B3 ACCP

AMERICAN COLLEGE OF CLINICAL PHARMACOLOGY

Special Populations

The Journal of Clinical Pharmacology
2017,57(5) 584-591

© 2016, The Authors. The Journal
of Clinical Pharmacology published by
Wiley Periodicals, Inc. on behalf of
American College of Clinical Pharma-
cology

DOI: 10.1002/jcph.841

Cefiderocol, a Siderophore Cephalosporin
for Gram-Negative Bacterial Infections:
Pharmacokinetics and Safety in Subjects
Wi ith Renal Impairment

Takayuki Katsube, PhD', Roger Echols, MD?, Juan Camilo Arjona Ferreira, MD?,
Heidi K. Krenz, MD?, Jolene Kay Berg, MD?, and Christopher Galloway, MD, PhD*

Abstract

Cefiderocol, a new injectable siderophore cephalosporin antibiotic, has promising in vitro and in vivo activity against Gram-negative bacteria
including multidrug-resistant Pseudomonas aeruginosa, Acinetobacter baumannii, and Klebsiella pneumoniae. Cefiderocol is mainly renally eliminated. The
pharmacokinetics and safety of cefiderocol in subjects with renal impairment were assessed following a single 1000-mg intravenous |-hour infusion of
cefiderocol. Subjects with mild, moderate, or severe renal impairment and end-stage renal disease (ESRD) requiring hemodialysis were compared with
demographically (age, body mass index, and sex) matched healthy subjects with normal renal function. The effect of hemodialysis on the clearance of
cefiderocol was also assessed. Total drug clearance from plasma (CL) and terminal half-life (t;/2) correlated with renal function. Ratios (90% confidence
intervals) of area under the plasma concentration-time curve from 0 to infinity (AUC) in mild, moderate, severe, and ESRD groups compared to
those with normal renal function were 1.0 (0.8-1.3), .5 (1.2-1.9),2.5 (2.0-3.3),and 4.1 (3.3-5.2), respectively. Maximum plasma concentration (Cpax)
was similar between renal-impairment groups and the normal-renal-function group. Approximately 60% of cefiderocol was removed by hemodialysis
for 3 to 4 hours. The plasma-protein-unbound fraction was similar between various renal function groups. The incidence of adverse events did not
appear to have any correlation with the degree of renal impairment. Single 1000-mg intravenous doses of cefiderocol were generally well tolerated in
subjects with impaired renal function except for | subject who discontinued due to urticaria. In conclusion, renal impairment impacted AUC, CL, and

tj;2 without affecting Cyax. Cefiderocol was significantly removed by intermittent hemodialysis.
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Although siderophore antibiotics have been investi-
gated for decades, none of them is available for clinical
use in the treatment of bacterial infections.! Cefiderocol
(also known as S-649266, Figure 1), a novel siderophore
cephalosporin antibiotic having a catechol-substituent,
has a potent in vitro activity and in vivo efficacy against
various multidrug-resistant Gram-negative bacteria in-
cluding carbapenem-resistant Enterobacteriaceae, P
aeruginosa, and Acinetobacter baumannii.>~>

The safety, tolerability, and pharmacokinetics
(PK) of cefiderocol have been evaluated in a single-
and multiple-dose phase 1 study.® Cefiderocol PK
is linear over the range of 100 to 2000 mg. The
terminal elimination half-life of cefiderocol was 1.98 to
2.74 hours in these healthy volunteers. Cefiderocol
is mainly renally excreted with 60% to 70% of the
administered dose found in urine as unchanged parent
drug. No accumulation was observed at the 2 g every
8 hours dose regimen, and this dose was well tolerated
when administered over 10 days.

Because human PK data indicated that most of
cefiderocol was excreted unchanged in the urine, sub-
jects with impaired renal function receiving cefiderocol

would likely require a reduction in dose or an increase
in dosing interval to avoid drug accumulation. The
purpose of this study was to evaluate the PK of
the siderophore cephalosporin cefiderocol in clinically
stable subjects with mild, moderate, and severe renal
impairment and in subjects undergoing hemodialysis
(HD). The effect of HD on the elimination of cefide-
rocol from blood was also investigated along with the
safety and tolerability of single doses of cefiderocol in
these renally impaired subjects.
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Figure I. Chemical structure of cefiderocol.

Methods

Ethical Considerations

This study was conducted at DaVita Clinical Research
in Minneapolis, Minnesota and Lakewood, Colorado
following approval by the Independent Ethics Com-
mittee (Western Institutional Review Board, Puyallup,
Washington). This study was carried out in accordance
with the provision of the Declaration of Helsinki and
all revisions thereof, in accordance with ICH GCP
requirements. Signed informed consent forms were ob-
tained from all subjects.

Study Subjects

Renally impaired subjects with various degrees of renal
function were enrolled along with a matched healthy
control group in this open-label phase 1 study, which
was designed in accordance with the FDA guideline on
PK in patients with impaired renal function.” A total
of 38 males or females, 20 to 80 years of age, with body
mass index between 18.5 and 38.0 kg/m? were enrolled.
Renal function classification was a simplified version
of the FDA’s draft Guidance,” and renal impairment
subjects were assigned according to their estimated
glomerular filtration rate (¢GFR), calculated using the
modification of diet in renal disease (MDR D) formula®
at screening (day —28 to day -2 relative to day 1): mild
impairment (eGFR 60 to <90 mL/[min-1.73 m?], n
= 8), moderate impairment (¢GFR 30 to < 60 mL/
[min-1.73 m?], n = 8), severe impairment (eGFR < 30
mL/[min-1.73 m?], n = 6), and end-stage renal disease
(ESRD) on HD (n = 8). Renal function was to be
stable, defined as <30% difference in eGFR assessed at
screening and on admission on day —1. ESRD subjects
on HD should receive stable HD at least 3 times a
week for at least 6 months and have a clinically stable
condition with respect to the underlying renal impair-
ment. Normal renal function was identified using the
Cockcroft-Gault equation calculation® with creatinine
clearance (CLcr) = 90 mL/min without adjusting for
body surface area. Each of the 8§ subjects with normal
renal function (control subjects) was matched to the
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demographic characteristics of 1 of the 8 subjects
with moderate renal impairment with respect to age
(&£ 10 years), body mass index (£ 20%), and sex. Main
exclusion criteria included subjects with fluctuating
or rapidly deteriorating renal function, with a history
of hypersensitivity to cephalosporins or penicillins, or
who required continuous treatment with methotrexate,
procainamide, probenecid, or valproic acid.

Study Design
This was a nonrandomized open-label cohort study in
subjects with varying but stable renal function.

The subjects received a single intravenous adminis-
tration of 1000 mg of cefiderocol over 1 hour. For sub-
jects with hemodialysis-dependent ESRD, cefiderocol
was administered twice: the first dose approximately
1 hour after completion of the subject’s HD session
(period 1, without HD), and the second dose (after a
72-hour washout period) approximately 2 hours prior
to the subject’s normally scheduled HD session (period
2, with HD). Subjects underwent 3- to 4-hour HD.
The dialyzer used was OptiFlux F180NR (Fresenius
Medical Care, Bad Homburg vor der Hohe, Germany).
The blood flow rate and the dialysate flow rate were 400
to 500 mL/min and 600 to 700 mL/min, respectively.

Blood and Urine Sample Collection

For quantification of cefiderocol concentrations in
plasma, serial blood samples were drawn immediately
before (—0.25 hours) and during infusion at 0.25, 0.5,
and 1 hour (at the end of infusion) and at 1.5, 2, 3, 4,
5,6,8, 12, 16, 24, 36, 48, and 72 hours from start of
infusion.

Urine samples were collected in the following time
intervals: predose, 0 to 8, 8 to 16, 16 to 24, 24 to 36, 36
to 48, and 48 to 72 hours for subjects that could produce
urine.

Plasma protein binding was determined from a sep-
arate blood sample obtained at 1 (the end of infusion)
and 8 hours from initiation of infusion for all cohorts
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except for the second period of administration for
ESRD subjects.

Arterial and venous PK samples and aliquots from
the dialysate were collected at 3, 4, 5, and 6 hours or at
the end of HD. Dialysate samples were collected at 2 to
3 (at the start of HD), 3to 4,4 to 5, and 5 to 6 (at the
end of HD) hours.

Bioanalytical Methods

The composite samples were prepared by treating each
matrix (plasma, urine, and dialysate) with a buffer
(0.2 mol/L ammonium acetate, pH 5) in 1:1 volume
ratio and used for measurement of cefiderocol con-
centrations. Cefiderocol concentrations in plasma were
determined by a validated high-performance liquid
chromatography-tandem mass spectrometry (HPLC-
MS/MS; QPS, LLC, Newark, Delaware) assay, with a
lower limit of quantification of 0.1, 1, and 0.05 ug/mL
for plasma, urine, and dialysate, respectively. The assay
was linear from 0.1 to 100, 1 to 1000, and 0.05 to
50 ug/mL for plasma, urine, and dialysate, respectively.
The precision of the assay was 1.2% to 6.2%, 1.7% to
9.3%, and 2.4% to 7.6% for plasma, urine, and dialysate,
respectively. The accuracy of the assay was —5.3% to
2.1%, —8.3% to 5.8%, and —8.7% to 6.8% for plasma,
urine, and dialysate, respectively.

To evaluate the fraction of cefiderocol unbound to
plasma proteins, the plasma was preincubated at 37°C
for 15 minutes. The plasma (1 mL) was dispensed
into ultrafiltration devices (Centrifree YM-30) at 1 mL
per device and centrifuged (1800g, 37°C, 15 minutes),
and the filtrate was collected (approximately 200 uL).
An equal volume of 0.2 mol/L ammonium acetate
buffer (pH 5) was added into an aliquot of filtrate.
The mixture was used for measurement of cefiderocol
concentrations.

Safety Assessment

All subjects who received any dose of study drug
were included in the safety evaluation. The safety and
tolerability of cefiderocol were assessed by monitoring
adverse events (AEs), physical examinations (PEs), vital
signs, 12-lead electrocardiographs (ECGs), continuous
dual-lead ECG up to 6 (normal) or 12 hours (re-
nally impaired) after initiation of infusion, and clinical
laboratory evaluations (including hematology, blood
chemistry tests, and urinalysis).

Pharmacokinetic Analysis

Mean and standard deviation (SD) for plasma con-
centrations were calculated by group and sampling
time. Data below the lower limit of quantification
(BLQ) were treated as 0 for the calculation of mean
and SD for plasma concentrations. The following
PK parameters were calculated from the plasma

concentration data for cefiderocol using the noncom-
partmental methods in Phoenix WinNonlin® version
6.3 (Certara USA, Inc, Princeton, New Jersey): maxi-
mum plasma concentration (Cyayx), time to Ciax (tmax)s
area under the plasma concentration-time curve from
0 to the time of the last quantifiable concentration
(AUC(g.1)), area under the plasma concentration-time
curve from time 0 to infinity (AUC), terminal half-life
(t12), total drug clearance from plasma (CL), and vol-
ume of distribution under steady-state conditions (V).
Fraction of total drug that is unbound in plasma (f,)
was also assessed. AUCy., and AUC were calculated
with the linear-up/log-down trapezoidal method for the
extrapolation. Cumulative amount of drug excreted
unchanged in urine (Ae), fraction of dose excreted
unchanged into urine (fe), and renal clearance of drug
(CLRr) were estimated for each subject with urinary
excretion data. For subjects on hemodialysis, cumula-
tive amount of drug recovered unchanged in dialysate
(AR), hemodialysis clearance (CLyq), and fraction of
the total body pool of drug removed by hemodialysis
(Fr) were determined.'’

Statistical Analysis
An analyses of variance (ANOVA) was performed for
In-transformed values for PK parameters including
terms for renal status as a fixed effect by using Proc
Mixed with SAS version 9.1 (SAS Institute Inc, Cary,
North Carolina).

Point estimates and 90% confidence intervals (Cls)
were calculated for the ratios of parameters in subjects
with mild, moderate, and severe renal impairment and
ESRD (after-dialysis dosing) compared with healthy
control subjects.

Results

Demographics

Demographic data are summarized in Table 1. Twenty-
five subjects were male (65.8%), the mean age was 54.6
years (range 27 to 74 years), and the total number of
white and black or African-American subjects were the
same (18 subjects each, 47.4%). Overall, demographic
data were similar among the 5 cohorts.

All subjects received a 1000-mg dose of cefiderocol,
infused over 1 hour. One subject from the moderate
impairment cohort was prematurely withdrawn from
the study due to an AE of urticaria; the subject received
only 74.2 mL of the reconstituted study drug instead
of total 100 mL. The PK data from this subject were
excluded from summaries and statistical analyses. All
of the other 37 subjects completed the study.

Pharmacokinetics
Mean plasma concentration profiles following a single
intravenous infusion of 1000 mg over 1 hour are



Katsube et al

587

Table I. Baseline Demographics

Renal Function

Matched Healthy Mild Impairment Moderate Impairment Severe Impairment End-Stage Renal Disease

Characteristic (unit) (n=28) (n=28) (n=28) (n=26) (n=28) Total (n = 38)
Sex, n (%)
Male 5(62.5) 6 (75.0) 5(62.5) 4 (66.7) 5(62.5) 25(658)
Female 3(37.5) 2 (25.0) 3(37.5) 2(333) 3(37.5) 13 (34.2)
Race, n (%)
White 3(37.5) 5(62.5) 5(62.5) 3(50.0) 2 (25.0) 18 (47.4)
Black or African American 4 (50.0) 3(37.5) 3(37.5) 2(333) 6 (75.0) 18 (47.4)
Native American or Alaska Native 1 (12.5) 0 0 0 0 1 (2.6)
Other 0 0 0 1 (16.7) 0 1 (2.6)
Mean age, year (range) 56.5 58.1 60.1 51.8 45.8 54.6
(44-67) (44-74) (40-71) (35-63) (27-58) (27-74)
Mean body mass index, kg/m? (range) 27.3 30.9 29.4 29.4 30.9 29.6
(22.9-31.0) (22.4-37.9) (22.1-36.3) (24.4-37.4) (25.0-35.6) (22.1-37.9)
Mean eGFR, mL/[min-1.73 m?] (range) 98.5 72.1 48.1 20.8 7.5 50.9
(81.0-124.0) (66.0-1.0) (40.0-59.0) (13.0-29.0) (4.0-16.0) (4.0-124.0)
Mean CLcr, mL/[min-1.73 m?] (range)* 100.5 782 55.3 27.7 1.7 56.1
(76.4-122.3) (67.3-91.5) (38.6-79.3) (15.6-39.1) (6.0-23.1) (6.0-122.3)

2The body surface area calculated with the formula of DuBois and DuBois?® was used for the adjustment.

presented in Figure 2. The plasma concentration pro-
files were altered significantly with increasing degrees
of renal impairment. A summary of the PK parameters
following single doses of cefiderocol is presented in
Table 2. The ty values in normal, mild, moderate,
severe, and hemodialysis (dosing posthemodialysis,
without HD) groups were 2.8, 3.0, 4.1, 6.9, and 9.6
hours, respectively. The comparisons of PK parameters
between renal impairment groups and the normal
group are presented in Table 3. Ratios (90% Cls) of
AUC in the mild, moderate, severe, and ESRD requir-
ing hemodialysis (without HD) groups to that in the
normal group were 1.0 (0.8-1.3), 1.5 (1.2-1.9), 2.5 (2.0-
3.3), and 4.1 (3.3-5.2), respectively, indicating that ce-
fiderocol exposure increased in subjects with moderate
and severe renal impairment and ESRD compared with
normal renal function. Geometric mean values of Cpax
and Vg were similar among renal function groups. The
fy at 1 and 8 hours was similar among renal function
groups.

Mean plasma concentration profiles without and
with hemodialysis following single intravenous infu-
sion of 1000 mg over 60 minutes are presented in
Figure 3. Cefiderocol was removed by HD immediately
after the start of HD. Geometric mean and coefficient
of variation for geometric mean (CV% geometric mean)
of CLpg were 7.5 L/h (9.8%). Geometric mean (CV%
geometric mean) of AR relative to cefiderocol dose was
56.1% (12.2%), and Fr was 62.3% (8.4%), suggesting
that intermittent HD removed approximately 60% of
the cefiderocol dose.

1000 - —e— Normal (N=8)
—O— Mild (N=8)
—w— Moderate (N=7)
—2&— Severe (N=6)
—m— ESRD (N=8)

=3
S

Mean (SD) Plasma Concentration (ug/mL)
o

o
=)

Time (hr)

Figure 2. Mean plasma cefiderocol concentration profiles following
single intravenous infusion of 1000 mg of cefiderocol over | hour.
Semilogarithmic scale. Mean =+ SD. Abbreviation: ESRD, end-stage renal
disease (dosing posthemodialysis). The BLQ data were treated as 0 for
the calculation of mean and SD for plasma concentrations. The data at 24
and 36 hours in the normal-renal-function group were removed from the
figure because the mean values were lower than 0.1 pg/mL, the lower
limit of quantification for plasma.

Safety and Tolerability

No deaths or serious AEs were reported during the
study. One subject from the moderate impairment co-
hort had an AE of urticaria during administration,
which led to discontinuation of the study medication
and premature withdrawal from the study. This AE
was considered related to the study drug. The subject
was treated with diphenhydramine, and the event of
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Table 2. Summary of Pharmacokinetic Parameters of Cefiderocol Following Single Intravenous Infusion of 1000 mg Over | Hour

Renal Function Group

Normal Mild Moderate Severe ESRD (w/o HD) ESRD (with HD)
PK Parameter (N=28) (N=28) (N=7) (N=6) (N=28) (N=98)
Crnax (ug/mL) 8I .0 (274) 73 4 (21.3) 78.0 (31.1) 80.1 (19.8) 93.0 (27.8) 754 (31.1)
tmax () .0 (1.0,1.0) .0 (1.0,1.0) 1.0 (1.0, 1.0) 1.0 (1.0, I.1) 0(1.0,1.0) 0(1.0,1.5)
AUC .y (ug-h/mL) 2I2 0 (26.7) 21 7 8 (22.2) 311.0 (38.6) 540.3 (23.6) 872.5 (23.9) 314.9 (20.3)
AUC (ug-h/mL) 2I3 4 (26.5) 218.7 (22.2) 312.3 (38.4) 543.2 (23.6) 880.7 (24.2) 318.1 (20.3)
tin (h) .8 (16.5) 3 0 (8.4) 4.1 (12.6) 6.9 (30.6) 6 (33.4) 5(32.8)
CL (L/h) .7 (26.5) .6 (22.2) 3.2 (384) 1.8 (23.6) 1 (24.2) .1(20.3)
Vs (L) I3 5(30.2) I4 8 (17.7) 15.4 (28.7) 16.4 (23.4) I4 2 (22 5) 26 6 (33 5)
fe (%) 68.6 (17.3) 683 (14.0) 55.5(19.6) =
CLg (L/h) 3.2 (28.0) 1 (30.3) 1.8 (41.9) = = -
fu (I 'h) 0.42 (12.7) 0. 37 (43.5) 0.35 (38.9) 0.36 31.4) 0.42 (26.6) 0.47 (19.8)
fu (8 h) 0.44 (9.8) 0.42 (19.1) 0.45 (18.5) 0.44 (10.1) 0.37 (27.0) 0.42 (21.5)

Geometric mean (CV% geometric mean) is shown except for tmay, where median and range (minimum, maximum) are shown. Abbreviations: ESRD, end-stage
renal disease; w/o HD, without hemodialysis (dosing posthemodialysis); with HD, dosing prior to hemodialysis; Cpax, maximum plasma concentration; tmax, time
t0 Cruax; AUC 0.y, area under the plasma concentration-time curve from 0 to the time of the last quantifiable concentration; AUC, area under the plasma
concentration-time curve from time 0 to infinity; t,, terminal half-life; CL, total drug clearance from plasma; V;, volume of distribution under steady-state
conditions; fe, fraction of dose excreted unchanged into urine; CLg, renal clearance of drug; f,, fraction of total drug that is unbound in plasma.

2The parameter derived from urine concentrations of cefiderocol is not presented for the subject population (severe and ESRD) including subjects who did not

have sufficient ability to produce urine.

Table 3. Comparisons of Cefiderocol Pharmacokinetic Parameters of Renal Impairment Groups to Those of Normal Renal Function Group

Ratio of Geometric Least-Squares Mean (90% Confidence Interval)

PK Parameter Mild vs Normal

Moderate vs Normal

Severe vs Normal ESRD (w/o HD) vs Normal

Crnax 0.905 (0.729-1.124) 0.962 (0.769-1.204) 0.989 (0.783-1.249) 1.148 (0.925-1.425)
AUCq.y 1.027 (0.818-1.290) 1.467 (1.159-1.857) 2.549 (1.993-3.260) 4.116 (3.728-5.169)
AUC 1.025 (0.817-1.287) 1.464 (1.157-1.852) 2.546 (1.992-3.254) 4.128 (3.289-5.181)
tin 1.058 (0.879-1.272) 1.465 (1.210-1.773) 2.454 (2.010-2.996) 3.409 (2.834-4.100)
CL 0.975 (0.777-1.224) 0.683 (0.540-0.864) 0.393 (0.307-0.502) 0.242 (0.193-0.304)
Vs 1.096 (0.891-1.348) 1.138 (0.918-1.410) 1.211 (0.968-1.514) 1.048 (0.852-1.289)
ClLr 0.970 (0.323-2.912) 0.552 (0.177-1.722) E B

Abbreviations: ESRD, end-stage renal disease; w/o HD, dosing posthemodialysis; Ciax, maximum plasma concentration; AUC(g), area under the plasma
concentration-time curve from 0 to the time of the last quantifiable concentration; AUC, area under the plasma concentration-time curve from time 0 to
infinity; t; 2, terminal half-life; CL, total drug clearance from plasma; V,, volume of distribution under steady-state conditions; CLg, renal clearance of drug.

2The parameter derived from urine concentrations of cefiderocol is not presented for the subject population (severe and ESRD) including subjects who did not

have sufficient ability to produce urine.

urticaria resolved approximately 30 minutes after its
onset.

Cefiderocol was generally well tolerated in the study
subjects. By cohort, half or fewer subjects experienced
at least 1 AE. This included 4 subjects (50.0%) in
the moderate impairment cohort, 3 (37.5%) in the
ESRD cohort (predialysis, period 1), 2 (25.0%) in the
mild and severe impairment cohorts, and 1 (12.5%)
each in the healthy and ESRD (postdialysis, period 2)
cohorts.

The most frequently reported AE was contact der-
matitis (7.9%), reported by 1 subject each in the mild,
severe, and ESRD (period 1) cohorts. All of these were
assessed as unrelated to the study drug. Other skin
and subcutaneous tissue disorders were reported in
2 subjects in the moderate impairment cohort (mac-
ulopapular rash and urticaria, Table 4). Except for

contact dermatitis, only nausea was reported as an AE
by more than 1 subject per cohort.

Five subjects (13.2%) experienced 5 drug-related
AEs, which included nausea, maculopapular rash, or
urticaria for 3 subjects in the moderate impairment
cohort, myalgia in a matched healthy subject, and
polyuria in an ESRD subject (period 1, without HD).

No clinically significant changes to physical exami-
nations, vital signs, 12-lead ECG, continuous dual-lead
ECG, QTcF/QTcB, or clinical laboratory evaluations
(including hematology, blood chemistry, and urinalysis)
were observed.

Discussion

The catechol moiety of cefiderocol contributes to its
potent antimicrobial activity against Gram-negative
bacteria including those resistant to other antibiotics
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Figure 3. Mean plasma cefiderocol concentration profiles before and
after hemodialysis following single intravenous infusion of 1000 mg of
cefiderocol over | hour. Semilogarithmic scale. Mean 4 SD. Abbrevi-
ations: ESRD, end-stage renal disease (dosing posthemodialysis); ESRD
with HD, end-stage renal disease (dosing prior to hemodialysis). The BLQ
data were treated as 0 for the calculation of mean and SD for plasma
concentrations.

by functioning as a siderophore, an iron-complexing
protein, to form a chelating complex with ferric iron
and utilize the bacterial iron transport system to
penetrate the outer membrane of the Gram-negative
organisms.'! This concept of carrying compounds into
other cells such as bacteria has been likened to the
“Trojan horse.”!?

Cefiderocol exposure increased in subjects with mod-
erate and severe renal impairment and ESRD com-
pared to those with normal renal function. Therefore,
dose adjustments based on renal function would be
needed so that the dose regimens will provide drug
exposures comparable to that in subjects with normal
renal function.

A dose of 2 g every 8 hours (daily dosage of 6 g),
which would be a standard dose regimen, was tolerable
in the previous phase 1 study.® The significant effect
of renal impairment on the PK of cefiderocol was
expected because cefiderocol is mainly renally excreted.
Therefore, in the renal impairment study, the single
dose of 1 g was selected as a tested dose regimen
that would have sufficient margin for exposure and
prolonged elimination.

The MDRD equation and the Cockcroft-Gault
equation were used to categorize the renal function
groups. The MDRD equation was reported to
provide more accurate estimates of glomerular
filtration rate (GFR) for impaired renal function
than the Cockcroft-Gault equation.® However, the
MDRD equation tended to underestimate GFR
in the higher GFR range. This trend potentially
causes a biased evaluation for an effect of renal
impairment on cefiderocol PK when renal impairment

groups are compared with the normal function
group. In addition, the data with GFR > 90 mL/[min-
1.73 m?] were limited in the development of the MDRD
equation. On the other hand, CLcr calculated using
the Cockcroft-Gault equation was used to describe the
measured CLcr in the normal-renal-function range.’

For cefiderocol, which exerts bactericidal activity
dependent on the duration of exposure, the
pharmacokinetic/pharmacodynamic (PK/PD) index
that best correlates with the pharmacodynamic
effect is the fraction of time for which the
free drug concentration in plasma exceeds the
minimum inhibitory concentration of the infecting
microorganism over the dosing interval (T/..mic) as well
as other cephalosporins.'>!'* Based on animal infection
models, for cefiderocol the target of 55% to 80% Tr-mic
provides >1-logjo reduction in bacteria, whereas 40%
to 70% Ty~ wmic inhibited bacterial growth.!>17

Cefiderocol was significantly removed by a 3- to 4-
hour HD session, as the ratio of cumulative amount
of drug recovered unchanged in dialysate relative to
dose was 56.1% and the fraction of the total body
pool of drug removed by hemodialysis was 62.3%. The
significant effect of intermittent HD on cefiderocol PK
is reasonable because the f, of cefiderocol was 0.35 to
0.47, the molecular weight is 752.2, and Vg of 13.5
to 16.4 L was similar to the volume of extracellular
fluid calculated as 20% of total body weight of the
subjects (17.4 L for mean body weight of 87.2 kg).'® The
significant removal of cefiderocol with HD suggests the
need for a supplemental dose after the intermittent HD,
which is applied to maintain the above pharmacody-
namic effect.

The unbound fraction of drug is an important factor
to consider the efficacy for antibiotics.!” The f,,, which
relates to Tr.mic, at 1 and 8 hours after the start of
infusion, was comparable among renal function groups.
The serum concentrations of albumin, to which ce-
fiderocol was predominantly bound, were comparable
among the renal function groups (mean 3.9 to 4.2 g/LL
at baseline). The f, was also comparable at pre-HD and
post-HD in the subjects requiring HD. These results
suggested renal impairment and HD did not affect the
protein binding of cefiderocol.

No notable safety findings in subjects with renal
impairment were observed except that 1 subject of
moderate renal impairment discontinued the study
due to urticaria during the study drug administration.
Overall, the safety profile observed in this study was
consistent with that reported in the cefiderocol clinical
trial program in subjects without renal impairment.°

One subject in the moderate renal impairment
cohort who discontinued due to urticaria had an
ongoing medical history of lactose intolerance and
seasonal allergies. Although the subject’s laboratory



590

The Journal of Clinical Pharmacology / Vol 57 No 5 2017

Table 4. Adverse Events by Renal Function

Number (%) of Subjects With Renal Function Classified As

End-Stage Renal Disease

Moderate Severe
Matched Healthy Mild Impairment  Impairment Impairment Without HD With HD Total
Type of AE (n=28) (n=28) (n=28) (n=26) (n=28) (n=28) (n =38)
Any AE 1 (12.5) 2 (25.0) 4 (50.0) 2(33.3) 3(37.5) I (12.5) 12 (31.6)
Any AE causally related to study 1 (12.5) 0 3(37.5) 0 1 (12.5) 0 5(13.2)
drug?
Any AE leading to withdrawal of 0 0 1 (12.5) 0 0 0 1 (2.6)
study drug
AEs by system organ class®
Gastrointestinal disorders 0 1 (12.5) 1 (12.5) 0 1 (12.5) 0 3(7.9)
Constipation 0 1 (12.5) 0 0 0 0 1 (2.6)
Nausea 0 0 1 (12.5) 0 1 (12.5) 0 2(5.3)
Infections and infestations 0 0 0 1 (16.7) 0 0 1 (2.6)
Upper respiratory tract 0 0 0 1(16.7) 0 0 1 (2.6)
infection
Injury, poisoning, and 0 0 0 0 1 (12.5) I (12.5) 1 (2.6)
procedural
complications
Arteriovenous fistula site 0 0 0 0 0 I (12.5) 1 (2.6)
complication
Postoperative wound 0 0 0 0 1 (12.5) I (12.5) 1 (2.6)
complication
Metabolism and nutrition 0 0 1 (12.5) 0 1 (12.5) 0 2 (5.3)
disorders
Gout 0 0 1 (12.5) 0 0 0 1 (2.6)
Hypoglycemia 0 0 0 0 1 (12.5) 0 1 (2.6)
Musculoskeletal and 1 (12.5) 0 1 (12.5) 0 0 0 2 (5.3)
connective tissue disorders
Flank pain 0 0 1 (12.5) 0 0 0 1 (2.6)
Myalgia 1 (12.5) 0 0 0 0 0 1 (2.6)
Nervous system disorders 0 0 1 (12.5) 0 1 (12.5) 0 2 (5.3)
Dizziness 0 0 1 (12.5) 0 0 0 1 (2.6)
Headache 0 0 0 0 1 (12.5) 0 1 (2.6)
Paresthesia 0 0 0 0 1 (12.5) 0 1 (2.6)
Renal and urinary disorders 0 0 0 0 1 (12.5) 0 1 (2.6)
Polyuria 0 0 0 0 1 (12.5) 0 1 (2.6)
Skin and subcutaneous tissue 0 1 (12.5) 2 (25.0) 1 (16.7) 1 (12.5) 0 5(13.2)
disorders
Dermatitis, contact 0 1 (12.5) 0 1(16.7) 1 (12.5) 0 3(7.9)
Rash, maculopapular 0 0 1 (12.5) 0 0 0 1 (2.6)
Urticaria 0 0 1 (12.5) 0 0 0 1 (2.6)
Vascular disorders 0 0 1 (12.5) 0 1 (12.5) 0 2 (5.3)
Flushing 0 0 0 0 1 (12.5) 0 1 (2.6)
Phlebitis 0 0 1 (12.5) 0 0 0 1 (2.6)

Abbreviation: HD, hemodialysis.
?Investigator-defined AEs.
®More than | AE can occur in a single subject.

values for eosinophils were normal, the value for
eosinophils/leukocytes was high (11.9% and 11.4%) at
screening and on day 1 (reference range 0.0% to 0.6%).
The blood samples were obtained from the subject
before and after the administration of cefiderocol in-
cluding approximately 37 minutes after the onset of
urticaria, and these were examined for immunoglobulin
E and immunoglobulin G antibody isotypes against
cefiderocol. No antibodies against cefiderocol were
detected in any of the samples. This result supports that

the urticaria was not caused by antibodies against ce-
fiderocol or unknown antibodies that might potentially
show cross-reactivity to the former antibodies.
Although the number of subjects for each group
is small, there was no apparent difference in AEs
even though the exposure of cefiderocol increased with
increasing degree of renal impairment. The AEs ob-
served in 2 or more groups were nausea (1 each in
moderate and ESRD without HD) and contact der-
matitis (1 each in mild, severe, and ESRD without HD),
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and these were all mild in severity. Geometric mean
Chmax in the ESRD without HD group was modestly
higher than those in the other groups. The differences
were less than 25%, and the numbers of subjects who
experienced the AEs were comparable to those in other
groups. One subject in the ESRD without HD group
experienced nausea, headache, paresthesia, polyuria,
and flushing, and had an ongoing medical condition of
type 2 diabetes mellitus with diabetic retinopathy. The
incidence of AEs did not appear to have any correlation
with the degree of renal impairment.

Conclusions

Renal impairment impacted AUC, CL, and t;, without
affecting C.x. Cefiderocol was significantly removed
by intermittent hemodialysis. The results of this study
suggested the need for dose adjustment based on renal
function in patients with moderate and severe renal
impairment and ESRD subjects and the need for a
supplemental dose in patients receiving intermittent
HD.
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