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ABSTRACT The pharmacokinetics (PK), safety, and tolerability of two repeated dos-
ing regimens of oral fosfomycin tromethamine were evaluated in 18 healthy adult
subjects. Subjects received 3 g every other day (QOD) for 3 doses and then every
day (QD) for 7 doses, or vice versa, in a phase I, randomized, open-label, two-period-
crossover study. Serial blood (n � 11) and urine (n � 4 collection intervals) samples
were collected before and up to 24 h after dosing on days 1 and 5, along with pre-
dose concentrations on days 3 and 7. PK parameters were similar between days 1
and 5 within and between dosing regimens. The mean (� standard deviation [SD])
PK parameters for fosfomycin in plasma on day 5 during the respective QOD and
QD dosing regimens were as follows: maximum concentration of drug in serum
(Cmax) � 24.4 � 6.2 versus 23.8 � 5.6 �g/ml, time to Cmax (Tmax) � 2.2 � 0.7 versus
2.0 � 0.4 h, apparent volume of distribution (V/F) � 141 � 67.9 versus 147 � 67.6
liters, apparent clearance (CL/F) � 21.4 � 8.0 versus 20.4 � 5.3 liters/h, renal clear-
ance (CLR) � 7.5 � 4.1 versus 7.3 � 3.5 liters/h, area under the concentration-time
curve from 0 to 24 h (AUC0 –24) � 151.6 � 35.6 versus 156.6 � 42.5 �g · h/ml, and
elimination half-life (t1/2) � 4.5 � 1.1 versus 5.0 � 1.7 h. Urine concentrations
peaked at approximately 600 �g/ml through the 0- to 8-h urine collection intervals
but displayed significant interindividual variability. Roughly 35 to 40% of the 3-g
dose was excreted in the urine by 24 h postdose. No new safety concerns were
identified during this study. The proportion of diarrhea-free days during the study
was significantly lower with the QD regimen than with the QOD regimen (61% ver-
sus 77%; P � 0.0001). Further studies to establish the clinical benefit/risk ratio for re-
peated dosing regimens of oral fosfomycin tromethamine are warranted. (This trial is
registered at ClinicalTrials.gov under registration no. NCT02570074.)
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Oral fosfomycin tromethamine is currently approved by the U.S. Food and Drug
Administration (FDA) as a one-time 3-g dose for women for the treatment of

uncomplicated urinary tract infections due to susceptible strains of Escherichia coli and
Enterococcus faecalis (1) and is approved in Europe for adults for the treatment of acute
uncomplicated lower urinary tract infections caused by susceptible strains of Entero-
bacteriaceae (2). It is also a recommended first-line treatment for acute uncomplicated
cystitis in women by the international clinical practice guidelines published by the
Infectious Diseases Society of America (IDSA) and the European Society for Microbiol-
ogy and Infectious Diseases (ESCMID) (3). Despite these recommendations, fosfomycin’s
broad in vitro activity against clinically significant multidrug-resistant (MDR) pathogens,
lack of cross-resistance and cross-allergy sensitivity, and minimal propensity for collat-
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eral damage have made it an attractive option for expanded use in the era of increasing
bacterial resistance (4). This expanded use includes more aggressive, off-label dosing
schemes ranging from 3 g every other day (QOD) for 5 to 10 days to 3 g daily (QD) for
weeks to months (5–8). Despite the frequent use of these off-label dosing regimens in
clinical practice, they are not supported by modern robust pharmacokinetic (PK) or
safety data. The vast majority of data regarding the PK of fosfomycin were generated
in the 1970s and 1980s, prior to advanced sampling and bioanalytical techniques and
the recognized need to supplement microbiological assays with glucose-6-phosphate
(G6P) (9). Many previous studies also used the calcium salt of fosfomycin, which is
known to have significantly decreased bioavailability compared to that of the trometh-
amine salt (10–13). As such, there is an urgent need to establish reliable PK and safety
data to inform the clinical use and future research investigations of oral fosfomycin
tromethamine. Given the dearth of effective treatment options in the current landscape
of MDR bacteria, it is crucial to fully understand the PK of antibacterial agents in order
to assess the PK/pharmacodynamic (PK/PD) parameters associated with efficacy.

The purpose of this study was to determine the PK, safety, and tolerability of two
dosing regimens of oral fosfomycin tromethamine in a randomized, two-period-
crossover study in healthy subjects.

(This work was presented in part at the 2017 IDWeek meeting in San Diego, CA,
USA.)

RESULTS

A total of 19 healthy adult subjects were enrolled in the study. Of the 19 subjects
enrolled, 18 received both dosing regimens, while 1 subject completed only the QOD
regimen due to scheduling conflicts. This subject was included in safety analyses but
excluded from PK analyses. The baseline demographics of the pharmacokinetically evalu-
able subjects are presented in Table 1. Overall the subjects were young, and the majority
were white (non-Hispanic or -Latino), with an equal distribution of males and females. No
significant difference between the mean (� standard deviation [SD]) Cockroft-Gault esti-
mated creatinine clearance (eCLCR) and measured 24-h creatinine clearance (mCLCR) was
observed (110 � 19.9 ml/min versus 109 � 30 ml/min; P � 0.892).

Pharmacokinetics of QOD fosfomycin dosing. Mean (� SD) plasma concentra-
tions of fosfomycin on study day 1, after a single 3-g dose, are displayed in Fig. 1A. The
mean (� SD) plasma PK parameters of fosfomycin on study day 1 are summarized in
Table 2. After oral administration of 3 g, all 18 subjects had quantifiable plasma
concentrations within 1 h after ingestion and at 24 h postdose. Eight subjects (44%)
also had measurable plasma fosfomycin concentrations at 48 h postdose. Mean (� SD)
plasma concentrations of fosfomycin on study day 5, after three 3-g doses, are
displayed in Fig. 1B. The mean (� SD) plasma PK parameters of fosfomycin on study day
5 are summarized in Table 2. Again, all subjects had quantifiable concentrations 1 h
after ingestion and at 24 h postdose. Five subjects (28%) had measurable plasma
concentrations at 48 h postdose. Table 3 compares the analysis of variance (ANOVA)-
generated means and 95% confidence intervals (CI) for the primary PK parameters
between study days and dosing regimens. Plasma PK parameters were similar between
study days 1 and 5 after QOD dosing. Mean (� SD) predose plasma concentrations on
days 3 and 7 were 0.2 � 0.3 and 0.1 � 0.2 �g/ml, respectively.

Mean (� SD) urine concentrations of fosfomycin on study day 1, after a single 3-g
dose, are displayed in Fig. 2A and Table 4. Peak urinary concentrations of fosfomycin

TABLE 1 Characteristics of healthy adult subjects receiving oral fosfomycin tromethamine

Treatment (n)
No. (%) of male
subjects

No. (%) of white
subjects

Mean � SD

Age
(yr)

Ht
(cm)

Wt
(kg)

Body mass index
(kg/m2)

eCLCR
a

(ml/min)

Oral fosfomycin (18) 9 (50) 13 (72) 28 � 7 173.2 � 9.9 75.4 � 11.5 24.9 � 2.5 110 � 19.9
aeCLCR, Cockroft-Gault estimated creatinine clearance.
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occurred through the first 8 h of urine collection (Fig. 2A), and 15 subjects (83%) had
measurable urine concentrations at 48 h postdose. Approximately 35% of the 3-g dose
was excreted by 24 h postdose (Fig. 3A), and the mean renal clearance (7.1 � 3.6
liters/h) approximated that for normal glomerular filtration (Table 4). Mean (� SD) urine
concentrations of fosfomycin on study day 5, after three 3-g doses, are displayed in Fig.
2B and Table 4. Urine concentrations peaked through the 8-h collection interval, and 11
subjects (61%) had measurable urine concentrations at 48 h postdose. Approximately
40% of the 3-g dose was excreted by 24 h postdose (Fig. 3B), and the mean renal
clearance (7.5 � 4.1 liters/h) approximated that for normal glomerular filtration (Table
4). Urinary excretion levels were similar between study days 1 and 5 (Table 3) after QOD
dosing. Mean (� SD) predose urine concentrations on days 3 and 7 were 45.2 � 84.2
and 20.3 � 32.9 �g/ml, respectively (Table 4).

Pharmacokinetics of QD fosfomycin dosing. Mean (� SD) plasma concentrations
of fosfomycin on study day 1, after a single 3-g dose, are displayed in Fig. 1A. The mean
(� SD) plasma PK parameters of fosfomycin on study day 1 are summarized in Table 2.
After oral administration of 3 g, all 18 subjects had quantifiable plasma concentrations
within 1 h after ingestion and at 24 h postdose. Mean (� SD) plasma concentrations of
fosfomycin on study day 5, after five 3-g doses, are displayed in Fig. 1B. The mean (� SD)
plasma PK parameters of fosfomycin on study day 5 are summarized in Table 2. Again, all
subjects had quantifiable concentrations 1 h after ingestion and at 24 h postdose. Table 3
compares the ANOVA-generated means and 95% confidence intervals for the primary PK

FIG 1 Mean (� SD) concentration-versus-time profiles of fosfomycin in plasma after oral administration of 3 g oral fosfomycin tromethamine on study day 1
(A) and study day 5 (B). The QOD dosing regimen data are illustrated by open triangles and a dashed line, and the QD regimen data are illustrated by filled
circles and a solid line. The y axis is on a log scale.

TABLE 2 Pharmacokinetic parameters of fosfomycin in plasma on study days 1 and 5
after two oral dosing regimens

Study day and dosing
regimena (n)

Mean � SD

Cmax

(�g/ml)
Tmax

(h)
AUCb

(�g · h/ml)
V/F
(liters)

CL/F
(liters/h)

t1/2

(h)

Day 1
QOD (18) 23.8 � 7.5 2.0 � 0.5 148.8 � 35.4 172 � 70.5 21.6 � 6.8 5.6 � 1.5
QD (18) 23.5 � 6.6 2.1 � 0.6 149.8 � 67.3 138.6 � 57.4 22.2 � 5.9 4.4 � 1.3

Day 5
QOD (18) 24.4 � 6.2 2.2 � 0.7 151.6 � 35.6 141 � 67.9 21.4 � 8.0 4.5 � 1.1
QD (18) 23.8 � 5.6 2.0 � 0.4 156.6 � 42.5 147 � 67.6 20.4 � 5.3 5.0 � 1.7

aQOD, every other day; QD, every day.
bAUC0 –∞ on study day 1 and AUC0 –24 on study day 5.
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parameters between study days and dosing regimens. Plasma PK parameters were similar
between study days 1 and 5 after QD dosing. Mean (� SD) predose plasma concentrations
on days 3 and 7 were 1.3 � 1.1 and 1.3 � 1.1 �g/ml, respectively.

Mean (� SD) urine concentrations of fosfomycin on study day 1, after a single 3-g
dose, are displayed in Fig. 2A and Table 4. Peak urinary concentrations of fosfomycin
occurred through the first 8 h of urine collection, approximately 37% of the 3-g dose
was excreted by 24 h postdose (Fig. 3A), and the mean renal clearance (8.1 � 5.6
liters/h) approximated that for normal glomerular filtration (Table 4). Mean (� SD) urine
concentrations of fosfomycin on study day 5, after five 3-g doses, are displayed in Fig.
2B and Table 4. Urine concentrations peaked through the 8-h collection interval,
approximately 39% of the 3-g dose was excreted by 24 h postdose (Fig. 3B), and the
mean renal clearance (7.3 � 3.5 liters/h) approximated that for normal glomerular
filtration (Table 4). Urinary excretion levels were similar between study days 1 and 5
(Table 3) after QD dosing. Mean (� SD) predose urine concentrations on days 3 and 7
were 312.7 � 263.3 and 231.0 � 227.6 �g/ml, respectively (Table 4).

Safety and tolerability. Treatment-emergent adverse events (TEAEs) were reported
by 17 (89%) subjects during days 1 to 9 of the QOD regimen. The majority of TEAEs (13
subjects) were gastrointestinal disorders which were considered related to study drug,
followed by skin and subcutaneous tissue disorders (3 subjects) which were considered
not related to study drug. There was one grade 3 adverse event, namely, a laboratory
abnormality of increased aspartate aminotransferase (AST) that was asymptomatic,

TABLE 3 Comparison of primary pharmacokinetic parameters of fosfomycin between dosing regimens and study days after two oral
dosing regimensa

Study day and
dosing
regimen (n)

Geometric mean (95% CI)

Cmax

(�g/ml)
V/F
(liters)

CL/Fb

(liters/h)
t1/2

(h)
AUCc

(�g · h/ml)
Cum Ae

(mg)
CLR

(liters/h)

Day 1
QOD (18) 24 (20–28.8) 172.3 (142.5–208.3) 21.6 (20–23.2) 5.6 (4.8–6.5) 149.5 (130.6–171.2) 1,063 (745.5–1,515.9) 7.2 (5.5–9.3)
QD (18) 23.6 (20.3–27.4) 144.1 (119.8–173.3) 22 (20.4–23.5) 5.4 (4–7.3) 148.64 (125.9–175.5) 1,082.4 (832.5–1,407.3) 7.9 (6.3–10)

Day 5
QOD (18) 24.7 (20.9–29.1) 140.2 (114–172.5) 21.4 (19.8–23) 4.5 (4–5.2) 152.8 (132.1–176.7) 1,209.5 (820.4–1,783.3) 7.7 (5.6–10.6)
QD (18) 23.8 (20.9–27.2) 146.7 (118.1–182.2) 20.4 (18.9–22) 5 (4.2–6) 156.9 (137.4–179.1) 1,159.3 (888.8–1,512.1) 7.3 (6–8.9)

aQOD, every other day; QD, every day; CI, confidence interval.
bCL/F data are arithmetic means.
cAUC0 –∞ on study day 1 and AUC0 –24 on study day 5.

FIG 2 Mean (� SD) concentration-versus-time profiles of fosfomycin in urine after oral administration of 3 g oral fosfomycin tromethamine on study day 1 (A)
and study day 5 (B). The QOD dosing regimen data are illustrated by open triangles and a dashed line, and the QD regimen data are illustrated by filled circles
and a solid line.
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resolved without intervention or sequelae, and was considered possibly related to
study drug. During days 1 to 9 of the QD regimen, 16 (89%) subjects reported a TEAE.
The majority of these were gastrointestinal disorders (14 subjects) and were considered
related to study drug, followed by nervous system disorders (3 subjects) which were
not considered related to study drug. There were two grade 2 adverse events of
diarrhea (related to study drug) and one of skin and subcutaneous tissue disorder (not
related). There was one grade 3 serious adverse event of Clostridium difficile-associated
diarrhea that occurred approximately 14 days after the last dose of study drug in the
QD regimen and was considered related to study drug administration. Overall, grade 1
diarrhea (an increase of up to 3 stools per day above baseline) represented 57% (52/91
events) of all reported TEAEs for both dosing regimens. Figure 4 displays the number
of days of diarrhea experienced by each subject during days 1 to 19 for the QOD and
QD regimens. The proportion of diarrhea-free days was significantly lower with the QD
regimen than with the QOD regimen (190/310 days [0.61] versus 262/342 days [0.77];
P � 0.0001). No subjects were withdrawn from the study due to TEAEs, and all TEAEs
were considered resolved by the end of the study follow-up period.

DISCUSSION

This phase I, randomized, open-label, two-period-crossover, multiple-dose study
evaluated the PK and safety of fosfomycin in plasma and urine after repeated oral
administration in healthy subjects. The plasma PK of fosfomycin were comparable
between days 1 and 5 of each regimen. The plasma PK between the QOD and QD
dosing regimens were also similar, and daily dosing did not lead to increased systemic
exposure at steady state (Table 3). Urine concentrations of fosfomycin were also com-
parable between study days 1 and 5 and between the QOD and QD regimens, although
predose urine concentrations on days 3 and 7 were significantly higher with the QD

TABLE 4 Urine concentrations, cumulative amounts excreted, and renal clearance of fosfomycina

Dosing regimen
(n)

Mean � SD

Study day 1 Study day 3 Study day 5 Study day 7

Avg urine concn
over 24 h
(�g/ml)

Cum Ae

(mg)
CLR

(liters/h)
Predose concn
(�g/ml)

Avg urine concn
over 24 h
(�g/ml)

Cum Ae

(mg)
CLR

(liters/h)
Predose concn
(�g/ml)

QOD (18) 361.7 � 254.2 1,047.1 � 710.5 7.1 � 3.6 45.2 � 84.2 434.6 � 343.4 1,177.2 � 790.8 7.5 � 4.1 20.3 � 32.9
QD (18) 342.4 � 324.7 1,102.3 � 772.7 8.1 � 5.6 312.7 � 263.3 387.9 � 224.8 1,161.6 � 718.1 7.3 � 3.5 231.0 � 227.6
aQOD, every other day; QD, every day; Cum Ae, cumulative amount of fosfomycin excreted into urine over a 24-h collection period; CLR, renal clearance of fosfomycin.

FIG 3 Mean (� SD) cumulative fractions (percentages) of the fosfomycin dose excreted in urine over time following oral administration of 3 g oral fosfomycin
tromethamine on study day 1 (A) and study day 5 (B). The QOD dosing regimen data are illustrated by open triangles and a dashed line, and the QD regimen
data are illustrated by filled circles and a solid line.
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dosing regimen. No new safety concerns were identified during this study. Diarrhea was
the most commonly reported adverse event, consistent with other studies of healthy
subjects and of the clinical use of repeated doses of fosfomycin in patients (1, 5, 7, 8).
The incidence of diarrhea in this study was higher than that reported in a recently
completed phase I study of fosfomycin in healthy subjects (14); however, only a single
oral dose of fosfomycin tromethamine was administered in that study. Figure 4 shows
that the number of subjects experiencing diarrhea in the current study increased on or
after day 3, once they had received multiple repeated doses of fosfomycin.

The plasma PK parameters observed in this study compare well to those in previous
studies despite differences in study populations, doses, bioanalytical methods, and

FIG 4 Days of diarrhea per subject and study day during the QOD regimen (A) and the QD regimen (B). Cases of CTCAE grade 1 diarrhea are
shaded in black, and cases of grade 2 diarrhea are shown in red. Gray shaded days indicate that no diarrhea events occurred during these at-risk
days. Unshaded days represent days beyond a participant’s follow-up period. Asterisks represent days of study drug administration.
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sampling schemes. Borsa et al. examined the PK of oral fosfomycin tromethamine in
young and elderly adults (10). Thirteen healthy subjects were administered a single oral
dose of 25 mg/kg of body weight (�2 g) of fosfomycin tromethamine under fasted
conditions. The mean (� SD) maximum concentration of drug in serum (Cmax) and time
to Cmax (Tmax) in young subjects (26 to 33 years of age; n � 5) were 18.48 � 10.27 �g/ml
and 1.61 � 0.23 h, respectively. The mean (� SD) volume of distribution (V), elimination
half-life (t1/2), and area under the concentration-time curve from 0 h to infinity (AUC0 –∞)
were 2.42 � 1.68 liters/kg, 5.37 � 2.56 h, and 102.85 � 42.1 �g · h/ml, respectively.
Total body and renal clearance values were determined to be 33.6 � 14.5 liters/h and
18.6 � 2.6 liters/h, respectively, and 57.7 � 30.2% of the administered dose was
eliminated renally by 24 h. Other studies administering 3 g of oral fosfomycin trometh-
amine have demonstrated Cmax values ranging from 22 to 32 �g/ml, Tmax values of 2
to 2.5 h, t1/2 values of 2.4 to 7.3 h, and AUC values of 145 to 228 �g · h/ml (11–13).

The urine concentrations of fosfomycin achieved after oral dosing of fosfomycin tro-
methamine have varied considerably throughout the published literature. Older PK studies
of adults demonstrated mean peak urinary concentrations ranging from 1,053 to 4,415
�g/ml within 4 h of administration of a single dose of 3 g of fosfomycin tromethamine (15,
16). In a 1987 study of 10 healthy subjects administered a single oral dose of 50 mg/kg (�4
g) of fosfomycin tromethamine, serum and urine concentrations were measured at 2, 4, 6,
8, and 24 h postdose via a Proteus mirabilis ATCC 2100 bioassay (17). Urine concentrations
at 2 h reached 2,000 to 2,500 �g/ml and were maintained between 1,200 and 2,750 �g/ml
at 8 h postdose. A similar 1987 study of 5 healthy subjects administered the same oral dose
demonstrated concentrations of fosfomycin in the urine above 1,000 �g/ml at 12 h
postdose (18). Conversely, more recent studies describe urine fosfomycin concentrations
similar to those observed in the current study. A 1996 PK study included in the Monurol
prescribing information reports a peak urine concentration from 6 to 8 h of 537.7 � 251.8
�g/ml and a 24-h concentration of 163.5 � 99.3 �g/ml after a single 3-g oral dose (1). The
aforementioned phase I PK study included 28 subjects administered a single 3-g dose of
oral fosfomycin tromethamine and demonstrated peak urine concentrations of 1,049 �

867.8 �g/ml during the 0- to 4-h collection interval and 947.5 � 791.9 �g/ml during the 4-
to 8-h collection interval (14). By 12 h, the average urine concentration was below 300
�g/ml. Finally, a study of 40 healthy adult women given a single 3-g oral dose of fosfomycin
tromethamine demonstrated a peak urine concentration of 1,982 � 1,257.4 �g/ml, al-
though this study included only subjects with an eCLCR of �90 ml/min and the urine
collection times were not standardized (19). Notably, all studies evaluating urine concen-
trations of fosfomycin after oral administration of fosfomycin tromethamine have demon-
strated significant levels of inter- and intrasubject variability. This variability is likely due in
large part to the timing of the fosfomycin dose in relation to bladder emptying and the
subjects’ urinary output. This variability creates uncertainty in the estimation of PK/PD
indices and the ability to predict treatment efficacy and may contribute to the treatment
failure rate of up to 30% observed in randomized controlled trials of fosfomycin (20).

An understanding of the PK/PD index that links antimicrobial exposure with efficacy
is an important step in designing regimens that optimize safety and efficacy. A recent
neutropenic murine thigh infection model demonstrated the AUC/MIC ratio to be the
PK/PD index most closely associated with the efficacy of fosfomycin, with average net
stasis and 1-log kill ratios for Enterobacteriaceae of 23 and 83, respectively (21). If these
data are applied to the mean plasma AUC values observed in our study, a 3-g oral dose
of fosfomycin at steady state would be expected to achieve net stasis against Entero-
bacteriaceae isolates with MICs of �4 �g/ml and a 1-log kill against those with MICs of
�1 �g/ml. If the same indices are applied to the urine exposures observed in this study
(urine AUC0 –24 of approximately 4,800 �g · h/ml), stasis and a 1-log kill could be
achieved at MICs of up to 128 �g/ml and 32 �g/ml, respectively, corresponding well to
the Clinical and Laboratory Standards Institute (CLSI) (22) and European Committee on
Antimicrobial Susceptibility Testing (EUCAST) (23) susceptibility breakpoints for oral
fosfomycin tromethamine of �64 �g/ml and �32 �g/ml, respectively. Importantly,
given the lower urine concentrations observed in this and other recent PK studies of
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fosfomycin tromethamine, PK/PD studies utilizing peak urine concentrations of up to
4,000 �g/ml, based on older PK analyses, may need to be reevaluated (24). Ideally,
these PK/PD targets should be validated for humans and correlated with clinical
outcomes.

This study is not without limitations. Subjects were not confined to the study unit
for the entire 24-h urine collection period and therefore were instructed to collect their
urine at home during the 12- to 24-h collection period; the reliability of this procedure
could not be confirmed directly. Additionally, enteral fluid intake was encouraged
throughout the course of the study but was not standardized across subjects. We did
not formally assess the effect of diarrhea on the systemic exposure of fosfomycin.
Finally, the homogenous subject population included in this study does not allow for
exploration of the influence of covariates on PK parameters.

In summary, the results of this study provide important information on the time
course and magnitudes of plasma and urine concentrations of fosfomycin following
single and repeated oral doses of fosfomycin tromethamine. There was no observed
increase in systemic exposure on day 5 after repeated doses of fosfomycin given either
QOD or QD compared to that after a single dose. Additionally, day 5 systemic exposure
was not significantly increased after 5 daily doses of fosfomycin compared to that after
3 doses given QOD. Plasma predose concentrations were marginally higher after daily
dosing, while urine predose concentrations were significantly higher but highly vari-
able. The lower urine concentrations observed in this and other modern PK studies than
those in previous studies may necessitate reevaluation of achievable PK/PD indices and
revision of the susceptibility breakpoints. Daily dosing of fosfomycin tromethamine was
associated with a significant increase in the number of days of diarrhea experienced by
healthy subjects in this study compared to that with QOD dosing. Further clinical
studies to evaluate the efficacy and safety of repeated dosing regimens of oral
fosfomycin tromethamine in patients with urogenital infections are warranted in order
to establish an appropriate benefit/risk ratio.

MATERIALS AND METHODS
Study design and subjects. The present study (ClinicalTrials.gov registration number NCT02570074)

was a phase I, randomized, open-label, two-period-crossover, multiple-dose study of oral fosfomycin
tromethamine (Monurol; Forest Pharmaceuticals, Inc., St. Louis, MO) in healthy adult subjects. This study
was approved by the University of Illinois at Chicago (UIC) Office for the Protection of Research Subjects
Institutional Review Board and conducted in accordance with good clinical practices at the UIC Clinical
Research Center. Written informed consent was obtained from each subject prior to the conduct of any
study-related procedures.

Inclusion criteria included healthy, nonsmoking male or female subjects between 18 and 55 years of
age inclusive, with no clinically significant findings on medical history, physical examination, vital signs,
12-lead electrocardiogram, or clinical laboratory evaluation. Subjects of childbearing potential were
required to use protocol-defined acceptable methods of birth control. Eligible body weight was �50 kg
with a body mass index of �18.5 and �30 kg/m2. Exclusion criteria included an intolerance or
hypersensitivity history to phosphonic acid derivative antibiotics, history of any significant cardiac,
neurological, thyroid, muscular, or immune disorder, Cockroft-Gault estimated creatinine clearance
(eCLCR) of �60 ml/min (25), or history of alcohol abuse in the previous 6 months. Subjects could not have
had prescription and nonprescription drugs (including vitamins and herbal or dietary supplements)
within 7 days prior to day 1 or have donated blood within a 56-day period.

Subjects were enrolled in study drug administration sequences in parallel so that each subject
received both regimens in a randomized, crossover fashion. Randomization was stratified by gender. The
two dosing regimens were 3 g every other day (QOD) for 3 doses followed by 3 g every day (QD) for 7
doses and vice versa. Fosfomycin was delivered as a powder sachet mixed in 3 to 4 oz. water under fasted
conditions. Each administration sequence was separated by a 5- to 14-day washout period.

Pharmacokinetic samples. On study days 1 and 5, blood samples for measurement of fosfomycin
concentrations were collected before dosing and at 1, 1.5, 2, 3, 4, 6, 8, 12, and 24 h postdose. Urine
samples for measurement of fosfomycin concentrations and measured 24-h creatinine clearance (mCLCR)
were collected before and 0 to 4, 4 to 8, 8 to 12, and 12 to 24 h after ingestion. Predose blood and urine
samples were also collected on days 3 and 7. Blood was collected and centrifuged, and plasma was
separated for bioanalytical analysis, frozen within 60 min of collection, and stored at �70°C until
shipment. Urine samples were collected and stored at �4°C during collection intervals. After completion
of the collection interval, aliquots of urine were extracted, frozen, and stored at �70°C until shipment.

Bioanalytical procedures for determination of fosfomycin concentrations. Concentrations of
fosfomycin in plasma and urine samples were measured by Keystone Bioanalytical, Inc. (North Wales, PA),
via validated liquid chromatography-tandem mass spectrometry (LC-MS/MS). The validation procedure

Wenzler et al. Antimicrobial Agents and Chemotherapy

August 2018 Volume 62 Issue 8 e00464-18 aac.asm.org 8

http://aac.asm.org


included short- and long-term assessments of room temperature, refrigerated, frozen, and freeze-thaw
stability of fosfomycin in extracted and unextracted samples. The accuracy of the method was deter-
mined by comparing the mean measured concentrations with theoretical concentrations of each analyte
in the quality control (QC) samples. The lower and upper limits of quantitation for fosfomycin in human
plasma samples were 0.1 and 80 �g/ml, respectively. Eight hundred fourteen unique plasma samples
were analyzed in 11 analytical runs which met the acceptance criteria for standard curve and QC samples.
All 11 batches met prespecified acceptance criteria, with a coefficient of variation (%CV) of �15% and
relative error (%RE) within 15%. The lower and upper limits of quantitation for fosfomycin in human urine
samples were 2 and 1,000 �g/ml, respectively. A total of 444 unique urine samples were analyzed in 8
analytical runs which met the acceptance criteria for standard curve and QC samples. All 8 batches met
prespecified acceptance criteria, with a %CV of �15% and a %RE within 15%.

Pharmacokinetic analysis. Noncompartmental analyses (Phoenix WinNonlin, version 7; Pharsight
Corporation, Cary, NC) were used to generate PK parameters for each subject for fosfomycin in plasma.
Reported parameters following oral administration of fosfomycin tromethamine included peak plasma
concentration (Cmax), time to maximum concentration (Tmax), apparent volume of distribution (V/F),
apparent clearance (CL/F), and elimination half-life (t1/2). The area under the plasma concentration-time
curve (AUC) was calculated by use of the linear-up log-down trapezoidal method. Reported parameters
for fosfomycin in human urine following oral administration included the amount of drug excreted
during the urine collection interval (Ae), cumulative amount excreted from time zero (Cum Ae), fraction
of the dose excreted during the collection interval (fe), cumulative fraction of the dose excreted from time
zero (Cum fe), and renal clearance (CLR).

Laboratory and safety assessment. Safety was monitored by clinical laboratory tests, physical
examination, 12-lead electrocardiogram, vital signs, and monitoring of adverse events. Safety evaluations
were conducted at screening and during each visit to the study center. A follow-up safety call was made
to each subject 60 days after the last dose of study drug. The investigators assessed subjects for the
occurrence of adverse events throughout the study, along with their severity, as assessed via the
common terminology criteria for adverse events (CTCAE) (26), and their relationship with the study drug.
A safety monitoring committee of independent evaluators was also appointed to monitor subject safety.

Statistical analysis. The primary objectives of the study were (i) to assess the safety and tolerability
and (ii) to estimate the Cmax, AUC, V/F, CL/F, t1/2, Ae, and CLR of two oral dosing regimens of fosfomycin
tromethamine. The primary safety/tolerability objective was addressed by reporting numbers and
percentages of subjects exhibiting adverse events by regimen, grade, and MedDRA preferred term.
Primary adverse event analyses were restricted to study days 1 to 9 to allow for comparison between
dosing regimens. Secondary adverse event analyses covered all study days up to and including the
60-day follow-up. Additionally, the cumulative proportion of diarrhea-free days observed from the first
dose of study drug until the start of the second dosing regimen or the end of the washout period
(whichever occurred first) was calculated in a post hoc analysis and compared between regimens via the
�2 test. The primary PK objective was addressed by reporting summary statistics (number of observa-
tions, mean, standard deviation, coefficient of variation, minimum, maximum, median, and quartiles) for
PK parameters by regimen and study day. For each PK parameter (Cmax, AUC, V/F, CL/F, t1/2, Ae, and CLR),
a mixed-effects ANOVA model was fit by using log-transformed PK parameters as the outcome (except
for CL/F, which was analyzed on a linear scale) and including fixed effects for dosing regimen, study day,
a dosing regimen-by-study-day interaction term, and a random effect for subject ID within the dosing
regimen sequence. ANOVA-generated means and 95% confidence intervals are reported.

Assuming a coefficient of variation of 35% for the fosfomycin Cmax in plasma, consistent with previous
reports (10), it was determined that with complete data from 18 participants, the regimen-specific Cmax

could be estimated with a precision of �4 �g/ml, and if the true difference in Cmax between regimens
was �30%, there would be 87% power to declare such a difference statistically significant. The effect size
was based on plasma Cmax in order to provide a conservative estimate of adequate sample size, as
time-weighted parameters, such as AUC, are more precise. This sample size was not expected to provide
as much precision for binary events (occurrence of specific toxicities or discontinuation), as an observed
event rate of 5% would have a 95% CI of 0.1% to 27.3%.
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