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IDH1-R132H tumor cells are not robustly sensitive to PARP inhibition in a 2-HG-dependent manner

Elia Aguado-Fraile, Christine Hudson, Taryn Sleger, Sebastien Ronseaux, Rohini Narayanaswamy, Sung Choe, Bin Wu, Peter Kalev, Brandon Nicolay
Agios Pharmaceuticals, Inc., Cambridge, MA, USA

. ’ ) ) Table 3. 50% Clonogenic survival values in IDH1 WT and mutant cell lines treated Table 5. Summary of plasma OLA exposure and tumor 2-HG production across
BACKGROUND Figure 1. mIDH1 protein expression leads to increased baseline DNA damage Figure 4. g;tca‘r\l: Iglﬁlt::‘Tn%r;fall to recapitulate the HRD score observed in witI: PARP ?nhibitors HT-1 OBOZtudFi)es P P

o ) o Cell line TALA OLA NIRA
+ Mutations in the metabolic enzymes isocitrate dehydrogenase (IDH) 1 o LG cBMm AML cHoL BRCA ov SF,,, UM SF,;, UM SF,,, UM LGEIRD SElE [ieatnen Survival
or 2 arise in a variety of malignancies and lead to the production of the — Foci quantification 100 e B Pl Se Taone] D
i 12 - a0 ® _ - - . .
oncometabolite (D)—2—hydroxyg|utarate (2-HG). o ) ) ) g g 75 HCT-116 0.0042 0.0017 0.68 017 12 0.33 Study 1 2-HG Tumor Vehicle 1.92 (0.11) x 107 _ 100 T ——Vehicle control
» FDA approval of the mutant IDH (mIDH) 1 and 2 inhibitors ivosidenib ¢ 2 s OLA 1.87 (0.13) x 10° g { o
(IVO; AG-120) and enasidenib (AG-221), for the treatment of adults with . §» T g & Parental BRCA2-/- Parental BRCA2-/- Parental BRCA2-/- OLA Plasma oLA 121 (0.20) % 10° g 80 — oA
mIDH1 or mIDH2 relapsed or refractory acute myeloid leukemia (AML), H H k * ‘ @® A1 + } DLD-1 0.0217 0.0091 24 0.48 6.92 3.39 ' ' ® 60 ¢ —— VO +OLA
underscz_)res the c!lnlcal benefit of blocking the productlonlof 2-HG. i, o o e o i b nB e o on mo E wehorarom weronmrom SF,,=50% surviva fraction (concentration that inhibits cell survival to 50%) Study 2 2-HG Tumor Vehicle 1.75 (0.03) x 107 ) w0 |
« Parallel investigations have suggested that IDH1/2 mutation leads to a H o2 OLA 1.41(0.09) x 107 T -
“BRCAness” phenotype and sensitivity to pon(ADP-ribose) polymerase * gs(iAﬂ)reasl invasive carcinoma; CHOL = cholangiocarcinoma; LGG = low-grade glioma; GBM = glioblastoma; AML = acute myeloid leukemia; IVO does not reverse sensitivity to PARP inhibition in HCT-116 OLA Plasma OLA 2.28 (0.26) x 10* g 20 .
(PARP) inhibition via a reduced capability for DNA damage repair owing N T J IDH1-R132H cells g a
to high levels of 2-HG.** : L ; : AUC = areaunder e curveforplasma (gt or tumer (rngl9) 0 7 14 21 28 35 42 49 56 63 70 77 84 91 98
L . * 14-day clonogenic assays were performed in HCT-116 IDH1 WT and
« PARRP inhibition has been proposed as an alternative strategy for the ) ° mIDH1 cells show discordant sensitivity to PARP inhibitors in vitro t ); Il 9 bini Y > D trati f PARP inhibit Days post treatment start
treatment of mIDH1/2 & th 1 iated hypothesia that 3 mutant cells combining increasing concentrations o inhibitors
IDHA12 inhibltion ranr o to 8 lose of sonattivity t PARP mhikition.* S e e « Little to no sensitivity to talazoparib (TALA), olaparib (OLA), and with 0.1 or 1 M IVO (Table 4). IVO/PARP inhibitor combination shows superior activity over Disease burden in porpheral biood
y ty : niraparib (NIRA) was observed in mIDH1 cells based on 7-day CellTiter + IVO treatment of mIDH1 cells did not reverse sensitivity to PARP single agents in an IDH1-R132H+ AML patient-derived xenograft (PDX)
Mean + SEM posiive cels shown Glo (CTG) assay (OLA data shown in Figure 5). IC,, values for all inhibition in clonogenic growth assays (Figure 7), in contrast to + Reduction of 2-HG (>90%) by IVO led to survival benefit compared z [ —
OBJECTIVES ) ’ Icr? ?oprzrgstst: nCdT((:Begggz;sarr?\ISISJFT1anIIZse:hQ\A;I-:§ ::nfl.anced sensitivity Prevously pualsned work with vehicle (Figure 10). é vo
. 4 . - " . « OLA treatment alone led to survival benefit compared with vehicle 33
. ; : : f _ i i to PARP inhibition in clonogenic survival assays (Figure 6), as Figure 7. mIDH1 inhibition does not reverse sensitivity to PARP inhibition in £3 == OLA
To Inyestlgate the relationship between 2-HG and DNA damage and Treatment of mIDH1 cells with IVO fails to reduce DNA damage reviously reported.® 9 ys (Fig ) clonogenic growth assays treatmlent-alone. . . ) & % mm VO +OLA
repair in mIDHT tumor cells. « mIDH1 HCT-116 and US7MG cells were treated with 1 uM IVO for 1, 4 P y e ’ « Combination of IVO and OLA provided added survival benefit compared 29
« To assess the sensitivity of mIDH1 cells to PARP inhibition in vitro G >90% af H P HCT-116 IDH1+/+ vs HCT-116 IDH1-R132H/+ with either treatment alone. Q2
and in vivo. and 7 days. 2-HG levels were reduced by >90% after treatment . . = ——— . Survival correlated with the onset of incr ddi burden in 2
To investigate the potential for antagonism between IVO and PARP for 24 hr. B cripheral blood (NCDA5+ AML PDX callay. oo e E
inhibit 9 IDH1p f d 9 ft « In contrast to previous publicationsf IVO treatment had little to no determined by cell viability following treatment for 7 days peripheral blood ( cells). 2
inhibitors in m cells and mouse xenografts. effect on DNA damage levels (Figure 2). 5 oo oo 1 2 3 4 5 6 7
us7MG HCT-116 THP-1 £ Parental: OLA * IVO 0.1 4 Time on treatment (week)
150 150 150 - ‘5- ~#- Parental: OLA + IVO 1 M . . . .
M ETHODS . § . R E - :zz: gt:'ms:‘ " FAIR Bk () UL Sy CEE D o assessing efﬁcacY el AML PDX model genetics: IDH1-R132H; NPM1 W288fs*12; DNMT3A A571fs; FLT3-ITD+
H g1 ° - M u Error bars are + SEM
. : : Figure 2. Reduction of 2-HG by mIDH1 inhibition has little to no effect on the i & & RIS2H: OLA+ IO 14 Disease burden in peripheral blood monitored by weekly survival bleeds
"f\l{l(;Jr:’]arllltoal‘InZ%r(]:ODnl’ggg\?gr(:/Ing parental control cell lines were purchased DNA damage observed te T T A. Antitumor activity of IVO alone and in combination in orthotopic model \ edtan vl met J
- HCT-116 human colon carcinoma cells heterozygous for a knock-in s HCT-116 IDH1-R132H " USTMG IDH1-R132H O ST I I O g e e IV cell inoculation R® Vehidle. IVO. OLA. or IVO + OLA until median Table 7. Median survival
i MSO DMSO [OLA] M 'y i N .
IDH1-R132H mutation . ol = on oL LoaoLAIM Logloarm N . . foAT | survival met (n=10 for each cohort)® . .
- DLD-1 human colorectal adenocarcinoma cells with BRCA2—/— R T - g " DLD-1 \ Jote et e e ona Tnear e y, Sample Treatment Median survival (days post treatment start)
knock-out. ! P - el Table 4. 50% CI i ival values in IDH1 WT and mutant cell lines treated el vehice 415
. _ . . . £, % _ ~+ BROAZ-- able 4. 0 Clonogenic survival values in and mutant cell lines treate!
e et o s gegrete | NI e f
H . ) ) " OLA 63
IDH1-R132H or an empty vector (EV) control. T P Ton o s o uiw o7 e Lol S;ALAM S;‘ IRAM S,? LAM A 3232’3'2 ~98 IVO + OLA 9
+ 2-HG levels were measured by liquid chromatography-mass spectromet poL Mo oo e a1 oo Mo oo e s 11 s H s W . bi i > S
in all cell lines and are summgriged in Table 19 o p v Mean £ SEM positive cells shown RO H+C-[I;-l\1/|1860WT 420 0.83 160 g;fﬁ,iﬁ;’gﬁ,f:f"’" (Facs et Sl Survival comparison (Mantel-Cox test) p-value
. DMSO = dimethyl sulfoxide Log [OLA] M . g N
« Levels of DNA damage were measured by immunofluorescence of \ o J o +0.1 uM IVO 3.65 0.65 1.25 _ _ Vehicle vs VO 0.035
VH2AX foc: \ J i IJMU VO 384 072 119 B. PKI/PD in orthotopic model VAT QA DA
. B . . enicle vs d
- yH2Ax immunofluorescence staining was performed using IDH1 cells h duced baseline HR activi HCT-116 R132H IV cell inoculation Vehidle. VO, OLA. or Vehicle vs combination <0.0001
anti-phospho-histone H2A. X (Ser139) antibody, clone JBW301 m cells have reduced baseline HR activity ) Table 2. IC,, values in IDH1 WT and mutant cell lines treated with PARP inhibitors M 8'}"33 VG ?'gg 8'% 8'22 ! } IVO + OLA (n=12 for each cohort’ Vo o BOTE
(Millipore, Ref: 05-636). Cells were classified as positive for DNA + As previously reported,® total ATM levels were reduced in THP-1 cells Cell line TALA OLA b 1-u'\ﬁ VO 171 028 042 vs combination 017
damage when 210 foci per nucleus were counted. expressing mIDH1. No effect on ATM was observed in HCT-116 and Gl,,, uM Gl,,, uM - - - -/- I [~ OLA vs combination <0.0001
- Foci ificati i i i plugi s U87MG cells (Figure 3A). — = IVO vs OLA Not significant
Foci quantification was performed using the FindFoci plugin for Image.). ' . [P TR CU o LI UED T PO eN I VIV VIV PSP EPRPE P HT-1080 IDH1-R132C/+ subcutaneous mouse xenografts are 60 days 4 days tt t g
« Total and phosphorylated ATM and H2Ax protein levels were estimated mIDH1 cells demonstrated decreased efficiency of HR repair compared T o [T SUDS
p phoryl N p ith IDH WT \ls (Fi 3B). HR i d d by 90% i insensitive to PARP inhibition alone Monitor engraftment and Analysis Hours 1, 4, 12,
by western blot. Acute bleomycin treatment (10 uM for 1 hr) was used wit cells (Figure 3B). HR activity was reduced by 90% in HCT-116  <0.001 <0.001 062 0.56 285 155 - ) N e e and 24°
as a positive control for DNA damage signaling induction DLD-1 BRCA2—-/- cells compared with the isogenic BRCA2+/+ parental : : : ’ ’ ’ « Tumor growth inhibition upon treatment with a PARP inhibitor was isease burden ~ PKIPD (n=3 per
Eé?:s;IrlgSor;toeTglsc;gac;les(_rr%c‘:J%rgtl)Elr’lle;tlon (HR) activity was estimated by subcutaneous mouse xenografts (Figure 8). CONC SION
. . . . S— THP-1 0.22 0.16 1.4 0.85 8.08 2.7 - S@udy 1 was conducted as a prophylactic treatment model consistent « In contrast to published reports, reduction of 2-HG by IVO has little
Figure 3. Estimate of DNA repair protein levels and HR activity in mIDH1 or with previous reports describing OLA sensitivity in HT-1080 mouse *Animals were randomized on the basis of AML PDX cels/uL i peripheral blood to no effect on baseline DNA damage
Table 1. 2-HG levels across cell lines BRCA2-/- cell lines Parental BRCA2-/- Parental BRCA2-/- Parental BRCA2-/- xenografts. e o o s, on and 2 days ot R e :
- Study 2 was conducted as an established tumor model assessment | FACS = torescanceactate ol srn: V= T e s ’ \TVI-PH1||Ce|I_Iis show r%c‘i ucecg_ HdR actvity In wttro compalgledtwnh IDH1
2-HG level, SD), ng/1 x 10° cell A B " . ~0.01° condl J cells. However, these findings were not comparable to a
DLD-1 parental 169.25 (3.03) o - SR Gl Sreg concomtation saceing 0% reduction i ol profferation + OLA plasma exposures were analyzed and found to be within the . « Exome sequencing analysis did not identify the presence of HRD
DLD-1 BRCA2—/— 47.55 (2.75) l S| = expected concentration range (Table 5). Table 6. Summary of PKIPD analysis in plasma, spleen, and bone marrow marks in mIDH1 tumors across different indications.
S e I T—— _ 9 4  In vivo experiments in HT-1080 xenografts demonstrated no
HCT-116 parental 5.38 (0.07) A F E= ;— 55 B9 98 89 T Figure 6. Mutant IDH1 cells are sensitive to PARP inhibition in clonogenic Figure 8. HT-1080 IDH1-R132C/+ subcutaneous mouse xenografts are Dose Ana- Dose, Plasma Spleen Bone marrow SenS.ItIVItly to St;Png]e-(?%ent PARP inhibitor treatment, in contrast to
o e—] e = growth assays insensitive to PARP inhi group lyte matkg 0 AUC,.., % 2-HG AUC,... % 2-HG previously published data.
AIGFAHIS (DI HRRR LI o | — \ = ‘ ‘ HeT-116 sty 1 stuay2 mean (SD)  mean (SD) inhibition mean (SD) inhibition’ - Combined treatment of an mIDH1 AML PDX with IVO and a PARP
US7MG EV 48.9 (3.37 racin e E— Do Dlod | HoTe oTae wiG v oA o e U 2000 10% DMSO in 10% HPBCD in N . inhibitor led to a significant survival benefit compared with either
( ) )- 1 EEEEREEES £ o mz: 1000 PBS IP QD (5 days on, 2 days off) vo 2He - - 9.36 (0.39) x 10 % 162 (0.32) x 10 %4 treatment alone.
U87MG IDH1-R132H 2090 (75.87) N\ J ° e b D /{ = OLA 50 mg/kg IP QD "
H {\\} - 1600 800 ! 6 days on?ziays o IVO 450 7.67 (1.77)x 10° 8.84 (1.74) x 10 - 4.21(0.85) x 10 - Disclosures
THP-1 EV 6.8 (0.23) E 5 H . £ / P " " This study was funded by Agios Pharmaceuticals, Inc.
THP-1 IDHA-R132H 400 (6.06) Exome sequencing of tumor samples does not reveal greater HR H j; o : - '~——37 : 1200 /F - {I 1 I(;/S; 2-HG - - 6.76 x 10 97  2.73(0.05) x 10 90 EAF, GH, TS, SR, RN, SG, BW, PK, and BN: Agios  employment and
i deficiency in mIDH1 tumors 5 4 [oLALaM § » / / VO 450 2.00(086)x10°  3.36 x 10° _ 144 (0.22) x 10° _ sto-ckr?older.. . _
. Analysis of exome Sequencing data can idemify genomic ‘scars’ o DLD-1 E /Y 400 ){‘/ Edltpnal assistance was provided by Helen _Varley. PhD, CMPP, Excel Medical
indicative of HR deficiency (HRD). The TCGA PanCancer Atlas study 5 - Pt T e Y - OLA 50 88(61)x10°  219x10° ~ 103(010)x10° - ’;ﬁ‘;‘"s' Horsham, UK, and supported by Agios.
r n ‘HRD re’ n th m of’ . I BReA2- L eferences
LTS eported a score baS.eC: on the sum o g 4 5 “ i\ OLA 2-HG - - 1.78 (0.18) x 107 23 2.48 (0.38) x 10° 8 1. Dang L et al. Nature 2009;462:739-44. 2. Ward PS et al. Cancer Cell
- HRD loss of heterozygosit & g H ‘ (0.18) (0.38)
ygosity . £ ¢ g ) N ol . . L o4 . . ) 2010;17:225-34. 3. Sulkowski P et al. Sci Trans! Med 2017;9(375):pii-eaal2463.
mIDH1 cells show increased baseline DNA damage - Large-scale state transitions' o z & 5 10 15 & 5 O timocuon 2 " . _ s B 4. Molenaar RJ et al. Clin Cancer Res 2018;24:1705-15. 5. Herbert AD et al.
. : . 9 ~ NtAl (number of telomeric allelic imbalances)."” 8 , E 0,# Days post inoculation Days post inoculat OLA 50 152(0.51)x 10" 389 (3.54) x 10 4109010 PLOS One 2014:9:¢114749. 6. Inoue S et al. Cancer Cell 2016;30:337-48. ,
+ Solid tumor mIDH1 cell lines showed an increased percentage of o S - oo b e b Veride 2.HG p———— p— 7. Knijnenburg TA et al. Cell Rep 2018;23-239-54.66. 8. Abkevich Vet al. Sean cade o receive
foci-positive cells compared with WT cells, reproducing previously « HRD scores for IDH mutant tumor samples are not in the same range S ! '"‘ . Exror bars are £ SEM ehicle 2 - - .32 (0.18) = .63 (0.75) = BrJ Cancer 2012:107:1776-82. 9. Popova T et al. Gancer Res 2012:72:5454-62. o o e poster
published data (Figure 1).° as those for BRCA1 null tumors (Figure 4). L ole fhatfhe axis s ona fnearscale J  \Ureco= o Pz PBS = phosphate-buffered saline: QD = once daily J Compared with vehicie 10. Birkbak NJ et al. Cancer Discov 2012;2:366-75. hitp://bit ly/2GFBSIU

Presented at the 2019 American Association for Cancer Research (AACR) Annual Meeting, March 29-April 3, 2019, Atlanta, GA, USA



