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• Tebipenem pivoxil hydrobromide (TBP-PI-HBr) is an oral (PO) prodrug that is 
converted to tebipenem (TBP), the active moiety. 

• TBP is a carbapenem with activity against multidrug-resistant Gram-
negative pathogens including extended-spectrum-β-lactamase-
producing Enterobacterales.  TBP-PI-HBr is being developed for the 
treatment of patients with complicated urinary tract infections (cUTI) and 
acute pyelonephritis (AP) [1]. 

• Previous population pharmacokinetic (PK) analyses using data from a 
Phase 1 single- and multiple-ascending dose study (Study 101) 
demonstrated that the disposition of TBP was best described by a two-
compartment model with first-order elimination, as well as a lag time and 
simple absorption rate (Ka) term for the drug absorption process [2].

• The objective of this analysis was to refine the above-described 
population PK model for TBP and identify covariates that described the 
variability in TBP PK.

RESULTS
• During structural model development, the following three relationships that 

were associated with the variability in TBP PK were identified: 
1. Relationships between creatinine clearance (CLcr) and each of renal 

clearance (CLR) and nonrenal clearance (CLNR);  
2. A relationship between fed status and Ka; and 
3. A relationship between the dose and Ka in Study 104 (for which subjects 

received two doses of TBP in crossover fashion). 
• Step-wise covariate model building also identified several statistically 

significant relationships between body size (body surface area [BSA] or 
height) and/or infection status and the interindividual variability (IIV) in PK 
parameters.

• The goodness-of-fit plots for the final model are provided in Figure 3. These 
plots demonstrate the adequacy of the model fit across healthy subjects 
and infected patients, with an overall r2 of 0.76 based on observed versus 
individual predicted plasma concentrations. The line of best fit indicates 
that the model fit the data with very little bias as the intercept terms are all 
close to zero and the slopes are approximately one (0.97 and 1.13, 
respectively).

• A population PK model was successfully refined for TBP and considered 
robust and reliable for the calculation of individual post-hoc estimates of 
exposure and conduct model-based simulations and for use in 
subsequent pharmacokinetic-pharmacodynamic (PK-PD) analyses for 
efficacy and PK-PD target attainment analyses, respectively.

• The use of TBP-PI-HBr 300 mg PO q8h is appropriate for patients with 
moderate-severe renal impairment as it resulted in TBP exposures that 
were similar to those observed in patients with mild renal impairment or 
normal renal function who received TBP-PI-HBr 600 mg PO q8h.

• No dose adjustments on the basis of age, body size, or sex are warranted.
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Circles represent prediction-corrected observed plasma concentrations while the black lines represent the median and 5th

and 95th percentiles of the observed data. The solid red line represents the median model predicted concentration values.
The solid blue lines represent the 5th and 95th model predicted concentration values. Shaded areas represent the 95% model
predicted confidence interval around the 5th, median, and 95th model predictions.

Table 1. Summary statistics or counts of the subject demographic 
characteristics of the PK analysis population

Variable

Phase 1 Phase 3
Pooled Dataset

(n = 749)Study 101
(n = 36)

Study 102
(n = 39)

Study 104
(n = 24)

Study 301
(n = 650)

Age (yr) 24.0 (18.0-42.0) 63.0 (42.0-80.0) 39.0 (19.0-63.0) 62.0 (18.0-91.0) 60.0 (18.0-91.0)

Height (cm) 176 (164-196) 170 (154-184) 164 (142-178) 168 (110-202) 169 (110-202)

Weight (kg) 75.7 (60.1-94.8) 83.3 (54.6-121) 72.8 (55.0-98.9) 75.7 (42.0-142) 76.0 (42.0-142)

BSA (m2) 1.90 (1.65-2.21) 1.96 (1.55-2.39) 1.78 (1.49-2.17) 1.86 (1.32-2.70) 1.86 (1.32-2.70)

BMI (kg/m2) 24.1 (19.2-29.3) 28.5 (21.6-39.7) 28.2 (22.6-32.1) 26.4 (15.3-57.9) 26.3 (15.3-57.9)

CLcr (mL/min/1.73 
m2) 120 (83.4-161) 42.2 (6.90-106) 103 (68.3-144) 72.2 (19.8-192) 74.2 (6.90-192)

Gender

Male 36 (100) 22 (56.4) 6 (25.0) 301 (46.3) 365 (48.7)

Female 17 (43.6) 18 (75.0) 349 (53.7) 384 (51.3)

Race

White 29 (80.6) 24 (61.5) 24 (100) 641 (98.6) 718 (95.9)

Black 15 (38.5) 6 (0.92) 21 (2.80)

Asian 6 (16.7) 3 (0.46) 9 (1.20)

Other 1 (2.8) 1 (0.13)

Note: Summary statistics presented as mean (CV%) and median (min. – max.) or n/N (%). BMI, body mass index.

Figure 3. Standard goodness-of-fit plots for the final population PK model 
(plasma concentrations)

Figure 4. Prediction-corrected visual predictive check plot for the final
model using the pooled analysis dataset

Table 2. Summary (geometric mean [%CV]; median [min. – max.]) of key TBP
PK parameters for infected patients from Study 301, derived from the fit of
the population PK model, stratified by TBP-PI-HBr dosing regimen

Parameter
TBP-PI-HBr                                                               

300 mg PO q8ha

(n = 55)

TBP-PI-HBr                                                                  
600 mg PO q8h

(n = 595)

AUC0-24 (μg•h/mL)b 62.6 (59.1)
59.2 (11.5 - 273)

63.6 (54.1)
60.5 (18.0 - 669)

Cmax (μg/mL)c 6.26 (52.5)
6.68 (1.31 - 18.2)

7.61 (47.5)
7.98 (1.41 - 51.2)

CL/F (L/h) 15.1 (63.2)
15.7 (1.77 - 78.4)

28.4 (58.5)
30.7 (2.39 - 100)

Vss/F (L) 37.3 (19.3)
36.7 (26.2 - 54.5)

41.7 (23.9)
41.8 (11.9 - 104)

t1/2,α (h) 0.917 (28.7)
0.967 (0.365 - 1.46)

0.705 (37.6)
0.708 (0.265 - 1.57)

t1/2,β (h) 2.38 (40.9)
2.10 (1.40 - 12.9)

1.91 (30.9)
1.77 (1.25 - 7.88)

Note: AUC0-24, area under the concentration-time curve from time 0 to 24 hours; Cmax, maximum plasma concentration; t1/2α, 
half-life for the alpha phase; t1/2β, half-life for the beta phase; Vss/F, apparent oral steady-state volume of distribution. AUC0-24
and Cmax were calculated on Day 1.
a. Subjects were randomized to the doses based on baseline CLcr. Patients with baseline CLcr >50 mL/min received TBP-PI-HBr 

600 mg PO q8h while those with baseline CLcr 30-50 mL/min received TBP-PI-HBr 300 mg PO q8h. 
b. The arithmetic mean AUC0-24 estimates were 73.3 and 74.7 for the TBP-PI-HBr 300 mg PO q8h and 600 mg PO q8h dose 

groups, respectively, and 74.6 for both groups combined.
c. The arithmetic mean Cmax estimates were 7.06 and 8.47 for the 300 mg PO q8h and 600 mg PO q8h dose groups, 

respectively, and 8.35 for both groups combined.

Figure 5. Relationship between TBP clearance and CLcrFigure 2. Semi-log scatterplot of observed
plasma concentrations versus time for
subjects from Study 301, colored by dose
and paneled by renal function group

Note: Black line and grey shaded region is median (5th-
95th) for TBP-PI-HBr 600 mg PO single dose from Phase 1. 

Figure 1. Semi-log plot of
median (25th – 75th) plasma
concentrations versus time,
stratified by study (TBP-PI-HBr 600
mg, PO single-dose only)

Note: Study 1 data is Cohort 1 only (CLcr ≥90 
mL/min/1.73 m2). 

METHODS
• The population PK model was refined using TBP plasma and urine 

concentration-time data from three Phase 1 studies (Studies 101, 102, and 
104) and a Phase 3 study in patients with cUTI/AP (Study 301). 

• TBP-PI-HBr doses ranged from 100 to 1200 mg PO for the single doses 
assessed and were 600 mg PO every 8 hours (q8h) for seven to 14 days for 
multiple doses assessed (300 mg PO q8h for patients with moderate renal 
impairment). 

• The population PK analysis was conducted using NONMEM Version 7.4.

• After development of the structural model, stepwise forward selection 
and backward elimination procedures were used to identify significant 
covariate relationships. 

• The final population PK model was qualified by using a prediction-
corrected visual predictive check (PC-VPC). Parameter precision was 
assessed using a sampling-importance-resampling procedure.

• Using the final model, individual predicted concentration-time profiles for 
each patient were generated, along with individual post-hoc PK 
parameters.

• The final dataset included 3448 plasma concentrations from 99 Phase 1 
subjects and 647 Phase 3 patients and urine concentrations from 128 
Phase 1 subjects. Subject demographics for the PK analysis population are 
presented in Table 1.

• The plots of TBP concentrations versus time demonstrated that 
concentrations increased with increasing dose, absorption profiles had 
substantial variability, and there was negligible accumulation at steady 
state. Plots of the food effect cohorts from Study 101 suggested that the 
presence of food slowed the rate of TBP absorption but did not impact 
overall exposure (data not shown).

• During base structural PK model development, the lag time in the previous 
population PK model was replaced with a transit compartment model 
with an estimated Ka used to control the rate of absorption.

• The final population PK model that best described TBP PK was found to be 
a two-compartment model with linear, first-order elimination and two 
transit compartments to describe the rate of drug absorption after PO 
administration of TBP-PI-HBr.

RESULTS

• A plot of TBP plasma concentration versus time, stratified by study for all 
subjects with normal renal function receiving single TBP-PI-HBr 600 mg PO 
doses in the Phase 1 studies, is presented in Figure 1. 

• The PC-VPC plot (Figure 4) showed good agreement between median 
simulated plasma concentrations based on the final population PK model
and the median observed plasma concentrations for the pooled dataset.

• Plots of TBP plasma 
concentrations versus time for 
subjects from Study 301 
paneled by renal function 
group is presented in Figure 2.

• Summary statistics for key PK exposure parameters are provided in Table 2
for patients in Study 301.

• A statistically significant relationship was identified between TBP clearance 
and CLcr. As shown in Figure 5, clearance increased in a sigmoidal fashion 
with increasing CLcr. In patients with CLcr ≤ 50 mL/min/1.73 m2, the 
apparent oral clearance (CL/F) of TBP decreased sufficiently to warrant 
dose reductions. In contrast, age, body size, sex, and fed status each had 
a minimal impact on TBP exposure (data not shown).
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