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Background: Cefiderocol may potentially be used to treat skin and soft tissue infections (SSTIs). However, the
pharmacokinetics of cefiderocol in human soft tissues have not yet been determined. The objective of the pre-
sent PK study was to investigate whether target-site concentrations of cefiderocol are sufficiently high for the
treatment of SSTIs.

Methods: In this pharmacokinetic study, a single intravenous dose of 2 g cefiderocol was administered to eight
healthy male volunteers. Drug concentrations were determined in plasma, muscle and subcutis over 8 h. Free
plasma concentrations were calculated using the plasma protein binding determined with ultrafiltration. Free
tissue concentrations were obtained using microdialysis. Penetration ratios were calculated as AUCo_gh, free_tissue/
AUCo-gh_free_plasma- A population pharmacokinetic model was developed, and the probability of target attain-
ment (PTA) was determined using Monte Carlo simulations.

Results: Cefiderocol showed good tissue penetration, with mean penetration ratios +standard deviation of
0.99+0.33 and 0.92+0.30 for subcutis and muscle, respectively. Cefiderocol pharmacokinetics in plasma
were best described with a two-compartment model, and tissue concentrations were described by scaling
the tissue concentrations to concentrations in the peripheral compartment of the plasma model. For
a thrice-daily regimen with 2 g doses intravenously infused over 3 h, PTA was >90% for MIC values up to
4 mg/L, both based on free plasma and soft tissue pharmacokinetics.

Conclusions: This study indicates that a dose of 2 g cefiderocol achieves concentrations in plasma considered
sufficient for treating relevant bacterial species. Assuming a comparable PK/PD target for soft tissues, sufficient-
ly high concentrations would also be achieved in soft tissues.

metallo-beta-lactamases.” However, it has minimal activity against

Gram-positive or anaerobic bacteria due to intrinsic resistance.®
The efficacy and safety of cefiderocol have been investigated

in patients with complicated urinary tract infections (cUTIs),

Introduction

The increasing multidrug resistance (MDR) of Gram-negative bac-
teria (GNB) presents a significant challenge to worldwide health.

Skin and soft tissue infections (SSTIs) caused by MDR-GNB are on
the rise, especially in patients with underlying immunodeficien-
cies, diabetes mellitus and burn or traumainjuries.”™* New effect-
ive and safe antibiotics against MDR-GNB SSTIs are therefore
urgently needed.

Cefiderocol is a new siderophore cephalosporin that might ad-
dress this unmet need. In contrast to many older cephalosporin
antibiotics, cefiderocol demonstrates stability to serine- and

hospital-acquired bacterial pneumonia and ventilator-associated
bacterial pneumonia (HABP/VABP) who were at risk of being in-
fected by MDR or carbapenem-resistant GNB.”® Cefiderocol has
been approved in Europe for the treatment of infections due to
aerobic GNB in adults with limited treatment options” and in the
USA for the treatment of HABP/VABP and cUTIs caused by suscep-
tible Gram-negative microorganisms.*°
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by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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Cefiderocol is primarily eliminated through the kidneys, with
minimal hepatic metabolism.** Following a 2000 mgq intravenous
dose over 1h, it achieved a maximum plasma concentration
(Cmax) of approximately 156 mg/L.*? The volume of distribution
(Vd) is around 18 L, and its elimination half-life (t;,;) is 2-3 h, ne-
cessitating adjustments based on renal function to maintain
therapeutic levels.1213

Cefiderocol has been proposed for the treatment of SSTIs
caused by MDR-GNB, due to its good activity profile.? However,
to date, no data exist regarding cefiderocol penetration into
soft tissues. The aim of the present study was to investigate
the pharmacokinetics (PK) of cefiderocol in plasma, skeletal mus-
cle and subcutaneous adipose tissue of healthy volunteers and
determine probability of target attainment (PTA), thereby enhan-
cing our understanding of the drug exposure at potentially rele-
vant infection sites.

Methods

Ethics

The Ethics Committee of the Medical University of Vienna (EC number:
2465/2020) and the Austrian Agency for Health and Food Safety both
gave their approval before the start of the study. EudraCT number
2020-005714-17 was issued to the study. Participants provided oral
and written informed consent before inclusion in the study. The
International Conference on Harmonization-Good Clinical Practice
(ICH-GCP) recommendations and the Declaration of Helsinki were fol-
lowed during subject-related study procedures at the Department of
Clinical Pharmacology at the Medical University of Vienna, Austria.

In vitro microdialysis experiments

In vitro microdialysis (MD) experiments were performed to determine the
feasibility of in vivo MD with cefiderocol. Specifically, in vitro MD allows to
evaluate whether microdialysis works with the test compound by evalu-
ating the magnitude of recovery rates (RR), test if RR are constant over
time and test if RR are constant at different drug concentrations.
Finally, the in vitro MD experiments serve to assess if recovery is equal
in both directions of the membrane. One direction is from the immersion
solution through the membrane into the collecting vial and called for-
ward dialysis. The other direction is from the perfusion solution of the
pump through the membrane into the immersion solution and called ret-
rodialysis dialysis. Equal recovery in both directions is an important
requisite for calibrating the MD probes with the retrodialysis technique
in the in vivo experiments. The details of in vitro MD experiments have
been reported previously in detail by MacVane et al.** and graphically
summarized in Figure S1 (available as Supplementary data at JAC Online).

The experiments were performed in triplicates in a shaking water bath
at 37°C. Three MD catheters (type ‘63’ MD catheter, M Dialysis AB,
Stockholm, Sweden) with membranes of a molecular weight cut-off of
20kDa and a membrane length of 10 mm were used. MD Catheters
were connected with precision pumps (107 MD pump; M Dialysis AB,
Stockholm, Sweden). The immersion solutions were placed in 10 mL glass
vials, and plastic vials were used for the collection of the microdialysate.

For the forward dialysis experiments, three MD probes were placed
separately in glass vials containing the cefiderocol solution and subse-
quently perfused with 0.9% saline solution at a flow rate of 2 pL/min.
After an equilibration period of at least 60 min, four consecutive microdia-
lysate samples over two 30 min intervals (0-30 min, 30-60 min) and two
60 min intervals (60-120 min, 120-180 min) were collected from each of
the three probes before placing the probes in the next vial with higher ce-
fiderocol concentrations. These procedures were performed using 3, 15

and 75 pg/mL cefiderocol solutions. For the retrodialysis experiments,
the cefiderocol solutions were used as perfusion solutions and saline
(0.9%) was used as the immersion solution. Sampling was performed
as described for forward dialysis. Immersion and perfusion solution ali-
quots were collected before and at the end of each sampling period.

Forward dialysis recovery was calculated according to the following
equation:

concentration in MD vial
concentration in immersion solution

Recovery (%) =100 x

Retrodialysis recovery was calculated according to the following equation:

Recovery (%) = 100 — (100>< concentration in MD vial )

concentration in perfusion solution

Study population and in vivo procedures

Before enrolment in the study, eight volunteers underwent a screening
examination that included a physical examination, an electrocardiogram,
blood pressure measurement and blood sampling (haematology, chem-
istry, coagulation and virology testing). Major inclusion criteria were:
healthy male subjects aged 18-55 years; body mass index within a range
of 19-30 kg/m?; and no regular medication within the last 2 weeks prior to
the first study day. Major exclusion criteria were: smoking, alcohol or drug
abuse; impaired renal function with a creatinine clearance of <90 mL/min
(calculated using the Cockroft-Gault equation); laboratory or clinical signs
of any coagulation disorder; and history of seizure disorder. On the study
day, eight volunteers received a single intravenous 2 g dose of cefiderocol
(Fetcroja®) administered over 3 h using a volumetric infusion pump.

Blood samples were collected before and 1, 2, 3 (end of infusion), 3.5,
4,5, 6,7 and 8 h after administration of cefiderocol from each subject. At
each time point, 4 mL of blood was drawn and an additional 4 mL for
ultrdfiltration at 3, 4 and 7 h after cefiderocol administration. The intra-
venous catheters were rinsed with physiological saline (0.9%) solution
after sampling. Blood samples were centrifuged within 1 h at +4°C and
2600 g for 10 min, and plasma was divided into two aliquots of 1 mL
and then frozen at —20°C. At the end of the study day, plasma samples
were transferred to the —80°C freezer and stored until further analysis.

Free cefiderocol concentrations in subcutaneous adipose and skeletal
muscle tissues were determined by MD. The MD catheter consists of a
semi-permeable membrane that can be placed in the tissue of interest.®
Due to the low molecular cut-off of the membrane, only unbound drug
can permeate the membrane and can then be collected in the MD vials.
Once the probe is implanted into the tissue, substances present in the
extracellular fluid at a concentration Cyssue are sampled into the probe
and the concentration in the dialysate (Cgiqiysate) can be measured. MD
catheters with a molecular weight cut-off of 20 kDa and a membrane
length of 10 mm (63 MD catheter, M Dialysis, Solna, Sweden) were used
here. Healthy volunteers received two MD catheters in the same thigh
(one in subcutaneous adipose tissue and one in muscle tissue).
Microdialysate samples were obtained at baseline and during the follow-
ing time intervals from each subject: 0-1, 1-2, 2-3, 3-3.5, 3.5-4, 4-5, 5-6,
6-7 and 7-8 h after the start of drug administration. The MD catheters
were constantly perfused with 0.9% saline solution at a flow rate of
0.5 yL/min employing precision pumps (107 MD pump; M Dialysis AB,
Stockholm, Sweden). Within 1 h of collection, MD samples were snap-
frozen at approximately —20°C without further processing. At the end
of the study day, MD samples were transferred from —20°C to —80°C
and stored until further analysis.

For most analytes, equilibrium between extracellular tissue fluid and the
perfusion medium is incomplete; therefore the concentration in tissue is
higher than the concentration in dialysate. The factor by which the
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concentrations are interrelated is termed relative recovery (RR) and is deter-
mined by in vivo calibration. In vivo calibration was performed using the ret-
rodialysis'® method at the end of the study day’” (two samples per healthy
volunteer). The principle of this method relies on the fact that the exchange
process is quantitatively equal in both directions through the semi-
permeable membrane of the MD catheter. The in vivo RR was calculated as:

RR (%) = 100 — (100 y analyte concentrotlonout).

analyte concentration,

Interstitial concentrations were calculated according to the following
equation:

sample concentration

Interstitial trati =100 —
nterstitial concentrations X o RR %)

Catheters were perfused with cefiderocol at a flow rate of 0.5 uL/min for
90 min. The perfusion medium for calibration contained 75 pg/mL cefidero-
col, which was chosen based on the in vitro experiments (Table S2). MD
probes were removed at the end of the study.

Sample analysis

Cefiderocol concentrations in plasma and microdialysate were analysed
using high-performance liquid chromatography with ultraviolet detection
(HPLC-UV). The HPLC consisted of a Shimadzu Prominence modular sys-
tem with a degasser (DGU 20A3R), quaternary solvent pump (LC 20AD),
autosampler (SIL 20AC HT, set to 6°C), column oven (CTO 20AC, set to
40°C), photodiode array detector (SPD M30A, detection wavelength 285
nm) equipped with cells of 10 mm (for plasma) or 85 mm optical path
length (for microdialysate), system controller CBM 20A and LabSolution
software for integration (all from Shimadzu Europe, Duisburg, Germany).
The HPLC system utilized in the experiment comprised a modular
Shimadzu Prominence setup that included a degasser (DGU 20A3R), a
quaternary solvent pump (LC 20AD), an autosampler (SIL 20AC HT, main-
tained at 6°C), a column oven (CTO 20AC, set to 40°C), a system controller
(CBM 20A), the LabSolution software for integration and a photodiode ar-
ray detector (SPD M30A, with a detection wavelength of 285 nm). The de-
tector was equipped with cells having either a 10 mm optical path length
(for plasma) or an 85mm optical path length (for microdialysate).
Separation was performed using a Cortecs T3 2.7 um 100 x 3 mm analyt-
ical column (Waters, Eschborn, Germany) preceded by a guard column
(Nucleoshell RP18 2.7u 4x3mm column protection system,
Macherey-Nagel, Diren, Germany). The mobile phase was 0.1 M sodium
phosphate buffer/acetonitrile, pH 3.0, 88:12 (v/v). At a flow rate of
0.4 mL/min, cefiderocol eluted after ca. 3.5 min.

Total plasma concentrations of cefiderocol were determined accord-
ing to a previously published protocol.*® In short, a mixture was prepared
by combining 100 pL of plasma with 200 pL of 25 mM sodium dihydro-
genphosphate and 500 pL of acetonitrile. An aliquot of the aqueous layer
was injected into the HPLC system, after separation of the precipitated
proteins and extraction of acetonitrile into dichloromethane (1.3 mL).

Free plasma concentrations of cefiderocol were determined after ul-
trafiltration (of 3, 4 and 7 h plasma samples) as previously described.™
In brief, 10 pL of 2 M HEPES buffer (pH 7.4) was pipetted into the ultrafil-
tration device (Vivafree™ 500 30 kD Hydrosart® centrifugal ultrafiltration
device, Vivaproducts Inc., Littleton, MA, USA) and mixed with 300 pL
plasma. The sample was incubated for 10 min at 100xg at 37°C (centri-
fuge 5417R; Eppendorf, Hamburg, Germany) and then centrifuged for
20 min at 1000xg at 37°C. An aliquot of the ultrafiltrate was injected
into the HPLC. Microdialysate was injected directly. The injection volume
was 1 pL for all matrices.

The validation data are listed in Table S1. The linearity was shown from
300-1mg/L (R>0.998) in plasma and from 300-0.1 mg/L (R>0.999) in
saline as surrogate for microdialysate or ultrdfiltrate. The lowest non-zero

calibrator concentration was used as practical lower limit of quantifica-
tion (LLOQ; plasma 1 mg/L, microdialysate 0.1 mg/L). Based on back cal-
culation of calibrator samples as well as on in-process quality controls
(QCs) in plasma/saline, the coefficient of variation (CV) of intra- and inter-
assay precision was <4%/<3% and the relative error in accuracy was
<5%/<5%. The unbound fraction (fu=free concentration/total concen-
trationx 100%) of cefiderocol in QCs (concentrations 50 and 10 mg/L)
was 67.4+2.1%, corresponding to an inter-assay precision of 3.1%
(CV). Regarding free cefiderocol plasma concentrations, accuracy cannot
be determined since protein binding in the individual plasma samples is
not known.?® The processed samples were sufficiently stable overnight
in the autosampler at 6°C (solution for total plasma concentration meas-
urement 99.5%, plasma ultrafiltrate 96.9%, microdialysate 92.7%).

Non-compartmental analysis (NCA)

The PK outcome variables area under the curve after 8 h (AUCq_gp), max-
imum recorded concentration (Cnax), time it takes to reach Cmax (Tmax),
volume of distribution (Vd), clearance (CL) and half-life (t1,) were deter-
mined for the different compartments, if applicable (plasma, subcutane-
ous and muscle tissue). Plasma PK parameters were calculated with total
and unbound concentrations. Unbound plasma concentrations were cal-
culated using the mean plasma protein binding (PPB) of each individual
subject. The RR of each individual subject was used to calculate the con-
centration at the MD insertion site. The non-compartmental analysis
(NCA) was performed using Phoenix WinNonLin (Certara, USA).

Population PK analysis

A population PK model describing cefiderocol PK in plasma, subcutaneous
adipose and muscle tissue was developed. One- and two-compartment
models with first-order elimination were evaluated to describe plasma
concentrations. Estimates were based on unbound cefiderocol concen-
trations. The unbound fraction was estimated based on the difference be-
tween total and free cefiderocol concentrations as determined by
ultrafiltration (taken after 3, 4 and 7 h after cefiderocol infusion start).
When modelling tissue PK, the parameter estimates describing plasma
PK were initially fixed, while all parameters were simultaneously esti-
mated in the final model. Microdialysate data were corrected using the
RR value determined for each individual catheter. The recovery-corrected
MD data were modelled using an established approach integrating the
tissue concentration-time curve in each collection interval.?! Models
with separate tissue compartments with or without mass transfer from
and to the central plasma compartment were evaluated, as well as mod-
els in which tissue concentrations were scaled to concentrations in the
central or peripheral compartment of the plasma PK model.
Inter-individual variability (IIV) was evaluated for all structural model
parameters and included using an exponential model. Residual unex-
plained variability was evaluated using proportional, additive, and com-
bined models for plasma and tissue data. The small and homogeneous
healthy volunteer population precluded a systematic covariate analysis.
Model evaluation and discrimination were based on the objective function
value (AOFV > 3.84 for nested models with 1 df, a=0.05), goodness-of-fit
plots, precision and plausibility of parameter estimates and visual predict-
ive checks (VPCs; n=1000).2% Nonlinear mixed-effects modelling was per-
formed using NONMEM 7.4 (first-order conditional estimation with
interaction)”® assisted by PsN 5.3.0,%* and Pirana (v21.11.1).%
Visualization of data and statistical analyses were carried out in R 4.2.2.2°

PTA analysis

Monte Carlo simulations (n=5000 subjects) were performed using the fi-
nal population PK model to determine the PTA. PTA was calculated based
on simulations of the first 24 h of a 2 g q8h dosing regimen (IV over 3 h), as
recommended for adult patients without renal impairment. The PK/PD
targets fTomic=75% and fTomic=95% (of the dosing interval) were
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used. fTomic=75% had been associated with a 1 —1og; o reduction in bac-
terial count against Enterobacteriaceae and Pseudomonas aeruginosaina
neutropenic murine thigh infection model.?” Achieving a target of 100%
fTomic is impossible, since the PTA is based on the first 24 h of the treat-
ment. Therefore, 95% fT.mic was used as a substitute for 100% fTowmrc,
which is commonly used as a PK/PD target for beta-lactam antibiotics.

Results

In vitro experiments

The mean recovery and loss rates for the MD probes at each time
interval are shown in Table S2. The mean value (+standard devi-
ation) for recovery during forward dialysis was 37.7% (+3.4%).
The mean value (+standard deviation) for loss during retrodialy-
sis was 35.8% (+1.7%). The recovery and loss values showed
consistency across the different sampling intervals and in both
directions (retrodialysis and forward dialysis). Since recovery is
usually much lower in the in vivo setting, we decided to reduce
the flow rate for the in vivo setting to 0.5 pg/L for both MD probes.

Study population and safety

The average age and body mass index of the eight participants
were 349+89years and 24.6+1.1kg/m? respectively.
Cefiderocol was generally well tolerated. Three participants ex-
perienced headache and another volunteer experienced heart-
burn. All adverse effects were classified as not related to the
study medication by the investigator, were self-limiting and did
not pose a safety risk. None of the commonly reported adverse re-
actions of cefiderocol (diarrhoea, vomiting, nausea and coughg)
were observed in the healthy volunteers in the present study.

Pharmacokinetic parameters calculated with NCA

The mean and individual concentration-time profiles based on
free and total drug concentrations in plasma, subcutaneous

adipose and skeletal muscle tissue are shown in Figure 1 and
Figure S2. Two microdialysate observations of the subcutaneous
adipose tissue were not included in the NCA analysis because of
their implausibility. Cefiderocol PK parameters calculated with
NCA for plasma, muscle and subcutaneous tissue are shown in
Table 1.

Crmax Of free cefiderocol in plasma, muscle tissue and subcutane-
ous tissue were comparable (39.9+5.43 mg/L versus 40.9+14.5
mg/L versus 41.6+10.5mg/L). The mean fraction unbound was
66.0+3.47% and was independent of the observed concentration.
The AUCy.g values were comparable for plasma, subcutis and
muscle. Penetration ratios (AUCo-gn free tissue/AUCo-gh free plasma)
were close to 1 for both subcutis and muscle (Table 1).

Population PK model and PTA analysis

A two-compartment model with IIV on CL and Vc and a propor-
tional error model best described the plasma PK of cefiderocol
(Table 2). Interstitial tissue concentrations were described by
scaling the tissue concentrations to concentrations in the periph-
eral compartment of the plasma model. A model with separate
compartments for the tissue data resulted in stability/estimation
issues. The residual unexplained variability for tissue PK was de-
scribed using one combined error model, since separate models
for each tissue were associated with low precision and compar-
able parameter estimates but no significantly better model fit.
Two microdialysate observations of the subcutaneous adipose
tissue were considered implausible given the individual concen-
tration-time profiles and were not considered in the model due
to a disproportionate influence on model fit, parameter esti-
mates and model stability. Goodness-of-fit plots and VPCs
(Figure 2 and Figure S3) indicated overall adequate model per-
formance. Median concentration-time profiles, which should be
interpreted cautiously due to the small sample size of only eight
individuals, indicated that the model did not optimally capture a
potential delay in distribution to the muscle tissue; a model with

70+

g/L)
&

Cefiderocol (m
[#3]
o

e~ Plasma (total)
-4~ Plasma (free)
- Subcutis (free)

-#- Muscle (free)

20 4
8_
4 4
0 2 4
Time (h)

Figure 1. Concentration-time profile of cefiderocol after a single intravenous dose of 2 g (mean+SD). Tissue concentrations are plotted at the mid-
point of the microdialysate collection interval. The dotted horizontal lines indicate an MIC of 4 and 8 mg/L. This figure appears in colour in the online

version of JAC and in black and white in the print version of JAC.
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Table 1. Pharmacokinetic parameters of cefiderocol after a single intravenous dose of 2 g administered over 3 h given as mean + standard deviation

ty, Crmax AUCo_gn vd CL
Compartment (h) (mg/L) (h=+mg/L) (L) (L/h) Penetration ratio
Subcutis (free) 1.82+0.43 41.6+10.5 163.2+61.9 NA NA 0.99+0.33
Muscle (free) 1.30+0.41 40.9+14.5 151.7+58.2 NA NA 0.92+0.30
Plasma (free) 2.04+0.41 39.9+5.43 162.0+24.3 32.7+4.81 11.4+1.94

AUC, area under the concentration-time curve; CL, total body clearance; Crmax, Mmaximum concentration; NA, not applicable; MIC, minimum inhibitory
concentration; Tmax, tiMme to maximum concentration; t:,, terminal elimination half-life; Vd, volume of distribution.

Table 2. Parameter estimates of the population pharmacokinetic model

Estimate
Parameter Description (RSE%)
Fixed effects
CL (L/h) Clearance 11.0 (6.7)
Ve (L) Distribution volume central 11.3 (16.3)
compartment
fu Fraction unbound in plasma 0.639 (1.5)
Q1> (L/N) Inter-compartmental clearance 25.3 (23.0)
Vp (L) Distribution volume peripheral 15.1 (14.2)
compartment
TFsub Scaling factor subcutaneous adipose 0.943 (10.5)
tissue
TFrus Scaling factor muscle tissue 0.901 (11.2)
Inter-individual variability
CL (CV%) 17.4 (15.4)
Ve (CV%) 26.5(17.1)
TFsub (CV%) 28.0 (21.3)
TFrmus (CV%) 25.2 (35.8)
Residual error
Proppiasma (CV%)  Proportional error plasma PK 5.85 (6.9)
Propyissue (CV%)  Proportional error tissue PK 30.3 (13.5)
Addyissue (Mg/L)  Additive error tissue PK 2.3 (5.6)

Estimates are based on unbound cefiderocol concentrations.
RSE, relative standard error; CV%, coefficient of variation, calculated
according to ve** — 1x x 100%.

additional transit compartments, however, was not supported by
the data.

PTA was assessed based on the first 24 h of treatment using
the PK/PD target fT>MIC=75% and fT>MIC=95%. For the ce-
fiderocol dosing regimen recommended in patients without renal
impairment (2 g g8h as intravenous infusion over 3 h), PTA was
>90% for MIC values up to 4 mg/L, both based on free plasma
and tissue PK (Figure 3).

Discussion

The present study determined the PK and target attainment of
cefiderocol in subcutaneous adipose, muscle tissue and plasma
of eight healthy volunteers. The total plasma PK parameters de-
termined with NCA are in agreement with two previous studies:

we report a Vd of 21.2 L (which was 20.9 L in Saisho et al.*?), t,
of 2.1h (which was 2.5-3h in Saisho et al.?* and 2.3h in
Miyazaki et al.’®) and a CL of 7.2 L/h (compared to 5.1'? and
4.8L/h%®).

Cefiderocol penetrates rapidly and extensively into subcuta-
neous adipose and skeletal muscle tissue, with unbound AUC ra-
tios of 0.94 and 0.89, respectively. The relatively high molecular
weight of cefiderocol appears not to considerably affect its distri-
bution into soft tissues.

We report an average cefiderocol PPB of 34% (n=38 subjects,
three samples per subject), which differs from the previously
reported value of 58% reported by Matsumoto et al.?° and
40%-60% reported by the manufacturer®; unfortunately, sample
sizes and the degree of variability are not provided. Katsube
et al.*® reported similar values (about 60% PPB) in subjects with
various degrees of renal impairment (n=30) and in healthy sub-
jects (n=8), with coefficients of variation ranging from 9.8% to
43.5%. While differences in the study population might explain
some variation, the markedly lower PPB as found in the present
study is more likely caused by methodological issues. In the pre-
sent study, free concentrations were determined by a validated
ultrafiltration method.'® Factors favouring a higher PPB were
low temperature and high centrifugal forces during ultrafiltra-
tion. Considering the limited stability of cefiderocol in (unbuf-
fered) serum, also thermal stress can lead to lower free
concentrations, resulting in a seemingly higher PPB.3' However,
even if previously reported protein binding data may be imprecise
(considering the high variability), the difference in the mean va-
lues between the previous and present results remains unex-
plained and needs further investigations. Nevertheless, the high
tissue penetration of cefiderocol as found in the present study
is in good agreement with a low PBB of cefiderocol.

The commonly used PTA threshold of 90% was attained for
MIC values up to 4 mg/L, based on simulations of plasma PK as
well as soft tissue PK for both PK/PD targets. The results of the
plasma PTA analysis are in line with a previously published
study that used the PK/PD target of fT.mic=75%.>% Based on
plasma concentration data of infected patients, the authors
of this study developed a population PK model and performed
a PTA analysis. Similar to the present study, for an intravenous
cefiderocol dose of 2 g every 8 h, the PTA was >90% for MICs of
<4mg/L. Notably, for an MIC of 8 mg/L and the target of
FTamic=75%, the plasma PTA was just below 90% and the tis-
sue PTA between 75% and 90%. For the target of fTomic=95%
and an MIC of 8mg/L, the plasma and tissue PTA was
below 50%.
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Figure 2. Visual predictive check for the population pharmacokinetic model. Open circles represent observations, and the solid line indicate the me-
dian of observed concentrations. The dashed lines represent the 10th, 50th and 90th percentiles of the simulated data (n=1000). The shaded areas
indicate the 95% confidence interval around the simulated median. Note that the confidence intervals around the 10th and 90th percentiles of the

simulated data are not plotted given the small population size.
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Figure 3. Probability of target attainment (PTA) based on cefiderocol pharmacokinetics in plasma, subcutaneous adipose tissue and skeletal muscle
tissue over 24 h following a 2 g g8h dosing regimen given as an intravenous infusion over 3 h. PTA was calculated using a fTsmic target of 75% and 95%.
The dotted line indicates 90% PTA. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

To understand the PTA results in a clinical and microbiological
context, it’simportant to consider the MIC of the specific pathogens
that cefiderocol is intended to target. According to the European
Medicines Agency, cefiderocol should be used only against aerobic
Gram-negative organisms in patients with limited treatment op-
tions. Wang et al.>* reviewed the in vitro activity data of cefiderocol
collected from 38 studies that included 34805 Enterobacterales
and 8297 P. aeruginosa isolates. The MICyo for Enterobacterales
ranged between 0.5 and 4 mg/L in the majority of studies. For
P. aeruginosa, the MICqo was always <1 mg/L. Yet, cefiderocol s pre-
dominantly used against MDR isolates in cases where few or no
other treatment options are available. The MICqy of cefiderocol
was reported as 1 mg/L against meropenem-resistant P. aeruginosa
and  8mg/L  against  ceftolozane-tazobactam-resistant
P. aeruginosa. Against meropenem-resistant Acinetobacter spp.,
the MICqyq of cefiderocol was reported as 2-4 mg/L. Most of the re-
sistant phenotypes of Enterobacterales showed an MICqo <4 mg/L
against cefiderocol, but the MICqq against ceftazidime-avibactam-
resistant isolates was 8 mg/L.>**°

Taking together the favourable target attainment up to an MIC
of 4 mg/L in plasma and the reported MICqq values, good efficacy
can be expected against most of the relevant pathogens. For tis-
sue, a PK/PD target has not been established but assuming a
similar PK/PD target as for plasma, the PTA analysis supports
the use of cefiderocol for the treatment of SSTIs. Of note, the
relevant PTA threshold (90%) was not reached for an MIC of
8 mg/L corresponding to the MICqyo of ceftazidime-avibactam-
resistant  Enterobacterales and  ceftolozane-tazobactam-
resistant P. aeruginosa.®> This finding indicates that only a
suboptimal antimicrobial effect can be achieved in these cases.
Further studies assessing the plasma and tissue PK in patients at
risk of developing MDR-GNB infections, such as critically ill, burn
and diabetic patients, are needed to confirm the present findings.

The current study has some limitations. Only a limited number
of healthy volunteers were included, and the results may thus
not reflect the PK variability in patient populations. The infection
pathophysiology can alter drug PK, resulting in inadequate drug

exposure.*® Moreover, this study was performed in only eight
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healthy subjects. Therefore, extrapolation of the study results to
patients should be exercised with caution. Finally, the cefiderocol
PK/PD target is based on plasma PK data, and may not apply to
tissue PK/PD.3"38

Conclusion

The present study demonstrated that an intravenous infusion of
2 g cefiderocol achieves sufficiently high concentrations for the
treatment of the most relevant bacterial species in plasma and
soft tissues. These findings support the use of cefiderocol for
SSTIs caused by MDR-GNB. Further investigations in critically ill
patients, burn patients and diabetic patients are needed to con-
firm these findings.
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