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PAT/PXT: Lu,Gd + b => n-e”  Auger-electrons (secondary radiation) —=> DNA inactivation @ tumor

B-NCT: B + n = 7Li + o alpha (secondary radiation) —> DNA inactivation @ tumor

Gd-NCT: "Gd + n ="%Gq +e- Auger-electrons (secondary radiation) —> DNA inactivation @ tumor cancer cell

Fig.1: Indirect radiation therapy IRT inactivates tumor cells by secondary radiation products and free radicals after Fig4.: Indirect radiation therapy IRT inactivates cancer cells by secondary radiation products of
specific absorption of synchrotron X-ray photons at the K-edge (PAT/PXT) or neutrons (NCT) at a target material. short range upon specific absorption at the target. The tumor DNA is hit directly or indirectly.
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with target nanoparticles which are based on two principles (figure 3): slow diffusion and magnetism
Fig5.: The therapeutic beam of indirect radiation therapy is partially absorption at the target / tumor,

— concentration of about 1,000,000 target atoms in nanoparticles ) but may be scattered. Cold neutrons are locally absorbed at dense Gadolinium targets completely.
—local enrichment of the nanoparticles by magnetic forces at the tumor site

We use target nanoparticles, which can be locally concentrated, as shown in figure3:

. N N . N A) Tentative target materials for NCT B) Nuclear absorption of 50 mM Gd-DTPA
i) target liposomes (magnetic), which bear the water soluble target in the entrapped lumen, and
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Fig6.: A) Possible target materials for neutron capture therapy NCT (data source: NIST) and
B) Absorption of thermal neutrons by a biocompatible solution of 50 mM Gd-DTPA.
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1) The therapeutic beam has reach the area of interest (tumor) without incoherent scattering by H,O.

.. . . . . . 012 singulett oxygen
This is solved by a neutron shunt in our concept, i.e. a neutron guide tube with a quartz window.

photon energy (keV)
Fig7.: A double target improves the yield of cancer inactivating radiation products by re-absorption of

2) The beam absorption has to be local and specific, enabling indirect radiation therapy at a body-target. the gamma photons produced by neutron capture at Gadolinium. At ILL-D22 we used Erbium-DTPA [3c].

In our concept the problems of Boron-NCT are overcome by dense Gadolinium targets as Gd-NCT.
3) The target concentration in tissue and inside the cancer cells needs to exceed a threshold limit. We use
target nanopaticles and lanthanide chelates in key formulations braking the blood-brain barrier. The neutron capture therapy of cancer was improved by five developments:
4) The yield of therapeutic useful products in tissue has to be increased by gamma re-absorption.

1) The absorbtion of the therapeutic beam was improved by Gadolinium targets (Gd-NCT) by orders
of magnitude, in comparison to conventional Boron-therapy (B-NCT). This avoids radiation

Nano-therapy : target concentration and local enrichment demages.
A at tumor 2) The absorption was increased by the use of cold neutrons instead of an (epi)thermal beam. This
. area of interest: increased the cross section by a further factor of 3 (energy gependent) and avoided neutron activation.

active substance, blood, : K K o i i .

drug, target tissue low dose, 3) The target material and nanoparticles must contain biocompatible material only, or an excremation
moderate effect path has to exist. This was solved by biocompatible DTPA-complexes and entrapping into liposomes;
body distribution: 4) The beam delivery to the area of interest (brain, liver tumor) was solved by a neutron shunt, which
side effects, was an implantable tube covered with a Quartz window;
toxic effects 5) The yield of cancer inactivating products was improved by a second target (Erbium), which partly

re-absorbs the gamma photons from Gd-neutron capture. This acts as a gamma-electron converter.
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This report is sufficiently critical and actual, but limited on Boron therapy (B-NCT).
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Fig.3: Nanotherapy (B) improves the effect of molecular active substances (drug, target, A) twice:
~1,000,000 molecules are concentrated in nanoparticles, which are enriched at the tumor locally. Acknowledgement :

Abbreviations :  NCT = Neutron Capture Therapy; PAT = Photon Activation Therapy; PXT = Photodynamix X-ray Therapy;
DTPA = Di-ethylene-Triamine-Penta-Acetic acid (Complexon V); LuDTPA was a gift of www.ferromed.de

The target materials in biocompatible formulation (key) Gd-DTPA (Lanthavist G), Er-DTPA (Lanthavist E), target
liposomes, magnetic Ferrofluid nanoparticles and the neutron-shunt were a gift of FerroMed (www.ferromed.de).
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