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Supplementary Material I: Supplementary Tables
Supplementary Table S1. Base model development summary
	No
	Structural Model 
	Residual Error
(free/total)
	IIV
	OFV
	BICc
	comments

	1.
	One CMT 
	Comb/Comb
	CL, V, fu
	9827.65
	9898.13
	High shrinkage observed for V (52.5%) and fu (94.4%).

	2. 
	One CMT 
	Comb/Comb
	CL, V
	9825.22
	9889.66
	High shrinkage observed for V (51.97%) and high %RSE observed for parameter a1 (49.4%)

	3.
	One CMT 
	Prop/Comb
	CL
	10122.8
	10173.72
	Model misspecification suggested by GOF plots.

	5.
	Two CMT 
	Comb/Comb
	CL, V1, V2, Q
	9560.44
	9651.92
	High shrinkage observed for V1 (59.4%), V2 (59.1%), and Q (74.0%).

	6.
	Two CMT 
	Comb/Comb
	CL, V1, 
	9654.79
	9734.19
	High shrinkage observed for V1 (51.4%).

	7.
	Two CMT
	Comb/Comb
	CL
	9899.8
	9973.1
	High %RSE (1.53e+3) observed for parameter a1.

	8.
	Two CMT 
	Prop/Comb
	CL
	9900.2
	9966.1
	Selected as the base model.


CMT, compartment; CL, clearance; V, volume of distribution; V1, central volume of distribution; V2, peripheral volume of distribution; Q, intercompartmental clearance; fu, unbound fraction; IIV, interindividual variability; OFV, objective function value; BICc, corrected Bayesian information criterion; RSE, relative standard error; GOF, goodness-of-fit; Comb, combined residual error model; Prop, proportional residual error model; a1, additive residual error parameter.


Supplementary Table S2. Final model development with covariates
	Steps
	Model
	OFV
	∆OFV
	comment

	Forward addition
	CG-CrCL-based
	Base model
	9900.2
	
	

	
	
	Add CG-CrCL on CL
	9125.4
	-774.88
	Weight embedded in CrCL, some estimates >500 mL/min, not physiologically plausible

	
	
	Add CG-CrCL and coadministered antimicrobial on CL
	9101.6
	-23.8
	

	
	CKD-EPI-based
	Base model
	9900.2
	
	

	
	
	Add CKD-EPI-eGFR on CL
	9200.2
	-700.0
	Physiologically plausible; moderate improvement

	
	
	Add CKD-EPI eGFR and weight on CL
	9133.7
	-66.5
	Small additional improvement

	
	
	Add CKD-EPI-eGFR, weight and antimicrobial on CL
	9094.3
	-39.4
	Final forward model; physiologically plausible

	Backward deletion 
	CKD-EPI-based
	Remove coadministered antimicrobial
	9133.7
	39.4
	Significant; retained in final model

	
	
	Remove weight 
	9162.0
	67.7
	Significant; retained in final model

	
	
	Remove CKD-EPI-eGFR 
	9422.0
	327.7
	Significant; retained in final model

	Final model
	CKD-EPI eGFR, Weight and coadministered antimicrobial on CL
	
	
	Selected based on statistical significance and physiological plausibility


The addition of creatinine clearance (CrCL) calculated using the Cockcroft–Gault (CG) equation during forward inclusion produced a large reduction in OFV (ΔOFV = −774.88), which may partly reflect the inclusion of body weight within the CG-CrCL calculation. In addition, some CG-CrCL estimates were physiologically implausible (> 500 mL/min). In contrast, the model incorporating CKD-EPI-eGFR, weight, and a co-administered antimicrobial yielded a slightly lower OFV (9094.3 vs 9101.6) and generated physiologically plausible estimates across all subjects. Therefore, CKD-EPI eGFR, weight, and co-administered antimicrobial were retained as the final covariates for clearance.
CL, clearance; CG-CrCL, creatinine clearance by Cockcroft–Gault; CKD-EPI-eGFR, Chronic Kidney Disease Epidemiology Collaboration estimated glomerular filtration rate; OFV, objective function value; ΔOFV, change in OFV relative to the previous model; ΔOFV ≥ 3.84, forward inclusion significance threshold (P < 0.05); ΔOFV ≥ 10.83, backward elimination significance threshold (P < 0.001).  
Supplementary Table S3. Simulated tazobactam dosing regimens for probability of target attainment (PTA) analysis.
	Co-administered drug
	Tazobactam

	
	Dose 
	Infusion duration
	Dosing Interval

	Piperacillin
	0.5 g
	0.5 h
	q6h

	
	0.5 g
	3.0 h
	q6h

	
	1.0 g
	0.5 h
	q6h

	
	1.0 g
	3.0 h
	q6h

	
	1.5 g
	0.5 h
	q6h

	
	1.5 g
	3.0 h
	q6h

	
	2.0 g
	0.5 h
	q6h

	
	2.0 g
	3.0 h
	q6h

	
	2.0 g with 0.5 g LD
	24 h / 1 h
	q24h

	
	4.0 g with 1.0 g LD
	24 h / 1 h
	q24h

	
	6.0 g with 1.5 g LD
	24 h / 1 h
	q24h

	
	8.0 g with 2.0 g LD
	24 h / 1 h
	q24h

	Ceftolozane
	0.5 g
	1.0 h
	q8h

	
	0.5 g
	4.0 h
	q8h

	
	1.0 g
	1.0 h
	q8h

	
	1.0 g
	4.0 h
	q8h

	
	1.5 g
	1.0 h
	q8h

	
	1.5 g
	4.0 h
	q8h

	
	2.0 g
	1.0 h
	q8h

	
	2.0 g
	4.0 h
	q8h

	
	1.5 g with 0.5 g LD
	24 h / 1 h
	q24h

	
	3.0 g with 1.0 g LD
	24 h / 1 h
	q24h

	
	4.5 g with 1.5 g LD
	24 h / 1 h
	q24h

	
	6 g with 2.0 g LD
	24 h / 1 h
	q24h


LD-Loading dose infused for one hour, q6h, every 6 hours; q8h, every 8 hours; q24h, every 24 hours.



Supplementary Table S4. Probability of target attainment at 48–72 h for different tazobactam dosing regimens at eGFR of 40 mL/min
	[bookmark: _Hlk216773153]Coadministered β-lactam 
	Tazobactam dosing regimen
	Tazobactam PTA by PK/PD targets

	
	
	20% fT > 1 mg/L
	50%fT > 2 mg/L
	85%fT > 2 mg/L
	100%fT > 2 mg/L
	100%fT > 4 mg/L

	Combination with Piperacillin
	0.5 g q6h, 0.5 h infusion 
	100
	100
	99.1
	98.7
	93.7

	
	0.5 g q6h, 3 h infusion
	100
	100
	99.9
	99.9
	99.7

	
	1 g q6h, 0.5 h infusion 
	100
	100
	99.9
	99.9
	99

	
	1 g q6h, 3 h infusion
	100
	100
	100
	100
	100

	
	1.5 g q6 h, 0.5 h infusion
	100
	100
	100
	100
	99.9

	
	1.5 g q6h, 3 h infusion
	100
	100
	100
	100
	100

	
	2.0 g q6h, 0.5 h infusion
	100
	100
	100
	100
	100

	
	2.0 g q6h, 3 h infusion
	100
	100
	100
	100
	100

	
	2.0 g CI for 24 h with 0.5 g LD 
	100
	100
	100
	100
	100

	
	4.0 g CI for 24 h with 1.0 g LD
	100
	100
	100
	100
	100

	
	6.0 g CI for 24 h with 1.5 g LD
	100
	100
	100
	100
	100

	
	8.0 g CI for 24 h with 2.0 g LD
	100
	100
	100
	100
	100

	
	
	
	
	
	
	

	Combination with Ceftolozane
 
	0.5 g q8h, 1 h infusion 
	100
	96.8
	67.9
	57.7
	25.6

	
	0.5 g q8h, 4 h infusion
	100
	100
	90.3
	81.4
	50.5

	
	1.0 g q8h, 1 h infusion 
	100
	99.4
	87.3
	80
	55.9

	
	1.0 g q8h, 4 h infusion
	100
	100
	98.1
	95.5
	80.4

	
	1.5 g q8h, 1 h infusion
	100
	99.9
	93.8
	87.9
	72.1

	
	1.5 g q8h, 4 h infusion
	100
	100
	99.2
	98.4
	91.5

	
	2.0 g q8h, 1 h infusion
	100
	100
	97
	93.9
	81.8

	
	2.0 g q8h, 4 h infusion
	100
	100
	99.8
	99
	93.9

	
	1.5 g CI for 24 h with 0.5 g LD
	100
	99.9
	99.9
	99.9
	95.8

	
	3.0 g CI for 24 h with 1.0 g LD 
	100
	100
	100
	100
	100

	
	4.5 g CI for 24 h with 1.5 g LD 
	100
	100
	100
	100
	100

	
	6.0 g CI for 24 h with 2.0 g LD 
	100
	100
	100
	100
	100



















eGFR- estimated Glomerular Filtration Rate, q6h- every six hours, q8h- every eight hours, CI- continuous infusion, LD-Loading dose infused for one-hour, grey shade indicates optimal PTA ≥ 90%, white unshaded cell (figures) indicates sub-optimal PTA< 90

Supplementary Table S5. Probability of target attainment for tazobactam at 48-72 h across alternative dosing regimens with the same total daily dose during coadministration with piperacillin and ceftolozane, stratified by renal function category
	Coadministered β-lactam 
	Tazobactam dosing regimen
	Tazobactam PTA by renal function and PK/PD targets

	
	
	eGFR = 80 mL/min
	eGFR = 140 mL/min

	
	
	50%fT > 2mg/L
	85%fT > 2 mg/L
	100%fT > 2 mg/L
	100%fT > 4 mg/L
	50%fT > 2 mg/L
	85%fT > 2 mg/L
	100%fT > 2 mg/L
	100%fT > 4 mg/L

	Piperacillin
	0.5 g q8h, 0.5 h infusion 
	93.7
	56
	47.2
	18.2
	56
	11.5
	7
	1

	
	1.0 g q8h, 0.5 h infusion 
	98.9
	80.7
	72.6
	44.6
	82.5
	32.5
	23.7
	7.4

	
	1.5 g q8h, 0.5 h infusion
	99.9
	91.9
	85.6
	62.9
	93.1
	49
	36.5
	16.6

	
	0.5 g q8h, 4 h infusion
	99.9
	85.9
	75.5
	39.4
	98.4
	38
	25
	5.2

	
	2.0 g q8h, 0.5 h infusion
	100
	94.2
	89.4
	74.1
	96.5
	58.5
	46.8
	26.1

	
	1.0 g q8h, 4 h infusion
	100
	96.4
	92.4
	73.4
	100
	68
	52.7
	24.2

	
	1.5 g q8h, 4 h infusion
	100
	98.9
	97.4
	87
	100
	81.8
	67.1
	40.2

	
	2.0 g q8h, 4 h infusion
	100
	99.2
	98
	91.8
	100
	88
	78.2
	54

	
	1.5 g CI for 24 h with 0.5 g LD
	100
	100
	100
	95.2
	98.2
	98.2
	98.2
	64.1

	
	2.0 g CI for 24 h with 0.5 g LD 
	100
	100
	100
	99.6
	99.9
	99.9
	99.9
	84.4

	
	3.0 g CI for 24 h with 1.0 g LD 
	100
	100
	100
	100
	100
	100
	100
	98.9

	
	
	
	
	
	
	
	
	
	

	Ceftolozane
	0.5 g q8h, 0.5 h infusion 
	51.5
	8.2
	5.1
	0.6
	8.2
	0.2
	0
	0

	
	1.0 g q8h, 0.5 h infusion 
	82.3
	30.4
	21
	6
	33.7
	2.2
	1.1
	0

	
	1.5 g q8h, 0.5 h infusion
	92.2
	43.2
	32
	13.6
	49.7
	5.9
	3
	0.6

	
	0.5 g q8h, 4 h infusion
	96.8
	31.2
	19.8
	3.8
	70.7
	3.6
	1.8
	0.1

	
	2.0 g q8h, 0.5 h infusion
	95.8
	53
	42
	20.4
	60.7
	10.1
	5.4
	1.2

	
	1.0 g q8h, 4 h infusion
	100
	60.7
	45.4
	19
	99.2
	14.7
	7.2
	0.9

	
	1.5 g q8h, 4 h infusion
	100
	75.9
	62.4
	35.3
	99.9
	26.8
	15.2
	4.6

	
	2.0 g q8h, 4 h infusion
	100
	84.8
	72.2
	46.5
	100
	38
	24
	8.1

	
	1.5 g CI for 24 h with 0.5 g LD
	97.9
	97.9
	97.9
	57.1
	74.2
	74.2
	74.2
	11.7

	
	2.0 g CI for 24 h with 0.5 g LD 
	99.6
	99.6
	99.6
	80.5
	90.7
	90.7
	90.7
	32.9

	
	3.0 g CI for 24 h with 1.0 g LD 
	100
	100
	100
	97.8
	99.4
	99.4
	99.4
	74.9


 eGFR- estimated Glomerular Filtration Rate, q6h- every six hours, q8h- every eight hours, CI- continuous infusion, LD-Loading dose infused for one-hour, grey shade indicates optimal PTA ≥ 90%, white unshaded cell (figures) indicates sub-optimal PTA< 90



Supplementary Material II: Supplementary text
Supplementary Text S1: model file
DESCRIPTION:
The administration is via infusion, with an INFUSION DURATION column in the dataset.
The PK model has a central compartment (volume V1), a peripheral compartment (volume V2, intercompartmental clearance Q), and linear elimination (clearance Cl).
[LONGITUDINAL]
input = {Cl, V1, Q, V2,fu}
PK:
; Parameter transformations
V = V1
k12 = Q/V1
k21 = Q/V2
; PK model definition
Cfree = pkmodel(V, Cl, k12, k21)
Ctotal = Cfree/fu
OUTPUT:
output = {Cfree, Ctotal}


Supplementary Material III: Supplementary Figures
To further investigate the robustness of the estimated antimicrobial effect, the relationship between individual posterior clearance estimates and renal function stratified by antimicrobial was examined. There is a clear overlap in renal function between patients receiving ceftolozane/tazobactam and those receiving piperacillin/tazobactam (Supplementary Figure S1); therefore, the renal function observed in patients enrolled in the two ceftolozane/tazobactam studies is unlikely to have significantly confounded the covariate analysis. 
[image: ]
Supplementary Figure S1. Individual posterior clearance estimates versus renal function stratified by antimicrobial. Red, ceftolozane/tazobactam; blue, piperacillin/tazobactam; CKD-EPI eGFR, estimated Glomerular Filtration Rate calculated using the Chronic Kidney Disease Epidemiology Collaboration equation. 
In addition, study-stratified distributions of posterior clearance estimates (Supplementary Figure S2A) and CKD-EPI eGFR (Supplementary Figure S2B) were investigated. Clearly higher median clearance of tazobactam is observed in studies where it is co-administered with ceftolozane as compared to those where it is administered with piperacillin. This is biologically plausible because ceftolozane does not affect the tubular secretion of tazobactam; however, piperacillin does inhibit tazobactam secretion, leading to reduced clearance as observed in these studies (https://doi.org/10.1016/j.ijpharm.2017.12.037) (Supplementary Figure S2-A).  Off note, the two ceftolozane/tazobactam studies were not outliers in their renal function, as their CKD-EPI eGFR distributions overlapped considerably with those observed in multiple piperacillin/tazobactam studies, such as Cheng et al and Kumta et al (Supplementary Figure S2-B). Collectively, these observations suggest that differences in renal function alone are unlikely to fully explain the observed clearance differences. Nevertheless, all ceftolozane/tazobactam data originated from only two studies from the same site, and unfortunately other studies that measured tazobactam concentration when co-administered with ceftolozane are not available for comparison. It is therefore difficult to completely rule out any study-associated confounding factors. 
[image: ]Supplementary Figure S2. Study-stratified distributions of posterior clearance estimates and CKD-EPI eGFR. Red dots denote the two studies contributing ceftolozane/tazobactam data, whereas blue dots denote studies contributing piperacillin/tazobactam data. CKD-EPI eGFR, estimated Glomerular Filtration Rate calculated using the Chronic Kidney Disease Epidemiology Collaboration equation.
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