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An oral and selective CDK12 inhibitor demonstrates robust anti-tumor activity
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CDK12 inhibition demonstrates strong tumor growth inhibition and is well tolerated in multiple CDX

Compound A treatment induces DNA damage, cell cycle dysregulation and genomic

Abstract

Background: CDK12 is an attractive cancer target due to its role in transcription and DNA damage repair instability ultimately leading to growth inhibition and apoptosis in cancer cells models
regulation. Here we profiled a new oral and selective small-molecule CDK12 inhibitor. In preclinical models this A Compound A treatment (24hr) leads to DNA B Compound A treatment (24hr) leadsto G2 (C  Compound A treatment (24hr) leads to H1048 MDA-MB-436 MDA-MB-468
compound has demonstrated promising antitumor activity especially in combination with DNA damaging agents. damage accumulation in H1048 cells and M phase arrest in H1048 cell line micronuclei accumulation in H1048 cells Small cell lung cancer BRCA 1 deficient metastatic breast cancer BRCA WT Triple negative breast cancer
O0Gl1 OS OG22 OM 2.3X 1 ]
. . . - o 6- ] .
Material and methods: ADP-glo™ assays, Kinome screen and Immunofluorescence (IF) assays see figure 3 7 — gHeax * 183; —2-25 215 53 I —~ 25004—— Dosing ——=—; 25001——  Dosing 1500 Dosing ———
. . . . R . % : O H |
legends. Cell proliferation was determined using cell titer glo after 48-72hrs compound treatment. Apoptosis was "= 20 20% i o5 L = ' Compbound A
: . : : kS e OO ' 23.4 o £ 2000+ 2000+ P
measured by annexin V/PI staining and flow cytometry analysis after 24-72hrs of treatment. Cell cycle profile 2 15 . S 70% S 4- o )
. . . .. . . . . = = o . -+ \/ehicle, p.o., BID
was evaluated with Click-iT-EdU, pHH3 staining and FxCycle violet stain and flow cytometry analysis following = 3 oo 337 e 5 E 15001 15001 e
. S 104 Q. % . o 6 | - , p.0.,
24hrs of treatment. Mouse xenograft study see figure legends. a I § 40% 2 s S Lo 1000 - 2mghg, po. BID
i C i i i : i D 5- ! SN 30% 5 o -
Results: A series of CDK12 inhibitors were designed and profiled in biochemical and cellular assays. A g5 I 0% 414 . § E ' 4mglkg, p.o., BID
. o . . . X o S - 500-
representative member of the class, compound A, exhibited selectivity over CDK2, CDK7, and CDK9 of 46-, 27-, 04— . . . . 10% 254 = _
and 9-fold, respectively. Compound A inhibited proliferation in a panel of cell lines with EC, in the low 0 1o Sks G251 0% WSO 120 0 0
.. ; ] [Compound A] (nM) DMSO Compound A Compound A n 0 7 14 21 35 42 0 7 14 21 35 42
nanomolar range. Compound A treatment led to dose dependent apoptosis in multiple cancer cell lines and 62.5nM 125nM Compound A Treatment
ind d G2/M : 1 | . bi . ith d A and lurbi di _ Days after the start of treatment Days after the start of treatment Days after the start of treatment
induce grrest in cancer cell lines. In vitro, com ination treatment wit compound A and lur _mecte in or D Compound A treatment induces E  Compound A treatment leads to antiproliferative
olaparib led to increased DNA damage accumulation, decreased homologous recombination repair and overall apoptosis in H1048 cells effect in multiple cancer cell lines ST oroun ] BV Groun ] e Group ] BV
enhanced antiproliferative effect. Dose dependent tumor growth inhibition was observed in multiple cell line 407 2ah 4gh 72h 150 Img/kg 40% +14% 1mg/kg 76% +4% Lmg/kg 34% +59
. . : - -o- A673 48hr A673 100 2mg/kg 83% -1% 2mg/kg 90% +2% 2mg/kg 115% +2%
derived mouse xenograft models with Compound A treatment. Enhanced and durable antitumor effect was + 1 S 100- . A2780 48H amglkg 100% 4% amg/kg 121% 4% amglkg 127% 6%
. . . . . . . . o - = r
observed with lurbinectedin and compound A combination compared to single agent treatment in vivo. S " z o3l s A2TE0 106
Compound A in combination with O|aparib treatment led to enhanced anti tumor efﬁcacy in a PARPI resistant '% 20 é ) ' MB-231 106 Tumor growth inh_ibition in H1048, M[?A-MB-436 and MDA-MB-468 CDX models with CompoundAtreatment'. Balb_/c mice were impla_nted SUbCEJt&ﬂGOFJSW with indicated
atient derived xenoaraft model = - 0 —- MB-468 48hr MB-468 67 cells and randomized for treatment with test drug or vehicle when tumors reached 150-200mm3. Tumor bearing mice were treated twice daily with vehicle or Compound
P g ' <\§ 10+ ‘%’ 50~ -0~ H1048 72hr H1048 50 A for 28 days and followed by 14 days observation. Minimum weight loss was observed in all three models. TGI: tumor growth inhibition. TGI (%) = (1 - (TVqeatmenton -
Conclusions: We designed and profiled orally available, CDK12 selective inhibitors with potent activity as single |'| G - DMS-53 72hr MS.53 ot TV reamento) (TVcontroron™ TV controio)) < 100%. BWC: body weight change.
; . . ] . . . . e -100- )
agent in vitro and in vivo in multiple cancer models. Compound A demonstrated enhanced antitumor effect in 0= T T I T TTT > - LN299 72hr Nos o7 C d A + lurbi di n h . C d A+ Ol ib sh h r
vitro and in vivo when combined with DNA damaging agents. Compound A can sensitize PARPI resistant model PSP Co“mlfuffA (nM;‘“@»“"& 150~ QPO Ll Inecte Sl Elvenys Erileliese]; BT RREEE 2 el sivenie Elt=lres
to Olaparib treatment in vitro and in vivo. These data support the rationale for advancing one or more members | o | o durable antitumor effect in H1048 model antitumor effect in a PARPI resistant PDX model
f this cl toward clinical develooment A. DNA damage accumulation measured by YH2AX IF signal in H1048 cells treated with Compound A for 24hrs. B. cell cycle analysis in H1048 cells ST3308 High g .
of this class P ' treated with Compound A for 24hrs. C. Percentage of cells positive of micronuclei in H1048 cells treated with Compound A for 24hrs. D. Apoptosis H1048 Small cell lung cancer Igh-grade serous ovarian cancer
: : i .y induction in H1048 cells treated with Compound A. E. Cellular antiproliferative effect of Compound A in a panel of cancer cell lines.
Compound A is a potent and selective oral CDK12 inhibitor | | 2000- o Veni
. ” Compound A shows synergistic/additive anti-proliferative effects in combination with ] oo —- Vehicle _ Dosing ~ Compound A, p.o., Imgkg, BID
A CDK12 Crystal Structure with Compound A C RNA pol Il Ser2, Ser5 phosphorylation [ Compound A profile in SelectScreen panel ! _ _ _ : ) ) _ “E 2000- : —= Compound A, p.o., Img/kg, BID & 1500 ~~ Olaparib 100 ’mg}/k’g 0.0 Q'D
and total RNA pol Il level change lurbinectedin and olaparib with increased DNA damage and impaired DNA damage repair | EXis  Compounapo, imahgooe || § Compound A, p.o., 1Mk, BID*
upon Compound A treatment ~ \\l\ \\ £ 15001 ; —~ Lurbi‘;ectedin’ ?\/"o1gmgg/’kg oW - ™ Olaparib 100mg/kg p.o., QD
=\ Ny - : L . . E . : 1V 0. : 5 1
2o - p-Ser2 NN\ ;\‘( \\\\r\\.?":r(/ \ A Lurblnectedln_ + Compound A Combination B Olaparib + Compound A combination g 1000, § S 1000
G mmm p.Ser5 )i\\‘\\ ;\\\\'f’ ).( y in H1048 (3 day) Lurbinectedin (nM in MDA-MB-468 (5 day) 2 - Group TGl BWC S : Group TGl BWC
= 80 - TK \\\j \ ‘.‘t Vﬂ L X X ur Inec e In (n ) Olaparib Dose Response Olaparib (nM) > 500- : D18 D21 g 500- s D28 D28
Q [ ‘\\\\ \\f\\ 7 ‘ " 150~ Lurbinectedin Dose Response 150~ — : Compound A T Ty = 3 Compound A 55% +5%
< . e N Y L/ 150 i ; 0 0 :
= 0 ?;—\ N ',/ I 2 100 —o- Compound A 3 —o- Compound A o+-r—r-r-rrrrrrrrrrrreerrery B B e | Lurbinectedin 78% +39% 0 O|aparib 30% +12%
c 0 . SN Vi~ siE § g 0.001 4 = 0 5 10 15 20 25 30 35 |[[urbinectedin + N U L R, Olaparib +
c . i/ / Y 7 - 100 5 s . 100 5 - 66666 urbinectedin 96% +2% 0 10 20 30 91% +7%
20 ° ) 4 & 4 £ g L A
-‘U—? e . o8 )~ //éi: § i —— 0.004 E) - 1 Days post treatment initiation (day) Compound A Days post treatment initiation (day) Compound
N . — b o i 50- i 504 S
. . . \ ol st 4= 0,012 & o _ o _
R R N L amsamearai — @ - e < S e e s < upars - 274 Tumor growth inhibition in H1048 SCLC CDX model with Compound A and Tumor growth inhibition in ST3308 PDX model (homozygous mutation in BRCA1
R s &5 g IGNOR. LN . o o T S N e O R AL LI -e- 0.037 = o N —+ 823 lurbinectedin treatment. Balb/c mice were implanted subcutaneously with H1048 with patient treatment history with olaparib) with Compound A and olaparib
Compound A (nM) . . ~ o o ) ' ) . : . - nuy mi
o C ki 3 — 0.111 ) o 2469 cells and randomized for treatment with test drug or vehicle when tumors reached treatment. Athymic Nude, Outbred Homozygous (Crl:NU(NCr)-Foxn1™) mice were
- S o ; 50 -50- 100-150mm3. Tumor bearing mice were treated twice daily with vehicle or implanted subcutaneously with cells and randomized for treatment with test drug or
| . A . . ‘e —o- 0.333 —— 7407 Compound A, once weekly with lurbinectedin or combination for 21 days and vehicle when tumors reached 200mm3. Tumor bearing mice were treated twice
100 [J * : < < 4 ¥ ' ) o . . . . . . . . .
o 80:’ ° ® 100 -= 1.000 -100 +——r+rrm ey e —— 22222 followed by 14 days observation. Minimum weight loss was observed. daily with vehicle or Compound A, once daily with olaparib or combination for 28
7)) N Q QO QO days. Minimum weight loss was observed.
3 e v > ¥ S S > > S
5 Atypical Protein Kinases N Q :
( £ == [Compound A] (nM) [Compound AJ ("M) Conclusions
“ == Total Pol2 CTD = : - : : L
o == . . « We have identified a potent, selective, orally available CDK12 inhibitor compound A.
B ADP-Glo™ Kinase Assay @ 20x K,,ATP —— C H1048 gH2AX Signal H1048 BRCA1 Signal CMDA'MB&”':ig'I*ZAX,S'?Z”ﬂ ) CMDA'MB(;428+BTCA1_S'?2E' ) P y P
A — T T T T = i i i i ompoun olapari r ompoun Olapari r . . . . . . .
125 SR ATy kg s | T compound A+ lurbinectedin (24hr) - Compound A+ lubinectedin (24r) o P o P - Compound A demonstrated strong antiproliferative effect in a panel of cells, inducing DNA damage accumulation, cell
“ S — 50 40— 7] T . .
T o 0 B o 0
100 o CDK12 Compound A (nM) o . 0 ., oo . - cycle arrest and apoptosis as single agent.
. . e 30T — < 40 o . . . . . . . . . .
§ 75- - CDK9 e Large Circle = > 90% inhibition S 20l S T - 00125 S Q {\ iigggo « Compound A showed enhanced antiproliferative effect in vitro when combined with DNA damaging agent lurbinectedin
= . ) i - 0.05 o @ .- . . . . . . .
S s50- * EEZ ADP-Glo™ Activity Assay @ 1 uM <100 nM est. IC50 2 - 2 % SR Dnectednaons 2 2 - Olaparib alone or Olaparib with increased DNA damage and impaired DNA damage repair machinery.
L - IC50@ 20x K,, ATP (nM) 23.9]1737| 1321]| 715 o Enon i S S 1ol S S _ _ _ _ _
2 CDK12|CDK2|CDK7|CDK9 zv)mf”I\(jlr(ilgo_li)g(())/()I\;Inhl?ltllgr;')O) > 104 : ° 5 : « Compound A showed robust and dose dependent antitumor effect in multiple cancer cell line derived xenograft models
0 T T 1 ibiti - u ) niviest. 0 T T i} T 1 T T . T 0 T T T T Y T T T T ! .
25 4100 1000 10000100000 RNA POS|2€r|£1 Tlpb-g;g (nM) p 280 [ >1000 0.001 001 01 110 100 1000 8.001 001 01 110 100 1000 10 100 1000 10000 100000 1000000 10 100 1000 10000 100000 1000000 with tolerated doses.
-25- d [Compound A] (nM) . . . . . . .
[Compound Al(nM) compound A1 (M [Compound Al (n [compound A (M ) « Compound A showed enhanced and durable antitumor effect in vivo when combined with lurbinectedin compared to
single agent treatment.
CDK9/CyclinT2 with compound A was measured by assessing ADP converted from ATP via luminescent signal at 20x K,, ATP using the ADP- Compound A, olaparib or combination after 120hrs. C. DNA damage accumulation measured by yH2AX foci signal (left) and homologous recombination « Compound A sensitized a PARPI resistant patient derived xenograft model to olaparib treatment in vivo.
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