Inhibition of thymidylate synthase by the ProTide NUC-3373

Sarah P. Blagden', Fiona G. McKissock?>, Janet S. Graham?, Kristen K. Ciombor*, Francesca Aroldi’, Lisa J. Rodgers?®, Michelle Myers®, Jordan Berlin*, T.R. Jeffry Evans?, David J. Harrison*>

1) University of Oxford, Oxford, UK  2) University of St Andrews, St Andrews, UK
3) Beatson West of Scotland Cancer Centre, Glasgow, UK  4) Vanderbilt University Medical Center, Nashville, USA  5) NuCana, Edinburgh, UK

Background

» 5-fluorouracil (5-FU) is a key anti-cancer agent used across a broad range of tumors
» Fluorodeoxyuridine-monophosphate (FUDR-MP or FdUMP), the active anti-cancer metabolite
of 5-FU, causes cell death via inhibition of thymidylate synthase (TS)’
= Prevents the conversion of dUMP to dTMP
» Poor response to 5-FU is a consequence of:
» Short plasma half-life (8-14 minutes)? necessitating prolonged administration (>46 hours)
» Over 85% of 5-FU is broken down by DPD?
» Production of catabolites such as FBAL (implicated in hand-foot syndrome)
« Alterations in transport mechanisms
o Decreased uptake of 5-FU via membrane transporters
o Increased efflux by ATP-binding cassette transporters*
» Complex activation
o Alterations to enzymes including thymidine phosphorylase (TP) and thymidine kinase (TK)
confer resistance to 5-FU

NUC-3373 bypasses the key cancer resistance pathways associated with 5-FU
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NUC-3373: A targeted inhibitor of TS
= ProTide transformation of FUDR-MP, the active anti-cancer metabolite of 5-FU
= Designed to overcome the key 5-FU resistance mechanisms®®

» Protected from breakdown by DPD

» Cellular uptake independent of membrane transporters

» FUDR-MP generation independent of intracellular enzymatic activation
= NUC-3373 generates significantly higher levels of FUDR-MP compared to 5-FU’
= Currently being investigated in clinical studies:

= NuTide:301 - Phase Ib dose-finding study in solid tumors

» NuTide:302 - Phase Ib combination study in colorectal cancer (CRC)

= Invitroinvestigations:
» Cell survival assessed by sulforhodamine B assay in CRC cell lines (HT29 and HCT116)
= TS expression assessed in HCT116 whole cell lysates by Western blot and quantified
by LiCor Odyssey

» TS cellular localization in  HCT116 cells identified by immunocytochemistry
and selected for assessment by systematic uniform randomized sampling of 800 cells
per treatment

= NuTide:302 Study:

» Athree-part, Phase Ib study in patients with locally advanced or metastatic CRC who have
relapsed after =2 prior lines of 5-FU-containing therapies

» Pharmacokinetic analyses via liquid chromatography-mass spectrometry:

o Plasma: NUC-3373, FUDR and FBAL
o PBMC: FUDR-MP and dUMP

NUC-3373 is not a substrate for DPD catabolism
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The effect of DPD inhibition on HT29 cells exposed to 20 uM 5-FU and NUC-3373.
Celf survival normalized to control.

= Despite low intracellular DPD expression, pharmacological inhibition still increased the
sensitivity of cells to 5-FU
= DPD inhibition had no effect on the sensitivity of cells to NUC-3373

NUC-3373 targets the de novo pathway of dTMP synthesis by forming long-lasting
TS ternary complexes
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A: The effect of 10 pg/ml thymidine supplementation in HCT116 cells exposed to NUC-3373.
B: Western blot of TS-ternary complex and TS-free protein expression following exposure to 10 uM NUC-3373.
C: Quantified TS-ternary complex and TS-free protein expression.

» Exogenous thymidine rescues cells from NUC-3373-induced death, confirming that dTMP is
essential for cell survival
» NUC-3373 forms TS-ternary complexes that were detected for at least 72 hours

NUC-3373 exposure is associated with increased cytoplasmic TS expression

NUC-3373 demonstrates a favorable PK profile in clinical study NuTide:302 (n=20)
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= Elimination half-life t,,, was 5.7 hours (range 3.9 - 10.8 hours; estimated 3-24 hours)
« NUC-3373 increases cell diameter » Low inter-patient variability for all parameters (co-efficient of variation 22-51%)

Volume of distribution was high indicating extensive tissue absorption (171.6 L)
Positive linear relationship between intracellular FUDR-MP and dUMP

« GLP assay optimization for intracellular dTMP ongoing

Plasma FBAL low and not clinically significant

» No hand-foot syndrome observed

= Cellular localization of TS is predominantly nuclear in control cells
= NUC-3373 exposure results in a higher proportion of cells expressing cytoplasmic TS

Cellular localization of dTMP synthesis
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“ “ “ - NUC-3373 is a potent inhibitor of TS activity
» Invitro data demonstrate:
P > = NUC-3373 activity is not impacted by DPD
' -~ amp = NUC-3373 inhibits TS activity and forms long-lasting TS ternary complexes,
“( preventing cells from converting dUMP to dTMP,
“ i e = NuTide:302 study demonstrates favorable PK profile:
Ak - = Long half-life
I <lllHl]lNlll>'lllr41]lH ) \|“3M » Extensive tissue distribution
DNA REPLICATION DNA DAMAGE » FBAL generation was low (no hand-foot syndrome observed)
G1-phase S-phase +FUDR-MP (G1 arrest) = Intracellular levels of FUDR-MP are associated with increases in dUMP

» NUC-3373 ongoing clinical studies:
» NuTide:301 - dose-finding study in solid tumors
= NuTide:302 - combination study in CRC

G1-phase - de novo dTMP synthesis takes place in the cytoplasm.
S-phase - TS translocates to the nucleus where de novo dTMP synthesis is required for DNA replication.
+FUDR-MP - causes G1 arrest® regardiess of location and an increase in the nuciear dUMP: dTMP ratio,
resulting in uracil misincorporation into DNA®.

ABBREVIATIONS: 5-FU: 5 ﬂumou acl FUDR-MP/FAUMP:

dUMP: deoxyuridine mont nph:sphat= dTMP: deoxythymidine
FUDR-TP: f

FUDP: fluorouridine dipt FUTP: fluorouridine triphosphate

e nbonueteonde sedcinse - T Hv(umhv( kinase  FUDR-DP:

phosp DPD:
P DR-TP: fiuo triphosphate

lanine  DHFU: dihydrofluorouracil ~ UP: uridine

Py
CRC: colorectal cance

FBAI FUR: fluorouridine UK:uridine kinase  OPRT: orotate phosphoribosyltransferase  TP: thymidine phosphorylase  FUDR: fluorodeoxyuridine ~ FUMP: fluorouridine monophosphate
T hlt-mimt inhibitory concentration PBMC:peripheral blood mononuclear cell - AE: adverse event  AUC: area under the cuve - Cou: maximal concentration  ATP: adenosine triphosphate
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GLP: good laboratory practice  CI: confidence interval Data cut-off 7th October 201, Data cleaning ongoing
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