

step of providing external beam radiation therapy at selected sites.

102. Use of the dispersion according to any one of items 57-97 for calculation

of radiation dose.

103. Use of the dispersion according to any one of items 57-97 for guidance of

external beam radiation therapy.

104. Use of the dispersion according to any one of items 57-97 for guidance of

surgery.

Examples

Example 1. Materials and methods

Reagents

All chemicals were purchased from Sigma-Aldrich unless otherwise stated. Glycerol

trihexanoate (GTH) was purchased from the Tokyo Chemical Industry Co. Ethanol

(99.9%) was acquired from VWR. Reagents for ICP-MS measurements were

TraceSelect® and nitric acid was purchased from Fluka Analytical. Premixed lipid

mixture, composed of Hydrogenated Soy L-a-phosphatidylcholine (HSPC), Cholesterol

(CHOL) and 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy (polyethy-

lene glycol)-2000] (ammonium salt) (DSPE-PEG2000) in the molar ratio of

HSPC:CHOL:DSPE-PEG2000 (56.5:38.2:5.3), was purchased from Lipoid GmbH.



[177LU]LUCI 3 in 0.05 M HCI, [90Y]LuCI 3 in 0.05 M HCI, Ultima Gold™ liquid scintillation

cocktail, Soluene® 350, and 20 ml high performance glass scintillation vials were

purchased from PerkinElmer. Sucrose acetate isobutyrate (SAIB) was purchased from

Sigma and Lactose octaisobutyrate (LOIB) was prepared by inhouse custom synthesis.

CT26 (murine colon carcinoma) was purchased from ATTC (Rockville, MD, USA).

DMEM medium supplemented with 10% fetal calf serum and pen-strep was purchased

from Invitrogen Inc. (Denmark).

All water used was collected from a Milli-Q system (Millipore). TRIS-saline buffer (10 mM

TRIS, 150 mM NaCI) was prepared in Milli-Q water and adjusted to pH 7.8 with HCI.

Methods

In vitro relases

A liposomes dispersion (5 mM lipid) prepared in the TRIS-saline buffer was used as a

release medium for in vitro release studies. Premixed lipid mixture (50 mM mixture) was

hydrated in TRIS-saline buffer for 1 h at 65 °C, and then sonicated for 30 min. before

sizing to large unilamellar vesicles. This was done by extruding through 200 nm pore

sized polycarbonate membrane using an Avanti mini extruder at 65 °C. 50 mM liposomes

were diluted 10-fold with the TRIS-saline buffer before use.

For Cu-64 in vitro release studies, a HEPES buffer containing EDTA was used (10 mM

HEPES, 150 mM NaCI, 1 mM EDTA, pH 7.4). The release study was performed at 37

°C.

The amount of released non-radioactive Y or Lu was quantified by iCAP Q ICP-MS

(Thermo Scientific). Radioactivity was measured using a dose calibrator CRC-55tR

(Capintec, Inc.) during preparation of the radioactive brachygel formulations. The

radioactivity of 90Y or 177Lu in the released samples was quantified by liquid scintillation

counting (LSC) (Hidex300SL TDCR).

Abbreviations

8HQ: 8-hydroxyquinoline

8HQ-2I: 5,7-diiodo-8-hydroxyquinoline

8HQ-N: 5-amino-8-hydroxyquinoline

8HQ-S: 8-hydroxyquinoline-5-sulfonic acid

IO: lonophore such as 8HQ, 8HQ-2I, 8HQ-N or 8HQ-S.



SAIB: sucrose diacetate hexaisobutyrate, Formula (I)

LOIB: lactose octaisobutyrate, Formula (II)

xSAIB: iodinated SAIB-derivative according to formula (III)

, Formula (III)

GTH: glycerol trihexanoate

GTO: glycerol trioctanoate

GTD: glycerol tridecanoate

Animal Model

All animal experimental procedures were approved by the Danish Animal Welfare

Council, Ministry of Justice, and performed under the guidelines of the Danish Animal

Experiments Inspectorate. All animals were anesthetized by inhalation anesthesia (~3%

sevoflurane) for intratumoral injections.

Immunocompetent Balb/C mice were inoculated subcutaneously with 3x1 05 CT26

cancer cells (murine colon carcinoma, ATCC, Virginia, US) in a 100 l_ medium in the

right/left flank. Tumor growth was monitored and tumor sizes were calculated using the

formula:

tumor size = 0.5* (L*W2) ,

where L is the length and W is the width of the tumor.

Example 2. Characterization of Y3+ or l_u3+ complexes with 8-hydroxyquinoline

derivatives

To examine the formation of coordination complexes between ionophores (lOs) and Y3+

or Lu3+, the lO’s were titrated with Y3+ or Lu3+ as a solution in ethanol, and the Lu(IOs) or



Y(IOs) complexes were characterized by UV-VIS spectroscopy (NanoDrop 2000c,

Therm oScientific).

Methods

25 µΜ lOs (8HQ, 8HQ-2I, and 8HQ-S) was prepared with increasing concentration of

Y3+ or Lu3+ (0.25 µΜ, 1.25 µΜ, 2.5 µΜ, 5 µΜ, 6.25 µΜ, 7.5 µΜ, 10 µΜ, 12.5 µΜ, 22.5

µΜ, and 25 µΜ Lu) from the stock solutions of 250 µΜ lOs and 25 µΜ YC -e O or

LuCl3 6H20 dissolved in ethanol. In the case of 8HQ-N, the concentration was increased

to 100 µΜ , due to its lower molar absorbance, the Lu3+ concentrations were 1, 5 , 10, 20,

30, 40, 50, 90, and 100 µΜ. Before the UV-VIS measurements, samples containing 8HQ,

8HQ-2I or 8HQ-S with Y3+ or Lu3+ were incubated for 1.5 h (Y3+) or 2 h (Lu3+) at room

temperature and the samples of 8HQ-N and Lu3+ were magnetically stirred at 55°C for 2

h . The UV-VIS measurements were performed in a 10 mm quartz cuvette and spectra

were obtained scanning the wavelength range of 200 to 800 nm.

Results

The complexation of Y3+ or Lu3+ by the lOs was investigated using UV-VIS spectroscopy

by titration of lOs with Y3+ or Lu3+, which was demonstrated by a change in UV-VIS

spectrum of the lOs (Figure 1) . The formation of hydrophobic Y(IO) or Lu(IO) complexes

is important for the design of the brachygels, as the hydrophobic complexes are

embedded into the brachygel via hydrophobic association.

In conclusion, the shift in the UVvis spectra upon addition of either Y3+ or Lu3+ is evidence

that both cations form complexes with the 8-hydroxyquinoline derivatives.

Example 3. Hydrophobicity and molecular weights of carbohydrate esters,

solvents, co-solvents and chelators.

The hydrophobicity given in terms of the oil-water partitioning coefficient (logP) and the

molecular weight are listed for relevant carbohydrate esters, solvents, co-solvents and

chelators. LogP values were obtained by calculations based on the algorithm of

Viswanadhan et al (Viswanadhan, V . N.; Ghose, A . K.; Revankar, G. R.; Robins, R. K.,

J. Chem. Inf. Comput. Sci., 1989, 29, 163-172;). The logP value can also be

determined by octanol-water partitioning experiment. Positive logP values are

characteristic hydrophobic compounds, whereas negative logP values indicate a

hydrophilic compound.



Table 1. LogP and molecular weight of selected gel matrix compounds.

_ _

Discussion

The hydrophobicity (logP) of the carbohydrate esters and triglyceride co-solvents were

found to increase with increasing acyl-chain length. Solvents applicable for gel formation

were found to span a range of logP values from - 1 .4 to 1.21 indicating their propensity

for diffusing out of the gel upon injection into aqueous media and causing non-solvent

induced phase separation. Triglyceride co-solvents were found to span the logP range

from 5.59 to 10.92, whereas the carbohydrate esters span the logP range from - 1 .17 to

15.30.



The chelators/ionophores exemplified in table 1, span the logP range from

1.60 to 7.64, which, depending on coordination number (number of ligands per

radionuclide/cation), can result in higher logP values for the entire radionuclide chelator

complex. As an example, 64Cu(ll) may coordinate two 8HQ ionophores, whereas

90Y(I II) or 177Lu(lll) may coordinate three 8-HQ ionophores rendering the overall logP

value higher for complexes ofY and Lu compared to Cu.

By exchanging 8HQ with the more hydrophobic analogues 8HQ-2CI or

8HQ-2I, the logP value of the Y(IO)3 or Lu(IO)3 complex increases by 3.6 or 5.58

respectively, corresponding to a 4000 to 400,000 fold higher degree of partitioning into

the oil phase. Exchanging 8HQ with its more hydrophobic analogues is thus predicted to

increase the gel retention of these complexes significantly.

Specific matches in logP values were identified between co-solvents and

carbohydrate esters, e.g the co-solvent carbohydrate mixtures SAIB:GTH and

LOIB:GTO have differences in logP value of less than one indicating similar

hydrophobicity and compatibility. Large differences in logP value between co-solvent and

the carbohydrate ester may be a predictor of incompatibility leading to micro phase

separation of the gel, see further in section ‘Physics of the solution’.

Conclusion

LogP values have been established by computational methods for selected gel matrix

compounds, and have been utilized to predict compatibility between co-solvents and

carbohydrate esters, as well as predicting higher retention for complexes based on

8HQ-2CI and 8HQ-2I compared to 8HQ complexes.

Example 4. Preparation of Lu(IO) brachygels

The brachygel formulation was optimized by varying the compositions and studying the

release/retention of Lu in the gel. 177Lu is a low-energy short-range beta emitter and a

slow releasing brachygel formulation is therefore desired for this radionuclide in order to

provide a uniform radiotherapeutic dose throughout the tumor from a single brachygel

injection.

Methods

Different brachygels were formulated using SAIB, LOIB, GTO and EtOH. SAIB or LOIB

(50-70 w/w%) were mixed with GTO (30-50 w/w%) and heated at 70 °C for 10-15 min in

a water bath, followed by sonication for 5-10 min. To ensure homogeneity, the mixtures



were vortexed for 30 min and then sonicated for 10 min at 50-70 °C. Optionally, xSAIB

was added to the composition, followed by heating at 70 °C and vortexed for 30 min. The

final mixture was stored overnight at room temperature.

Preparation of non-radioactive Lu(IO) brachygel for in vitro studies

To assess the in vitro release of non-radioactive Lu, LuC - I- O and lOs were mixed in

ethanol in molar ratios of 1:16 (Lu3+:IO), followed by stirring for 90 min. Lu(IO) in ethanol

( 1 .0 mM Lu) was mixed with the gel formulations, resulting in a final Lu concentration of

100 µΜ in the gel composition, which was then vortexed for 30 min and subsequently

sonicated for 10 min. The final formulations of SAIB-based brachygels were composed

of SAIB (46-64 w/w%), GTO (28-46 w/w%) and EtOH (8 w/w%) and LOIB-based

brachygels were composed of LOIB (46-64 w/w%), GTO (28-46 w/w%) and EtOH (8

w/w%).

Preparation of 177Lu(IO) brachygels for in vitro studies:

[177Lu]LuCl3 in 0.05 M HCI (20-22 MBq) was evaporated to dryness at 50 °C under a

stream of Ar gas. IO in ethanol ( 1 .0 mM, 50 pL) was added to the vial and magnetically

stirred at 50 °C for 1 h to form the 177Lu(IO) complex. Subsequently, 450 pL brachygel

composition composed of SAIB:GTO :xSAIB (72:18:10) or LOIB:GTO:x-SAIB (56:36:10)

were added to vial and mixed with 177Lu(IO) (50 pL) for 2 h at 50 °C.

Preparation of 177Lu(IO)-brachygels for in vivo studies:

[177Lu]LuCl3 in 0.05 M HCI (300 MBq) was evaporated to dryness at 50 °C under a stream

of Ar for about 1 h in a 2 mL HPLC vial, to which was added IO in ethanol ( 1 .0 mM, 100

pL). The mixture was magnetically stirred at 50 °C for 1 h to form the 177Lu(IO) complex.

Subsequently, 900 pL brachygel composed of SAIB:GTO:xSAIB or LOIB:GTO:xSAIB

(see relative amounts in table 2 below) was added and stirred for 2 h at 50 °C. Brachygels

not containing IO were prepared by dissolving dried 177Lu directly in ethanol followed by

addition of the remaining gel components.

The final compositions for the in vivo studies are summarized in table 2 .

Table 2 . 177Lu(IO) brachygel compositions for in vivo studies.



Example 5. In vitro Release of Lu or 177Lu from brachygels

The release of Lu or 177Lu from the brachygel compositions of Example 4 were analysed

in vitro.

Methods

In vitro release of non-radioactive Lu from brachygels

A brachygel formulation (100 pL) composed of either SAIB:GTO:EtOH or

LOIB:GTO:EtOH was injected into 4 mL of a dispersion of stealth liposomes (5 mM) in

TRIS-saline buffer (10 mM TRIS, 150 mM NaCI, pH 7.8). The liposomes were included

to provide a sink condition mimicking the tumor cell membranes which are present upon

intratumoral administration of the gels.

The samples were incubated at 37 °C and aliquots (50 pL) were removed at 1 h , 3 h , 6

h , 12 h and 24 h. After 24 h , half of the medium was removed each day and replaced

with fresh medium for 7 days. The concentration of the released non-radioactive Lu3+

was quantified by ICP-MS (Thermo Scientific, iCAP Q) using a Lu standard curve.

Aliquots taken from the released medium were diluted 100-fold with 2% nitric acid (10

ppb Ga and 3 ppb Gd as internal standards) prior to quantification of Lu by ICP-MS.

The cumulative release of Lu, measured relative to the total amount of Lu in the sample,

was computed via the ICP-MS based Lu concentrations of the samples from individual

timepoints taking the magnitude of the removed volumes into account. The Lu

concentration of the Lu(IO) stock solution was quantified by ICP-MS

In vitro release of 177Lu from brachygels

The protocol for the in vitro release of 177Lu is identical to the in vitro release of non-

radioactive Lu, as described above. The 177Lu-brachygel (100 pL) was injected into 4.0

mL of a dispersion of liposomes (5 mM) in TRIS-saline buffer (10 mM TRIS, 150 mM

NaCI, pH 7.8). The initial radioactivity of the brachygel was measured by dose calibrator



(~ 3 MBq). The radioactivity of 177Lu in sample from the release medium was quantified

by LSC (Hidex300SL). Aliquot samples (50 L) from the released medium were mixed

with 10 mL of Ultima Gold™ prior to measuring the radioactivity by LSC. Each sample

was counted for a maximum of 600 sec. and a beta particle counting window was set at

the 100-739 keV range. The percentage cumulative released radioactivity was

calculated, taking into account the replacement of the release medium and the

radioactive decay rate of 177Lu. The DPM values obtained from LSC were converted to

radioactivity (Bq) using a standard curve. The triple-to-double coincidence ratio (TDCR)

was higher than 0.98 for the LSC measurements.

Results:

In vitro release of Non-radioactive Lu

SAIB brachygels

The in vitro release of Lu(8HQ) from the SAIB-based brachygels formulations was

examined (Figure 2). Three SAIB-based brachygel formulations containing equal

amounts (w/w%) of differing triglycerides and ethanol were prepared. The cumulative Lu

release given as a function of time shows that triglyceride acyl chain length has a

significant effect on the release of Lu (Figure 2A). GTH was found to induce the highest

release of Lu(8HQ) followed by GTD and GTO. The LogP values of GTH, GTO and GTD

were estimated by the ChemAxon software package to 5.59, 8.25, 10.92 (table 1) ,

respectively, which reflects the triglycerides propensity for partitioning between the gel

and aqueous phase. Triglycerides with the lowest logP (lowest hydrophobicity) were

found to induced the highest release of Lu(8HQ).

SAIB-brachygels with varying amounts of GTH were prepared to investigate the effect of

GTH on the release of Lu. These results showed that increasing amounts of GTH in the

formulations leads to an increase in the initial release of Lu and consequently an

increased cumulative Lu release (Figure 2B). The GTO content of the SAIB brachygels

was varied to determine the effect of GTO on the release of Lu. The lowest release of Lu

was ~ 2.5 % and was obtained for the brachygel containing the lowest GTO level (28

w/w%) (Figure 2C). Overall, the impact of GTO on the release from SAIB based gels was

significantly weaker than that of GTH.

In conclusion, the magnitude of Lu(8HQ) release from SAIB-based brachygels into a

liposome release media/buffer can be tuned to high or low based on the triglyceride level



and or triglyceride acylchain length. GTH was moreover found to have the highest impact

on the release rate from SAIB based gels, which may be explained by their similarity

logP value (table 1) and possibly higher compatibility/mixability.

LOIB brachygels

The in vitro release of Lu(IO) from the LOIB-based brachygels formulations was

investigated (Figure 3). LOIB-based brachygels were prepared with eitherfixed amounts

of GTH, GTO or GTD or with varying amounts of GTO in order to tune the release of Lu.

The LOIB based brachygels with differing triglycerides showed an overall higher release

than the SAIB based gels. However, only small difference in releases of Lu between gels

containing different triglyceride was observed (Figure 3A).

The effect of the level of GTO on the LOIB-based brachygels was investigated to

determine the optimum amount of GTO showing the desired level of Lu release. Here,

an increased amount of GTO in the brachygels resulted in a higher release of Lu (Figure

3B). As an example, an increase in GTO from 28 w/w% to 46 w/w% resulted in a 2.5-

fold higher release of Lu(8HQ) from the LOIB based brachygels.

The effect of 8HQ substituents (-NH3, -SO3H and -I) on the release of Lu was

subsequently evaluated in a brachygel composed of LOIB:GTO:EtOH (55:37:8 w/w%).

Here the release of Lu depended on the 8HQ substitutions following the sequence:

Lu(8HQ-l) « Lu(8HQ-N) < Lu(8HQ) ~ Lu(8HQ-S) ~Lu (Figure 3C). No direct correlation

between Lu release from the gel and hydrophobicity and or bulkiness of the IO was

established for the entire sequence of lOs analogues. This may be due to alternative

cation coordination possibilities/orientations/geometries for 8HQ-S and 8HQ-N due to

the presence of the donor sites on -SO3 or-NH 3. However replacing 8HQ with the 8HQ-

2 I analogues resulted in a significant reduction in release.

In conclusion, release of Lu(IO) from the LOIB-based brachygels can be modulated from

no release to medium or high release by adjusting the level or type of triglyceride (GTH,

GTO or GTD) and or the substituents of 8HQ. The LOIB:GTO based brachygels were

furthermore capable of a larger maximal Lu-177 release when compared to the

SAIB:GTO gels.

Radioactive 177Lu



Brachygels composed of LOIB:GTO:xSAIB:EtOH (50:33:9:8) and

SAIB:GTO:xSAIB:EtOH (66:17:9:8) were formulated with the ionophores, 8HQ and 8HQ-

2I, and were investigated for controlled release or retention of 177Lu in vitro (Figure 4).

The released 177Lu was quantified by liquid scintillation counting (LSC). A prolonged

retention of 177Lu in vitro was observed for the SAIB-based brachygel, which resulted in

a release of only 4 ± 1% 177Lu over an incubation period of seven days. In comparison,

the 177Lu release from the LOIB-based brachygel, was 15% after seven days incubation

when 177Lu were complexed by 8HQ-2I. The release of 177Lu from the LOIB brachygel

was increased to 43 ± 3 % and 70 ± 2% after 24 h and 7 days incubation, respectively,

when 8HQ-2I was replaced by 8HQ.

In conclusion, the SAIB-based brachygel formulation was identified as being a non-

releasing 177Lu brachygel, whereas the LOIB-based brachygel formulation was identified

as being a slow-releasing brachygel of 177Lu. Substitution of 8HQ with the more

hydrophobic and bulky analogue 8HQ-2I provided a slower release rate from the gel.

Example 6. In vivo release of 177Lu from brachygels

In vivo evaluation of brachygels loaded with 177Lu was performed in CT26 tumor-bearing

mice by intratumoral injection of the brachygel. SPECT/CT imaging was used to quantify

the radioactivity retained in the brachygels and tumor tissue as function of time.

Methods

40-60 pL (7-10 MBq) of 177Lu(IO) brachygels (table 2) were injected intratumorally into

CT26 tumor bearing mice as a single dose at rate of 5 pL/min. Four animal groups (n =

4 mice for each group) were used to examine the in vivo release kinetics of 177Lu. Group

1 was injected with a non-releasing SAIB:8HQ based brachygel, Group 2 and Group 3

were injected with LOIB based brachygels designed for slow-release of 177Lu complexed

using either 8HQ or 8HQ-2I, respectively. Group 4 was injected with a LOIB brachygel

embedding 177Lu without the use of an IO (no IO).

The volume of the injected brachygels was determined by CT imaging, and the retained

radioactivity of 177Lu in the brachygel and in the tumor region was quantified by SPECT

imaging. SPECT and CT scans were performed at 0 h, 24 h , 72 h , and 6 days post

injection.



Image analysis of the SPECT/CT data was performed by manually drawing a region of

interest of the tumor, whereas the region of interest defining the gel was obtained by CT

contrast-based auto-segmentation using a lower threshold of 250 HU (Figure 5C and

6D).

In vivo release

The release of 177Lu from brachygels and retention of 177Lu in the tumor region was

determined from the SPECT image data as function of time. More specifically, the

average 177Lu activity concentration (Bq/ml) was determined for the gel and tumor ROIs.

Following, these were decay corrected and normalized to the activity concentration

obtained at the baseline scan at time zero. The amount of 177Lu released from the gel

(%REI_GEL) was following determined by correcting the normalized activity concentrations

for the relative change in the gel volume (RVGEL) (Figure 6A,C). The level of 177Lu retained

in the tumor relative to baseline (%RETTUMOR) was determined in similar manner by

correcting the activity concentration normalized to baseline by the relative change in

volume of the tumor (RVTUMOR) (Figure 6B,D).

Results

The cumulative release of 177Lu from the brachygels, the retention of 177Lu in the tumor,

and the relative change in the volume of the brachygels and of the tumor are shown in

Figure 6 as a function of time post injection (pi.).

The in vivo release results derived from SPECT/CT images showed similar tendency in

release of 177Lu (%REI_GEL) to those obtained from the in vitro release studies (Figure 4).

After 24 h, the release of 177Lu(8HQ) from the SAIB-based brachygel was determined to

0 ± 13% of the initial (t=0) 177Lu. For the slow-releasing LOIB-based brachygels, the

release of 177Lu was 37 ± 18% and 66 ± 3% for the 8HQ-2I and 8HQ based gel 24 h pi.

respectively. The non-releasing SAIB-brachygel displayed a 2 1 ± 4% release of 177Lu 6

days p.i., while 58 ± 6% of 177Lu was released from the LOIB-brachygel, when 177Lu was

associated with the hydrophobic 8HQ-2I. The release of 177Lu from the LOIB based gel

increased to 86 ± 1% when 8HQ was used as IO (Figure 6A).

A decrease of 8 - 25% in the brachygel volume was observed, which is assumed to

result from ethanol efflux upon injection. On average, the tumor volume increased 1.5 -

2 - fold during the study (Figure 6D). The smallest increase in tumor volume was



obtained for the LOIB:8HQ based brachygels. The poor tumor control obtained is a result

of the larger tumors used for the this in vivo release study.

The SAIB:8HQ based brachygel displays the lowest release of 177Lu in vivo which

corresponds to the obtained in vitro results (Figure 4 and Figure 6), whereas the

LOIB:8HQ or LOIB:8HQ-2l based gels display gradual release of 177Lu both in vivo and

in vitro (Figure 4 and Figure 6).

In conclusion, the release of 177Lu from the brachygel depot can be tuned from no/low

release to a medium or high release depending on the gel composition (SAIB or LOIB)

or choice of IO (8HQ or 8HQ-2I). Overall, good agreement between in vitro and in vivo

release was observed. The most effective retention of Lu-177 in the tumor was achieved

for the non-releasing SAIB:8HQ based brachygel.

Example 7. In vivo efficacy 177Lu(8HQ) LOIB-based brachygel

In vivo efficacy of LOIB-based brachygels loaded with 177Lu was performed in CT26

tumor-bearing mice by intratumoral injection.

Methods

In this efficacy study, the LOIB:8HQ based brachygel composed of

LOIB:GTO:xSAIB:EtOH (50:33:9:8 w/w%) was chosen for evaluation of the in vivo

efficacy.

Three groups of mice were used to examine the in vivo efficacy of the 177Lu-brachygel.

One group of mice was injected with 30 L (6-7 MBq) of 177Lu(8HQ)-brachygel (n = 4) to

evaluate the therapeutic efficacy of the brachygel. One control group was injected with

30 pL of nonradioactive 8HQ-brachygel (n = 5) for comparison. Another control group (n

= 9) received an intratumoral insertion of a needle to mimic the intratumoral injection

although without injection of any agent.

The efficacy study was continued until all mice were euthanized due to humane

endpoints such as body weight loss of > 20% that of a control mouse group, tumor

burden above 2000 mm3, or changes in behaviour of the mice, e.g., abnormal behaviour,

decreased food and water intake, or ulceration on the tumor.

Results



Brachygels were successfully injected into tumors and tumor growth was monitored for

22 days. The untreated control group displayed an increase in tumor size from 160±30

mm3 to >2000 mm3 over a period of 13 days, starting exponential growth at day 3 p.i.

The 8HQ-brachygel (non-radioactive) group displayed similar growth tendency but with

a slightly reduced tumor growth rate (Figure 7A). The growth rate of the 177Lu(8HQ)

brachygel group displayed similar growth rate as the control group, however the onset

of the exponential growth regime was delayed 5-6 days. Similar trend was observed in

the Kaplan-Meier survival curves (Figure 7B) where the mean survival increased 5 days

for the Lu-177(HQ) brachygel treatment group compared to control.

In conclusion, a single injection of a releasing 177Lu(HQ)-brachygel provided inhibition of

tumor growth.

Example 8. Preparation of Y(IO) brachygels

The brachygel formulation was optimized by varying the composition and studying the

release/retention of Y in the gel. 90Y is a high-energy long-range beta emitter and a non-

releasing brachygel formulation is therefore desired in order to focus the radiotherapy

inside the tumor in a diameter range from a single injection site. For larger tumors, a

controlled release of 90Y could be desirable.

Methods

Preparation of non-radioactive Y(IO)-brachygels for in vitro studies:

Brachygels were composed of LOIB or SAIB, and solvents such as GTO, GTH and

EtOH. LOIB or SAIB were mixed with varying amount of solvents and sonicated at 55-

60 °C for 15 min in a water bath. The mixture was vortexed for 30 min and then sonicated

for 15 min at 55 °C.

Non-radioactive Y3+ and lOs (8HQ and 8HQ-2I) were mixed in ethanol in a molar ratio of

1:16 (Y3+:IO), followed by stirring for 90 min. Y(IOs) complexes in ethanol ( 1 .0 mM Y)

was mixed with the brachygel, resulting in a final Y(IOs) concentration of 100 µΜ in the

composition, which was then vortexed for 30 min. and subsequently sonicated for 10

min.

The final composition of the LOIB based brachygels were:

LOIB (55-64 w/w%), GTO (28-37 w/w%) and EtOH (8 w/w%).



The final composition of the SAIB based brachygels were:

SAIB:GTH:EtOH (64:28:8 w/w%), SAIB:GTO:EtOH (64:28:8 w/w%) and SAIB:EtOH

(83:17 and 92:8 w/w%).

Additionally, SAIB-based brachygels were prepared with the final composition of:

SAIB:GTO:EtOH (74:18:8 and 84:9:8 w/w%).

Preparation of 90Y(HQ)-brachygel forin vitro studies:

Brachygel composed of 90Y(HQ) in SAIB:EtOH:xSAIB (70:20:10 w/w%) was prepared as

described in the protocol for preparation of non-radioactive Y(IO)-brachygels.

Preparation of 90Y(HQ)-brachygel forin vivo studies:

LOIB, EtOH and iodinated SAIB-derivative (xSAIB) were mixed and sonicated for 15 min

at 55-60 °C. The mixture was vortexed for 30 min and then sonicated for 15 min at 55

°C. The brachygel had a final composition of LOIB:EtOH:xSAIB (70:20:10 w/w%) and

was stored overnight at room temperature before loading with 90Y(HQ). A non-active

brachygel composed of LOIB:EtOH:xSAIB (70:20:10 w/w%) containing 100 µΜ 8HQ was

in addition prepared to be used for adjusting the final radioactivity of the brachygels.

[9OY]YC| 3 (390 µ|_, 1.5 GBq) in 0.05 M HCI was evaporated to dryness at 50 °C under a

stream of Ar gas for 1 h. Following 8HQ in ethanol (500 µΜ, 400 µ Ι_) was added, and the

mixture was magnetically stirred at 50 °C for 90 min to form the 90Y(8HQ) complex.

Subsequently, the ethanol was removed with the stream of Ar gas at 50 °C for 1 h,

resulting in the formation of 90Y(8HQ) film in the glass vial. LOIB:EtOH:xSAIB (70:20:10

w/w%, 5 ml.) was added on top of the 90Y(8HQ) film, and the sample was magnetically

stirred for 2 h at room temperature. Brachygels with activity concentrations of 20 or 50

MBq/mL were prepared by dilution using the concentrated 90Y(8HQ) gel stock and the

non-radioactive gel. The final gel activity concentrations were determined by LSC.

Example 9. In vitro release of Y from brachygels

Brachygels were prepared as described in example 8 , and the release was investigated

with in the aim of identifying gels having no, medium or high release.

Methods

In vitro release of non-radioactive Y(IO) from brachygels



A 100 µ Ι_ brachygel formulation composed of either LOIB or SAIB with solvents (GTO,

GTH and EtOH) was injected into 4 ml of the release medium containing liposomes in

TRIS-saline buffer (5 mM lipid, 10 mM TRIS, 150 mM NaCI, pH 7.8). The samples were

incubated at 37 °C and aliquots (50 µ Ι_) were removed at 1 h , 3 h, 6 h , 9 h (or 12 h) and

24 h. After 24 h, half of the medium was removed each day and replaced with fresh

medium for 7 days. The concentration of the released non-radioactive Y3+ was quantified

by ICP-MS (Thermo Scientific, iCAP Q) using an Y standard curve. Aliquots taken from

the released medium were diluted 100-fold with 2% nitric acid (10 ppb Ga and 3 ppb Gd

as internal standards) prior to quantification of Y by ICP-MS. The cumulative release of

Y , measured relative to the total amount of Y in the sample, was computed via the ICP-

MS based Y concentrations of the samples from individual timepoints taking the size of

the removed volumes into account.

In vitro release of 90Y(HQ) from brachygels

A volume of 100 µ Ι_ brachygel loaded with 90Y(IO) (2-3 MBq) was injected into 4 mL

release medium containing liposomes in TRIS-saline buffer (5 mM lipid, 10 mM TRIS,

150 mM NaCI, pH 7.8). The initial radioactivity of the transferred brachygels was

measured by dose calibrator. The samples were incubated at 37 °C and aliquots (50 µ Ι_)

were removed at 1 h, 3 h, 6 h, and 24 h. After 24 h, half of the medium was removed

each day and replaced with fresh medium for 7 days. The radioactivity of 90Y in the

released samples was quantified by LSC (Hidex 300SL). Aliquots from the released

medium were diluted with 10 mL of Ultima Gold™ before measuring the radioactivity by

LSC. After in vitro release study completed, the brachygel was taken from release

medium and transferred to the 20 mL LSC vial and dissolved in 500 L of ethanol. 90Y

retained in the brachygel was quantified by LSC. Each sample was counted for a

maximum of 600 sec. and a beta particle counting window was set at the 120-960 keV

range. DPM values obtained from LSC were converted to radioactivity (Bq) using a

standard curve, and the relative cumulative released radioactivity was calculated, taking

into account the replacement of the release medium and the radioactive decay rate of

90Y. The triple-to-double coincidence ratio (TDCR) was higher than 0.95 in the LSC

measurements.

Results

SAIB



The cumulative release of Y was investigated for SAIB based gels containing GTH or

GTO and EtOH (Figure 8A). All gels released less that 6% in 168h of release, however,

increased amounts of EtOH or replacement of GTO with GTH (a less hydrophobic co-

solvent) resulted in an increased release of Y . Variation of the GTO gel content from 9-

28% further increased the maximum release from 1% to 5% (Figure 8B). The effect of

ionophore hydrophobicity and bulkiness was addressed for a SAIB:EtOH (83:17) gel

loaded with either Y(8HQ) or Y(8HQ-2I), which resulted in no significant difference in

release.

In conclusion, SAIB based gels display a low release at GTH and GTO levels of 28% or

lower. An increase of the GTO content resulted in minor increases of the Y release but

overall remained below 5%. SAIB based gels (with GTH levels < 28%) thus enables little

release and are candidates for non-releasing gels. Higher release of Lu was however

observed for SAIB gels containing >28% GTH (Figure 2B).

LOIB

The cumulative release of Y from LOIB based gels was investigated using ICP-MS

detection. LOIB gels containing 28% or 37% GTO provided a release between 19% and

31% of Y(8HQ) in 168h (Figure 9A), i.e. increasing the co-solvent level induced an

increased release as also observed for Lu. Replacing 8HQ with the more hydrophobic

and bulky 8HQ-2I analogue resulted in reduction in release from 31% to 8% (Figure 9B).

The release of 90Y(8HQ) from a gel composed of LOIB:EtOH:xSAIB (70:20:10 w/w%)

was tested for release in vitro (Figure 10) using LSC detection. A release of less than

1.3% in 168h was observed. This gel was further used for the in vivo efficacy studies of

a non-releasing 90Y(8HQ) gel.

In conclusion, the release of Y(IO) from LOIB based gels can be tuned from no release

to medium or high release by increasing the GTO content. Increasing the hydrophobicity

and bulkiness of the ionophore also resulted in a significant reduction in release. The gel

composition LOIB:EtOH:xSAIB (70:20:10 w/w%) resulted in the highest retention of

activity and were chosen for in vivo efficacy testing. LOIB based gels are thus candidate

for both releasing and non-releasing gels.



Example 10. In vivo efficacy of 90Y(8HQ) LOIB-based brachygel

In vivo efficacy testing of an 90Y(8HQ) loaded LOIB-based brachygel formulation was

performed in CT26 tumor-bearing mice by intratumoral injection.

Method

An 90Y(8HQ)-brachygel (1-2.5 MBq/mouse) composed of LOIB:EtOH:xSAIB (70:20:10

w/w%) was prepared as described in example 8 and injected intratumorally into CT26

mice to evaluate the antitumor efficacy. Tumor volume and survival time of the mice were

monitored during treatment.

The study included two treatment and two control groups. Eight mice (n=8) were included

as non-treated control, eight mice (n=8) received 50 L non-radioactive (cold gel)

containing 8HQ, sixteen mice (n=16) received 1.0MBq 90Y(8HQ)/mouse in 50 L

brachygel and sixteen mice (n=16) received 2.5MBq 90Y(8HQ)/mouse in 50 L brachygel.

All gels were administered intratumorally.

The efficacy study was performed until all the mice were excluded due to tumor growth

above 2000 mm3. Otherwise, the study was terminated and mice were euthanized due

to the humane endpoints, i.e. the body weight loss > 20% that of a control mouse group,

or behavioural changes of the mice, e.g., abnormal behaviour, decreased food and water

intake or ulceration on the tumor.

Results

The therapeutic efficacy of the 90Y(8HQ)-brachygel was assessed in CT26 tumor-bearing

mice by monitoring tumor growth as function of time.

The non-treated control and non-radioactive gel (cold gel) groups displayed similar

growth pattern entering exponential growth at day 2-3, after which all mice were

euthanized at day 14 (Figure 11A-B). Thus, no major effects on tumor growth related to

intratumoral injection of the cold gel was observed. Contrary to this, both treatment

groups show a significant tumor growth delay (Figure 11A) compared to control. By

investigating the tumor growth of individual mice (Figure 11C-F) it is found that the tumor

either exhibits complete response (no regrowth) or that there is a delay in regrowth. For

the 1MBq 90Y(8HQ)/mouse treatment group, 4 of 16 mice displayed complete remission



(no regrowth), whereas 7 of 16 mice in the 2.5 MBq90Y(8HQ)/mouse displayed complete

response (no regrowth).

In conclusion, this study demonstrates that the non-releasing brachygel composed of

90Y(8HQ) in LOIB:EtOH:xSAIB (70:20:10 w/w%) is efficient in establishing tumor control

and induction of complete response. Furthermore, the gel (cold gel) had no effect on

tumor growth.

Example 11. Biodistribution of 90Y from brachygel
90Y(8HQ) in HEPES buffer (free agent control) or 90Y(8HQ) loaded into a

LOIB:EtOH:xSAIB (70:20:10 w/w%) gel was injected intratumorally into CT26 mice to

evaluate the 90Y biodistribution in vital organs ex vivo. The biodistribution of Y-90 24h

and 120h post injection was quantified using liquid scintillation counter.

Methods

Preparation of 90Y(8HQ) for in vivo biodistribution studies

185 l_ [ Y YC ( 1 .48 GBq) in 0.05 M HCI was evaporated to dryness at 50 °C under

the stream of A r gas for 1 h . Following, 8HQ in ethanol (500 µΜ, 910 µ Ι_) was added,

and the mixture was magnetically stirred at 50 °C for 90 min to form the 90Y(8HQ)

complex. From this sample, 65 µ Ι_ (103 MBq 90Y(8HQ)) was transferred and dissolved in

isotonic HEPES buffer (25 mM HEPES, 150 mM NaCI, pH 7.4, 310 mOsm/kg, 1000 pL).

The final radioactivity concentration was 30 MBq/mL at the time of injection.

Biodistribution study

2 MBq 90Y(HQ) in HEPES buffer (65 pL, n = 4), 2 MBq 90Y(HQ)-brachygel (50 pL, n = 3)

and 4 MBq 90Y(HQ)-brachygel (50 µ Ι_, n = 4) were injected intratumoral to mice bearing

CT26 tumor for biodistribution study.

The organs, including blood, bone, muscle, liver, kidney, and tumor, were collected 24 h

and 120 h post injection, and solubilized in a 20 ml glass scintillation vials using

Soluene®-350 following the protocol suggested by Perkin Elmer. Briefly, the organ

samples mixed with Soluene®-350 (1-2 ml.) were incubated in an oven at 60 °C for 4-5

h with occasional swirling and cooled to room temperature prior to adding LSC cocktail.

Liver, kidney, tumor and blood samples were additionally treated with 30% H2O2 (0.2-0. 5

pL) for bleaching. At 120 h post injection, the injected brachygel samples were removed



and solubilized in ethanol. The solubilized blood and tissue samples were mixed with 10

ml of UltimaGold™ LSC cocktail and incubated for 1 h prior counting the radioactivity

by LSC (Hidex 300SL, TDCR). Each LSC sample was counted for a maximum of 600

sec and a β-particle counting window was set at 120-960 keV. The accumulated

radioactivity in the organs and retained radioactivity in the brachygel was corrected for

decay and reported as % ID/g.

Results:

The biodistribution of intratumorally administered 90Y(8HQ) dissolved in HEPES (2 MBq)

and 90Y(8HQ)-brachygels (2 MBq and 4 MBq) was investigated in CT26 tumor-bearing

mice (Table 3). Upon 24h or 120h, the mice were euthanized and blood, bone, muscle,

liver, kidney and tumor samples were collected. The samples were subsequently

digested, and the radioactivity was measured by liquid scintillation counting.

The retention of 90Y(8HQ) in the brachygel was high and remained constant at the 24h

and 120h timepoints (Figure 11A). Assuming an injection volume of 50-60pL and a gel

density of 1.13g/cm 3 an overall retention of 90-1 10%ID 90Y(8HQ) was recovered in the

gel. When administered in HEPES, significantly less 90Y(8HQ) was retained in the tumor

tissue, despite the larger tumor mass (~1g) compared to the gel (~50-60pL). The level

of 90Y(8HQ) furthermore decreased a factor 2 from 24h to 120h indicating continuous

washout of 90Y(8HQ) from the tumor when administered in HEPES (Figure 11A).

90Y(8HQ) was detected in the blood, muscle, bone, liver and kidney both when

administered in HEPES buffer or when loaded into a gel (Figure 11B). However, when

90Y(8HQ) was administered in HEPES, significantly higher levels of 90Y(8HQ) was found

in the bone (14-17 fold higher), liver (12-32 fold higher) and kidney (3-7 fold higher)

compared to the gel administration route (Figure 11C). This increase in bone, liver and

kidney accumulation observed for 90Y(8HQ) administered in HEPES fits well with the

increased washout observed from the tumor (Figure 11A).

Table 3 . Biodistribution of 90Y quantified by LSC.

24 h post injection 120 h post injection

Samples 90Y(HQ) 90Y(HQ)brachygel 0Y(HQ) 0Y(HQ)brachygel

(n = 4) (n = 3) (n = 4) (n = 4)

Blood 0.03 ± 0.004 0.007 ± 0.002 0.005± 0.001 0.002 ± 0.002

Muscle 0.10 ± 0.02 0.09 ± 0.02 0.18 ± 0.14 0.01 ± 0.07



Bone 5.28 ± 0.88 0.30 ± 0.06 6.47 ± 0.91 0.48 ± 0.21

Liver 2.95 ± 0.98 0.09 ± 0.004 1.21 ± 0 .15 0 .10 ± 0.05

Kidney 1.17 ± 0 .14 0 .16 ± 0.02 0.89 ± 0.06 0.27 ± 0 .17

Tumor 119 ± 43 54 ± 2 1

Brachygel 1673 ± 427 1577 ± 248

The data are presented %ID/g , mean ± SEM.

In conclusion, the results demonstrate that 90Y(8HQ) is retained to a high extend when

administered in the gel, contrary to the HEPES administration form. The high retention

of activity in the gel LOIB:EtOH:xSAIB (70:20:10 w/w%) further resulted in significantly

lower accumulation of activity in the bone, liver and kidney which reduces the risk of

radiation damage to healthy tissues.

Example 12. Radiolabelling of gels with 64Cu(ll)

Radiolabelling of gels with the positron emission tomography (PET) tracer 64Cu(ll) was

tested in order to enable PET imaging of gels with the purpose of guiding surgical

procedures.

Methods:

Radiolabelling of the gel

A solution of 8HQ in ethanol (200 L, 500 pM) and pure ethanol (300 pL) was mixed with

dry [64Cu]CuCl2 (300 MBq) and stirred at room temperature, 400 rpm, for 18 hours.

Ethanol solvent was evaporated at 50°C with argon flow for 20 minutes. Then 1 mL of gel

formulation (LOIB:xSAIB:EtOH 70:10:20) was added to the dry film of 64Cu(8HQ) and

hereafter the formulation was stirred at 50 °C, 400 rpm for 2 hours. The radiolabeled gel

formulation (660pL) was transferred to a new glass vial and the radioactivity was

measured by dose calibrator. The transfer efficiency was determined as the transferred

activity divided by the total activity. Non-radioactive gel formulation ( 1 .5 mL) was added

to dilute the formulation to 20 MBq/mL. The final formulation was homogenized by further

stirring at 50 °C, 400 rpm for 20 minutes and vortexing.

In Vitro Release of Cu-64 from radiolabeled gel formulation

Radiolabeled gel formulation (100 pL, 2 .3-2.5 MBq) was injected into glass vials

containing HEPES buffer (4 mL, 10 mM HEPES, 150 mM NaCI, 1 mM EDTA, pH 7.4).



The release study was performed at 37 °C. Samples (10 L - 1000 l_) were taken at

selected time intervals ( 1 , 3 , 6 , 24 and 48 hours). After 48 hours, all buffer was removed.

Ethanol (5 ml.) was added to dissolve the gel formulation and a sample (10 µ Ι_) was

taken for measuring the remaining activity in the formulation. The radioactivity of Cu-64

was determined by liquid scintillation with a standard curve based on Cu-64 standards

of known concentrations (20 - 800 Bq, ^>0.999).

Results:

Radiolabelling of the LOIB:xSAIB:EtOH 70:10:20 gel formulation with Cu-64 using 8HQ

was successfully conducted yielding a transfer efficiency of 81%. Gel containing

20MBq/ml was injected onto HEPES buffers containing EDTA as external challenge

resulting in an initial burst release of less than 5% (Figure 13). Following, no release was

observed and 95% of the initial activity was retained in the gel in vitro.

In conclusion, 8HQ serves as a hydrophobic chelator for efficient embedding Cu-64 in

gels yielding high activity transfer efficiency and high in vitro retention in the gel.

Example 13. In vivo PET imaging and quantification of the retention for 64Cu-gels

Cu-64 labelled gels were injected into mice and subsequently PET scanned to

investigate the retention of Cu-64 in the gel as function of time.

Methods

A gel with the composition LOIB:xSAIB:EtOH (70:10:20) was loaded with 20MBq

64Cu(8HQ)/ml_ as described in example 12. A group of 4 CT26 mice were anesthetized

with sevofluran, and each mouse was injected subcutaneously with 50 µ Ι_ of gel

formulation (20MBq/ml_) corresponding to an activity dose level of 1 MBq/mouse. PET

data were acquired on a MicroPET Focus 120 (Siemens Medical Solutions, Malvern, PA,

USA). The voxel size was 0.866 0.866 0.796 mm3, and in the center field of view the

resolution was 1.4 mm full width at half-maximum (fwhm). PET scans were acquired 10

min after injection of the gel, and again 1h , 17h and 42h after injection. Data were

reconstructed with the maximum a posterior (MAP) reconstruction algorithm. For

anatomical localization of activity, CT images were acquired with a MicroCAT I I system

(Siemens Medical solutions, Malvern, PA, USA). After data reconstruction, PET and CT

images were fused using the Inveon Software (Siemens). The emission scans were

corrected for random counts and dead time. The PET and CT images were used to



identify regions of tracer uptake and to generate regions of interest (ROIs) that were

applied to each scan separately. A region of interest was drawn around the gel and liver

and kidney, and either %lD/gel or %lD/g was calculated.

Results:

64Cu(8HQ) - LOIB:xSAIB:EtOH (70:10:20) gel was injected successfully subcutaneously

into CT26 mice and PET/CT images was recorded as function of time (Figure 14 A and

B). At the initial scantime ( 1Omin) 90% of the total activity was recovered in the gel, which

gradually declined to 81% after 42h (Figure 14C). Overtime, a minor fraction of 64Cu was

observed to accumulate in the liver and spleen, however less than 1.2%l D/g was found

in both organs.

In conclusion, 8HQ served as a hydrophobic ionophore for embedding 64Cu into gels.

Less than 10% decrease in activity was observed during 42h leading to minimal

accumulation in the liver and spleen.

Example 14. Preparation of [103Pd]AuPd alloy nanoparticles

Nanoparticles consisting of a palladium-gold (PdAu) alloy and loaded with palladium-

103 (Pd-103) were prepared, purified and coated with hydrophobic polymer NIPAM.

Materials:

Hydrogen tetrachloroaurate(lll) tetrahydrate was purchased from WAKO Chemicals

GmbH, D. Thiol terminated Thiol terminated poly(N-isopropylacrylamide) (PNIPAAm-SH,

Mn: 3500, Mw: 4300 Mn/Mw: 1.24) was purchased from Polymer Source Inc, CA. Non-

radioactive PdAu nanoparticle (NP) controls were prepared in the same manner as

described for [103Pd]AuPd NPs using PdCh in the same molar concentrations.

Methods:

Preparation of a solution of I1 3Pd]PdCl2 in 0.01 M aq. HCI

Palladium metal (590 g) enriched with 102Pd was neutron-irradiated at ILL, Grenoble

(France) to contain the radioactive isotope 103Pd. This target was dissolved in aqua regia

( 1 mL, 1:3 (v/v) 65% HNO3: 37% HCI) and the solution was evaporated to dryness (130

°C, 10 min). The dry residue was subjected to three cycles of dissolution in cone. HCI

(500 pL) and evaporation to dryness (130 °C, 5-10 min). The resulting [103Pd]PdCl2 was

dissolved in aq. HCI (500 pL, 0.01 M) and filtered through a fritted syringe. The filter was



washed with aq. HCI (500 µ Ι_, 0.01 M) for a total volume of 1.0 ml containing 539 MBq

[103Pd]PdCI2.

Preparation of first generation Pd AuPd alloy nanoparticles

[i °3Pd]pdci 2 in 0.01 M HCI (200 µ Ι_, 0.55 pmol, 60 MBq) was added to a solution of

tetrachloraurate(lll) tetrahydrate (14.8 mg, 36 pmol) in water (99.8 ml_). The mixture was

heated to 75 °C within 30 min before an aqueous solution of trisodium citrate (8.0 ml_,

36 mM) was added under vigorous mixing. Stirring was continued for 60 min at 75 °C

followed by 30 min reflux. Aqueous tripotassiumotassium ethylenediaminetetraacetic

acid (K3EDTA, 100 µ Ι_, 100 mM) was added and the particle solution was cooled to room

temperature within 30 min for surface coating.

Preparation of second generation Pd AuPd alloy nanoparticles

PdAu NP seeds in water ( 1 .31 mg, 6.66 pmol, 20 ml.) were diluted with water (79.8 ml.)

and aqueous sodium citrate (2.0 ml_, 36 mM). [103 Pd]PdCI2 in 0.01 M HCI (200 µ Ι_, 0.55

pmol, 60 MBq) was added and the mixture was heated to 75 °C within 30 min. Additional

hydrogen tetrachloraurate (III) tetrahydrate (18.5 mg, 45 pmol) in water (15 ml.) was

added and the solution was heated to reflux for 30 min. Aqueous K3EDTA (100 L,

100 mM) was added afterwards, and the particle solution was cooled to room

temperature within 30 min for surface coating.

General surface coating of 3Pd]AuPd alloy nanoparticles (example)

PNIPAAm-SH (600 pL, 10 mg/ml_, 1.36 pmol) was added to a suspension of [103Pd]AuPd

NPs (105 mL, 7.37 mg). Surface coating was carried out for 45 min at room

temperature. The surface coated particles were concentrated and washed with water (4

12 mL) using Amicon ® Centrifugal Filter devices (MWCO 50 kDa, 3500 x g , 10 min).

The purified particles were dispersed in EtOH (4 mL) and the mixture was evaporated to

dryness at 50 °C under continuous N2 flow within 30 min.

Characterization of NPs by dynamic light scattering

Dynamic light scattering (DLS) was performed on a ZetaPALS (Brookhaven Instruments)

in disposable polystyrene cuvettes using 1600 pL of freshly prepared sample solution.

Generally, after equilibration to 25 °C, five measurements with duration set to 120 sec

were performed. The refractive index (Rl) of the dispersant (preset: water) was set to



1.330 and the viscosity to 0.8900 cP, respectively. The Rl of the particle was set to 3.14.

All measurements were performed at a scattering angle of 90°.

Determination of the radiolabeling yield

An aliquot of the [103Pd]AuPd NP dispersion (300 l_) was filtered through an Amicon ®

Ultra-0.5 centrifugal filter device (MWCO 100000, 10000 g , 15 min). The radioactivity

of the filtrate was measured in triplets using liquid scintillation (LSC) by addition of 10 pL

of the filtrate to an LSC vial containing Ultima Gold™ LSC-cocktail (10 mL). The result

was compared to the total nanoparticle dispersion before the filtration step from which

aliquots of 10 pL were also measured by LSC. Radioactivities were determined using a

Hidex 300 SL liquid scintillator, choosing a beta counting window from 5 to 850 and the

counting time set to 60 sec. The signal of the background signal was subtracted from

each measurement.

Results:

The prepared [103Pd]AuPd NPs showed an average hydrodynamic diameter of around

20.8-23.5 nm regardless of the preparation method (first or second generation) (figure

15A). The coating with PNIPAAm-SH led to an increase of the particle diameter to 33.8-

37.4 nm. The polydispersity index (PDI) of the particles was below 0.25 for all particles

prepared by first generation embedding. In the second generation embedding method,

103Pd was reduced onto the surface of smaller, preformed PdAu NP seeds and then

trapped by the addition of a second layer of Au. Using this method, the NPs exhibited a

higher PDI of around 0.35, indicating a broader size distribution of the particles. The

radiolabeling efficiency by first generation embedding was 90.6% of the total added

103Pd. This was increased to 99.9% by second generation embedding (Figure 15B).

Conclusion:

We successfully demonstrated the formation of [103Pd]AuPd alloy NPs by two different

embedding methods, both leading to particle sizes of around 20 nm. First generation

embedding showed a lower polydispersity but a non-quantitative radiolabeling efficiency

of 103Pd. Second generation embedding increased the radiolabeling efficiency to

quantitative (>99%). However, second generation embedding also increases the

polydispersity index of the particles. Regardless of the preparation method, surface

coating with thiol PNIPAAm-SH lead to an increase of the NP diameter of around 13 nm.

For further in vitro and in vivo studies, the first generation embedding method was



employed, due the NPs having a more well-defined size distribution and the relative ease

of removing non-embedded 103Pd (filtration).

Example 15. Formulation of [103Pd]AuPd alloy NPs in gels and in vitro stability

tests

Nanoparticles embedded with 103Pd, consisting of a palladium-gold (PdAu) alloy coated

with PNIPAAm, were formulated in an injectable, solidifying “gel”-matrix. The ability of

this system to retain the radioactivity in an aqueous medium was tested in vitro.

Materials and Methods:

Poly lactic acid (PLA) was used with a Mw range of 10000 to 18000 g/mol. Lactose

octaisobutyrate (LOIB) was prepared by in-house custom synthesis and sucrose

octaisobutyrate (SAIB) was purchased from Sigma Aldrich. Non-radioactive gels were

prepared in the same manner as described for radioactive gels using PdAu NPs instead

of [103Pd]PdAu NPs.

Preparation I103Pd]AuPd NP loaded gels:

[103Pd]AuPd NPs were dispersed in anhydrous EtOH. The mixture (127 L) was added

to a premixed gel mixture containing a sugar octaisobutyrate (SAIB or LOIB) and PLA

dissolved in anhydrous EtOH (127 pL). The composition of the different gels is shown in

Table 4 . The mixtures were stirred for 15 min at 50 °C to ensure a homogenous

distribution of [103Pd]AuPd NPs in the gel matrix.

Table 4 : Overview of the composition of the gels tested for in vitro stability.

msAIB η Ι|_ΟΙΒ mEtOH, total p LA
Gel Mix

/ mg / mg / mg / mg

SAI B/EtOH/PLA 750 0 200 50

LOIB/EtOH/PLA 0 750 200 50

LOIB/EtOH 0 800 200 0

In vitro retention of non-radioactive PdAu NPs in the gel system:

The retention of nonradioactive PdAu nanoparticles in the gel system was investigated

in an optical release study. Freshly prepared gel (200 pL) containing PdAu NPs was

injected into phosphate buffered saline (PBS, 10 mL) at 37 °C. The vial was mixed

vigorously before incubation at 37 °C. At specific time points, samples of the supernatant



(1000 µ Ι_) were removed and replaced with the same volume of fresh PBS. A sample of

the gel (200 µ Ι_) injected into EtOH (10 ml.) served as reference of complete release. All

measurements were performed in triplicate. The absorbance spectrum of the

supernatant (λ 400-850 nm) was measured in disposable polystyrene cuvettes using a

NanoDrop™ 2000 (Thermo Fisher Scientific). The background absorbance was

subtracted from each measurement.

In vitro retention of radioactivity in the I103Pd]AuPd NP loaded gels:

The retention of [103Pd]PdAu NPs in a LOIB/EtOH gel system was investigated in an

radionuclide release study using methodology similar to the optical release study

(above).

The 103Pd radioactivities were measured using LSC by mixing 100 µ Ι_ samples with

Ultima Gold™ LSC-cocktail ( 10 ml_). The activity was determined using a Hidex 300 SL

liquid scintillator choosing a beta counting window from 5 to 850 and the counting time

set to 60 sec. The signal of the background signal was subtracted from each

measurement.

Results:

In the nonradioactive, optical study no release of PdAu NPs, indicated by a characteristic

absorbance around 550 nm, was observed when the particles were incubated at 37 °C

for 600 hours. When the gel contained SAIB as main component and PLA as additive,

no turbidity or coloring of the medium was observed (Figure 16B). The appearance of

the gel in aqueous medium was soft, but of stable form. The use of LOIB as sugar

component with the same amount of additive showed a high turbidity of the medium and

high spatial instability of the formed droplet. The use of LOIB as sugar component whilst

omitting the additive PLA led to a firm and form-stable droplet (Figure 16A). From this

gel composition, the overall release of radioactivity from a [103Pd]PdAu NP containing

LOIB gel was below 0.03% over a period of 600 h (Figure 16E).

Conclusion:

None of the prepared gel formulation showed visible (color) release of PdAu NPs to the

surrounding aqueous medium under simulated physiological conditions. The LOIB gel

formed without added PLA showed the highest form stability. Furthermore, the release

of the radionuclide from this gel composition is below 0.03 % of the overall injected



amount over a time period of 600 h . This showed a high in vitro stability of the gel system

and an excellent ability to retain the radioactivity.

Example 16. In vivo investigation of the anticancer efficacy of [103Pd]AuPd alloy

NPs in gels.

[103Pd]AuPd alloy NPs formulated in gels were tested in vivo in murine cancer models to

evaluate their use in the treatment of solid tumors.

Materials and Methods:

A syngeneic murine model was used. CT26 cells were injected subcutaneously on the

right flank in a concentration of 300.000 cells in 100 µ Ι_. Cells were harvested at a

concentration of 80-90% confluency in growth flasks and in a passage number not

exceeding 25. Tumor growth was monitored and at a mean tumor size of approximately

180 mm3 the mice were included in the study ( 14-1 5 days after inoculation).

The animals were divided into three groups: 1) Control group receiving intratumoral

insertion of syringe to mimic intratumoral injection, but no administration of material,

“untreated”, 2) Control group receiving administration of non-radioactive gel, “cold”, 3)

Treatment group receiving radioactive 103Pd-gel.

All gel groups (2+3) had 50 µ Ι_ gel solution injected intratumorally, using an injection

pump with an injection frequency of 10 pL/minute (5 minute injection time). The syringe

was kept at injection site 5 minutes after injection to decrease the accumulated pressure

due to injection. Needle size used for injection was 23 G and bigger size for preparing

syringe with gel

LOIB/EtOH (80/20, w/w) gels were used in the study using [103Pd]PdAu NPs (13 wt% Pd,

approx. 1 mg NPs per 1 g gel). The radioactivity concentration of the 103Pd-gel was

0.5 MBq/pL at the time of treatment initiation. Non-radioactive gel was prepared in the

same manner with “cold” PdAu NPs ( 1 mg AuPd per g gel).

The study was continued for each mouse until a humane end-point was reached, such

as wiehgt loss exceeding 20% of a parallel control animal, tumor burden above 2000

mm3 or behavioral changes.



Results:

The untreated control group showed a median survival of 10 days (min. 10 days; max.

17 days). The nonradioactive (“cold” gel) control group showed a median survival of 10

days (min. 8 , max. 13). The treatment group where 103Pd-gel was administered showed

a median survival of 20 days (min. 15, max. 34) (Figure 17A). The tumor growth curves

corresponded to the survival data (Figure 17B).

Conclusion:

The in vivo efficacy data showed a pronounced effect from the intratumoral injection of

the 103Pd-gel on both survival and tumor growth. Since a relatively low radioactivity was

administered complete response (eradication of tumors) was not observed. However,

this is expected to be attainable with administration of higher radioactivities. The

therapeutic effect was observed until day 10, which most likely was due to the limited

administered dose in combination with the radioactive decay. At the administered doses,

a doubling in median survival time was observed for the treatment group compared to

controls. No toxicity or radiation related side effects were observed.



Claims

1. A solution comprising

a . a water insoluble carbohydrate,

b. a radionuclide coordinated to a hydrophobic chelator, and

c . an organic solvent having a logP in the range of -2 to 2 ,

wherein the one or more hydrophobic chelators have a logP above 1 and/or a

molecular weight above 2000 Da.

2 . The solution according to claim 1, wherein the water insoluble carbohydrate

comprises a disaccharide selected from the group consisting of maltose,

trehalose, lactose and sucrose, wherein one or more hydroxyl groups of the

disaccharide(s) is/are functionalized to render the carbohydrate water insoluble.

3 . The solution according to any one of the preceding claims, wherein the water

insoluble carbohydrate comprises one or more hydroxyl groups functionalized

to form C2-C7 esters.

4 . The solution according to any one of the preceding claims, wherein the number

of hydroxyl groups functionalized to form C2-C7 esters is n , n-1 , n-2, n-3, n-4 or

n-5, wherein n is the total number of hydroxyl groups of the carbohydrate.

5 . The solution according to any one of the preceding items, wherein the C2-C7

esters are formed by a bond between the hydroxyl group(s) of the carbohydrate

and the carbonyl group of a C2-C7 alkanoyl(s).

6 . The solution according to any one of the preceding items, wherein the C2-C7

alkanoyl is selected from acetyl, propanoyl, isobutanoyl and benzoyl.

7 . The solution according to any one of the preceding claims, wherein the water

insoluble carbohydrate is selected from the group consisting of maltose

octaisobutyrate (MOIB), sucrose diacetate hexaisobutyrate (SAIB), sucrose

octaisobutyrate (SOIB), lactose octaisobutyrate (LOIB), and trehalose

octaisobutyrate (TOIB).

8 . The solution according to any one of the preceding claims, wherein the

hydrophobic chelator is an ionophore.



9 . The solution according to any one of the preceding claims, wherein the

hydrophobic chelator is a hydroxyquinoline derivative.

10 . The solution according to claim 1, wherein

a . the water insoluble carbohydrate is a disaccharide comprising one or

more hydroxyl groups functionalized to form C2-C7 esters , and

b. the radionuclide is coordinated to an ionophore.

11. The solution according to any one of the preceding claims, wherein the

radionuclide is a beta emitter.

12. The solution according to any one of the preceding claims, wherein the

radionuclide is selected from the group consisting of P-32, Y-90, Sm-153, Er-

169, Lu-177, Cu-67, Sc-47, As-76 and Te-161 .

13. The solution according to any one of the preceding claims, wherein less than

10% of the radionuclide chelated by a hydrophobic chelator is released from the

solution after 5 h under aqueous conditions.

14. The solution according to any one of the preceding claims, wherein the viscosity

increases by more than 1000 centipose (cP) under aqueous conditions, such as

more than 5000 cP, for example more than 10000, such as more than 50000cP,

for example more than 100000 cP.

15. The solution according to any one of the preceding claims, wherein the

hydrophobic chelator has a logP above 1, such as above 1.5, for example

above 2 , such as above 3 , for example above 4 , such as above 5 , for example

above 7 , such as above 10.

16. The solution according to any one of the preceding claims, wherein the chelator

has a molecular weight above 2000 Da, such as above 2500 Da, for example

above 3000 Da, such as above 4000 Da, for example above 5000 Da.

17. The solution according to any one of the preceding claims, wherein the organic

solvent is selected from the list consisting of methanol, ethanol, propanol,



isopropanol, butanol, isobutanol, tert-butanol, benzyl alcohol, propylene

carbonate and dimethyl sulfoxide.

18 . The solution according to any one of the preceding claims, further comprising a

monoglyceride, diglyceride and/or triglyceride.

19. The solution according to any one of the preceding claims, comprising a further

imaging agent selected from the group consisting of X-ray agent, CT agent,

MRI agent, PET agent and SPECT agent.

20. The solution according to any of the preceding claims, comprising

a . From 60-80% of the water insoluble carbohydrate,

b. From 10-30 % of the organic solvent,

c . From 5-1 5% of a further imaging agent, and

d . From 0 to 10% of a mono, di-, or tri-glyceride.

2 1. The solution according to claim 1, wherein

a . the water insoluble carbohydrate has a structure according to formula

(II),

, formula (II)

and is present in the range of 60 to 80%,

b. the radionuclide is coordinated to a hydroxyquinoline derivative,

c . the organic solvent is an alcohol present in the range of 10 to 30%, and



d . further comprising an imaging agent according to formula (III)

.Formula (III)

present in the range of 5 to 15%.

22. A solution according to any one of the preceding claims for use as a

medicament.

23. A solution according to any one of the preceding claims for use in

brachytherapy.

24. A solution according to any one of the preceding claims for use in the treatment

of cancer.

25. A method for treating cancer, the method comprising administering a solution

according to any one of the preceding claims to an individual in need thereof.

26. The method according to any one of the preceding claims, further comprising

the step of calculating the radiation dose provided by the administered solution.

27. Use of the solution according to any one of the preceding claims for guidance of

surgery.
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