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Conclusions Plain Language Summary

 In an analysis of nasal swab samples collected during the Phase 3 OAKTREE trial, emergent * Obeldesivir is an oral antiviral drug that stops the replication of SARS-CoV-2, the virus that
amino acid substitutions in the SARS-CoV-2 RNA-dependent RNA polymerase Nsp12 were causes COVID-19
observed in similar frequencies in participants who received obeldesivir twice daily for 5 days

andiin those wholrecened|the matched placebo * Viruses can sometimes produce new copies of themselves that are less vulnerable to the effects

of antiviral drugs, making it harder to treat the infection
* Only 1 participant who received obeldesivir had an emergent Nsp12 substitution (C799F)

associatediwithireduced (3 4=fold)iin vitro suseeptibility o obeldesivir * This study aimed to determine if SARS-CoV-2 can become resistant to obeldesivir treatment in

people who have COVID-19 and a low risk of becoming severely ill from the disease

* The low-to-no change in obeldesivir susceptibility among the treatment-emergent Nsp12
substitutions indicated a high barrier to the development of obeldesivir resistance in low-risk,
nonhospitalised patients with COVID-19

* Here, laboratory analyses showed that SARS-CoV-2 is not likely to develop resistance to
obeldesivir in people who have COVID-19

Introduction

* Obeldesivir (ODV) is an oral nucleoside analogue prodrug inhibitor of the « OAKTREE was a multicentre, randomised, double-blind, placebo-controlled study wherein nonhospitalised participants ] ]
SARS-CoV-2 RNA-dependent RNA polymerase Nsp12 that has demonstrated aged 212 years who had COVID-19 and no risk factors for disease progression were randomly assigned to receive ODV or Figure 1. Study Design
activity against a broad spectrum of RNA viruses' placebo twice daily for 5 days (Figure 1) Primary endpoint
+ The antiviral activity of ODV in patients with COVID-19 has been demonstrated in * The whole genome of SARS-CoV-2 was deep sequenced using lllumina MiSeq or NextSeq (DDL Diagnostic Laboratory) on n =979 ODV S-Crr:r?t:)?nca(ﬁ(\a/\llli:;:[?ogn
clinical trials, including the Phase 3 OAKTREE study conducted in nonhospitalised all samples with viral load 22228 copies/mL that met the sequencing analysis criteria: _ 350 mg BID by Day 29

participants without risk factors for progression to severe COVID-192

1:1
— All participants in the ODV group and 50% of participants in the placebo group at baseline and on the last day of treatment m_ —— ¢
aceno
n =976 -

— Participants with viral load increase of 21 log,, copies/mL compared to the previous time point

1 1 1 1 1 77 1

Study day 1 3 5 10 15 20 29
— Participants who did not achieve COVID-19 symptom alleviation or had symptom relapse by Day 29 Midturbinate nasal swab o * ¢ * * *

- - sample collection
j e c |Ve — Participants with positive rapid antigen test beyond Day 15 or viral antigen rebound Median Time to COVID-19

L : , Symptom Alleviation by Day 29 (Days)? Serious AE, n (%)°
« The emergent Nsp12 substitutions observed in the ODV group were modelled on the cryo-electron microscopy structure of ymptom Alleviation by Day 29 (Days) eriots " (%)
the SARS-CoV-2 replicase complex to determine the location of the substitutions in relation to the active site of Nsp12 oDV 5.9 (95% Cl, 5.4-6.1) 2(0.2)

« Amino acid substitutions in SARS-CoV-2 Nsp12 observed at baseline in =3 participants and Nsp12 substitutions that Placebo 6.0 (95% Cl, 5.8-6.3) 4 (0.4)
emerged post baseline in the ODV group (not observed in the placebo group) were phenotyped in a replicon system to
determine if they altered susceptibility to ODV

— Participants with progression to hospitalisation or all-cause death by Day 29

* To evaluate SARS-CoV-2 ODV resistance in the Phase 3 OAKTREE study

aAnalysis set included participants who were randomised, received =1 dose of the study drug, were SARS-CoV-2 positive at baseline as confirmed by RT-PCR at the central laboratory,

. . . . . . . . and had COVID-19 symptom data (ODV, n = 879; placebo, n = 882). "Analysis set included participants who were randomised and received =1 dose of the study drug (ODV, n = 979;
— Additionally, phenotyping was performed on amino acid substitutions that emerged post baseline in SARS-CoV-2 Nsp8§, placebo, n = 976).

NSpg, NSp10, NSp13, and NSp14 If present in 22 partiCipantS in the ODV group bUt nOt in the placebo group AE, adverse event; BID, twice daily; ODV, obeldesivir; RT-PCR, reverse transcriptase—polymerase chain reaction.

Results

Participants
o _ - Table 2. Baseline Amino Acid Substitutions® Detected in Nsp12 Figure 2. ODV EC,, Fold Changes®? From WT of Baseline Nsp12 Amino Acid Substitutions
» Of the 1955 participants randomised and treated, 287 participants (ODV, 174;
placebo, 113) met the sequencing analysis criteria and had sequencing data at Baseline Nsp12 Placebo Total Positive controls  ~ aeas Assay variability threshold
both baseline and postbaseline (Table 1) Substitution, n (%) (n =700°) (n =1414°) 20 -
D63N 15 (2.1) 10 (1.4) 25 (1.8) 16.0
H82R 1(0.1) 2 (0.3) 3(0.2)
Table 1. OAKTREE Sequencing Data K91R 0 3(0.4) 3(0.2) S
A97AIV 4 (0.6) 1(0.1) 5 (0.4) £ 15—
_ oDV Placebo A130T 1(0.1) 3(04) 4 (0.3) S
Treated population, n? 979 976 R132R/K 1(0.1) 4 (0.6) 5 (0.4) LqL,
Particjpants with sequencing data available at 714 700 N158N/S 2 (0.3) 1(0.1) 3(0.2) g”
baseline, n Y163C 3 (0.4) 2 (0.3) 5 (0.4) 8 104
Participants with sequencing data available at 192 118 A185V 1(0.1) 2 (0.3) 3 (0.2) (&)
postbaseline, n AD50T 13 §e)
(1.8) 15 (2.1) 28 (2.0) s
Partic_ipants with seque_ncing data available at both 174 113 V257F 4(0.6) 3(0.4) 7 (0.5) L
bas:elzlrr’:i'zr;:tzosﬁaz:I:rz,err:t Nsp12 substitutions D258D/Y 3 (04) 0 3(0.2) 08 > " 28
ICI WI u It , L
N (%) 0Mra(ir2) | 2S04 e 505 o0 ) 1.0 B B8 1.2 12 14 11 13 21 11 1.0 1.0 10 14 1.2 10 15 07 0.8 11 08 11_11 09 09 18 12 12 11 10
Participants with Nsp12 substitutions with reduced :
susceptibility to ODV in vitro, n/N (%) 171174 (0.6) NA \E(;;;\H/ g (8 g) ; (8- 1 ) 2 (8 j) 0
R ot sl O, o1 1 G 1 dose of sty T293TI1 504 o 02 NP SR IRE . SR PPN S (M S RO pC O R SIS
P323L 714 (100) 698 (99.7) 1412 (99.9) Q ?g\q TR R Qg\'b @‘3 0 v'\‘b ?‘333 R O‘f? ROV ((j',\ B AP ?rp% ?(b(b ¥ @?\ ¥ o P & °
V354L 2(0.3) 3(0.4) 5 (0.4) &9 Kby
Baseline Virology Analysis A382T 3(04) 0 3(0.2) A ©
o _ _ _ o A382V 3 (0.4) 1(0.1) 4 (0.3)
° Of the 1414 part|c|pants Wlth base“ne Sequencmg data, 1401 part|c|pants P461S 2 (0.3) 1 (0.1) 3 (0 2) el?:\}algrehrepresented ells rlneiagfiSD. Fhor subgtitutic:ns }291R, A13?'I|',C|VC;54L, V473F, AI\52|9\t/, gGQtAth,tﬁnd R9iI4S, t_rrinsfect.ioglg;f th?thmutantllreplicon waﬁ attgmpted tt_WiC(ta, gL:tzZ%h?r}gtygic rr\esé‘u:ft wa.strL:nabIe tofb%ginerated cliue tcl; Ielzck %f].rei)rl]ica’[ir?nl.d
(ODV’ 711’ placebov 690) had SARS-CoV-2 lineage determined V473F 2 (0 3) 2 (0 3) 4 (0 3) are?Nitr?inatrr]1geev\;:1\/;’?asb(izlziat)(/;uo;a tre1e ac;;(:\?/.c bV\?'I)EFga,{\lIr'\]’qéa—nc’oe\z/er ?egqliizrlj\ r%fefer?gg 3:315 \?vzgléjzn%ra\?éd froenieavgirlei(i;l iso?a\;:rllraorlnlér:)angﬁ;iefliI:g:gzsginS%Q/f\a/?/n?g;Ilg:dev7g2l-w-e?e u(tiI;asSedeasIggi’itivgséoan?olg. erenge veles e s freshe
. : : EC,,, half-maximal effective concentration; ODV, obeldesivir; WT, wildtype.
— The following SARS-CoV-2 variants of interest and variants under monitoring as K478N 2 (0.3) 3(0.4) 5(0.4) "’
defined by the World Health Organization as of 5 March 2024 were observed: A529V 2 (0.3) 5(0.7) 7 (0.5)
any XBB sublineage (observed in 96.1% of participants), XBB.1.5 (11.2%), H613Y 1 (0.1) 4 (0.6) 5(0.4)
XBB.1.6 (4.0%), XBB.2.3 (2.2%), XBB.1.9.1 (2.2%), and EG.5.1 (1.6%) M666! 1(0.1) 3(0.4) 4 (0.3) Figure 3. ODV EC,, Fold Changes® From WT of Emergent Nsp12 Amino Acid Substitutions in the ODV Group
. : - . G671S 686 (96.1) 677 (96.7) 1363 (96.4)
— In the most prevalent Omicron subvariants (found in 220 participants), Positive controls . Assav variabilitv threshold
the Nsp12 substitutions observed were A250T, P323L, and G671S _';ggg::/Y ; E;'g; 2 (8 3 170(?0'57)) 20 7 o y y
* In total, 34 Nsp12 substitutions were observed in =23 participants at baseline M818| 2 (0:3) 2 (0:3) 4 (0_:3) 15.4
(Table 2) Q822H 2(0.3) 6 (0.8) 8 (0.6) E
« Phenotyping of Nsp12 substitutions detected at baseline resulted in half-maximal G823GinsD 2(0.3) 3(04) 5(04) £ 15+
effective concentration (EC,,) fold changes <2.1, suggesting that ODV maintains R914S 2(0.3) 1(0.1) 3(0.2) I
similar antiviral activity against replicons containing these substitutions compared Other® 67 (9.4) 50 (7.1) 117 (8.3) o
with a replicon containing the wildtype reference sequence (Figure 2) *Baseline sequences were compared with the WT reference sequence Wuhan-Hu-1, NC_045512.2. ®Number of participants with baseline %
sequencing data available. °*123 Nsp12 substitutions were observed in <3 participants. None of these substitutions have been associated = 1 0 -
. . . . . . with resistance to ODV.
Postbaseline Amino Acid Substitutions in Nsp12 ODV, obeldesivir; WT, wildtype. ‘;
©
* Among participants with baseline and postbaseline sequencing data, rates of L
emergent amino acid substitutions in Nsp12 were similar between the ODV and o 51 3.9 3.4
placebo groups (Table 1) Table 3. Emergent Postbaseline Amino Acid Substitutions in Nsp12 1
* There were 20 Nsp12 substitutions observe;d i_n 229 postbasgline sequences.in Emergent Nsp12 oDV Placebo Total
the ODV group (8.7%) and 12 Nsp12 substitutions observed in 126 postbaseline Substitution, n (%) (n = 1747) (n = 1137) (n = 2877)
sequences in the placebo group (9.5%; Table 3) A34ANN
) : e : Y38Y/H
Phenotype of the Emergent Nsp12 Amino Acid Substitutions in F70F/S _ _
Participants Treated With ODV T76T/I 0 1(0.9) 1(0.3)
» Only 1 Nsp12 substitution from 1 participant from the ODV group (C799F; first B?ig\/(G 1 (8'2) 8 1 (8'2)
detected at Day 15) was associated with reduced in vitro SUSCepthlhty to ODV, ATBEAN 1 20-6; 5 1 E0'3; For substitutions G200D, G203S, S364F, V338A, T556S, and H572R, transfection of the mutant replicon was attempted twice, but a phenotypic result was unable to be generated due to lack qf replication. _
with an ECs, fold change of 3.4 compared with the wildtype reference (Figure 3) - - e e e g T e e e e maled 1o 2 o (aashec ). s, any ol change values beow s treshald
L. G200G/D 1 (06) 0 1 (03) EC,,, half-maximal effective concentration; ODV, obeldesivir; WT, wildtype.
— The participant reported that all symptoms resolved by Day 10 and that they G203S 1(0.6) 0 1(0.3)
did not experience symptom relapse Y273H 2(1.1) 3(2.7) 5(1.7)
— None of the other substitutions impacted ODV susceptibility (ECs, fold K288K/" 0 1(0.9) 1(0.3) _ _ _ o _ _
change <1.3) 13071/S 1 (0.6) 0 1 (0.3) Figure 4. Map of Nsp12 Amino Acid Substitutions Observed in the ODV Group Figure 5. ODV EC,, Fold Changes? From WT
_ _ _ _ _ o A311A/S 0 1(0.9) 1(0.3) on the Cryo-EM Structure of the SARS-CoV-2 Polymerase Complex of Emergent Replication Complex Amino Acid
— This result aligns with what has previously been observed in Phase 3 clinical V338A 1(0.6) 0 1(0.3) Substitutions in the ODV Group in 22 Participants
trials investigating remdesivir: C799F was identified in in vitro resistance selection S364S/F 1 Fa |
. . . . . (0.6) 0 1(0.3) . .
experiments in the presence of the parent nucleoside, GS-441524, in 1 participant A3S2A/S 0 1(0.9) 1(0.3) Positive controls
) ) . o : :
from the ACTT-1 study® and in 1 participant from the REDPINE study* FAo0Y 1(0.6) 0 1(0.3) S364F . V338A 173
Structural Analysis of the Emergent Nsp12 Amino Acid K478N 1(0.6) 0 1(0:3) A558S m < ' | “aAr o 17 T - Assay
e . . . : A526A/V 0 1(0.9) 1(0.3) & -0 "4 RN oA T556S o variability
Substitutions in Participants Treated With ODV T556T/S 1(0.6) 0 1(03) H57oR - : | .‘:%'- 15 - threshold
« Most of the Nsp12 substitutions that emerged in the ODV group were located on ASSBA/S 1(0.6) 0 1(0.3) Fa22y os
the protein surface, with no expectation of an impact on ODV activity (Figure 4) H572H/R 1(0.6) 0 1(0.3) 1307S =~ Active B £ 10-
o o VB37V/A 0 1 (0.9) 1(0.3) NTP 22
— The substitutions closest to the active site were T556S, A558S, H572R, MGE6M/I 0 1(0.9) 1(0.3) L.
C799F : ' T739I o 5= 3.9
and G671S 5(2.9) 2 (1.8) 7 (2.4) Q822H O 10 B -_ _____ 0.6
. . . . F694F 1.7 1 (0. 4(1.4
Postbaseline Substitutions in Nsp8, Nsp9, Nsp10, Nsp13, Lsgﬂ_//: ?EO 6; (8 J 1 EO 3; A185V C799F 0 | =
and Nsp14 D711D/V 0 1(0.9) 1(0.3) 092G S ,\q‘ﬁ 4'\@) \bf
N
« Of 287 participants with both baseline and postbaseline data, 54 participants (18.8%) 1739 1(0.6) 0 1(0.3) TSOBA 0329 QS NV Q’\b‘
had emergent substitutions in the replication complex genes Nsp8, Nsp9, Nsp10, T739T/S 0 1(0.9) 1(0.3) é\‘o R N4
. o ) . E796E/K 0 3(2.7) 3 (1.0) G200D R
» Thirty-three participants of 174 in the ODV group (19.0%) and 21 participants of C799C/F 1(0.6) 0 1(0.3) | ¥ N
113 in the placebo group (18.6%) had substitutions in any of these genes T806A 1(0.6) 0 1(0.3) G203S £70S 1 vagH  L707F
« Of the 28 substitutions observed across the replication complex components, Q822H 1(0.6) 0 1(0.3) Aates vt trse valtas T vaaioy of e renlioon nceny nas boos astimated
only 1 SUbStitUtiOn, NSp14 |42V, met the criteria for phenotyping G823GinsD 1 (0.6) 2 (1.8) 3 (1.0) _ _ . o o to 2.3-fold (dashed line); thus, any fold change values below this threshold are within
. .. The structurg is a model'of active N.TP mcorporahon in the SARS-CoV-2 polymerase_ actlve_ site ba§eq on the cryq-EM structure.5'Th_e full the varlapl!lty qf the assay. "WT SAR.’STCOV-Z replclcc;n reference SHO1 \;vr?s ginerated
— Phenotyping of Nsp14 142V resulted in an ODV ECy, fold change of T o line soquencing daa avaabl. ST proten s SToun I Sreen, i e ocations of e observed postoaselne amino st sebsfons shown i magerta. Whie i Neo? o sl s rom Sharghel (insaye B) Hep12 875947921 and N2
0.6 compared with the wildtype reference, indicating no impact on ODV, obeldesivir. EM, electron microscopy; NTP, nucleoside triphosphate form of obeldesivir; ODV, obeldesivir. ECa, half-maximal effective concentration; ODV, obeldesivir; WT, wildtype.
antiviral activity (Figure 5)
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