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Abstract: Although tigecycline is widely used in clinical practice, its efficiency and optimal dosage regimens remain controversial.
The purpose of this article was to help guide tigecycline dosing in different patient subpopulations through comparing the published
population pharmacokinetic models of tigecycline, as well as summarizing and determining the potential covariates that markedly
influence tigecycline pharmacokinetics. In this review, literature was systematically searched from the PubMed database from
inception to March 2022. The articles focusing on population pharmacokinetics for tigecycline in healthy volunteers or patients
were included; finally, a total of eight studies were included in this review. NONMEM methods were used in five studies to generate
the population pharmacokinetic models. Tigecycline pharmacokinetics were mostly described by a two-compartment model in these
included studies. Estimated clearance and volumes of distribution of tigecycline at steady state (Vss) varied widely in different target
patient populations, with a range of 7.5-23.1 L/h and 212.7-1087.7 L, respectively. Body-weight and creatinine clearance were the
most important predictors of clearance in these studies, while other predictors include age, gender, bilirubin and aspartate amino-
transferase. In conclusion, this review showed the large variability of tigecycline population pharmacokinetics, which can provide
guide dosing in different target populations. For clinicians, the individual dosing adjustment should be based not only on the indication
and pathogen susceptibility but also on the potential important predictors. However, more studies were needed to confirm the necessity
of modified dosage regimens in different patient subpopulations.
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Introduction

Tigecycline, an antimicrobial agent of glycylcycline class, is approved to treat complicated skin and skin structure
infections, complicated intra-abdominal infections, and community-acquired pneumonia by the Food and Drug
Administration in America since June 2005." The primary mechanism of tigecycline is to bind to a helical region
(H34) on the 30S subunit of bacterial ribosomes and inhibit bacterial protein translation.” Hence, tigecycline possesses
high activities against gram-positive, almost all the gram-negative and anaerobic microorganisms.>* Due to its broad-
spectrum antibacterial activities, tigecycline has been considered as one of the most important agents for treating
complicated multi-drug resistant pathogen infections.

The recommended standard dose of tigecycline is a 100 mg starting dose, followed by 50 mg twice daily. Tigecycline
has an extensive tissue distribution in the body, as its distribution volume ranges from 7 to 10 L/kg. Systemic clearance
and the elimination half-life for tigecycline range from 0.2 to 0.3 L/h/kg and 37 to 67 hours, respectively.® Tigecycline
can highly combine with plasma proteins and exhibit atypical non-linear protein binding. AUC/MIC is considered as the
most optimal parameter for pharmacokinetic/pharmacodynamic (PK/PD) to predict the efficacy of tigecycline.” In vitro,
it was suggested that tigecycline exhibits excellent activities against most Gram-positive and Gram-negative pathogens.
Yaghoubi et al reported that tigecycline showed a prolonged postantibiotic effect and displayed a time-dependent
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bactericidal activity in a 3 mg/kg dose.® Compared with tetracycline, tigecycline was more effective for the Enterococcus
faecalis ATCC47077 (a tetracycline-susceptible pathogen).” However, the efficacy of standard dose tigecycline in clinical
application is still controversial. Several studies recently reported that the recommended standard dose of tigecycline
exerted insufficient antimicrobial activities in different target patient populations.® A higher dosage of tigecycline (100
mg twice daily) was related to better outcomes in HAP patients.'® A higher dosage of tigecycline could also achieve
a better cure rate and be associated with better outcomes in critically ill patients with multidrug-resistant bacteria
infection.!' Therefore, optimizing the dosage of tigecycline to improve its efficacy in different target patient population is
still need to be clarified.

Recently, the FDA issued a black boxed warning and illustrated that treatment with tigecycline increased the risk of
death in FDA-approved and non-approved diseases.'? Several clinical studies have shown that the use of tigecycline was
related to higher mortality than other comparator antibiotics.'*™'> A meta-analysis also demonstrated that compared with
the control groups, the clinical response and mortality in the tigecycline-treated group showed no difference. Tigecycline
could not induce better outcomes when compared with other antibiotics in treating complicated multi-drug-resistant
pathogen infections, and the mortality in the tigecycline-treated group was even higher than others. Therefore, Ni et al
concluded that the use of tigecycline might not be the best choice.'® However, the potential reason for this higher
mortality is still unknown. Freire et al attributed the increased risk of death to suboptimal tigecycline dosing.'” Therefore,
the FDA advised that tigecycline should be used only in situations when other treating methods are not suitable.'*!!
However, due to its strong antimicrobial activities and lack of other effective antimicrobials, tigecycline is still used in
complicated multi-drug-resistant pathogen infections as the antibiotic of last resort.

Population pharmacokinetics provided clinicians a useful method to investigate pharmacokinetic variability in
different patient subpopulations and to determine covariates that influence drug pharmacokinetics. To decrease the
potential adverse reactions of the tigecycline and maintain its efficacy, the population pharmacokinetics of tigecycline
has been studied in different target patient populations, including intensively sampled volunteers and sparsely sampled
patients. This review aims to comprehensively summarize all population pharmacokinetics analyses of tigecycline (from
inception to March 2022). In this review, we systemically compared the population pharmacokinetic models of
tigecycline and explored the potential covariates that might influence the pharmacokinetic models.

Materials and Methods
Search Strategy

Literature collected for the review was systematically searched from the PubMed database from inception to March 2022.
The following search terms were employed: tigecycline AND (population pharmacokinetic OR pharmacokinetic analysis
OR pharmacokinetic model OR NONMEM OR non-linear mixed effect model). All articles were reviewed and double-
checked.

Inclusion and Exclusion Criteria
The articles focusing on population pharmacokinetic for tigecycline in healthy or patients could be included as it met the
following criteria: (1) Study population in literatures should be human; (2) The administration of tigecycline should be
intravenous injection; (3) The analysis method used in the study should be population pharmacokinetic analysis; (4)
Original data were used; and (5) The language of the study should be published in English.

Excluded criteria used in this review were as follows: (1) The articles were in vitro or animal studies; (2) The articles
were meta-analysis, methodology, and review articles; and (3) The population PK modeling approach was not used.

Data Extraction

All the literature that met the inclusion criteria was collected and the relevant information was extracted. For example,
the first authors, the publication year, the country of the study, the characteristics of the population (including the number
of patients (male/female), type of the special population, age, body-weight, creatinine clearance, and the levels of
albumin), study clinical protocol (including the type of study (retrospective/prospective), the dosage of tigecycline
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supplementation, the time point, the frequency of sampling, the quantification methods of tigecycline, lower limit of
quantification, the instrument used, the population pharmacokinetic modeling methods and techniques (including soft-
ware used in the studies, the methods of evaluation, and covariate selection strategies), as well as the PopPK models and
covariates analysis (including the final formula of PopPK structural and the values of related parameters, the covariates
were tested and preserved).

Results

Literature Collection

A total of 169 potentially relevant articles were obtained when the search strategies were performed, of which 30
remained after scanning abstract and title. After the full-text assessment, eight of them met the inclusion criteria and were
included in this review (Figure 1).'®?° The characteristics of the relevant eight articles are summarized in Table 1. The
patients included in this review were from five countries. Specifically, the patients in two studies were from China, the
patients in two studies were from the USA, while the patients in one study were from Poland, Germany, and Spain,
respectively. The year of publication range from 2007 to 2022. The number of patients included in these eight studies
varied widely, and ranged from 11 patients (Broeker et al) to 410 patients (Rubino et al). Furthermore, the type of
population recruited in these studies included healthy volunteers, the patients with intra-abdominal infections, the
patients with community or hospital-acquired pneumonia, the patients with sepsis or septic shock, the patients with
complicated intra-abdominal or skin and skin structure infections, and the patients with cirrhosis.

Study Designs and Analysis Methods

These studies collected in the present review contain five prospective studies (Broeker et al, Agnieszka et al, Xie et al,
Zhou et al, and Bastida et al) and three retrospective studies (Rubino et al, Van Wart et al and Van Wart et al). Although
the recommended standard dose of tigecycline is a 100 mg starting dose, followed by 50 mg twice daily; however, the
dosage of tigecycline in these studies included in the review varied. The tigecycline administration route in five of the
studies was by an intravenous infusion in standard dosage (100 mg loading, 50 mg q12h) or lower (50 mg loading, 25 mg

5§ | | Records identified through database search
:‘é (N=169)
=
()
o
A

2 Title/abstract screened
5 N=169
g ( ) Records excluded
8 (N=139)

N eReview

” eAnimal studies
2 v eVitro studies
3 Full-text articles assessed for eligibility eNot in English
L (N=30) Full-text articles excluded

(N=22)

.| ePreviously described
3 " model was used
= ePopulation PK modeling
E Studies included in this review was not used

(N=8)
Figure | The selection process of the studies included in the systematic review.
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Table | Summary of Patients’ Demographics for All Population-Pharmacokinetic Studies Included in This Review

infections

Study Publication | Sample | Country Population Characteristics
Year Size
Patient Group Sex (M/F) Age (Year) Weight (kg) CLCR (mL/min) Albumin (g/dl)
Broeker et al® 2018 I Germany Intra-abdominal infections 10/1 69 (37-81) 80 (68-104) NR 2.8 (2.1-3.1)
with continuous veno-venous
hemodialysis (n = 8) or
hemodiafiltration (n = 3)
Agnieszka et al** 2018 37 Poland Sepsis or septic shock 26/11 61 (25-79) 80 (50-129) NR 2.2 (1.5-3.6)
Xie et al'® 2017 10 China Critically ill patients with 6/4 64 (36.5-73) 69.1 (59.7-70.8) NR 2.8 (2.7-2.9)
severe infections
Rubino et al* 2010 410 USA Community or hospital- 250/160 56.0 (18.0-92.0 74.0 (33.8-140 75.7 (18.4-247 3.02 (1.20-5.30
Y P
acquired pneumonia (mL/min/1.73m?)
Van Wart et al*' 2007 174 USA Healthy volunteers 149/25 35 (18-84) 76 (50-112) NR NR
Van Wart et al* 2006 146 USA Complicated intra-abdominal 103/43 45.7 (18-82) 84.3 (47-227) 91.9 (24.2-278) NR
or skin and skin structure
infections
Zhou et al'® 2020 89 China Hospital-acquired pneumonia 55/34 6l (18-89) 60 (35-80) NR 32.7 (20.3-54.5)
Bastida et al*® 2022 20 Spain Cirrhosis and severe 16/4 59 (51-67) 75+ 18 49 = 25° 29.6 = 4.2°

Note: *Mean * SD.

Abbreviations: NR, not reported; M, male; F, female; CLCR, creatinine clearance.

|e 32 noyz

aro(q


https://www.dovepress.com
https://www.dovepress.com

Dove Zhou et al

q12h), and the tigecycline in one study conducted by Van Wart et al was administered by intravenous infusion in a single
(12.5-300 mg) or multiple (25-100 mg, q12h) dosages. The only exception was conducted by Agnieszka et al who
showed that the tigecycline was administered by intravenous infusion in higher dosage (200 mg loading, 100 mg q12h).>*
Besides, in Bastida’s study, the dosage of tigecycline administration was not provided.”” The time of samples collection
in patients in these eight studies varied widely, for example, in Broeker’s study, arterial blood samples were collected as
follows: 0 (before the start of infusion), after the end of infusion (1, 1.25, 1.5, 1.75, 2, 4, 6, 8, and 12 h), while Zhou et al
reported that the blood samples were obtained before the ninth dose of tigecycline and at 0, 3, and 8 h after the end of
infusion.'®?® To quantify tigecycline concentrations in these samples, the high-performance liquid chromatography and
liquid chromatography method with tandem mass spectrometer detection systems were used in these studies. The general
characteristics of the clinical protocols for studies are summarized in Table 2.

Population Pharmacokinetic Analysis
As shown in Table 3, NONMEM methods were used in five of these studies to analyze data and generate the population
pharmacokinetic models.’*?"?*%% Phoenix NLME, ADAPT, and R software were also used in the study of Zhou et al,
Rubino et al, and Xie et al, respectively.'®!*?*> Bootstrapping analysis, an internal evaluation method was used in five
studies, external evaluations were used in two studies, and one study reported no information on the validations. The best
way for modeling population pharmacokinetics of tigecycline was the two-compartmental model in seven analyses;
however, three-compartment models were found to be more suitable to describe the subjects obtained single or multiple
doses of tigecycline in the study of Van Wart et al*°

Several covariates were tested in the models including age, sex, race, body-weight, etc in different subpopulations
(Table 3). In our review, the model evaluation in these studies was conducted through basic internal approaches such as
goodness of fit, and advanced internal approaches such as bootstrap and visual predictive check. Age was tested as
a covariate in all the studies included in our review, and only one study showed that age could affect tigecycline
clearance.'® The influence of sex as a covariate on tigecycline clearance was tested in five studies; however, it was only
included in the final model in one study.”” Body-weight is also one of the significant covariates on tigecycline clearance,
and six of the studies tested it. In two of these studies, the tigecycline clearance is increased with increasing body-
weight.'®?° However, no significant effect of body-weight has been found in other four studies. Furthermore, although
the covariate creatinine clearance was only included in five population pharmacokinetic models, two studies showed
a significant effect of creatinine clearance on tigecycline.”’** Interestingly, Bastida et al recently reported that Model for
End-stage Liver Disease (MELD) score and total serum proteins significantly influenced the clearance of tigecycline in
critically ill patients with decompensated cirrhosis and severe infections.?” In addition, other significant covariates on
tigecycline clearance included BMI, body surface area, bilirubin, and aspartate aminotransferase.

Clearance and Volume of Distribution
In the final population pharmacokinetic models of these studies included in the review, the clearance of tigecycline
ranged from 7.50 to 23.1 L/h. The clearance of tigecycline and between-subjects variability of the included studies is
presented in Figure 2. High tigecycline clearance was observed in the following subpopulations: patients with hospital-
acquired pneumonia in China, patients with sepsis or septic shock in Poland, patients with community or hospital-
acquired pneumonia in the USA, and patients with intra-abdominal infections receiving either continuous veno-venous
hemodialysis or hemodiafiltration in Germany. However, the clearance of tigecycline in the lower spectrum was also
observed in one study in critically ill patients with severe infections in China."®

In the studies included in the review, the estimated volumes of distribution varied widely. When detecting the total
volume of distribution, the lowest was 212.7 L, which was estimated in patients with intra-abdominal infections receiving
either continuous veno-venous hemodialysis or hemodiafiltration in the study of Broeker et al*> Among the estimated
total volume of distribution (Vss), the two highest were 1087.7 L and 759 L in healthy volunteers administering as
multiple doses and patients with complicated intra-abdominal or skin and skin structure infections in the studies of Van
Wart et al and Van Wart et al, respectively’™?' (Table 4).
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Table 2 Summary of the Clinical Protocols for Studies Included in This Review

and 8-12 h after drug administration

spectrometry (UPLC-MS/MS) method

Study Study Type Dose Samples’ Time Assay LLQ
Broeker et al?? Prospective 100 mg (50 mg, ql2h) 0 (before the start of infusion) and |, 1.25, 1.5, .75, 2, 4, Ultrafiltration and high-performance 50 ng/mL
6, 8, 12 h (after the end of infusion) liquid chromatography (HPLC)-UV
Agnieszka et al** Prospective 200 mg (100 mg, ql2h) 0.5, 2, 4, 8 and 12 h after each infusion High-performance liquid chromatography 20 ng/mL
Xie et al'® Prospective 100 mg (50 mg, ql2h) 0 (before the seventh dose), 0.5, I, 2, 3, 4, 6, 8, and 12 Liquid chromatography-tandem mass 5 ng/mL
h (after the seventh dose) spectrometry
Rubino et al* Retrospective 100 mg (50 mg, ql2h) 1. 0 h (before the first dose) Liquid chromatography-tandem mass 10 ng/mL
2. On any day on or after day 3 (after a minimum of 6 spectrometry
tigecycline doses): 0 h, within 10 min before the end of
the infusion, within | min after the end of the infusion.
3. On any day on or after day 3 (after a minimum of 6
tigecycline doses), 3 and 6 h from the start of the
infusion.
Van Wart et al?' Retrospective Signal dose (12.5-300 mg); Single dose: (pre-dose, 0.5, I, 1.5, 2, 3, 4, 45,5, 6,7, 8, High-performance liquid chromatography-UV; 25 ng/mL; 10
Multiple doses (25-100 mg, 10, 12, 16, 24, 36, 48, 60, 72, and 96 h) Liquid chromatography methods with tandem ng/mL
ql2h) Multiple doses: (pre-dose, 0.5, I, 1.5, 2, 3, 4, 6, 8,and 12 h) mass spectrometer detection (LC/MS/MS)
Van Wart et al?° Retrospective 100 mg (50 mg, ql2h); Prior to dosing, at the end of infusion (either 0.5 h or | | Liquid chromatography method with tandem mass 10 ng/mL
50 mg (25 mg, ql2h) h), and at 3 h and 6 h after the start of infusion on spectrometer detection
the day before or the day of discharge from the study
unit.
Zhou et al'® Prospective 100 mg (50 mg, ql2h) Before the 9th dose of tigecycline and at 0, 3, and 8 A two-dimensional liquid chromatographic 35 ng/mL
h after the end of infusion. system, which contains two parts: the first
separation system (LCI) and second separation
system (LC2).
Bastida et al*® Prospective NR 30 min before drug administration (pre-dose), and I, 2, 5 Liquid chromatography—tandem mass 10 ng/mL

Abbreviations: NR, not reported; LLQ, lower limit of quantifcation.
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Table 3 Population Pharmacokinetic Modeling Methods, Tested and Retained Covariates by the Studies Included in the Review

model

package for R

concentration, creatinine clearance, albumin, and Acute Physiology and Chronic

Health Evaluation Il scores

Study Compartments Software Covariates Tested Covariates Included in Model
Final Model Evaluation
Broeker et al?® Two-compartment NONMEM Age, sex, bilirubin, creatinine concentration, creatinine clearance Bilirubin Goodness of fit
model (Version 7) and visual
predictive check
Agnieszka et al** Two-compartment NONMEM Age, sex, weight, height, application of ECMO and CRRT, dialysis volume, Not found Bootstrap and
model (Version 7) ultrafiltration speed, extravascular lung water index, cardiac output, sequential organ visual predictive
failure assessment score, and procalcitonin concentration check
Xie et al'® Two-compartment Pmetrics Age, sex, height, body weight, body mass index, body surface area, creatinine Body mass index Goodness of fit

and visual

predictive check

model

(Version 7.4)

Body weight

serum proteins

Rubino et al*? Two-compartment ADAPT Age, sex, race, height, weight, bmi, ideal body weight, albumin, creatinine clearance, Body surface area, Bootstrap
model Acute Physiology and Chronic Health Evaluation Il scores, nursing home residence, creatinine clearance
cerebrovascular disease, alcohol abuse, congestive heart failure, chronic obstructive
pulmonary disease, current or previous smoking, diabetes, fine score, liver disease,
neoplastic disease, renal disease, ventilator-associated pneumonia
Van Wart et al*' Three-compartment NONMEM Age, weight, gender, race, alkaline phosphatase, alanine aminotransferase, aspartate Weight, creatinine Goodness of fit
model and (Version 5) aminotransferase, bilirubin, creatinine clearance, plasma albumin, hematocrit, clearance, gender
two-compartment hemoglobin, and red blood cell count
model
Van Wart et al*® Two-compartment NONMEM NR NR Goodness of fit
model (Version 5)
Zhou et al'® Two-compartment Phoenix Age, gender, body weight, alanine aminotransferase, aspartate aminotransferase, Age, weight, creatinine Bootstrap and
model NLMETM creatinine concentration, total bilirubin, direct bilirubin, albumin concentration, aspartate visual predictive
(Version 8.1) aminotransferase check
Bastida et al*® Two-compartment NONMEM Age, body mass index, bilirubin, aspartate aminotransferase, creatinine clearance, and MELD score and total Goodness-of-fit

and predictive
check

Abbreviations: NR, not reported; NONMEM, nonlinear mixed-effects modeling.
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Figure 2 Tigecycline clearance and between-subjects variability of the included studies.

Discussion

Tigecycline, a crucial antibiotic, has been widely used as one of the agents for the treatment of complicated multi-drug-
resistant pathogen infections. In clinical studies, the dosage of tigecycline should be carefully adjusted. The recom-
mended standard dose of tigecycline is a 100 mg loading dose, followed by 50mg twice daily; however, it is widely
defined that the recommended dosing regimen is insufficient to treat MDR bacteria infections.® Meanwhile, the adverse
drug reactions of tigecycline also need to be carefully monitored.>® Thus, numerous studies on tigecycline PK have been
conducted and several population pharmacokinetic models have also been investigated since 2006 to ascertain the
appropriate dosing in different target patient populations. To the best of our knowledge, this is the first review to
summarize the literature knowledge on population pharmacokinetics of tigecycline.

The present review included eight different population pharmacokinetic analyses, which were conducted in four
countries from 2006 to 2022. NONMEM is one of the softwares widely used in population pharmacokinetic modeling.?’
In the studies included in this review, NONMEM was used in five of the studies to identify relevant covariates and
optimize the dosage of tigecycline in the respective subpopulation and almost all the studies showed that tigecycline PK
with two-compartment models were more precise and adequate. The trends of PK estimates (clearance and volumes of
distribution) between different target patient populations were not observed. The estimated clearance and volumes of
distribution (V1) of tigecycline varied widely in different target patient populations, with a range of 7.5-23.1 L/h and
23.9-162 L, respectively. However, in view of the difference between respective subpopulations, the study designs, the
sample sizes, sampling time, and methods of covariates modeling, the interpretation of such ranges should be cautious
and more investigation is required.

Most of the studies collected in the present review were conducted as prospective studies in special subpopulations,
including critically ill patients with intra-abdominal infections, sepsis or septic shock, critically ill patients with severe
infections and hospital-acquired pneumonia, as well as critically ill patients with decompensated cirrhosis and severe
infections. Furthermore, according to the purpose of these studies, many aimed at investigating the relationships between
tigecycline treatment and the clinical response as well as optimizing tigecycline dosage in the respective subpopulation.
Insufficient sample size and representativity of samples might be limitations for these studies; therefore, the capability to
evaluate parameters and detect significant covariates might be confined. Besides, the studies include in this review mostly
measured the levels of tigecycline in plasma, which may not necessarily reflect concentrations at the target site. Stepwise
covariates selection was the most commonly reported method. A large of different covariates were evaluated and age,
sex, body-weight as well as creatinine clearance were identified as the most significant covariates in these studies.
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Table 4 A Summary of Final Models, Fixed and Random Effect Models Described in the Included Studies

Reference CL (L/h) VI (L) V2 BSV RV
Formula Parameter Value Formula Value | Formula | Value CL Vi v2 Exponential | Proportional | Additive
L)
Broeker 0, -(bilirubin/2.3)" 0,, bilirubin, 62 18.3 NR 58.7 - 154 436 | 1109 - Opre-flter -
et al?? plasma=16.9%
Geffluent—40.6%
Agnieszka NR CL 22.1 NR 162 - 87.9 | 17.3% | 192% | 38.7% 13.0% 0.021 pg/
et al** mL
Xie et al'’? NR cL 7.50 NR 72.50 - - - - - - - -
Rubino 19.6+[10.2 (BSA-1.73)] cL 19.2 NR 65.2 - 398 404 | 821 40.2 - - -
et al® +[0.0638 (CrCL-100)]
Van Wart 7.69 DOSE>*** (3-CMT and 16.3 NR 239 - 523 - - - 0.13 -
et al®! single-dose)
DOSE
(3-CMT and 16.8 NR 27.8 - 388 - - - 0.15 -
multiple dose)
DOSE
(2-CMT and Coeff NR 46.4 - 248 - - - 0.09 -
single-dose) =7.69;
DOSE Power
=0.294
(2-CMT and 16.3 57.7 - 1030 - - - 0.11 -
multiple-dose)
DOSE
Van Wart 15.7 (CLcr;/88.3)°2°°+0.0943 - CLcr;, WTKG; 15.7 NR 115 - 644 35.1 432 - - 21.0 -
etal® (WTKG;-80)+3.23 Male Gender
Zhou 23.1%(Age/61)N(—0.388) x(Cr/73.4)A Age, Cr, AST, 23.1 105.9%(WT/60) 105.9 - 1249 | 17.1 36.7 - - 5.8% -
etal'® (-0.296)%(AST/34.5)* (~0.174) WT, exp(nCL) £2.235xexp(nV)
*(WT/60)72.27 l.exp(mCL)
Bastida CL (L/h) = 14.8 x (MELD/16) A(—1.05) MELD score 14.5 VI(L) = 63.7 x (Total 64.9 - 279 478 | 495 - - 21.0
etal® Serum Protein/55)*
(-2.49)

Abbreviations: NR, not reported; CL, clearance; V|, volume of distribution of the central compartment; V,, volume of distribution of the peripheral compartment; BSV, between-subject variability; RV, residual variability; BSA, body
surface area; CrCL, creatinine clearance; CLCR], creatinine clearance (mL/min) of the jth patient; WTKG;j, weight (kg) of the jth patient; WT, body weight; CMT, compartment; AST, aspartate aminotransferase.
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With regard to the covariates, the age of the patients was tested as a covariate in all of the studies included in our
review, and only one study showed that the age was associated with the PK parameters of tigecycline in patients (age
range: 18-89 years) with HAP. Besides, the influence of age on the tigecycline has also been demonstrated in previous
studies. Muralidharan et al reported that there were no significant differences in tigecycline pharmacokinetic parameters
in different age groups (age: 18-50 vs 65—75 vs >75 years) in healthy subjects.”® However, higher potential adverse
events would be observed in older age groups (age range: >65 years).”” Meanwhile, Liu et al also found that elderly
patients (age range: 77.09 + 15.11 years) were more prone to developing hypofibrinogenemia after the administration of
tigecycline.>® The reason for the differences among these studies may be due to the different health status and age
distribution of the subjects selected in these studies. In clinical practice, tigecycline is usually used to treat life-
threatening infections in elderly patients. This might also be explained by decreased liver blood flow, the changed
metabolism of drug binding, and distribution with advanced age.

The associations between sex and tigecycline PK parameters were investigated in five studies. In Van Wart et al’s study,
the clearance of tigecycline was significantly related to sex in patients with complicated intra-abdominal or skin and skin
structure infections and they found that males had a higher clearance of tigecycline as compared to females.?® It is well
known that tigecycline is extensively distributed to the bone, and bone mass in males was significantly higher than in
females; therefore, higher bone mass in males may influence the redistribution of tigecycline. Consistently, the AUC ,4 in
young women was approximately 21% higher than that in young men after a single dose of tigecycline exposure.”®
Interestingly, in the recent study, Fan et al also reported that females had a higher risk due to their greater accumulation of
tigecycline than males.>’ However, they did not observe a difference in another study in healthy volunteers.”® Meanwhile,
no correlation with sex was found in the other four studies included in this review. The potential reason for these
contradictory results may be due to insufficient sample sizes and the diversity of patients.

The effects of body-weight as a covariate in patients on the pharmacokinetic parameters of tigecycline have been
studied. Zhou et al reported that the weight of the patients with hospital-acquired pneumonia was related to the increased
central volume of distribution and tigecycline clearance.'® Van Wart et al observed that the clearance of tigecycline in
patients with cIAI or ¢cSSSI was significantly influenced by body-weight.?® Consistent with these studies, Xie et al also
found that a larger BMI was associated with increased clearance of tigecycline in critically ill patients, while the final
model was not provided and no obese subjects with PK data available for inclusion in their analysis.'” Furthermore,
Rubino et al demonstrated that the body surface area was one of the significant predictors of interindividual variability on
clearance.”” In contrast, no significant difference was obtained in another four studies. Meanwhile, the study of Pai et al
reported that there was no difference in the clearance and volume of distribution between the obese and normal-weight
healthy adults.*? Therefore, the importance of body-weight, body size, and BMI in the pharmacokinetics of tigecycline
still needs to be investigated.

The parameters associated with liver functions, such as MELD score, bilirubin, aspartate aminotransferase, alkaline
phosphatase, and/or alanine aminotransferase were also considered as covariates in some studies. In one study, the impact
of bilirubin on tigecycline clearance was demonstrated.”® Another study also recognized bilirubin as a crucial covariate,
even though it was not included in the final model.?® In addition, in Zhou et al’s study, they tested the association
between total bilirubin, direct bilirubin, and tigecycline clearance, while no significant differences were detected.'®
However, they observed that the levels of aspartate aminotransferase, but not alkaline phosphatase and alanine
aminotransferase were associated with decreased clearance in patients. Recently, the effects of liver functions on the
pharmacokinetics of tigecycline were also investigated. Alraish et al found that compared with the patients with normal
liver functions, the levels of tigecycline in plasma were remarkably higher in patients with severe liver failure.>* In Van
Wart et al study, there was no association between parameters associated with liver functions (bilirubin, aspartate
aminotransferase, alkaline phosphatase and/or alanine aminotransferase) and the pharmacokinetics of tigecycline.?’
However, due to the complication of liver functions, which might be influenced by many factors. The effects of liver
functions parameters on the pharmacokinetics of tigecycline still need to investigate with a larger sampling.

The renal function such as creatinine clearance and/or serum creatinine concentration also influenced the pharmaco-
kinetic parameters of tigecycline in patients. Therefore, in some studies, these renal function indexes were also analyzed

as covariates. In one study, creatinine concentrations were found to be able to influence tigecycline clearance.'®
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Moreover, another two studies found a close correlation between creatinine clearance and tigecycline clearance.”*

Contrastly, Xie et al reported that there was no significant association between creatinine clearance, serum creatinine
concentration and tigecycline clearance.'® Korth-Bradley et al also reported that tigecycline requires no dosage adjust-
ment in patients with renal impairment.** In clinical practice, tigecycline clearance is usually calculated to change dosage
recommendations, which is based on the body-height and serum creatinine concentration. Therefore, compared with
serum creatinine concentration, creatinine clearance is a more reliable renal function index and importantly associated
with tigecycline clearance. Therefore, when analyzing the tigecycline PK, it is important to detect the renal function,
especially creatinine clearance.

Conclusion

In conclusion, this review included eight studies, which to develop special population pharmacokinetic models on
tigecycline in different patient subpopulations including healthy volunteers or patients. Two-compartments models were
mostly used to describe tigecycline population pharmacokinetics. The covariates reported in the studies included in this
review varied widely in special subpopulations. Body-weight, and creatinine clearance were the most important
predictors of clearance in these studies. However, other factors, such as metabolism, drug—drug interactions, and genetic
polymorphisms might also influence the tigecycline PK considerably. Therefore, a more stringent sampling strategy and
a larger sample size were needed to assess these factors efficiently. In addition, more accurate descriptions of the
pharmacokinetic models are needed in the previously reported models and the future models.
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