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OBJECTIVES To assess the ability of an empiric once-daily dosing (ODD) tobramycin regimen to achieve
desired serum concentrations in patients with cystic fibrosis (CF); to determine an optimal dosage regimen,
using pharmacodynamic parameters; and to evaluate clinical response, adverse effects, and patient/parent
satisfaction with ODD.

METHODS This was a prospective single-center trial in patients with CF who are 5 years of age and older
requiring intravenous antibiotics. Tobramycin, 10 mg/kg every 24 hours, was infused over 60 minutes, and
two serum concentrations were analyzed using 1-compartment pharmacokinetic modeling. Simulations
were performed to identify dosage regimens that maximized desired pharmacodynamic parameters. Other
data included demographics, symptoms, spirometry, adverse events, and satisfaction with ODD.
RESULTS A total of 14 children and 11 adults completed the study. Empiric doses resulted in mean peak
tobramycin concentrations of 28.7 = 5.5 mg/L and undetectable trough concentrations. Only 42% of
patients achieved desired peak serum concentrations (20-30 mg/L) with the empiric regimen. A regimen of
12 mg/kg every 24 hours would achieve modified pharmacodynamic goals with an acceptable peak range
of 20 to 35 mg/L. Forced expiratory volume in 1 second improved in 15 of 20 (75%) patients with ODD.
Two patients experienced reversible vestibular adverse effects attributed to tobramycin. All patients were
satisfied or very satisfied with ODD because of convenience and ease of use.

CONCLUSIONS An empiric tobramycin regimen of 10 mg/kg every 24 hours did not achieve desired
serum concentrations for most patients, although all patients demonstrated clinical improvement. Desired
tobramycin concentrations with modified pharmacodynamic goals could be achieved by using an empiric
dosage of 12 mg/kg every 24 hours. Prospective evaluation of this regimen with individualized patient
monitoring is needed to ensure safety and efficacy and to monitor the effects on microbial resistance

patterns.
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INTRODUCTION

Cystic fibrosis (CF) patients often experience
repeated pulmonary exacerbations caused largely
by Pseudomonas aeruginosa infection. Aminoglyco-
sides, such as tobramycin, have been the treatment
of choice because of their excellent antipseudomo-
nal activity and low potential for causing microbial
resistance. Aminoglycosides have historically been
administered in multiple daily doses, but their
antibacterial activity may be improved by admin-
istering larger single daily doses in order to achieve

higher peak concentrations that maximize concen-
tration-dependent killing."> Clinical response rates
of 90% or greater are achieved when peak
aminoglycoside serum concentrations are 8§ to 10
times higher than the minimum inhibitory concen-
tration (MIC) of the infecting organism.® Once-
daily dosing (ODD) of aminoglycosides also
capitalizes on their concentration-dependent post-
antibiotic effect (PAE) where microbial growth
continues to be inhibited despite drug concentra-
tions that are below the MIC."**> Once-daily
administration may also have other advantages
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including reduced toxicities, reduced drug prepara-
tion and administration times, reduced cost, and
improved patient satisfaction, particularly for home
infusion therapy.'>¢

Studies of CF patients with pulmonary exacer-
bations report that tobramycin given once daily has
equal efficacy and is no more toxic than when it is
given three times daily.”'* Most of these studies
included small numbers of patients (6-60 partici-
pants) treated with tobramycin dosages ranging
from 9 mg/kg to 15 mg/kg daily.” '"!* The largest
study (the TOPIC study) was a randomized,
double-blind, controlled trial in 219 children and
adults with CF that reported similar efficacy with
once-daily (10 mg/kg) and three times daily
tobramycin administration.'”> There were statisti-
cally significant reductions in serum creatinine and
urinary N-acetyl-B-p glucosaminidase concentra-
tions in children treated with once-daily tobramycin
compared to those given thrice-daily dosing, but the
clinical significance of these changes is questionable.
No differences in these parameters were found in
adult patients. However, a post hoc analysis found a
30% reduction in tobramycin elimination with
ODD compared to three times daily dosage in both
children and adults."* This observation was ex-
plained by differences in drug administration times
and the effect of circadian rhythm on drug
clearance between the two groups.'* Other studies
have not found significant differences in rates of
nephrotoxicity or ototoxicity between the different
dosage regimens.” !

A few studies have included pediatric patients
but related only limited pharmacokinetic analyses,
often with suboptimal drug administration and
serum sampling techniques that limit the utility of
their pharmacokinetic results.”'"'*!> Several addi-
tional pharmacokinetic studies have recommended
a variety of ODD tobramycin regimens for CF
exacerbations in children and adults.'®?* The
optimal tobramycin dosage and monitoring ap-
proach for ODD in CF patients remain unclear and
may vary with patient age or other factors. Only
one study compared ODD tobramycin pharmaco-
kinetics between adults and children with CF.'
While small but statistically significant differences
in volumes of distribution were reported, it is
unknown whether these differences translate into
significant dosing differences required to achieve
desired serum concentrations.

The primary objectives of this study were to
evaluate the ability of an empiric ODD tobramycin
regimen of 10 mg/kg to achieve desired concentra-
tions in both children and adult CF patients with
pulmonary exacerbations and to determine an
optimal empiric dosage regimen using pharmaco-
kinetic and pharmacodynamic analyses. Secondary

objectives were to assess clinical response, adverse
effects, and patient and/or parent satisfaction with
ODD.

MATERIALS AND METHODS

This was a prospective, open label, single-center
study of once-daily tobramycin therapy in a CF
population, conducted from April 2005 to February
2007. Patients were identified for enrollment at
presentation to the local ambulatory CF care center
or at the local hospital emergency department.
Criteria for enrollment were a diagnosis of CF
pulmonary exacerbation requiring intravenous to-
bramycin, as determined by the pediatric pulmo-
nologist investigators; age of 5 years or older; and
ability of the patient and parent/legal guardian to
speak and understand English and provide consent/
assent. Patients were not eligible for the study if
they were pregnant or lactating, hypersensitive to
aminoglycosides, or if they had current renal
impairment (defined as a serum creatinine concen-
tration 1.5 times greater than the upper limit of
normal for age). Study procedures were followed in
accord with the ethical standards and approved by
the Institutional Review Board at the local hospital
and the Research Committee at the ambulatory
clinic. Written informed consent from the adult
patient or parents of children and assent from all
children were obtained before enrollment. Patients
were included only once in the study in order to
evaluate achievement of desired serum concentra-
tions with the empiric dosing regimen.

Patients received intravenous tobramycin, 10
mg/kg (using actual body weight) infused over 60
minutes once-daily. This dose was chosen based on
studies in CF patients that suggested that larger
doses were needed to achieve drug exposure similar
to that in patients without CF receiving 7 mg/kg/
dose.'™!> Patients were treated as inpatients or as
outpatients receiving home infusion therapy, at the
discretion of the pulmonologist. Dose administra-
tion times were not standardized but rather were
based on time of day when hospitalization occurred
(for inpatients) or patient convenience (for outpa-
tients). Concurrent antibiotics were prescribed
based on the most recent sputum culture and
sensitivity results for each patient. Antibiotic
selection and duration of therapy were determined
by the pulmonologist and were based on clinical
response. All chronic medications were continued
during the study, and medication changes were
made at the discretion of the pulmonologist without
regard to inclusion in the study.

Data collection consisted of demographics (age,
sex, weight, height), current medications, clinical
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parameters (symptoms and spirometry results),
laboratory values (serum creatinine value, white
blood cell count, sputum culture results), and
tobramycin dosage and serum concentrations.
Clinical improvement was determined based upon
improvements in cough, sputum production, short-
ness of breath, and improvement in oxygenation.
Serum samples were drawn via peripheral veni-
puncture after the first or second dose to assess
tobramycin concentrations. Peak serum samples
were drawn 60 minutes after the end of the 60-
minute infusion, and a random serum sample was
drawn 5 to 7 hours postinfusion to allow for
flexibility in scheduling, particularly for outpatients.
Serum samples were analyzed using enzyme immu-
noassay (Cobas; Roche Diagnostics, Indianapolis,
IN), where the lower limit of detection was 0.33 mg/
L. Desired serum tobramycin concentrations were
calculated peaks of maximum concentration (Cpax:
extrapolated serum concentration at the end of the
infusion) of 20 to 30 mg/L and calculated troughs of
minimum concentration (C,,;,) less than or equal to
0.05 mg/L. The target peak range was selected
based on average P. aeruginosa MIC values in CF
patients (80% of patients have an MIC of <2 mg/L;
susceptibility is defined as MIC of <4 mg/L) and a
goal serum C,,:MIC ratio of 8 to 10.%%2° This
peak range was also used in the TOPIC study and is
similar to ranges used in several pharmacokinetic
studies.'>'®2022 The target trough concentration
was selected based on the expected 24-hour
concentrations in patients with normal renal
function and trough concentrations reported in
pharmacokinetic studies in CF patients.'”-!%:21-23
Doses were adjusted to maintain desired serum
concentrations when necessary, and serum samples
were drawn weekly during therapy in a manner
similar to that used for initial samples. Patient
serum creatinine values were measured at baseline
and were also monitored weekly while they received
tobramycin.

One-compartment pharmacokinetic modeling
(WinNonLin version 4.0 software) was used to
characterize patient data. Simulations were per-
formed to identify dosing regimens that would
maximize desired pharmacodynamic parameters for
the study population (C,,,:MIC ratio of 8-10; time
below MIC [T < MIC] of less than 7 hours; a drug-
free interval to minimize tobramycin accumulation;
and a daily area under the concentration-versus-
time curve [AUC] of <100 mg-hr/L to minimize
nephrotoxicity).?* Actual MICs were not available
from the microbiology laboratory, so MIC values
of l mg/L, 2 mg/L, and 4 mg/L were assumed in the
simulations. Drug-free interval was defined as the
time that serum concentrations were below the
assay quantification limit of 0.3 mg/L.

A pharmacist investigator interviewed patients
at least once during hospitalization or at all
scheduled clinic visits while they received intrave-
nous tobramycin for the presence of adverse events,
including dizziness, lightheadedness, fainting, tinni-
tus, reduced hearing ability, balance disturbances,
rash, or vein irritation. All patients were inter-
viewed after tobramycin therapy was completed to
assess for the presence of adverse events that
occurred at any time during therapy. Patients and/
or caregivers also completed a satisfaction survey
after completion of tobramycin therapy. This
survey was a l-item, nonvalidated 5-point Likert
scale, where patients and/or their caregivers rated
their satisfaction with once-daily tobramycin ad-
ministration compared to three times daily admin-
istration (1 = very dissatisfied to 5 = very satisfied);
all patients had been previously treated with
traditional dosing.

RESULTS

Twenty-five patients were enrolled between April
2005 and February 2007 (Table 1). Most patients
had mild to moderate impairment of lung function
as measured by spirometry upon study entry (mild
impairment was defined as forced expiratory
volume in 1 second (FEV)) of 70%-89% predicted,
and moderate impairment was defined as FEV, of
40%-69% predicted). Five patients were unable to
perform spirometry. All patients had a previous
sputum culture positive for P. aeruginosa, and most
were receiving inhaled dornase alfa and oral
azithromycin. All patients received concomitant
antibiotic therapy that included ceftazidime
(n=12), meropenem (n=5), oral fluoroquinolones
(n=5), vancomycin (n=3), and/or linezolid (n=I).
Eighteen patients (72%) received inhaled tobramy-
cin (TOBI; Novartis, Basel, Switzerland) as chronic
therapy in a 28-day-on/28-day-off rotating schedule
that was not interrupted during the study.

Tobramycin pharmacokinetics were determined
after 1 to 2 doses of the empiric regimen designed to
deliver 10 mg/kg every 24 hours. Individual patient
serum concentrations as a function of time are
displayed in the Figure, and calculated pharmaco-
kinetic parameters are shown in Table 2. Data from
1 patient (age 16 years) were excluded because one
of the serum samples was drawn from the patient’s
central line and was deemed falsely elevated
(calculated peak of 50 mg/L). Average calculated
peak and trough tobramycin serum concentrations
in the remaining 24 patients were 28.7 £ 5.5 mg/L
and 0 mg/L, respectively, with use of the empiric
regimen. However, only 10 patients (42%; 8
children and 2 adults) achieved the desired peak
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Table 1. Patient Demographics

Parameter Study Population (n=25)"
Age (yrs) 15.4 = 6.6 (range 5-31)
Children (n=14) 10.9 = 45
Adult (n=11) 21.1 £ 4.0
Sex (M/F) 14/11
Weight (kg) 42.6 = 15.7
Height (cm) 150.1 = 22.2
Pulmonary function on presentationt
FEV, (% predicted) 52.4 + 213
FVC (% predicted) 66.5 + 23.1
FEF,5.750,(% predicted) 34.0 = 22.4
Concurrent medications (n)
Pancreatic enzymes 24
Inhaled steroids 17
Inhaled tobramycin 18
Dornase alfa 24
Azithromycin 21
Ibuprofen 0
History of P aeruginosa in sputum (n) 25
Serum creatinine (mg/dL) 0.58 + 0.20
Duration of IV tobramycin (days) 13.2 = 4.1

FEF55.759, forced expiratory flow between 25% and 75% of FVC; FEV/;, forced expiratory volume in 1 second; FVC = forced vital capacity.

“Mean = standard deviation, unless otherwise noted.

1 n=20; 3 patients were too ill to perform spirometry, 1 patient was too young, and 1 patient was unable due to cerebral palsy.

level range with the empiric dose. The average age
of the 12 patients whose peak level exceeded 30 mg/
L with empiric dosage was 18.5 years. This is in
comparison to an average age of 13.5 years for the 2
patients whose peak concentrations were less than
20 mg/L. Six patients (25%) had doses adjusted
downward by 12% to 27% to achieve concentra-
tions in the desired peak range compared to 3
patients (13%) who had doses adjusted upward by
13% to 30%. One patient had a dose adjusted
upward even though the calculated serum peak
concentration was 20.1 mg/L. Six patients had
calculated peak concentrations that exceeded 30
mg/L, but dose adjustments were not made. If the
acceptable peak range is expanded to 20 to 32 mg/
L, where dose adjustments may not be necessary

because peak concentrations are slightly outside the
desired range of 20 to 30 mg/L, 13 patients (54%; 8
children and 5 adults) reached this range with the
empiric dose. No significant differences were noted
between the calculated pharmacokinetic parameters
of patients <12 years of age and those of patients
>12 years or between the calculated pharmacoki-
netic parameters of children <18 years and those of
adults.

All patients had calculated trough concentra-
tions that were less than 0.05 mg/L. Twenty-two
patients (92%) had a drug-free interval of greater
than 10 hours within the 24-hour dosing interval.
When assumed MIC values of 1 mg/L, 2 mg/L, and
4 mg/L were used, the average T < MICs were 16.1

70 J Pediatr Pharmacol Ther 2012 Vol. 17 No. 1 ® www.jppt.org



Empiric Once-Daily Tobramycin Dosage in Cystic Fibrosis

JPPT

30 4

25 A

Concentration (mg/L)
o

Time (hour)

Figure. Tobramycin serum concentration versus time with empiric dosage of 10 mg/kg given every 24 hours.

hours, 17.7 hours, and 19.3 hours, respectively, for
the study population.

Pharmacokinetic simulations were performed to
determine an optimal empiric dosage regimen that
would maximize desired pharmacodynamic goals in
most patients (Table 3). Tobramycin, 10 mg/kg
given every 18 hours, would provide both peak and
trough serum concentrations in the study goal
ranges, while tobramycin, 12 mg/kg every 24 hours,
would provide peak concentrations slightly above
the desired 30 mg/L concentration with undetect-
able trough concentrations. The 12 mg/kg/24 hour
regimen provided the best fit with prespecified
pharmacodynamic goals. Most of the simulated
extended interval dosage regimens would provide
prolonged drug-free intervals and time periods
where serum concentrations would be lower than
average P. aeruginosa MIC values, exceeding the
known PAE time duration. Tobramycin, 8§ mg/kg
given every 12 hours, would provide adequate peak
serum concentrations and the shortest T < MIC
but higher than desired trough concentrations and a
daily AUC of >130 mg-hr/L, the highest of the
simulated regimens.

Clinical improvement was noted in all patients
treated with once-daily dose (ODD) tobramycin, as
demonstrated by reductions in cough, sputum
production, and shortness of breath and improve-
ments in oxygenation. Fifteen patients (75%) had
improvements in FEV, during treatment or at the
end of antibiotic therapy; the remaining 5 patients
remained at their pretreatment FEV, levels. Two

female patients (8%) experienced adverse events
while receiving ODD tobramycin. One 25-year-old
patient reported diarrhea and transient tinnitus,
and a 3l-year-old patient reported dizziness,
nausea, and weakness, which subsided with subse-
quent dose reduction. No patients experienced
nephrotoxicity (defined as a rise in baseline serum
creatinine >50%) during the study. Most patients
were satisfied (n =4) or very satisfied (n = 20) with
ODD compared to multiple daily doses, because of
convenience and ease of use, when asked to
compare the two dosage regimens based on
historical experiences (n = 1 with missing data).

DISCUSSION

Use of an empiric tobramycin dosage regimen of
10 mg/kg given every 24 hours did not achieve
serum concentrations in the desired peak range for
most patients in this population with CF pulmo-
nary exacerbations. Despite achieving a mean peak
serum level similar to that reported by Smyth et al.
(28.4 mg/L),"? the empiric regimen used in this
study achieved peak serum concentrations that were
within the specified goal range for only 42% of
patients. A desired peak serum tobramycin range of
20 to 30 mg/L was selected in order to achieve a
high C,,,:MIC ratio for P. aeruginosa infection.
This peak range was based on the pharmacody-
namic characteristic of aminoglycosides that dem-
onstrates maximal concentration-dependent killing
when the C,,,:MIC ratio is 8 to 10.3 Susceptible P.
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Table 2. Tobramycin Pharmacokinetics with Empiric Dosage Regimen (10 mg/kg every 24 hours)

Parameter Value”

Empiric tobramycin dose (mg/kg) 9.90 £ 0.16
Calculated serum peak level (mg/L)

All patients 287 £ 55

Ages 5-12 years 26.0 = 2.1

Ages 13 years and older 29.0 £ 1.9
Calculated serum trough concentration (mg/L) 0*x0
Drug-free interval (hr)t

All patients (range) 13.2 + 2.3

(8.5-17.4)

Ages 5-12 years 142 + 2.2

Ages 13 years and older 127 £ 23
T < MIC (all patients)

T< MIC 1 mg/L 16.1 = 1.8

T< MIC 2 mg/L 177 £ 1.4

T < MIC 4 mg/L 19312
Area under the serum concentration curve (mg-hr/L) 83.6 = 8.89
Volume of distribution (L/kg)

All patients 0.296 *+ 0.041

Ages 5-12 years 0.312 = 0.074

Ages 13 years and above 0.284 = 0.05
Elimination rate constant (hr~") 0.405 = 0.085
Elimination half-life (hr)

All patients 1.71 £ 0.38

Ages 5-12 years 1.59 = 0.69

Ages 13 years and older 1.73 £ 047

T < MIC, time that serum concentration is below the minimum inhibitory concentration

“Mean + standard deviation, n=24
T When tobramycin serum concentration is <0.3 mg/L

aeruginosa isolates have MICs of <4 mg/L, and
most isolates from patients with CF have MICs of
<2 mg/L.”® Therefore, a target tobramycin peak
range of 16 to 40 mg/L should ensure achievement
of serum concentrations that are associated with
high clinical response rates, even for infections
caused by organisms with MICs near the suscepti-

bility breakpoint. The target peak range in this
study was selected because of uncertainty regarding
potential toxicity with higher peak concentrations,
particularly ototoxicity. Additionally, actual MICs
were not available to allow calculation of a target
peak range specifically for the study subjects. If a
slightly wider peak range of 20 to 32 mg/L was
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Table 3. Simulated Pharmacokinetic Parameters Using Different Tobramycin Regimens

Cinax Cinin AUC Drug-Free T<MIC1T T<MIC2 T<MIC4

Tobramycin Dose  (mg/L) (mg/L) (mg-hr/L)* Interval (hr)t mg/L (hr) mg/L (hr) mg/L (hr)
10 mg/kg every 18 hr ~ 27.95 0.029 111.6 12 15 17 18
12 mg/kg every 24 hr ~ 33.5 0.003 100.4 12 15 16 17
15 mg/kg every 24 hr  41.8 0.004 125.5 11 14 15 17
8 mg/kg every 12 hr 223 0.26 133.8 0 4 5 7

AUC, area under the serum concentration time curve; Cp,.x, maximum serum concentration; Cp,, minimum serum concentration; T <
MIC, time that serum concentration is below the minimum inhibitory concentration

* Corrected for 24 hours
1 When serum concentration is <0.3 mg/L

acceptable where dosage adjustments might not be
necessary, 54% of patients achieved target peak
concentrations.

Achievement of higher peak concentrations (as
high as 64.6 mg/L) than in the current study has
been reported without evidence of significant
ototoxicity or nephrotoxicity.”!!"!>!® These were
small studies (range of 8 to 29 patients each) where
tobramycin was infused over 5 to 30 minutes and
where peak concentrations may have been obtained
during the drug distribution phase in one of the
studies. The long-term effects of high peak concen-
trations after repeated drug exposure are unknown.
Once-daily aminoglycoside doses are theorized to
be less toxic than multiple daily doses because of
saturable uptake in inner ear and renal tubular cells
and prolonged drug-free intervals that promote
aminoglycoside clearance and minimize accumula-
tion. A trend toward reduced hearing loss has been
reported with ODD of tobramycin in adult and
pediatric patients with CF,?® but the current study
did not assess hearing with audiometry because it
was not part of routine care. Some patients appear
to be more susceptible to vestibular effects from
high peak concentrations and short administration
times of large doses, but they respond well to dose
reduction.'® Extending the duration of infusion to
60 minutes has also been proposed to minimize
vestibular effects from high aminoglycoside doses.'°
The current study used 60-minute infusions to help
prevent these adverse effects. However, two patients
still experienced vestibular symptoms that subsided
after dose reduction. These patients were the oldest
in the study cohort (25 and 31 years of age) and
were both female. Their peak serum concentrations
from empiric doses were 33.5 mg/L and 34.4 mg/L
but were 28 to 30 mg/L after dose reduction. Four
other patients in the study ranging in age from 7 to
23 years achieved similar or higher peak concen-
trations without observed toxicities. Females older
than 14 years have previously been found to have

smaller volumes of distribution and higher peak
serum concentrations than younger or male patients
receiving equivalent weight-based doses, which may
be explained by a higher proportion of body fat in
older females.”® While the average peak serum level
achieved in this study population was 28.7 mg/L
and pharmacokinetic parameters were similar
between different age cohorts, the patients who
did not achieve a minimum peak of 20 mg/L were
younger than patients whose peak concentrations
exceeded 30 mg/L. It is expected that younger
patients with larger volumes of distribution will
achieve lower peak serum concentrations than older
patients with smaller volumes of distribution when
using the same weight-based dose. It may, there-
fore, be appropriate to consider different weight-
based doses of ODD of tobramycin for older female
CF patients, as suggested by Lam et al** but this
requires further study.

It is also thought that undetectable serum
trough concentrations with ODD minimize the
risk of nephrotoxicity through reduced drug
accumulation compared to traditional aminogly-
coside dosages, which is supported by studies in
CF patients."7?7 131316 1n the current study, all
calculated serum tobramycin trough concentra-
tions were less than 0.05 mg/L, supporting the fast
renal clearance previously reported in this patient
popula‘[ion.ls’l7 There was a drug-free interval of
13.2 hours in this study population, adding further
evidence of rapid drug clearance and lack of
aminoglycoside accumulation. No evidence of
nephrotoxicity was noted in the current study or
in previous reports of CF patients treated with
dosages of >10 mg/kg/day.” 131516

Another advantage of ODD is the PAE of
aminoglycosides, where there is sustained suppres-
sion of microbial growth after the serum concen-
tration falls below MIC for the organism. This
effect is reported to last up to 3 hours in vitro and
up to 7.5 hours in a neutropenic animal model of P.
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aeruginosa infection.?®*” Therefore, a T < MIC of 3
to 7 hours in a 24-hour administration schedule is a
reasonable target to maintain the PAE while
minimizing drug accumulation and limiting toxici-
ties. This time interval is likely to be longer in CF
patients receiving ODD therapy because they
exhibit rapid drug clearance. In this study, actual
MICs were not available, so various MICs were
used to estimate T < MIC. This timeframe ranged
from 16 hours to more than 19 hours, which is
similar to or longer than other studies and greatly
exceeds the PAE.'"!"?% Bacterial regrowth and
antibiotic resistance with long T < MIC intervals
have not been well studied. Increased P. aeruginosa
resistance was observed after 14 days of ODD in 17
adult CF patients compared to thrice daily tobra-
mycin dosage in 13 patients.'* Unfortunately,
patients were not recultured within weeks to
months after study completion, so the long-term
effects of ODD on resistance could not be
characterized. Also, most CF patients being treated
for pulmonary exacerbations are given 2 or more
antibiotics in combination, so the clinical signifi-
cance of prolonged aminoglycoside-free intervals
and their effects on microbiology and clinical
outcomes remains unknown.

It has been proposed that use of the pharmaco-
kinetic parameter daily tobramycin serum AUC of
<100 mg-hr/L may limit nephrotoxicity.>* A dosage
regimen of 12 mg/kg every 24 hours would meet this
goal and should not result in a higher risk of
nephrotoxicity compared to the studied empiric
regimen of 10 mg/kg given every 24 hours.
However, the association between AUC and
toxicity has not been validated in CF patients,
who may be able to tolerate higher daily doses of
aminoglycosides than non-CF patients without
experiencing renal effects.

There is no clear consensus on the best way to
administer and monitor ODD of tobramycin in CF
patients. Interpatient variability precludes nomo-
gram-based dosing, and therapeutic drug monitor-
ing with 2 serum concentrations is still
recommended for dose individualization.”'*!%-%!
Proper serum sampling times for peak concentra-
tions and use of appropriate modeling (1 compart-
ment versus 2 compartment) must be followed in
order to avoid incorrect assessment of pharmaco-
kinetic parameters.”'®?! The current study used a
l-compartment model with peak level measurement
at 2 hours after initiation of a 60-minute infusion,
which assured serum sampling times were postdis-
tributional. Random concentrations were drawn 5
to 7 hours postinfusion to allow for pharmacoki-
netic analysis. It is recommended that monitoring
trough serum concentrations with ODD in CF
patients be avoided because they are likely to be

below the lower limit of detection for commercial
tobramycin assays and unable to be used for
pharmacokinetic analysis.”’** Use of AUC meth-
ods is recommended by some practitioners as a way
to standardize drug exposure with different dosage
strategies where the target daily AUC is approxi-
mately 100 mg-hr/L, but it is not common clinical
practice to adjust dosages based on AUC val-
ues.” 112128 Most CF centers use 10 mg/kg/day with
60-minute infusions, where doses are adjusted using
pharmacokinetic analysis derived by linear regres-
sion or Bayesian analysis based on two postinfusion
serum concentrations.”®?° Approximately half of
CF centers using ODD of tobramycin report a
desired peak concentration range of 20 to 29 mg/L,
while another 20% target peak ranges that include
up to 49 mg/L.?® Use of a peak target range broader
or higher than 20 to 30 mg/L may be appropriate
based on tobramycin pharmacodynamics, particu-
larly for more resistant strains of P. aeruginosa, and
clinical experience with minimal reports of ototox-
icity or nephrotoxicity.

Pharmacokinetic simulations revealed two alter-
native regimens that would achieve appropriate
serum tobramycin concentrations in most patients,
similar to those included in this study. Tobramycin
at 10 mg/kg given every 18 hours would result in
improved achievement of peak concentrations in
the current target peak range with slightly lower T
< MIC values. However, the possibility of confu-
sion and dosage error with this type of administra-
tion schedule discourages it from being used more
widely and impairs its practicality, particularly in
outpatients. In addition, if the desired T < MIC is 3
to 7 hours, use of this dosage schedule would not
significantly improve the achievement of this
parameter, and daily AUC values would exceed
100 mg-hr/L. Tobramycin at 12 mg/kg given every
24 hours would result in peak serum concentrations
that are only slightly outside the target peak range
used in this study. A small increase in acceptable
peak serum concentrations up to 35 mg/L is not
likely to result in more toxicity for most patients
and would improve the ability to reach a peak level
that maximizes pharmacodynamics, particularly for
more resistant P. aeruginosa strains and when MIC
data may not be readily available for individual
patient dosage considerations. This regimen would
also result in slightly lower T < MIC intervals than
the current 10 mg/kg/day dosage, but this change is
probably not clinically important if the PAE only
lasts up to 7 hours. Individualization of doses
through therapeutic drug monitoring remains nec-
essary to ensure achievement of target serum
concentrations, which may be different in patients
with more resistant infections.
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There are some limitations to this study that are
worth noting. As previously mentioned, actual
MICs for P. aeruginosa from CF sputum cultures
were not determined routinely by the microbiology
laboratory. T < MIC intervals were estimated using
previously reported P. aeruginosa MICs in CF
patients, so it is possible that the calculated T <
MIC intervals were overestimates. Similarly,
achievement of appropriate C,,,x:MIC ratios could
not be verified without actual MIC determinations.
Individual dose adjustments were made to target
peak tobramycin serum concentrations of 20 to 30
mg/L, but higher peak concentrations may be
appropriate for patients with more resistant organ-
isms. Dose reductions were not always performed
when peak concentrations exceeded 30 mg/L in this
study, suggesting that higher peak concentrations
may be acceptable if tolerated. Also, patients were
allowed to continue scheduled inhaled tobramycin
therapy cycles to avoid disruption of outpatient
therapy. It has been previously reported that
inhaled tobramycin has little effect on peak serum
concentrations, where 1 hour after a 300-mg dose,
the average serum concentration is 0.92 mg/L.*" It
was not determined if inhaled therapy had an effect
on tobramycin serum concentrations in individual
patients in this study. Administration dates and
times of inhaled tobramycin were not readily
available because, at the time of this study,
documentation of inhaled therapies was performed
in an administration record that was separate from
the patient medical chart. Similarly, documentation
of inhaled tobramycin dates and times was not
routinely performed in outpatients. Satisfaction
with ODD was measured with a nonvalidated scale,
but this is the only study of ODD in CF patients
that evaluated patient or caregiver satisfaction with
this dosing approach. Patients and their families
were highly satisfied with ODD in this study and
preferred it to more frequent administration, even
though most patients were receiving concurrent
intravenous antibiotics that required multiple daily
doses. Finally, because the primary focus of this
study was an evaluation of serum concentrations
achieved with an empiric dosage regimen, the long-
term effects of ODD on clinical outcomes, toxici-
ties, and microbial resistance could not be deter-
mined.

CONCLUSIONS

An empiric tobramycin regimen of 10 mg/kg
every 24 hours did not achieve desired peak serum
concentrations for most patients, although all
patients demonstrated clinical improvements.
Achievement of appropriate tobramycin concentra-

tions in cystic fibrosis patients similar to those in
this study could be improved by using an empiric
dosage of 12 mg/kg every 24 hours, particularly if
tobramycin peak concentrations of up to 35 mg/L
are acceptable and patients are monitored closely
for vestibular toxicity. Once-daily administration is
preferable to limit potential drug administration
errors and to maximize patient satisfaction with
therapy, particularly for outpatients. Prospective
evaluation of this regimen (12 mg/kg every 24
hours) with individualized pharmacokinetic moni-
toring and dose adjustment is needed to ensure
safety and efficacy for all patients and to monitor
the effects on microbial resistance patterns over
time.
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