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Pharmacokinetics Inform Remdesivir Dosing for Patients With Severe Renal Impairment
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PK of SBECD in Participants With RI

¢ SBECD PK were characterized by a short terminal elimination half-life (t,,; 1.6 hours

Table 1. Studies Included in the PopPK Analysis Figure 2. Forest Plots Generated Using PK Parameter Uncertainty (Bootstraps) From Final

PopPK Models for (A) RDV, (B) GS-704277, and (C) GS-441524 Steady-state AUC,,, and C_.,

Participants with

_ . _ _ _ Stud Summa evaluable PK (n iIn normal renal function to 5.7 hours in severe RI) and plasma CL (7.9t0 9.5 L/h in
¢ Patients requiring treatment for coronavirus disease 2019 (COVID-19) resulting from y ry (n) A. RDV steady-state AUC,,, (nghimL) RDV steady-state C,,,, (ng/mL) ecion (60% G normal renal function: Table 2) ) P (
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) may have preexisting FEse & | . o : o chenes | T | | o
renal impairment (RI) or experience acute kidney injury because of the infection’ GS-US-540-5912  Efficacy and safety of RDV in participants hospitalized for 90 = . ¢ A ¢ 1(1-1) — An analysis of SBECD in severe Rl (REDPINE) is ongoing, but accumulation is
o . . REDPINE COVID-19 with severely reduced kidney function ercentile: 9 | ge | not expected based on its observed short plasma t
¢ Chronic kidney disease has been reported as one of the most prevalent risk factors for ( ) Y Y " 5B.%6 years | ’ 100 | ’ 1) P P 12
192 GS-US-540-9012  Efficacy and safety of RDV for COVID-19 in an - i | 0 a : o
severe COVID-19 (PINETREE) outpatient setting 148 . 95t percentle: : v | : ) Table 2 GM (/oCV_) _SBE(_ID Plasm? PK Parameters in Adult Participants
— Despite this, antiviral treatment options for patients with severely impaired renal function | - st percentie: | o i R B e i i Following IV Administration of a Single 100 mg RDV Dose
timated glomerular filtration rate [eGFR] <30 mL/min/1.73 m?2) or kidney failure CO-US-540-5844 ~ Cfficacy and safety of RDV plus tocilizumab compared o mHmnLrE : i
(es 9 : y with RDV plus placebo in hospitalized patients with 289 Mild RI Moderate RI
(eGFR <15 mL/min/1.73 m2) are limited (REMDACTA) severe COVID-19 pneumonia No -| Hospitalization o 0.50 (0.59-0.43)| 4 Hospitalization ———@— 0.60 (0.67-0.55) healthy- healthy-

. . . Geometric matched matched Simulated
¢ Remd_eswlr (RDV) is a broa_d-spectrum antiviral approved fqr the treatment of C_JOVID-19 Phase 1 95ih percentie: . 070 (070070)| - . 068 (0.68.0.67) mean Mild RI control  Moderate RI control severe RI?
In patlent_s who are hospltallzed, or those who are not hospitalized and are at risk for Safety, tolerability, and PK of RDV and its metabolites sth percenti: | WeIONt L N Weight : . i (%CV) (n = 10) (n=7) (n = 10) (n=9) (n = 20)

progression to severe disease’ GS-US-399-1812  ¢/110wing a single dose in healthy adult participants 96 mee 5 5
T | - | - Jasing y particip C...ug/mL  247(87.1)  156(32.1) 217 (28.4) 204 (22.2) 231 (16.2)
¢ Physiologic changes in RI, such as impaired excretion and altered protein binding, can affect Safety, tolerability, and PK of RDV and its metabolites Fold change relative to reference Fold change relative to reference
. . . . P GS-US-399-1 954 . . . . . 24 (56 years, 84.8 kg, 81.04 mL/min/1.73 m?, hospitalized patient) (56 years, 84.8 kg, 81.04 mL/min/1.73 m?, hospitalized patient) AUC
concentrations of drugs dominated by renal clearance (CL), which may result in toxicity following multiple doses in healthy adult participants 0-4hy 345(184) 235 (25.6) 447 (27.6) 315 (25.8) 503 (17.4)
o . - _ B. GS-704277 steady-state AUC,,, (ng*h/mL) GS-704277 steady-state C,., (ng/mL) o heug/mL ' ' ' ' '
¢ When RDV was initially approved for the treatment of COVID-19, it was not recommended GS-US-399-5505  Safety, tolerability, and PK of RDV in healthy adult 28 o change. o change
for use in patients with severely impaired renal function because the pharmacokinetics (PK) par.t|C|pants | N | ot ol i o | L 5115108 f]\lﬂg% ] 306 (22.3) 316 (16.9) 808 (42.0) 380 (33.1) 1273 (21.2)
of RDV, its metabolites, and its sulfobutylether-3-cyclodextrin sodium (SBECD) excipient GS-US-540-9015 A single-dose study in non—COVID-19 participants with RI 84 b oorcontic Age ; Age ;
had nOt been evaluated in patientS W|th R|4 PopPK, population pharmacokinetics; PK, pharmacokinetics; RDV, remdesivir; COVID-19, coronavirus disease 2019; R, renal impairment 28.95 ye;ré_ ? Y ] M : P OET) 0.95 1.65 3.80 1.60 .67
,  PK, . RDV, , , R, . | : : £ he . . . . .
¢ RDV is primarily eliminated via carboxylesterase 1 enzymatic cleavage; renal elimination 127.47 mUmiA 73 - . 0.90 (0.93-0.88) | - ° 0.98 (0.99-0.98) B8, Tapsl) (T ) (At auss) 8, elfl) - a2 o3
represents d primary and Secondary elimination pathway for its metabolites GS-441524 and Figure 1. PQpPK Model Schematic for RDV. GS-704277. and GS-441524 011 mfl’_t/*;nfi’rflqce?g“:ﬁ;— Peer I 1.60 (1.82-1.41) | - PeTE c 1.10 (1.13-1.07) VZ, L 12.8 (38.0) 24 1 (24.4) 17.8 (19.2) 17.9 (16.9) 19.3 (23.9)
GS-704277, respectively. The excipient SBECD is also renally eliminated® ’ ’ | | ?
. . o _ _ . o _ , 4 ) 4 ) No - Hospitalization -@— 0.25(0.29-0.21) | - Hospitalization ot 0.84 (0.87-0.82) CL, L/h 7.6 (19.6) 9.5(18.4) 3.7 (41.7) 7.9 (28.8) 2.4 (19.1)
¢ FO”OWIng intravenous (IV) adm|n|Strat|0n, RDV'is rapldly distributed into cells and tissues 1V Central | Q Periph | | GM, geometric mean; %CV, percentage coefficient of variation; SBECD, sulfobutylether-3-cyclodextrin sodium; PK, pharmacokinetics;
and SimU|taneOUS|y metabolized into GS-704277 in plasma6 — en r;DV\? vume —1 erp ?-{SVVO ume oo pgg?zti:%‘ . 0.70 (0.70-0.70) | - ° 0.63 (0.63-0.63) \VA iﬁtraveno_us; RDV,’remd_ésivir; RI, renal impairment; C,..., maximum 6b§ewgd concentration;AUCO_4h,_pqﬂjaf a_re,a under the conqer_m’trat_ion-time.
. . . L o | Welaht Weight . NA, not appropriats o calcuiate: Ve, volurme of dtribution of terminal phase: CL. cloarance; Q. quartle 1: 3, quarties. o oo e
¢ IntraC9”U|ar|y, RDV is converted to the pharmaCOloglca”y active nucleotide trlphOSphate (V2) -— (V3) Sth p%rg_ezrg':%— —e 1.29 (1.29-1.29) | ~ e 1.40 (1.40-1.39) ZDéta areppprespented as GM (%é\_/)z,’with the exception of t,,,, which arFe) pres’ente’q as median (Q,ﬁ Q3). ,_ A |
metabolite, GS-443902, or the inactive nucleoside, GS-441 524 Only the GS-441 524 iS s \_ _ ) \_ ) T 1})0 - o.7oo.ao1.ioo1.251.43 h\?eu&r]?tt;]l?ﬁgtlﬂgéngoﬁ?rzle;normaI|zed values based on a population PK model built on GS-US-540-9015 mild, moderate, and severe RI cohorts and
sbsequently deieciable fn piasma: e o . IO o e B e e B Steady-state Exposures in REDPINE Study Participants
. . . . . . =" X -
¢ As RDV is the primary source of the active metabolite (GS-443902) at the site of action PR P->M1 RDV C. GS-441524 steady-state AUC,,, (ngehimL) | . GS-441524 steady-state Cpy (ngimL) | | | o | o
(lung epithelium), RDV levels are used as a surrogate for efficacious exposures® - o - o foldiehange S e ¢ PopPK-estimated exposures and basic demographic information for participants
¢ The safety of higher exposures to GS-441524 and SBECD was evaluated in REDPINE, Contral volume Q, peripheral volume e s 4 . 11114109 with PK samples collected in the REDPINE study are summarized in Table 3
a phase 3, randomized, double-blind, placebo-controlled, parallel-group, multicenter GS-704277 —_— GS-704277 Sl - 0,82 (0.86-0.77)| - D 0.80 (0.83-0.76) Table 3. PopPK-estimated Plasma Steady-state Exposures to RDV and
study in hospitalized participants with COVID-19 and severely impaired renal (V4) —_— (V5) T Metabolites (GS-704277 and GS-441524)
function, including those with end-stage kidney disease on dialysis AN Y, \_ Y, 12717 mLimin/1.73 m? - ¢ pessoEn 1 ° 0.77(0.78-0.76) ch T GM (%CV
F N\?) * C\‘SS:NAZ— - - F . CL o m?/r:n?r?/qcig“:ﬁz_ i ® 3.20 (3.37-3.06) | i ° 2,59 (2.70-2.49) araC erls IC ( (1) )
A— ¥ w7 —‘—‘ > - : : . . 2
O b . t. \ " W1->M2 GS-104277 No - Hospitalization 6 1(1-1) - Hospitalization o 111 (1.11-1.10) Number of participants (severe Rl;gk(i)dney failure)
ec Ives 95th percentile: | o . 70-0. | . 68.0. . 2 . . b
'l 2nd peripheral volume Central volume 1st peripheral volume . ::z:nzmk: Weight . 0.70(0.70-0.70) Wit . . 0.68 (0.68-0.68) eGFR, mL/min/1.73 m?, median (min, max) 14.7 (2.5, 41.7)
¢ To evaluate the PK disposition of RDV and its metabolites (GS-441524 and GS-704277) GS‘?\‘}Q)&“ GS-(4\;161)524 GS-(4V471)524 o - o 1.29(1.30-1.29) | - . 1.33(1.33-1.33) Body weight, kg 79.0 (43.0, 148.0)
in participants with COVID-19 and severely impaired renal function using population PK iy o 1|°f t1-43f iy o :°t° t““f 2950 (63.1)
(POpPK) mOde“ng (56 years, 84.8 I?g, 51.%zgrili(/arr?irll\//?.?%rriz?rt?gscgtalized patient) (56 years, 84.8 I?g, 801.?)Zgrili?n?irlw\//‘(laj%rrisrr?gscsitalized patient) RDV AUCtau’ ng°h/ml_ (3250 [685], 2670 [568])
¢ To assess the need for RDV dose adjustments in participants with impaired renal function o] U, Fo.m = 0.8 CTF:’CE;Cg;:;gg:&yggmgﬁfeﬁh ?gﬁill?té%”c;%‘%r?:scéj!ﬂ'éeéié:t?ég Etz\{’éﬁ;"mje‘?ﬁﬁiﬁﬁ%%ﬁ g e e talensis e o e des g el G el 3850 (56.3)
e 5th an th percentiles were calculated from the pooled analysis dataset. :
Foyyoms = 0-625 g Pooled analy ROVIC oy NG/ME (4170 [58.9]: 3570 [53.8])
PopPK, population pharmacokinetics; RDV, remdesivir; IV, intravenous; V, volume of distribution; Q,, intercompartment clearance for RDV; F;_.,,4, fraction _ ) _ ) 1550 (57 5)
of RDV metabolized to GS-704277; Clp,, clearance for RDV; Q,, intercompartment clearance for GS-704277; Fyy,..up, fraction of GS-704277 metabolized to F|gure 3. Forest Plots Generated Us|ng PK Parameter Uncerta|nty (Bootstraps) From Final GS-704277 AUC,,,, ngsh/mL Ry
GS-441524; CLgs 104077, Clearance for GS-704277; Q,, second intercompartment clearance for GS-441524; Q,, first intercompartment clearance for GS-441524; ] (1480 [551], 1660 [556])
Cls.aarszs, Clearance for GS-441524. PopPK Models to Compare the Effects of Baseline eGFR on (A) GS-704277 and (B) GS-441524
Steady-state AUC,,, and C,,,, in Hospitalized Participants GS-704277 C,,,,, ng/mL 378 (67.0)

(397 [73.3]; 370 [59.2])

¢ PK samples for RDV, GS-441524, and GS-704277 were collected in the following studies:

A. GS-704277 steady-state AUC,,, (ngeh/mL)

: _ _ GS-704277 steady-state C,,., (ng/mL) _
Baseline Median (90% ClI) Baseline Median (90% ClI)

— In REDPINE (GS-US-540-5912), eligible participants (hospitalized with confirmed eGFR | fold change eGFR | fold change GS-441524 AUC,.., ngeh/mL 15,400 (44.6)
SARS-CoV-2, 212 years of age, O, saturation <94% on room air or requiring O, . - e ot - — 083087079)| 1 : 0.97 (0.98-0.96) aw (11,600 [38.3]; 20,200 [28.0])
supplementation, and eGFR <30 mL/min/1.73 m?) were randomized 2:1 to [V RDV 00.57 mLmin/ 175 e o 1.04(1.06-1.03) | - ¢ ot (o0 703 (41.5)

200 Day 1 followed by 100 mg daily up to Day 5) or placebo (saline) to match oy i anifi : o5t percentle; | 109 - : - EALIEE Bl MEHT- . 89
(200 mg on Day 1 followed by 100 mg daily up to Day 5) or placebo (saline) to matc Impact of Statistically Significant Covariates on RDV, GS-704277, and 8o mLmin 75 m | g . 041106-1.09)) - —_—. ’ folcisten (548 [36.7]; 893 [28.1])
th percentile: : i . ! . _
— Phase 1 study in non—COVID-19-infected individuals with impaired renal function GS-441524 Exposure oL TS — B ’ — GSA41594 C L 377 (40.3)
_l)S- _ ' ; _ ' 2 ' ' 9oth percentile; _ P 115 (1.19-1.10) | - o 1,02 (1.03-1.02) : -u» NG/M g
(GSd'U|S _540 9015, ranging from mild Rl [60-90 mL/min/1.73 m?] to kidney failure ¢ In the population analysis including participants across the full spectrum of eGFR, zz?z m%*inﬁ’ﬁ%e:'z“lﬁé- Voderate ] wodere ; e t (321 [38.7]; 440 [35.3])
on dialysis) baseline eGFR did not impact RDV disposition but did impact the plasma exposure iy — o] - " — e e e e o e e eyt e e
¢ PopPK model(s) for RDV, GS-704277, and GS-441524 have been developed previously and (area under the concentration-time curve over the dosing interval [AUC,,,]) of O percanile. | Severe . o6 177150 | SV . 00 (112407 concentratio; PK pharmacokietics, 143/90) ha sovere Rl (GGER 15.28 mUiminyt 78 mé) and 51.1% (46/90) hec
refined USing concentration-time data from the REDPINE and GS-US-540-9015 studies.’ metabO"teS; median Change (90% confidence interval) was 220% (206%-237%) 152;:::;:;;: : kli)dntey?‘alilure ("eGFI?{, <15me/min/g.73|m2); LE;SF?'\:% g:)1/9|(_)/) n;(/a1de7c3|ren'?1l reIRE)IIEaSSm?Ent thera;’)y; 5.6% (5/90) received intermi’iter?t hemodialysis.
) ) . . .. . : 54w 1.56 (1.78-1. 4 s . 1.09 (1.12-1.07 ®Protocol enroliment criterion was baseline e <30 mL/min/1.73 m? for :
The full list of studies included in the PopPK analysis is shown in Table 1 for GS-441524 at eGFR = 10.11 mL/min/1.73 m? and 60% (41%-82%) for GS-704277 s mimit 75 e GRE | i . e -
_ . . 2.54 mL/min/1.73 m? | : o i : =
— The development of the PopPK model(s) was performed sequentially, starting with the at eGFR =10.11 mL/min/1.73 m* (Figure 2) 070 100 143 070 100 143

parent RDV data, then moving on to GS-704277 data, and ending with GS-441524 data ¢ The effect of hospitalization was identified as having a statistically significant impact on RDV i o A N e GG e e e ettty Con CI u S i on
— Each model was informed by the post hoc PopPK parameters from the previous model(s) and GS-704277 exposures - oo, GS-44152 steady-state AUC,, (ngshimL) | GS441524 steady-state Cr, (ngml) | |
— Upon IV administration of RDV, plasma concentrations of RDV, GS-704277, and — The decrease in AUC,,,, median change (90%_ confidence in;[ervaI()J in ngnhospitalized e foldchange ~ oGFR .| fold change ¢ Given the observed !DK measures and the absence of any new
GS-441524 were best described in adults by sequential 2-compartment models for participants compared with hospitalized participants was 50% (43%-59%) for RDV and zs0se MU TS | o o~ BOEERT) g . AP safety signals associated with increased GS-441524 metabolite
. . Y] o ) i Jercenti'e; : : 18-1. - : A1 (1.12-1. . .
RDV and GS-704277 and by a 3-compartment model for GS-441524 with first-order 25% (21%-29%) tor GS-704277 (Figure 2) osrmimn T L A L i and SBECD levels in the REDPINE study, no dose adjustment
elimination in healthy volunteers (Figure 1) ¢ Age was found to affect GS-441524 and GS-704277 exposures; however, this needs to be 89.86 m;’gnig’rgggﬁjg?' wild N 1:}:;21;3 I N :é:::::;; Is recommended for RDV in COVID-19 patients with eGFR
: 41 mL/min/1.73 m2 ] ; ® : e B ' e . . .
— The effect of body weight on the PK of RDV and its metabolites was explained with carefully considered as eGFR and age are correlated e pe/;:me;_ . rgyen I — <30 mL/min/1.73 m?, regardless of the need for dialysis
fixed allometry by setting Cl-related body weight exponents to 0.75 and volume of Evaluation of the Impact of Baseline eGFR on RDV Metabolites in o1 Snpeat | Hoderte 5 s sea rssn)| | MO | . AR
distribution—related body weight exponents to 1.0 T : : ot sercentii ; Z
HOSpItallzed POpUIatlonS With COVID-19 29.64 mLJminA 73 mé | s : ® 2.65(2.78-2.53) | - < = Sz Disclosures: RH, SR, HZ, YK, JL, RHH, AO, SG, AR-G, and HW are stockholders and employees of Gilead Sciences, Inc.
¢ Model-based inferences were carried out via forest p|OtS to illustrate the effect of the ¢ Baseline eGFR was highlv correlated with increasing GS-441524 and. to a lesser dearee 15 o percentile; _ SYere ® 365(384345)| 4 o ° 2.77 (2.89-2.64) 5:3 is ell Igaid conﬁultadnt fordGiI;aaddtﬁci?ncie]cs, I(r;ci I(;SSis_an emplloyee of Certara, Inc. R:[R i? anlv?énﬁloyee of Niw Zealar;]d]c ;
different demographic factors and other variables of interest (intrinsic and extrinsic factors) g y L . J . ’ Jree, 2 s impercentic: i o 366 (3:86346) | 1 yidne o 278 (2.90-2.64) from Gilead Sciences, Inc., EMD Serono, AbbVie, and Angion: and has served as a scientific advisory board member for
in the exposure of RDV and its metabolites? GS-704277 exposures; in those with kidney failure (5th percentile eGFR of 2.54 mL/min/1.73 m#), CREELE e ; o oo marasn| | o , o o1 0250 Travere. Novartis, and Mallinckrodt
_ . _ median GS-704277 and GS-441524 AUCtau increased up to 2-fold and 5-f0|d5 l’eSpeCtiVGW 254 mb/min/t.73 e | — : — Acknowledgments: This study is funded by Gilead Sciences, Inc. Medical writing and editorial support were provided by
¢ SBECD PK were analyzed using a liquid chromatography-tandem mass spectrometry (Figure 3) 070 1.00 143 070 100 143 Laura Watts, PhD, of Lumanity Communications Inc. (Yardley, PA, USA), and were funded by Gilead Sciences, Inc.

Fold change relative to reference
(56 years, 84.8 kg, 81.04 mL/min/1.73 m?, hospitalized patient)
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method in GS-US-540-9015 in non—COVID-19 participants who received a 100 mg dose

of RDV (containing 3000 mg SBECD) ¢ The increased PK exposures for GS-704277 and GS-441524 were not associated with

new safety signals in REDPINE (RDV, n = 163; placebo, n = 80)

PK, pharmacokinetics; PopPK, population pharmacokinetics; eGFR, estimated glomerular filtration rate; AUC,,,, area under the concentration-time curve over the dosing interval;
C...x,» maximum observed concentration; Cl, confidence interval.
The 5th and 95th percentiles were calculated from the pooled analysis dataset.
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