Population Pharmacokinetics of Ceftazidime-Avibactam in Combination with Aztreonam in a Phase |, Open-Label Study in Healthy Adult Subjects Contact:

IDweek2022 H I\ (= Tom Lodise, Pharm.D., Ph.D.

Lodise TP, O’'Donnell JN1,Balevic S234, Liu X234, Gu K>, George J°, Raja S346, Zaharoff S3, Schwager N3, Fowler VG, Jr3#, Chambers HF?, Antibacterial Resistance Leadership Group |a l i:g;ii/sgglrezaer ?fagﬁ;:ﬁ;g;e

Albany, New York, 12208-3492
Email: thomas.lodise@acphs.edu

232 IAlbany College of Pharmacy and Health Sciences, Albany, NY; 2Duke Clinical Pharmacometrics Center, Durham, NC; 3Duke Clinical Research Institute, Durham, NC; “Duke University School of Medicine, Durham, NC; >Office of Regulatory Affairs, Division IVl

of Microbiology and Infectious Diseases, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland; éDuke Early Phase Clinical Research Unit, Durham, NC; “University of California, San Francisco, and San g /ntibacterialResistance Leadership Group
Francisco General Hospital, San Francisco, CA

ABSTRACT METHODS RESULTS

_ _ N _ _ _ Study Design and PK Population PK Evaluable Population (N=48 subjects) ATM Exposure-Highest Observed ALT/AST Exposure Response Analyses
Background: Scant PK data are available with ceftazidime-avibactam (CZA) with aztreonam (ATM) in - . B . > Medi 32 (29-45 d medi iaht 4.3 (53.3-104.6) k
combination. Occurrence of asymptomatic ALT/AST elevations are common with ATM, and it is unknown if it > COMBINE (ClinicalTrials.gov Identifier: NCT03978091) was Phase I, open-label, single center study that edian (range) age was _ (22-45) years a-m me '?r_] (range) weight was 74.3 (53. il ) kg. > Relationships between Day 1 ATM exposures and highest observed ALT values are graphically displayed in Figure 1.
is exacerbated by use of CZA-ATM. This analysis of COMBINE sought to describe the popPK of CZA-ATM investigated the safety and PK of 7 days of CZA-ATM, CZA alone, and ATM alone in 48 healthy adult male >  Half wer.e female a-nd median (range) baseline creatinine clearance was 118.34 mL/min (75.7-209.6) mL/min. > No notable associations were identified in the overall LOWESS analyses.
and to assess the association between ATM exposures and ALT/AST elevations. and female volunteers aged 18-45 years. »  The subjects contributed a total of 3,475 PK samples (2,733 plasma and 742 urine). > AMONg subiects who received ATM as 2-hour intermittent infusions. the LOWESS curves suagested that there were
Methods: COMBINE was a Phase | study of 48 healthy subjects aged 18-45 years (NCT03978091). > Eligible subjects were sequentially assigned to 1 of 6 dosing Cohort (Table 1) > Nineteen subjects (40%) experienced an asymptomatic ALT and/or AST elevation of any relatedness. potentgi]al ATJM exposure-ALT/AST associations for C, .. .. and AUC0’24h- %
Subjects were enrolled into 1 of 6 Cohorts (Table 1). Drug(s) were administered for 7 D and intensive plasma > Eligible subjects were admitted to the phase 1 study unit for 7 days to receive study product(s) and the final g Seventeen of the 19 subjects (89%) with ALTIAST elevations received ATM or CZA-ATM. > In the curvilinear regression analyses of the ATM 2-hour intermittent infusion Cohorts, modest associations were observed
and urine PK sampling was performed. Population PK (PopPK) models were developed for ceftazidime outpatient follow-up visit was Study Day 11 +3 days > Two patients in the ATM CI Cohort had severe ALT/AST elevations, which halted the study. between ATM Dav 1 C and AUC expressed as power functions. and hi hest,observed ALT/AST (Figure 2)
(CAZ), avibactam (AVI), and ATM. Empirical Bayesian estimates from the ATM PopPK model were used to _ _ _ ' _ _ _ _ Population PK Analyses Y+ Smaxss o-24n: €XP P ’ 9 9 '
simulate ATM day 1 (D1) exposures. Associations between D1 ATM exposures and highest observed > Study safety was monitored using daily assessments of AEs, vital signs, and symptom-directed physical s Ao 5 el with Sor elimination ke e elmination b > Inthe GLM analyses of the ATM 2-hour intermittent infusion Cohorts, significant associations were observed between ATM
ALT/AST were assessed with curvilinear regression (CR) and generalized linear models (GLM). examinations from Day 1 through the Final Study Visit (Day 11 +3). ~compartment PopPK model with first-order elimination linked to a compartment for urine elimination best Day 1 Cjayss@nd AUC, 54, and highest observed ALT/AST.
5 I . | PK i q d4i H Coh Dav 1 after 1st d 4 Dav 7. and characterized the plasma and urine PK data of each study product. ’

: ' i ions: ntensive plasma sampling was conducted in eac t t , - : . ini i - [ [ [ ' )

Ef_ls_/lfal\:_r O|f enr.olled 48 SUbijeFtS,&-?a/ij;f(:%Tg%g had ?LT and/or ASTdeIeva(tjlons, 1|7 o; ;S)L_(I_?ios/o% e . p|- e ) P d95 ohort on Day 1 after 1st dose and Day 7, and pre > Final PopPK Models for CAZ, AVI, and ATM are shown in Tables 2 and 3. » Administration of CZA-ATM was not found to increase ALT/AST elevations relative to ATM alone in the GLM analyses
elevations occurred in - ohorts. Two severe stu roduct relate s ose sampling in Days 3 and 5. . :
were observed with in the continuous infusion (CI) ATM Cohort, resultin iz Z study halt. All subjects with : P ’ : P > POpPK CAZ model: CZA-ATM was a significant covariate on CLg and non-renal clearance (CLyg) but Figure 1. Scatterplots of ATM Day 1 Exposure Parameters and Highest Observed ALT Value Overall and
_ e _ e 9 y hait. J > Urine PK samples were collected in each Cohort at the following intervals: >0 to 4, >4 to 8, >8 to 12, and the net change of CZA-ATM administration on total CL was negligible. by Mode of Administration (Intermittent vs Continuous Infusion)
ALT/AST elevations were asymptomatic with no other signs of liver injury. In the ATM PopPK model, CZA- >12 to 24 hours after the start of the morning dose on Day 1 and Day 6 o .
ATM administration reduced ATM non-renal clearance (CL,g) by 1 L/hr (16% of total CL) (Table 2). ¥ o > PopPK AVI model: CZA-ATM was not a significant covariate on any PK parameters. ~ # - - ° = ) : Cs -
Administration of CAZ-ATM had a negligible effect on total CAZ CL in the CAZ PopPK model and CZA-ATM Table 1. | tigati | Studyv D Cohorts (8 Subiects/Cohort > PopPK ATM model: CZA-ATM administration reduced CL,x by 1 L/h (16% of overall CL), resulting in 2= = ) ) R 5
was not a covariate in final AVI PopPK model. In the CR, no ATM exposure-ALT/AST associations were able 1. Investigational Study Drug Cohorts (8 Subjects/Cohort) increased daily ATM exposures. = e 7_7_1:_7_;_,_,?_#,__ i — T L el \&
identified in overall analyses. Modest associations between Day 1 (D1) C, 5, ss» AUC( 4, and ALT/AST were Cohort Investigational Study Drugs Table 2. Final Population PK Models and Parameter Estimates for CAZ, AVI, and ATM T e 600K w10 EC W B o B0 oo =l T
P ] -

observed in CR analyses restricted to the intermittent infusion (1) ATM Cohorts (Figures 1 and 2). In GLM, : - , . ,
1 CZA 2.5 g intravenously (1V) as 2-hour (hour) infusion Q8H Final Ceftazidime PopPK Model Final Avibactam PopPK Model Final Aztreonam PopPK Model

D1 C, . ss and AUC, .4, Were significantly associated with ALT/AST in the ATM Il Cohort analyses.
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Administration of CZA-ATM was not associated with ALT/AST elevations in the GLM analyses. 2 CZA 2.5 g IV as 2-hr infusion x 1, then 0.32 g per hr IV daily as a continuous infusion (Cl) (7.5 g/day) CL. (Lih) = 60 3.8% CL,, (L) 12,20 > 7% CL,, (L/h) 479 3.3% j S - — _ .
Conclusions: Administration of CZA-ATM was found to reduce ATM CL, resulting in higher daily ATM AUC,, 3 ATM 2 g IV as 2-hr infusion Q6H V, (L) 10.50 4.0% V, (L) 12.40 4.5% V; (L) 3.77 37.9% - © o aromaffonman % o P Ao e % T e —
-an, DUt did not exacerbate AST/ALT elevations relative to ATM alone. The observed associations between _ _ _ Q (L/h) 6.93 10.3% Q (L/h) 7.81 9.3% Q (L/h) 28.7 24.3% c= o r ) ) bE -
ATM Day 1 Cpayss AUC 4, and ALT/AST elevations in subjects who received Il ATM suggest the risks vs 4 ATM 2 g IV as a 2-hr infusion x 1, then 0.33 g per hr IV daily as a Cl (8 g/day) v, (L) 8.40 4.0% V, (L) 9.06 4.9% V, (L) 0.87 13.7% < =1 A e
benefits of using Il of ATM 8 g/daily with CZA should be considered. Use of Cl ATM should be used with S CZA 2.5 g IV as 2-hr infusion Q8H and ATM 1.5 g IV as 2-hr infusion Q6H CLyg (L/h) 2.89 8.6% CLyg (L/h) 1.39 25.5% CLyg (L/h) 2.66 5.8% Pele ot e 25 //////N
caution given the 2 severe ALT/AST AEs in the CI ATM Cohort. O cLrLBW) 0.0146 17.5% Owi-Law) 0.0194 22.9% B cLrcLen 0.622 20.4% e w ' ' : == -1 . = -
6* CZA 2.5 g IV as 2-hr infusion Q8H and ATM 2 g IV as 2-hr infusion Q6H Ov1-Lew) 0.0166 22.8% Bq-Law) 0.021 42.2% Ovissa) 4.11 34.5% ==
*Cohorts 5 and 6 reflect modified dosing regimens. Initial regimen for Cohort 5 was CZA 2.5 g IV as 2-hour infusion Q8H and ATM 2 g IV as 2-hour e(Q-LBW) 1.42 32.5% e(V2-LBW) 0.0214 23.0% e(CLNR-IND) -0.391 14.0% (A) All Cohorts AUC, .. vs. ALT, (B) intermittent infusion Cohorts AUC, ., vs. ALT, (C) CI Cohort AUC, . vs. ALT, (D) All Cohorts C.—.. vs. ALT. (E) intermittent infusion
B A C K G R O U N D infusion Q6H. Initial regimen for Cohort 6: CZA 2.5 g IV as a 2-hour infusion x 1, then 0.32 g per hour IV daily as CI (7.5 g/day) and ATM 2 g IV as 9(V2_LBW) 0.0254 1.01% B cLr-cLen 0.00453 21.0% Cohorts C, _ vs. AL'(I)'-,24(F) .CI Cc;hort C._ vs. ALT, (G) All Cohorts Cminoj;' ALT*, (,H) ermittent infusigﬁCo.horts ’Cmin vs. ALT, () Crlnegohc.)rt Cs; Ve ALT
2-hour infusion x 1, then 0.33 g per hour IV daily as CI (8 g/day). A halting rule was observed in Cohort 4 (2 subjects experienced Grade 3 related G(CLNR_ATM) -0.905 6.3% G(Q_CD -0.407 20.3%
ALT/AST elevations). Due to study halt, the dosing in the Cohorts 5 and 6 were changed. BcLraTM) 1.39 4.9% Figure 2. Curvilinear Associations between Day 1 ATM Exposures, Expressed as Power Functions, and
> Metallo-B-lactamases (MBLs) are an emerging resistance determinant PK Evaluable Population e(gm-scm -0.494 25.3% Highest Observed ALT/AST Among Subject Who Received Two-hour Intermittent Infusions of ATM
) ) . _ och -0.396 21.8% _
In many Gram-negatlve baCterIa (PM I D 27593176) > PK evaluable population included subjects who received CZA, ATM alone, or CZA-ATM and had = 1 Flootnotes: Param: Paramltelr; V,: the volume cl)f the cent;al Zompartment; Q: inter-compartmental clearance; V,: volume of the peripheral compartment; CLg: renal “ = = B T = e sois
. . . clearance; CLyg: non-renal clearance; RSE: relative standard error. Z8 - ==
> Aztreonam (ATM) is one of the two commercially available 3-lactams that quantifiable plasma or urine concentration of CAZ, AVI, or ATM. N 3
are not hydrolyzed by MBLs but many MBL-producing Gram-negative Population PK (PopPK) Analyses Table 3. Inter-Individual Variability and Error Terms For Final Population PK Models I e Tl .
bacteria express B-lactamases that inactivate ATM (PMID: 28167541). - id inal Avi i T T
. g B .. .. ( . ) ] » The PopPK analyses were conducted using the first-order conditional estimation method of NONMEM (Version ALY CaARlhe (el ikE Final Avibactam PopPK Model Al AITEENE PRI [MDee e = - T ® ol . -
> To C|rc_u_mvent fthls clinical conundrum, ch_muans_ co-admlnlstere_d ATM with 7.4, Icon Solutions, Ellicott City, MD, USA). Inter-Individual Variability (%) T . . )
ceftaz_ldlme—av!bactar_n (CZA) o treat patients with MBL-producmg Gram- » Population PK (PopPK) models were developed separately for CAZ, AVI, and ATM. v/BSV RSE ETA vV/BSV CcVv RSE ShETI;A IV/BSV CVv T Pj I
negative infections with reported success (PMID: 32427286). Shrinkage nhede e W T . SO
L . . > 1-and 2-compartment base PopPK models were evaluated for each study product. CL,  86% 225% 167% CLy,  81% 267% 29.6%  CL,  10.9% 205%  14.5% € - R S -
> De5p|te ItS Increasing use, there are currently scant pUb“Shed PK data > The best model structure for plasma PK for each study product was then linked to a separate 0 0 0 Opkk =7 ) - S
when CZA-ATM are administered concurrentl Vi 12.9%  20.2%  20.1% Vi 12.9%  25.4%  27.4% Vi 0% Zs N z | A ——
u Y. compartment for urine PK via renal clearance (CLR). Fol = - Pl L
. . . . . Q 25.1% 20.5% 20.3% Q 0%* Q 0%* N - _ - °
» Patients who receive ATM are at risk for serum aminotransferase elevations > A forward inclusion (p <~0.05 and A objective function value (OFV) >3.84) and backward elimination (p <~0.01 ey e | o pe— — ‘ = e
. . I . e 0 0 0 0 0 0 Comna - oot Tiomne - oeens
(https://livertox.nlm.nih.gov/Aztreonam.htm), and it is unclear if CZA-ATM and AOFV >6.64) with 1 degree of freedom was used to identify significant baseline covariates for inclusion in Va 0% V2 4.0% - 90.0%  63.4% Vo 13.0%  2L.1% - 12.1%
exacerbates the association between ATM and occurrence of liver enzyme each of the final PopPK models. Clyr 24.4%  282%  38.4% CLyr 83.6%  22.7%  19.8% Clyr 12.0% 5.2% 44.3% (A) ALT vs. AUC 41, (B) AST vs. AUC 541, (C) ALT VS. Cyay, (D) AST VS, Cpgy, (E) ALT vs. Cy, (F) AST vs. Cyy
elevations relative to ATM alone. >  Successful minimization, diagnostic plots, plausibility and precision of parameter estimates, objective function Residual Error
and shrinkage values, and prediction corrected visual predictive checks were used to assess the Error term Estimate Sﬁﬁji‘;e S e Bl PSR Sﬁfiri:lzge e Befieie SR Sﬁﬁitgge CO N C L U S I O N S
O B J E CT IVES appropriateness of each final PopPK model. PIo eror- Pro eror- Pro error-
ATM E Highest Ob d ALT/AST E R Anal lasma 16.1% 2.7% plasma 19.8% 2.8% plasma 15.6% 2.8% 3.4%
Xposure-mi es serve Xposure response Analyses plasm . . . . .
P g P P y Add error- 38%  \4d error- = o crror- » The PK profiles of CAZ, AVI, and ATM in this Phase 1 study were highly consistent E
> Day 1 ATM exposure variables (Cpay ss» Crin.ss, 810 AUC, 1) Were estimated for each subject who received plasma 00046 39.6% plasma 00005 27.0% uine  °70%  52%  0.9% with previous reports
» This phase 1 StUdy evaluated the PK proflle of CZA combined with ATM from the final ATM PopPK model, empirical Bayesian estimates, and individual dosing histories. Add error- 0.148 9.20¢ 0.9% OO o1 an 125%
ATM relative to its standalone counterparts and assess for the > The relationships between Day 1 ATM exposures and highest observed ALT/AST values were evaluated unne Adzlrg]r?or- 1.0% » Administration of CZA-ATM was found to reduce ATM CL, resulting in higher daily
. .. : - : - . 0.0073  17.0% ATM AUCs, but did not exacerbate AST/ALT elevations relative to ATM alone.
presence of an ATM exposure-ALT/AST elevation association when graphically using (Locally Weighted Scatterplot Smoothing (LOWESS) curves. urine
P . . . F P P ; Vi th | f th | ; Q: inter- I cl ; Vi vol f th ipheral ; CLg: | . . . . . .
ATM is administered alone and in combination with CZA > Associations between Day 1 ATM exposures and highest observed ALT/AST were assessed with curvilinear cloarance: CLy, non-ronal dlearance; RSE: rolative Standard ertor. IVIBSV: nter-inciiaual varabilyl between subject variabily: CV: cosiciont of variation (4 Pro: > Use of continuous infusion ATM at 8 g/daily should be used with some caution
IS a I IS e e a O e a I CO I a IO WI b : CR d lized i dels (GLM proportional; Add: additive. *IIV/BSV V2 was fixed to 0 in final model; the parameter estimate was near its boundary with high shrinkage of 99%. . . . . .
regression (CR) and generalized linear models ( )- *|V/BSV V1 was fixed to 0 in final model, as the parameter estimate was near its boundary (shrinkage 99%). given the 2 severe ALT/AST AEs in the continuous infusion ATM Cohort.
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