Novel orally available DNA-PK inhibitors for enhancement of radiotherapy
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Overview

Inhibiting DNA-PK in combination with radiotherapy and chemotherapy shows significant promise and
is a highly compelling strategy, with some candidates already in clinical trials. Here we present our
drug development program with novel, orally available, ubiquitously active effector and targ-
geted prodrug DNA-PK inhibitors with excellent potency and in vivo activity comparable to com-
petitors. A shortlist of orally available candidates have been selected from >1000 novel synthesized
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compounds in two distinct chemical classes. Biochemical, in vitro and 3D tissue screens show these
compounds with high potency and selectivity, activity throughout the tumour microenvironment, and
desirable ADME characteristics. These agents also sensitize cancer models to radiation, in single dose
and fractionated regimens in vivo. PK/PD and toxicity studies in mice, rats and dogs indicate character-
istics suitable for clinical application.
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Ongoing prodrug development for improved tumour selectivity

Hypoxia activated-prodrug concept: Targeted inhibition of
DNA-repair to enhance radiotherapy while preserving

therapeutic index
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DNA-PK inhibitor activity is blocked by a nitro-
heterocyclic trigger moiety in a similar fashion
to other hypoxia activated prodrugs (evofos-
famide). Under hypoxic conditions found
within tumours a 1e enzyme driven reduction
occurs which results in release of the active
compound.
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Normal tissue within the field of irradiation is the
dose limiting factor that results in loss of tumour
control. Selective drug release within tumours
will minimize sensitization of normal tissue
thereby increasing the therapeutic window.

prodrug enters the tumour nitroreductive enzymes
and diffuses to the hypoxic selectively release the
zone

the released effector re-diffuses
to the normoxic zone, effectively
drugging the entire tumour

Hypoxic zones within tumours act as an engine to
convert prodrug to active form. Once released the
effector can then re-diffuse to oxic-zone and in-
hibit DNA repair throughout the tumour.

3D tissue screening assay for prodrug optimization
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Shrink 3-fold

Immunostained micro arrays of spheroids (SMA) treated with candi-
dates in combination with radiation. This assay using ATM"© cells ef-

fectively models extravascular distribution, a key parameter for the

Spheroid collection and preparation for tissue effectiveness of anticancer agents, and can screen for activity specifi-
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cally in tissues of varying degrees of hypoxia.
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Map activity vs. depth into tissue

@ 0 -50 pum (oxic tissue) @ 100 - 150 ym (hypoxic tissue)
c —1 Prodrug 1 Prodrug 2 Prodrug 3 . Effector 1
1 * M
£ o5 | N N\ N v
S — ‘\.\:\:—: \\.ﬂ?—: i \’\+\:
0 T T

0.001 0.01 0.1 1 10 0.001 o0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10

Compound [uM]

@ 0 -50 um (oxic tissue)

@ 50-100 ym <
@ 100 - 150 ym (hypoxic tissue) o
|ICs0 analysis R
50 Q(0’\'6(\
i
Spheroids without hypoxic core (20% O;): 3 10 .
: . . = ]
Oxic-outer layers (prodrug 'normal <ssue' ICso) [] -E- B . / potency under full
Spheroids with hypoxic core (5% O,): g 1 ¥ hypoxia
T
Oxic-outer layers (prodrug 'bystander' ICso) [] :g o1l _| Effector potency
Hypoxic-inner layers (prodrug hypoxic I1Cso) [ E L
Q
Effector I1Cso [ 2 o001 | |
1 2 3
Prodrug #

IC50s derived from SMAs allow comparison of prodrug potency on inner vs outer
spheroid cell layers. Prodrugs are screened for absolute potency in hypoxic inner
layers as well as their ability to exert a bystander effect on outer oxygenated layers.

Conclusions

This ongoing drug development program has produced novel, orally available
DNA-PK inhibitors. Ubiquitously active, systemic inhibitors are potent with in vivo
activity comparable to competitors. Hypoxia-activated prodrugs screening in 3D
spheroids show good extravascular distribution with evidence of activity specifi-
cally in hypoxic regions.

Radiation sensitization via DNA-PK inhibitors has significant potential for
improving cancer control.



