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Bemnifosbuvir Does Not Alter Cardiac Repolarization in Healthy Participants: Results from a Thorough QT Study
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* At the geometric mean C__ of AT-229 after single BEM doses of 550 mg
and 1100 mg, the model-predicted effects on AAQTcF were 1.86 ms

Table 1. AIC values for all models from C-QTc analysis

Estimated slope of analyte concentration,

« Secondary objectives: evaluate the effect of BEM on heart rate (HR), PR
interval, QRS duration/interval relative to moxifloxacin (positive control)

Figure 2. Scatter plots of AQTcF vs plasma concentrations
of BEM and metabolites with simple linear regression and

INTRODUCTION

s . . . : Analyt Treatment .
Nucleoside/nucleotide analoas with ootent antiviral activity. and a high and placebo, demonstrate assay sensitivity using oral moxifloxacin as a LOESS regression g 1 effact s ms/ng/mL (P-value) (90% ClI: 1.06, 2.66) and 4.29 ms (90% Cl: 2.74, 5.83), respectively.
barrier to resistance. are essgen fial foF:’ the treatment of mayr; acute agn q positive control, and evaluate the effect of BEM on T-wave morphology BEM Model model AIC value  (t-value) BEM AT-551 AT-229  AT-273 All upper bounds of the 2-sided 90% CI were far below the established
o . y and U-wave presence 8 | A BEM, AT-551,  8820.7 -0.69 0.00032  -0.000085  0.0027  0.00038 10 ms threshold of concern (Table 2)
chronic viral infections 20-{0 A | AT-229, AT-273 (-1.54)  (0.0382)  (0.9217)  (0.0004)  (0.8944)
1, : : :
» Drug-induced cardiotoxicity is a known potential complication of this drug | B BEM, AT-229,  8808.4 069  0.00031 0.0026  0.00043 Table 2. Pr(:)dlcted AAQTcF interval at geometric mean peak
class. Additionally, regulatory guidance emphasizes the need for robust RESU LTS 2 A AT-273 (-1.54) (0.0134) (<0.0001)  (0.8792) concentrations for AT-229
data on the effect of novel compounds on electrocardiogram (ECG) L 0- C BEM,AT-229 87986 -0.65  0.00030 0.0026 Treatment Geometric mean C__ of AT-229, ng/mL  AAQTCF estimate, ms [90% ClI]
. . L . 5 (-1.73)  (0.0087) (<0.0001) _
parameters, especially cardiac repolarization, to evaluate the potential Effect on HR < 4 5 i 8816 5 065 000048 BEM 550 mg 849.2 1.86 [1.06, 2.66
- - ‘n el S - - - BEM 1100 m 17215 4.29[2.74,5.83
risk of cardiac arrhythmias - BEM at the studied doses did not have a clinically relevant effect on HR; g | (2.03)  (0.0033) - . S [ j—
. Bemnifosbuvir (BEM AT-527) iS an oral double prodrug Of 3 . ’ 0_20_ | = AT.EE — e — Basled otna Ilnegrtmlxedt-effedc;t)s m(?.del with AQd'I;?E as ’Ithe depetnd?nt \:arlat?(le, t!{me-in?tchefl ATt—)225_9 glasrgi.concenft.rat(ljonf?s f\n
’ ) the Ieast_squares mean (LSM) placebo_corrected AHR On BEM Varled | - \ . . exzana o(;y VaII'I? e, Ce{l erg I aseline asrtgqa 1:I |((:)na covqua e, rlea men (ac |vte ; or placepo = )an Ime as 1ixed errects,
uanOSine nucleotide anak)g With potent aCtiVity againSt fIaViViruseS . . | (009) (00006) ana a ranaom intercept ana slope per participant. C___, maximum plasma concentration.
9 _ _ s _ o = from -1.2 bpm to +2.6 bpm across post-dose time points, and there were | | , _
and coronaviruses. BEM in combination with ruzasvir is under clinical no outliers in terms of HR chanaes | F AT-229 8760.0 -0.51 0.0028 * The predicted effect on AAQTcF with C-QTc models for BEM and other
. . as g A | (-1.35) (<0.0001) . . .
development for the treatment of chronic hepatitis C (Phase 2) 40 , metabolites alone were similar to those from the primary model
_ _ _ _ _ - : - - 1 . . 1 1 . G AT-273 8800.2 0.026 0.0071 _
e« BEM is read”y absorbed and metabolized to the active tnphosphate EffeCt on Cardlac rePOIarlzatlon. the QT InterVa| 0 2000 ;I(E)I(\)/Ioconcentration (ng(j?nolg 8000 10,000 (0.06) (0.0357)  Thus, a AAQTcF effect eXCeedlng 10 ms can be excluded across the full
metabolite AT-9010 in mammalian cells? * In by-time-point analysis, the LS mean change from baseline QTcF AT-551 AIC, Akaike information criterion. observed plasma concentration ranges for BEM and its metabolites
— Dephosphorylation of AT-9010 forms the guanosine nucleoside (AQTcF) on BEM generally followed the pattern observed in participants _ _ AT-551, AT-229 and AT-273 (up to ~10,104 ng/mL, ~2117 ng/mL,
metabolite AT-273, which is a surrogate plasma marker for intracellular receiving placebo 20- Figure 3. Primary C-QTc model (Model F: AT-229) ~2666 ng/mL and ~496 ng/mL, respectively)
concentrations Of AT-90 06,7 _ LSM AAQTcF on BEM Varled from _25 ms to 45 ms and d|d not 1. Scatter plot of estimated AAQTcF and observed AT-229 plasma concentrations ) ) _ )
. . - . 0 Effect on cardiac repolarization: the PR and QRS intervals
— Sequential hydrolysis of the BEM free base, AT-511, also forms indicate a dose-dependent effect; the upper bound of the 90% CI was _ 40 - SEM at the studied d did not h inisally rel ¢ offoct on PR
the intermediate prodrug AT-551 and a nucleoside metabolite below 10 ms across all post-dose timepoints for both BEM doses s o- L The STAISA Aoses did NOt nave a Clinically televant erect on
. ; . . " 2 and QRS intervals; changes from baseline in these intervals were not
AT-229 in the plasma * In contrast, the LSM AAQTcF for moxifloxacin (positive control) peaked 3 L .
. . B significantly different vs placebo
» Preliminary clinical studies of cardiac safety, via robust concentration- at 13.0 ms (at 2 and 3 h post-dose), with the lower bound of the 2-side : _ 207
QTc analysis in healthy participants, demonstrated no clinically relevant 90% CI well above 5 ms at several time points, demonstrating the S 20 - c Categorical outlier and morphology analyses
LR ] ] l_ M " ] (]
effects of BEM on cardiac conduction and ECG morphology, confirming sensitivity of the assay (Figure 1) g - Categorical treatment-emergent AQTcF outliers and morphology findings
revious pre-clinical studies that suggested BEM has a low potential for : : g 0- are summarized in Table 3
Eardiotoxirz:it and is unlikely to inhibgi’?the mitochondrial DNAFidirected Figure 1. Placebo-corrected change-from-baseline QTcF H Th treatment t outliers in HR. or PR RS
Y 378 y (AAQTcF) at each time point with statistical modeling o . | . | g ere were no treaiment-emergent outliers In AR, or or Q
RNA polymerase ' (B -time point analvsis set) 0 500 1000 1500 2000 ke intervals
» Here we report the results of a Phase 1 thorough QT (TQT) study of Y P Y AR concentetion oy 205 . .
tosbuvir in health ticinants (NCTO5905484 )¢ 207 —m— BEM 550 mg AT-229 Table 3. Categorical outliers and treatment-emergent ECG
bemnifosbuvir in healthy participants { ) BEM 1100 mg | morphology findings occurring in 21 participant
—&— Moxifloxacin 400 mg 20— | 7 :
15 | 40 — Treatment period
— I
T _ I 550 mg 1100 mg MOX Placebo
M ETH O DS — - _ il A ‘ & l 0 500 1000 1500 2000 2500 ECG finding, n (%) (n=32) (n=33) (n=34) (n=30)
- Bl I N D4 e N E o | AT-229 concentration (ng/mb) QTcF >450 and <480 ms 2 (6.3) 1(3.0) 3 (8.8) 1(3.3)
(] E - 1 —_— O
Study design £ 1 : : o S om0 e QTCF >480 and <500 ms 0 0 1(2.9) 0
36 eligible healthy participants 18—-55 years were randomized to receive g > A I { B : | Mean predicted  vssicrny 90% AQTcF >30 and <60 ms 0 0 3(8.8) 0
a single oral dose of BEM 550 mg (therapeutic dose), BEM 1100 mg S .\T/T/T—I\ t | + 1+ T I 7 . R o s e ey S50 e conescn L, o e v [ e mverson il : 129 :
i i - ' i 0 L —> denote the pairs of ob dd | trati d estimated AAQTCF by participants f h active d d wave. biphasic :
(supratherapeutic dose), matching placebo, and open-label moxifloxacin L IR ; b g e by e e by A AT S b s B ey o ; s Lo
400 mg (pOSItIVG Control) N a 4-per|0d, 12-SequenCe, Cross-over deS|gn J_I/I:I: J_ T L 1 A I administered with active drug or placebo at time point k minus the estimation of the time effect at time point k. ' : ' :
MOX, moxifloxacin
with 3 participants per sequence -5- & | ’
E IE) P p lud qd th d ble-blind t " " (BEM 550) -40 . . | j . | I 2. Model predicted AAQTcF (mean and 90% CI) and estimated AAQTcF (mean and 90% CI) across
— EacCh sequence Inciuae ree doubie-Diind tfreatments mg, 0 500 1000 1500 2000 5500 deciles of AT-229 plasma concentrations
BEM 1100 mg, and matching placebo) and one open-label treatment 10— . . . . . . . . . . . . . . AT-229 concentration (ng/mt) 40~
: - 025 05 075 1 2 3 4 5 6 8 10 12 24 36 48
(moxifloxacin 400 mg) . , AT-273 o ini i i~ ati
e tota or of particioant AU, SEM 1100 Time point (h) . BEM had. no clinically relevant gffects on cardiac repolarization, heart
_ € total number o pa ICIpan S reCGIVIng mg’ mg’ LS mean and 90% CI based on a linear mixed-effects model: AQTcF = treatment + time + treatment x time + period + sequence 20— rate’ PR Interval’ or QRS duratlon
I I I + baseline QTcF. A tructured ' truct dt ify th ted t-d ti ints fi . .
placebo and moxifloxacin were 32, 33, 30 and 34, respectively tcant within fraatmont eriad), Tho daenad in6 doncies 6 thomotical it of o AQTAE of 10 Cose time points for 727 . A QTc effect exceeding 10 ms, the established threshold of concern,
Cardiac safetv assessment AT o _ _ _ _ _ S04 can be excluded across the observed plasma concentrations of BEM
. y . Alinear mixed-efiects model, including BEM ar.ld s metabgl!tgs . = o- 2 - —%— and its metabolites at the therapeutic and supratherapeutic doses
» Continuous ECG recorders were applied pre- and post-dose (up to AT-551, AT-229 and AT-273 as explanatory variables, was initially fitted E $ o gEEST—F—=— T
48 hours during each period), and 12-lead ECGs extracted at and model selection was performed according to pre-specified criteria f g References
PK-matched time points (Figure 2) 3 g I | | | ’ 1. Johnson AA, et al. J Biol Chem 2001:276:40847—57:
. . . ] . i . i O.20- o ] 2. ICH E14. Available at: https://database.ich.org/sites/default/files/E14 _Guideline.pdf (accessed Sep 2024);
* ECG intervals were measured by the central laboratory in a blinded A full model including all analytes was individually fitted and revealed =0 3. Good SS, et al. PLoS One 2020;15:€0227104;
I 1cl I - T . . . . . 4. Jucov A, et al. EASL 2024; Abstract THU-382;
manner using the Ea.rly Precision QT technique | | minimal between-model variation in Akaike Information Criterion (AIC) 30 - 5. NCT05904470. Available at: https://clinicaltrials.gov/study/NCT05904470 (accessed Sep 2024);
— Up to 10 ECG replicates were extracted at each time point for values and shallow slopes in all models. The model with AT-229 alone 6. Good SS, et al. Antimicrob Agents Chemother 2021,65:02479-20;
semi-automated QT measurements (Model F) had the lowest AIC value and was selected as the primary 1 . . . . . 1 | | | i i 8. LuoS, et al. Society of Toxicology, 2022; Abstract 4794 and poster P858;
. 0 100 200 300 400 500 0 500 1000 1500 2000 2500 9. NCT05905484. Available at: https://clinicaltrials.gov/study/NCT05905484 (accessed Sep 2024).
— T-wave morphology analysis and measurement of PR and QRS model (Table 1) AT-273 concentration (ng/mL) AT-229 concentration (ng/mL) Ack led .
i i . : : : : The solid black line with haded area denotes the model-predicted AAQTCF with 90% CI, which is calculated from th cKnowieagementis
Intervals were performed manua”y on 3 Of the 10 ECG repllCateS The eStImated pOpUlathn SIOpe Of the plasma AT'229 C'QTC relatIOnShlp was LOESS regression [ 90% Cl of LOESS Regression line eanSt;z)ln AAaCf):TCII??rT\:\g) =g-r0a,)é']S (amse) +a0r%802§??nzsperenrgn/?nl_e) EIXT-ISZeg pr:]aeS?Tr]]a concgnt:evxltion (ng/mL;lflTlﬁe :’Seg?cil?gdaC?rclergr\?vithe This Study was funded [gAtea Pharmaceuticals (Boston, MA, USA) Medical Wntmg and design support were
 Primary objective: evaluate the effect of BEM on cardiac repolarization, shallow (0.0028 ms/ng/mL) and statistically significant (90% CI: 0.00179, o BEMSSOme A BEMTIROmI o Pacebo vertical bars denote the estimated mean AAQTCF with 90% Cl displayed at the associated median plasma concentration within provided by Obsidian Healthcare Group Ltd (London, UK) and were funded by Atea Pharmaceuticals.
each decile for AT-229, among which the individually estimated placebo-adjusted AQTcFi,k (AAQTcFi,k) equals the individual

AQTcFi,k for participant i administered with AT-229 at time point k minus the estimation of time effect at time point k. The black
circle with vertical bars denotes the mean AAQTcF with 90% CI for placebo at a concentration of 0. The horizontal red line with
notches shows the range of concentrations divided into deciles for AT-229. The area between each decile represents the point
at which 10% of the data are present; the first notch to second notch denotes the first 10% of the data, the second notch to third
notch denotes the 10-20% of the data and so on.

The red line with the blue shaded area denotes the LOESS regression and 90% confidence limits. The black solid line denotes the
simple linear regression line. The plotted points denote the pairs of observed BEM/AT-551/AT-229/AT-273 plasma concentrations
and AQTcF. The dashed line is a refence line at 10 ms. The maximum observed concentrations of BEM, AT-551, AT-229 and
AT-273 were 10,104 ng/mL, 2117 ng/mL, 2666 ng/mL, and 496 ng/mL, respectively. Cl, confidence interval; LOESS, locally
estimated scatter plot smoothing; AQTcF, change from baseline in corrected QT interval using Fridericia’s formula.

0.00378; P<0.0001), with a small treatment effect-specific intercept of
-0.51 ms that was not statistically significant (90% CI: -1.129, 0.112;
P=0.1779) (Figure 3)
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as measured by the QTc interval corrected for heart rate (HR) using
the Fridericia method (QTcF), via C-QTc analysis (placebo-corrected
change-from-baseline QTcF; AAQTcF)
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