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Tolebrutinib Versus Other BTK Inhibitor Candidates for Treating MS

OBJECTIVE

* To evaluate the CNS pharmacological activity

RESULTS

Figure 1. Rank Order of Apparent Potency of BTK Inhibitors

Figure 3. Tolebrutinib Inhibits B cell Activation with Nanomolar Potency

Figure 5.

of 3 BTK inhibitors in Ph3 development in MS
BTK
1050 () O aenal -
INTRODUCTION Comparison of Kp,uu,CSF on Day 4 at 10 ma/kg
0.676 0.355 125 c
« Bruton’s Tyrosine Kinase (BTK) is a non-receptor tyrosine kinase expressed in myeloid cell types. Tolebrutinib 2 150 'C501=_3-51 nm 150 1€50.=19.8 M 150 Ic50=30.9 n. 050 -
BTK mediates signalling from certain cell surface receptors (e.g., BCR, FcyR, TLRs) to § Ri=0.744 R*=0.918 R*=0.643 045 -3 BTK Inhibitor| AUC: CSF | Cmax, CSF
downstream elements crucial to immune cell function. 3 100 o (h*ng/mL) | (ng/mL)
w
+ Modulating BTK signalling within the CNS is a central tenet of our development program, we Fenebrutinib 6.21 925 . :,‘ 100 o 8 o030 “Tolebrafinlb BE 45
sought to characterize the relative ability of three candidate BTK inhibitors currently in Phase 3 a8 S o2 - 3 olebrutini : 84
development (evobrutinib, fenebrutinib, tolebrutinib) to penetrate the blood-brain barrier. msv-m:-‘:-;“zwm 3 50 - 50 { g gfs 3 = Evobrutinib 108 3.20
« To achieve this goal, we used in silico assessment based on Lipinski's Rule of Five (see table), in 1 E 3 010
vitro kinase assays, cellular assays of apparent potency, and pharmacokinetic assessment of E { 005 Fenebrutinib 62.3 129
exposure of these candidates in plasma and CSF of the non-human primate cynomolgus (Macaca Orelabrutinib a8.7 e e s L] 3 000
fascicularis) to predict the rank order of potency to inhibit BTK signalling in CNS-resident cells. 4 ) 0 2 2 0 2 a 2 0 B & & &
& s &
Generic Name Mw clogP | LogD (pH 7.4) | H-Donors | PSA | pKa | CNS MPO Log [Tolebrutinib] pM Log [Fenebrutinib] uM Log [Evobrutinib] pMm < < &
Tolebrutinib 455.5 2.69 2.53 1 92.0 6.55 4.73
Evobrutinib 429.5 3.19 3.19 | 2 | 934 | 642 4.20 Evobrutinib 335 42 L
Ibrutinib 440.5 2.92 2.92 1 992 | 395 4.41
BIIB091 542.6 0.20 0.19 2 1279 675 3.50
Remibrutinib 507.5 3.29 3.29 2 1104 | 565 3.03 ~ 7\ /N J
Fenebrutinib 664.8 1.59 1.57 2 119.3 7.55 3.52
Figure 4. CSF Exposure in NHP Exceeded the IC90 for Tolebrutinib CONCLUSIONS
METHODS ask Tolebrutinib ouso sk Evobrutinib ovse &5t Fenebrutinib 1000 8 Tolebrutinib (plasma) oI T e potentnanE SR En S
« In silico prediction of CNS penetrance: Multiparameter optimization (MPO) scores were derived o . 0 Sebuinbipasma (50x) or fenebrutinib (9.3x)
from computationally accessible physicochemica_l descriptors All va_lues for clogP, logD (pH 7.4), ’:: 55 | | Tolebrutinb (CSF) « Tolebrutinib inhibited BTK 64x faster than
- Compound. ot - h S
and polar surfacg area (PSA) were computed using ACD!abs (version 12). The number ofH sl o 0] evobrutinib, 1780x faster than fenebrutinib
donors was obtained from RDK:it (version 2021.09.1), while the pKa value for the most basic e o Compound, nM| Compound, M Evobrutinlb (o B L. o
center was computed using MoKa (version 2.6.6). o 2upeu7s sk B 4 0. vobrutil (plase], 1C90 * Relative P_Otech Fo 'n!"'b't Ra_mos cell activation
« Biochemical kinase assays: BTK activity was assessed by a third-party vendor (Nanosyn, Santa Lpdeencin °r 1874753225 i 1248540518 was consistent with biochemical results
Clara, CA) usi ixt taining defined trations of inhibitor, 16 uM ATP. sumw | 4T oot s 100 ==t (GF) i ible inhibi
Iara’ 'th) u:.'fr.‘g. inﬂassay m'xﬂurle gor Z'n'ng te;"%:gggg:_?&zg;zkg:hHz)" The ronci osomumie o+ 2 e s . + Target engagement by the irreversible inhibitors
along with artificial, fluorescently-labeled substrate g . The reaction [ asf bkt 26 2t o . 3
was initiated by adding BTK (0.5 nM), and the reaction was followed for 3 hrs. at room el I o1 2125 9 3801088 s ienstntoh (Bosra) was d"v?n (7 APC’ r_‘mt_c!““
temperature. A 12-point concentration response curve was constructed using the standard BTK 180 22: 3952 . ;;;2"’ o o * :I'he_ t\_N_o |"9V9_75|b|e mhlblt?rs_ produc€ durable
kinase assay conditions. Phosphotransferase activity was monitored optically using a microfluidic 15k ey 3 T2 € Fenebrutinib (CSF) inhibition, while fenebrutinib is reversible and
Caliper system. Inhi_bitgrs were proyided to the vendor in a bI!ndet_J fashion, diluted in 100% DMSO 0;: . 08 ff: }D inhibition relies on sustained drug exposures
using serial 3-fold dilution steps. Final qompqund concen!ratlonslln $he assay ranged from 10 uM ok o 145 £ + The slow first-order rate constant for
to 0.0565 nM. Compounds were tested in a single well for each dilution, and the final 73 oy e a0 < e e = ° ) ) ) — 10 | f brutinib indicated that t t ¢
concentration of DMSO was kept at 1%. Reference compound, staurosporine, was tested in an Incubationt Incubation time. s iy ‘6 ] enel "_l inib indicate at target engagemen
identical manner. it = ((A+VS*t)#(((Vo-Ve)*(1-exp(((-1)*Kobs) t)))/Kobs)) = was driven by Cirough
+ Cellular activation assays: Ramos cell (an immortalized human B cell line) expression of CD69 Tworstep I irreversible model (k-2=0) Twostep inh irreversible model (k-2-0) One-step reversible model g O-(\ » Only tolebrutinib exceeded the 1C90 value in the
was us;d _to Zvalu?te fe\lular alcetl\;n‘)élldr?‘ketd to ?TK slgna_llngt; Et)eflnedsco’\r)lcenttjrztéogs &f |gh|b\|t|or K Kinact K, Kinoce < < 1C90 CNS of NHPs
were obtained via twelve serial 3-fold dilution steps ranging between 6 uM and 33.8 pM. B cel E+1—El Eol* [ E* _log = \. . P PPN
receptor was stimulated by adding goat «-Human IgM F(ab’)2 at a final concentration of 20 pg/ml. K K E+l ‘—k p E:l Tolebrutinib demonstrated intrinsic CN_S_
The activated Ramos cells were incubated overnight (18 h) in 5% CO2 at 37°C followed by - - T 1 ° PeneFr?nce based on the unbound Paﬂ_'tlon
staining for flow cytometry (BD LSR2) and analysis (FlowJo and Graphpad Prism). o0l Tolebratinib = 000048 Evobrutinib 042 Fonebratinib 1 coefficient Kp,uu = 0.397, roughly 3x higher than
+ Non-Human Primate (NHP) PK Studies: Three healthy male animals were used in a crossover 000 o » o.00042f 038 \ evobrutinib (0.131), fenebrutinib (0.147)
study conducted by a third-party vendor (Biomere, Worcester, MA). On Days 1-4, animals received 000038F 034 . q A f .
a single daily oral dose of the test article at 10 mg/kg. The dose volume was 5 mL/kg. Following a 0.0003F ”: Th: g(:lrrslblnatlon of high p?‘z’z‘;ly’t';ezidblont.ra.:)es’
7-day washout period, the same three animals received a single daily oral dose of a second test 000024 Zz; fm ot exPo_sure s_u99_es J CLIEL] ru“ (1T
article at 10 mg/kg. This sequence was repeated a third time for the final test article. Animal health 000018 ossk 'nhlb_lts BTK _S|9na"|n9 in the.CNS b¥ _>90_/0,
checks were performed at least twice daily, in which all animals were checked for general health. oomrzf orel tent with pharm logical activity in the
Body weights were recorded prior to dosing on Day -1 or Day 1. CSF samples were collected from L ox10°fr7, . . 01k * brain and spinal cord
an indwelling intrathecal catheter accessed via subcutaneous port using sterile technique. o i Y e 0.1 T T T T T T T T T T T T !
:ﬁgrgﬁ?::'é;ioa'éh\?;g?r':ﬁffl'Ri Igcsk; WS:;;T:SOVWZ?E‘"S'?;: dCaStF- ;;:Sp:)e”g?qzcsg;;;;";‘c’):(; Kobs = Kinact*[1}/([1] + Ki*(1+{ATP]/km)) Kobs = Kinact*{1/([1] + Ki*(1+{ATP)/Km)) Kobs = ki * [I] + kit 0 4 8 12 16 20 24 Acknowledgments and Disclosures
samples (~1 mL) were collected from an appropriate peripheral vein at 0.5-, 1-, 2-, 4-, 8-, and 24-  \ _ Kinsc/Ki= 4,37 pM 1 * 1 KincfKi= 0.068 uM1.* 571 k1=0.00245 M * st Time (hr) ) TT, PB, DO: Employees of Sanofi (may hold shares and/or stock options in the company);
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until processed to plasma, then stored at -80°C for analysis.
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