Novel IRAK-4 inhibitors exhibit highly potent anti-proliferative activity in DLBCL cell lines with activating MYD88 L265P mutation
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~ Abstract Profile of Representative Compounds
inase. belonging 1. tyrosme. Tike kinase (TLK) famiy. IRAKA 1 one. of the
kinase belonging to tyrosine like kinase (TLK) family. IRAK-4 is one of the
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Important signalling components downstream of IL-1/Toll family of receptors (IL-1R, hIRAK-4 cell free ICsq (nM)
IL-18R, IL-33R, Toll-like receptors). Recent studies have reported occurrence of
oncogenic mutations iIn MYDS88 in 30% of activated B cell diffuse large B cell
lymphomas (ABC DLBCL) and 90% of Waldenstrom’'s macroglobulinemia (WM). A OCI-Ly10 Proliferation ICso (nM) 195 387 / 298 9 52

significant proportion of ABC DLBCLs have a single amino acid substitution of
proline for leucine at position 265 (L265P) in the TIR domain of MYDS88 protein
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resulting Iin constitutive activation of MYD88 and enhanced activity of IRAK-4, 0IRAK-1 inhibition in OCI-Ly10 ICsq (nM) 795 123/72.8 100 1510 wol/F— © ¢ . B bt © 12mpAlel 51721

Thus, IRAK-4 Is an attractive therapeutic target for the treatment of B-cell | % AU ses0@ toompidad

lymphomas with activating MYD88 L265P mutation. We have recently designed, Karpas 422 Proliferation ICso (M) 2096 PH@10uM o1 307 SSEE s I it

synthesized and characterized a series of ATP-competitive, bicyclic heterocycle Ramos Proliferation ICs (nM) 419 37%@1uM 14.16 347 Days post treatment Ch e 4naipin.;tienf pmEE

small molecule compounds as IRAK-4 inhibitors. These novel compounds were MLM. HLM, RLM t1/2(min); Clo- 500, <26. 90, <26 >90. <26 >90. <26 76.30. 218.8. 10.6. 90, <26. >90. <26,

orofiled for their potency as IRAK-4 kinase Inhibitors, kinase selectivity, and drug- (ul/min/mg) >90, <26 >90, <26 122, 18.9 >90, <26 NOD-SCID mice bearing OCI-Ly10 tumors were treated orally once daily with AU-5850 at the

Ike properties. Furthermore, selected compounds were tested in proliferation and PK Mice PK Rat PK Mice PK Mice PK indicated doses for two weeks. AU-5850 treatment resulted in 75% tumor growth inhibition at 50

nIRAK-1-based target inhibition assays using ABC-DLBCL cell lines with activating mg/kg dose & tumor regression at 100 mg/kg dose. AU-5850 was well tolerated at both the
(V) dose (mpk) 3 9 3 3 doses with no major changes in body weight. MLN-2238, a proteasome inhibitor, was used as

MYD88 L265P mutation,OCI-Ly10 and OCI-Ly3. Lead compounds exhibited potent
inhibitory activity against IRAK-4 with single-digit nM IC.,s In biochemical assays (V) T % (hr) 3 5 4 5 97 14
and decreased pIRAK-1 levels in MYD88 mutant DLBCL cell lines, and potently

inhibited the proliferation of DLBCL cell lines in culture. Lead compounds 15 AUE s s L] 1387 10631 2>16 376 Efficacy in Rat CIA Model

positive control.

demonStrated pOtent N VIVO antltumor aCtIVIty In OCI-Lylo DLBCL _ murine (|V) Cl (mL/hr/kg) 2181 286 1352 2667 Animals : Lewis rats  sex: Female n =8 per group
xenograft model, had excellent pharmacodynamic effect in an in vivo LPS induced [Day 7 [Day o pay1s |
Inflammation model, and resulted in potent activity in the rat Collagen-induced (IV)vd (ml/ke) BErS LE L28e2 ek Primary Ijection 500 g Booster Injection 125 g i b colection o
Lo . . L Collagen + IFA Collagen + IFA Istopatnolo
a_rthrltls (CIA) model. I_n summary, a series of potent IRAK-4 Inhibitors have been (PO) dose (mpk) 10 10 10 10
discovered and are being initially evaluated for treatment of B-cell ymphomas. 8T anhritis score - pawedemam
(PO) C max (ng/mL) 1245 427 1274 1598 ce- NormalControl
6 - T I U 0.45+ == Disease Control
Cell Based Activity (PO) AUC (ng.hr/mL) 3409 7306 6170 3054 a ) ’ 7 a1 AU-2807, 3mg/Kg; p.o. b.id
g 4 = 4 4 i i 1 T/‘A - 0.301 ' —¥—- AU-2807,10mg/Kg; p.o.b.i.d
. . . . . . o) v S o % o == AU-2807,10mg/Kg; p.o.q.d
Mechanistic Assay - p-IRAK-1 Inhibition in OCI-Ly10/3 cells: OCI-Ly10 cells et 73.1 21 73.6 Bt * I (|2 s P A

" " 27 *% e oo -k Leflunomide (10 mg/kg) p.o d
were treated with compounds for 12 hr followed by lysate preparation. 50ug of total R . 8/ke)p.o. a.
protein was loaded on gel for western blot analysis. Compound inhibition was ND-not determined 0- Pk & Sarerers R 100%
normalized to DMSO control. OCI-Ly3 cells were seeded in Poly-D-Lysine coated T - = = - I e

. n-vivo PK/PD Analysis in Inflammation Models _
plates and allowed to attach. Cells were treated with compounds for 12 hrs. followed o / 4 O O ##p<0.01 ###p<0.001 ####p<0.0001 vs Normal control  "P<0.05,7"p<0.01,7p<0.001,*p<0.0001 vs Disease control
] o | h Two way ANOVA followed by Bonferroni test Two way ANOVA followed by Bonferroni test
by In cell Western (ICW) assay to measure pIRAK-1 levels. A representative AU-AEE-2807 p.o Theophyliine i.p. LPS (0.3mg/Kg), i.p r Collection of blood | . .

_ iInhibited phosphorylation of IRAK-1 in a dose dependent l l l : e " Disease confrol - amimas  showed
compound AU-6686 Inhibited  phosphory P | | . significant increase in arthritis score
manner demonstrating potent target engagement. W Normalcontrol (day 7 onwards) and paw edema (day 9

Bl Disease Control
T 05 hr ot - = *° AU-2807,3mg/Kg: p.o. bid onwards) compared to normal controls.
| " 104 S ueeT oMot p b = AU-2807 at 3 mg/kg b.i.d. (day 13, 14,
ibiti i i LPS induced systemic inflammation Female Wistar rats were administered AU-2807 (1 — 30 2007 20mor. b o 40 17&18) 10 mg/kg b.i.d,(day 7 onwards),
in OCI -Ly10 cells in OCI- Ly3 cells 5 |, renunomige comonkoype.ad 10 mg/kg qd (day 11 onwards) & 30
Bl Control mg/kg) by oral route - K
Western Blot AU-6686 (UM) 120 - In Cell Western AU-2807, 1mg/Kg; p.o. _ _ _ 0- mg/ 9 qd (day 8 onwards) and
e e e e e 100 30% 35% AU-2807, 3mg/Kg: p.o. Challenged with LPS (0.3 mg/kg i.p) 7 hrs. after dosing L leflunomide (day 7 onwards) showed
SN R S T AR A R N S 50 519 Bl AU-2807,10mg/Kg; p.o. L significant reduction in arthritis score
voros Lo 5 o 51% Em AU-2807 30ma/Kg: p.o. AU-2807 showed clear dose dependent reduction in One way ANOVA follwed by Dunnett's test compared to disease control.
T £ w :Ef g, [ (NeOPVIne SIMEKGLP TNF-o levels (61% and 79%) at 10 and 30 mg/Kg p.o. = AU-2807 at 10 mg/kg b.i.d,(day 9 onwards), 10 mg/kg qd (day 15 onwards) & 30 mg/kg qd
L zwEE - 1.4, ,
R 20- N — doses respectively after challenging with LPS. (day 9 onwards) and leflunomide (day 9 onwards) showed significant reduction in paw
N 0+ iSlope . - .
"o Koe 20. IC50 0.02647 *pe0.01. **p<0.0001vs Control AU-2807 was found to be efficacious in LPS induced edema_corr_\par_e(_j to disease control. L L :
B —Actin , : : : , p<ul.Ul, ~ P<UUUUIVS Lontrol - = Reduction in clinical score correlates well with improvement in histopathological changes
40kDa 3 2 1 0 1 2 one way ATIOVA follwed by Dunnetts test systemic inflammation model with an ED., of 5.2 mg/Kg
a ) ) 50 . .

AU-2807 treatment shows superior efficacy (oral dosing, 69% inhibition) compared to
reference compound (bid IP dosing, 39% inhibition) at same dose of 30 mpk.

In-vivo PK/PD Analysis in DLBCL Xenograft Models In Vitro Tox Profile of AU-2807
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Functional Assay — Inhibition of Proliferation of OCI-Ly10 and OCI-Ly3 Cells
Cells were treated with compounds for 72 hrs. followed by addition of

= No rat hepatocyte cytotoxicity (EC50 >5 uM)

= Male SCID Beige mice 11-12 weeks

: It : : % Inhibition of pIRAK-1 in OCI-Ly3 tumors . _ - ' ' '
XTT to measure inhibition of pro“feraﬂon old were |njected with OC] Ly3 cells Nega.\tlv.el INn Ames test (t-es-ted with TA98, TA100, TA102, TA1535 & TA1537)
Marker Vehicle control 6686 100 mpk 1 hr 6686 100 mpk 4 hr (10 X 106 cell in 200 HI (1:1 Media and = No S|gn|f|cant hERG activity
Inhibition of OCI-Ly10 Proliferation Inhibition of OCI-Ly3 proliferation Matrigel)
:zz :zz treatedk dorally with -~ AU-6686  at = Potent IRAK-4 inhibitors from multiple chemically distinct series identified
- 80, - 100mpk (q )I <olated " = Excellent potency in both biochemical and cell based assays
% 50 g 50 o1, ——p-actn * TUMOr samples were isolated at 1hr = Good PK profile with oral administration
£ 40- S 40 and 4 hrs. post treatme_nt and = Good PK/PD correlation established in LPS-induced rat systemic inflammation
2 . 2 analyzed for pIRAK-1 modulation model.
0- HilSiope ] 2457 0- Siope | 2.06% AU-6686 treatment (100 mpk) resulted in 84% and 70% reduction in " AU-6686  treatment demonstrated = Efficacy demonstrated with oral dosing in disease models of inflammation (CIA)
-zun % T T ; ' . -zn::-3 r ; '3506 %D'EE” ﬁ pIRAK-1 levels at 1hr and 4hr time points respectively good PD ma:jkelr modulation in OCI- and DLBCL (OCI-Ly3 xenograft model)
log Conc(nM) " Log conc(uM) LyS tumor mode * |n-vivo 14 day tox study in progress for select compounds
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