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Abstract

Background. Therapeutic drug monitoring of the anti-convuldanetiracetam may be indicated in
patients with conditions that may alter pharmacekacharacteristics, for tailoring individual
dosage regimens or to investigate patient comiaimcthis study the Bio-Rad HPLC method (in-
use method) and the ARK immunoassay method (new method) for levetiracetamitoring in
serum were compared.

Methods. Levetiracetam concentrations were determined isaé88ples using: 1) “Levetiracetam by
HPLC” kit by Bio-Rad (Hercules, CA) on the Agileht00 HPLC system and 2) “ARK
Levetiracetam” immunoassay by ARK Diagnostics [[fcemont, CA) on the CDx90 platform by
Thermo Fisher Scientific Inc.

Results. Within-laboratory imprecision and bias of the newthod, evaluated over a 20 day period,
were respectively 7.4% and 0.5% at 7.5 pg/mL, 4abfb1.9% at 30 pg/mL, 3.1% and 2.0% at 75
pg/mLl. Passign-Bablok regression analysis (X:BedRY:Ark) showed a non significant intercept
of 0.16 (95%CI -0.55-0.72) and a slope marginaticantly different from unity of 0.95

(95%CI 0.90-0.99) which suggested minimum propaodicystematic error. In agreement, Bland-
Altman analysis showed minimum systematic bias.0fdg/mL (95%CI 0.32-1.69) with 95% of
the HPLC—-Ark differences ranging from -4.3 (95%852-(-)3.16) and 6.3 (95%CI 5.16-7.52).
Our data showed that the two methods were iderttiaid within inherent imprecision as well as
analytical quality specifications (maximum allowelgrror 15%).

Conclusions. The new Ark™ method on the CDx platform is acceptable and neayged to

measure serum levetiracetam concentrations roytinel

Keywords:. levetiracetam, HPLC, method comparison, immungagbarapeutic drug monitoring
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1. INTRODUCTION

Levetiracetam (Keppra®) is an anti-convulsant daugilable as a monotherapy for epilepsy in the
case of partial seizures, or as an adjunctive flyeiar partial, myoclonic and tonic-clonic seizures
[1].

Levetiracetam displays excellent oral absorptioth ioavailability (> 95%) with a plasma half-life
of 6-8 hours in healthy individuals. It is not bauto plasma proteins and is not metabolized in the
liver, but it is renally excreted, with 66% of tHeug present in urine unchanged, and 24% present
as the primary metabolite, which is pharmacolodydalctive [2]. Due to its very favourable
pharmacokinetic characteristics and tolerabilitinical use of levetiracetam is simple and
straightforward [2, 3]. Nevertheless, therapeutiggdnonitoring of levetiracetam may be indicated
in patients with conditions that may alter pharnidetic characteristics (elderly, children,
pregnancy or renal impairment), to tailor indivildasage regimens or to investigate patient
compliance [4]. In the elderly, in whom the hafelof the drug is increased by about 40 % (10 to
11 hours) due to reduced renal function, and ireptt with renal impairment, in whom
levetiracetam clearance is correlated with creagimiearance, the daily maintenance dose of
levetiracetam has to be adjusted and drug mongasistrongly suggested [5]. However, tailored
therapeutic ranges both in paediatric and in gohpulations with reduced or impaired renal
function have not been reported in the literature.

The implementation of an immunoassay for levetit@we monitoring using automated
instrumentation may present several advantagesabwematographic methods, including reduced
turnaround time and simplified sample preparatieading to potential improvements in patient
care and reduced costs. Monitoring could be peroraaily, particularly in critically ill patients,
and laboratory workflow could be reorganized.

In this study, using both Passing-Bablok regressiland-Altman plot and a Medical Decision
chart, the in-use and validated Bio-Rad HPLC metud the ARK™ immunoassay method on the

CDx platform for levetiracetam monitoring were ccamgd.
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2. MATERIALSAND METHODS

21 Subjectsand samples

Sixty-three unselected patients were enrolled witbquest for levetiracetam monitoring ordered by
the family doctor or by a Hospital Division. Blosdmples were collected in Becton Dickinson
Vacutainer Plastic serum tubes. After centrifugateamples were divided into two aliquots, which
were analysed with both methods.

The study was planned according to the guidelifi¢iseolocal ethical committee in conformity to

the principles of the Declaration of Helsinki.

2.2. Methods and Instruments. Principle of analysis

Levetiracetam concentrations were determined udiptlevetiracetam by HPLC” kit by Bio-Rad
(Hercules, CA) on the Agilent 1100 HPLC system ppad with Chemstation software Rev. B.
03.01 (in-use method) and 2) “ARK Levetiracetam” immunoassay by ARK Diagnostics Inc.
(Fremont, CA) on the CDx90 platform by Thermo Fis8eientific Inc. (Waltham, MA),

distributed in Italy by Tema Ricerca S.r.l. (Castem BO) (new method).

For the in-use HPLC method, 100 pL of serum weneephiwith 400 pL of working solution
containing the internal standard and, after camgéfion, 50 puL of supernatant was injected onto the
HPLC column (isocratic; reverse phase 150x4 mnflBly 0.8 mL/min; column temperature 40°C;
absorbance 210 nm; run 15 min; linearity range:200 pg/mL).

In the ARK Levetiracetam homogeneous immunoassaydtug in the specimen competes with
levetiracetam labelled with the enzyme glucose-6sphate dehydrogenase (G6PDH) for binding
to the antibody reagent. As the latter binds théady, enzyme activity decreases. In the presence
of the drug from the specimen, enzyme activity @#ases and is directly proportional to the drug
concentration. Active enzyme converts the coenzgimatinamide adenine dinucleotide (NAD) to
NADH that is measured spectrophotometrically aata of change in absorbance at 340 nm. The

new kit was implemented on the CDx full automattdfprm with random access (90 test/hour).
4
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The assay was calibrated using 6 concentrationsda® by ARK Diagnostics (0, 5, 12.5, 25.0,
50.0 and 100 pg/mL). Briefly, 2.5 pL of sample wareed with 150 pL of the antibody solution
and 75 pL of the enzyme conjugate solution (leae&tam labelled with G6PDH) and NADH
formation was measured spectrophotometrically r@teaof change in absorbance at 340 nm
(linearity range: 2.0-100 pug/mL).

All assays were performed, according to manufacsunestructions, on instruments already
available in the Laboratory and routinely used kghly trained technical personnel. The

levetiracetam therapeutic range we used was: 5gB@lu

2.3 Performance verification

Both methods investigated have already been validand extensively evaluated in previous
studies and found to be appropriate for levetigoemonitoring [6] . Nonetheless, before starting
the comparison method study, analytical performamigelared by the Manufacturers were verified.
Commercially available control samples at differenils were run during each batch analysis.
Precision analysis studies, useful to define comdbimprecision of the methods, were performed

over a 20 day period.

24, Satistical Analysis

All statistical analyses and graphs were perforime®&PSS statistical software v. 15.0 (SPSS Inc.,
Chicago, IL, USA) and MedCalc v. 9.6.2 (MedCalct®aire, Mariakerke, Belgium). Methods were
compared by Bland-Altman plot and Passing-Bablagkassion.

To judge acceptability within inherent imprecisiancombined imprecision of the methods was

evaluated a€V = \/Cmedlz +CV, 0o, and lines corresponding to 0 + 1.96 times the éoatb

inherent imprecision were added to the graph whdferences between methods were plotted

against levetiracetam concentration.
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Acceptability of the new method based on preselytinal quality specifications was judged using
maximum allowable total error (TEmax) of 15% [7daa medical decision chart (MEDx chart), in
which inaccuracy and imprecision of the new andnexice methods were compared [8]. The
maximum allowable total error was selected byditere, considering maximum errors reported for
similar drugs. Three lines representing 3 diffex@ntently accepted criteria for Total Error
(TEmax) were built connecting TEmax on the y-awislifferent points on the x-axix: 1)
TEmax/2=7.5% (corresponding to the total erroreciitn TEmax = Inaccuracy + 2 x Imprecision),
2) TEmax/3=5% (corresponding to the total errotecion TEmax = Inaccuracy + 3 x Imprecision),
3) TEmax/4=3.75% (corresponding to the total ecrderion TEmax = Inaccuracy + 4 x
Imprecision). An operating point representing inaecy-imprecision pairs at the upper limit of the
concentration range (30 pg/mL) (calculated by imjgien experiments and Passing-Bablok
regression equations) was plotted.

To further evaluate agreement between the autonmag¢idlod and HPLC, continuous levetiracetam
concentrations were transformed into ordinal vdeislwith 2 levels (normal: <30 pg/mL; elevated:
>30 ug/mL). Concordance between qualitative vagialas then evaluated as % of concordant

items or weighted Cohen’s k analysis with 95% aderfice interval.
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3. RESULTS

Measured levetiracetam concentrations of commdy@ahilable control samples were always
found to be within the range declared by the Mactufi@r for either method investigated.

In particular, within-laboratory imprecision andabiof the new method, evaluated over a 20 day
period, were respectively 7.4% and 0.5% at 7.5 |LgM4n5% and 1.9% at 30 pg/mL, 3.1% and
2.0% at 75 pg/mL.

Levetiracetam concentrations measured by the HRidXtee ARK methods were respectively
(median, interquartile range, min-max): 18.8 pg/fh0.3-32.2, 0.0-88.0) and 17.5 pg/mL (9.6-
30.9, 1.0-81.0).

The methods were compared by Passing-Bablok regne@ope with 95%CI, intercept with
95%Cl) and Bland-Altman analysis (bias with 95%@3% limits of agreement). Regression
analysis (X:Bio-Rad; Y:Ark) showed a non signifitamtercept of 0.16 (95%CI -0.55-0.72) and a
slope marginally significantly different from unitf 0.95 (95%CI 0.90-0.99) which suggested
minimum proportional systematic error (Figure 1).

In agreement, Bland-Altman analysis showed mininsystematic bias of 1.0 pg/mL (95%CI 0.32-
1.69) with 95% of the HPLC—-Ark differences rangingm -4.3 (95%CI -5.52-(-)3.16) and 6.3
(95%CIl 5.16-7.52) (Figure 1).

Based on the measured imprecision of both methredpectively 4% and 4.5% for the Bio-Rad
HPLC and the Ark methods, the combined inherento€i¥he methods, given single measurements,
was CV=(4 + 4.5)"?=6%, meaning that if the two methods were identitte differences should
have been symmetrically distributed around O pg/amd 95% of the differences should have been
within 0 = 1.96 times 6% = 0 + 11.8% (at 30 pg/thke difference between the two methods
should be respectively within the interval -3.3t56). Our data showed that the Ark method was
nearly identical within inherent imprecision anéftfore acceptable, since up to 81% (expected
proportion 95%) of the HPLC-Ark differences werdhin the interval 0+1,96 times the combined

inherent coefficient of variation of both metho&sg(re 2).
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Using the slope and intercept of the Passing-Batdgkession analysis, the predicted value for a
target levetiracaetam concentration ofy®@mL (upper limit of the range) was respectively728
ug/mL (0.95x30+0.16=28.66, difference 1.34=4.5%Y. &o Allowable Total Error of 15%,

selected from the literature, considering maximurors reported for similar drugs, the new Ark
method predicted levetiracetam values within treeptability threshold. This fact is easily
understood by observing the medical decision atetvn in Figure 2, constructed using maximum
allowable total error (TEmax:15%), imprecision loé tnew method (4.5%) and inaccuracy as
estimated by Passing-Bablok regression analyss8dy.which clearly showed that the Ark
automated assays and the HPLC method were indeatiadl within preset analytical quality
specifications (TEmax) (Figure 2).

Agreement between methods was also evaluatedteftesformation of levetiracetam continuous
concentration levels into a dichotomous qualitatisgable (<30 and >=30 pg/mL). Agreement
with HPLC, evaluated as concordant items (%) andibighted Cohen’s kappa analysis, was 95%
and k=0.89 (95%CI 0.77-1.00). In particular, 21 olu63 patients had levetiracetam concentrations
outside the therapeutic range according to theohtke HPLC method; in 18 there was agreement

between the two methods, while in 3 patients tffferdince was lower than 3 pg/mL.
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4. DISCUSSION

In this study, using both Passing-Bablok regresdtend-Altman plot and Medical Decision chart,
the in-use and validated Bio-Rad HPLC method arddRKTM immunoassay method for
levetiracetam monitoring were compared. Precisiath{n laboratory repeatability) and bias
supplied by each manufacturer were verified in otdeonfirm that instruments were in proper
working conditions.

The Ark and HPLC method displayed comparable lexeditam values; only minimum
proportional systematic error and minimum bias wsrewn by Passing-Bablok regression and
Bland-Altman analysis.

Moreover, our data showed that the two methods aienest identical within inherent imprecision,
(Figure 2), confirming that only a minimum biageady observed by regression, was present.
Accordingly, a MEDx chart (Figure 2), built using anprecision of 4.5% and inaccuracy of 4.5%
estimated at 30g/mL from the regression equation of Passing-Bahlwklysis, showed that the
Ark method, with respect to HPLC, was identicalhivitpreset analytical quality specifications,
suggesting that the two methods did not differdiorerror larger that the allowable total error. Goo
agreement was also observed after comparing, bgiCek analysis, the proportion of patients
above or below 30 pg/mL.

Unlike other method comparison studies previouslylished on the Ark method, this study
showed at least two distinctive aspects: 1) thdempntation of the Ark method on the CDx
analytical platform, 2) the use of advanced siatiftechniques and the evaluation of acceptability
To our knowledge this is the first study in whitfe ttombination of the Ark method and CDx90
platform was evaluated and compared with a chrognaphic method for levetiracetam. The
CDx90 platform is a fully automated random-accegssesn with high throughput (90 tests/hour)
specially developed for therapeutic drug monitarifige implementation of validated and verified
methods on this platform may theoretically presevieral advantages over chromatographic

methods, including reduced turnaround time, sirgaisample preparation and cost reduction,
9
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leading to the optimization of technical persoramal resource management. However, the
replacement of a validated in-use assay with amethod is a thorough process which should be
planned carefully to evaluate correctly both agreeinand acceptability. In this study we have
described two main approaches to evaluate methmeptability, taking into consideration the
combined imprecision as well as the maximum allde/&oror suggested in the literature.

The introduction of the Ark method in our routineadytical practice significantly improved
laboratory and clinical and aspects. The Ark imnassaly method required less specific training to
be implemented in daily routine and reduced thekiwad of the HPLC system. Moreover, daily
testing (before the introduction of the Ark meththe test was carried out only once per week)
allowed clinicians to verify more frequently patifncompliance, closely monitor specific groups
of patients (children, elderly, adults with impainenal function) and not delay an urgent
levetiracetam test (patients in the Emergency Depatt or Intensive Care Unit). With this regard,
a revision of the laboratory data revealed thardpéacement of the HPLC method with the ARK
immunoassay had a favourable impact in terms oflraghievement of the therapeutic range and
therefore better outcome in patients admitted terisive Care Unit. With the previous HPLC
method, optimal management of the dose was hindgreklayed weekly monitoring, with

patients displaying levetiracetam concentrationfovaer or upper reference limit, or even out of
the therapeutic range, for a prolonged periodmét{e.g. patient 1: 5.1 mg/l (day 1), 6.6 (day 8),
3.6 (day 15); patient 2: 3.8 mg/I (day 1), 4.8 (83y3.6 (day 15); patient 3: 3.6 mg/l (day 1),412.
(day 8), 5.5 (day 15)). The new ARK automated metiwah daily monitoring allows rapid
achievement of levetiracetam therapeutic rangedsg @djustments (e.g. patient 1: 50.0 mg/I (day
1), 30.2 (day 6), 38.8 (day 9), 26.0 (day 10);q&tR: 46.1 mg/l (day 1), 31.2 (day 4), 26.0 (dny 6
26.4 (day 7); patient 3: 33.8 mg/l (day 1), 59.@y(8), 36.7 (day 6), 32.3 (day 10), 25.3 (day 17)).
In conclusion, the new Ark method on the CDx platfas acceptable and may be used routinely to

measure levetiracetam concentrations. The impleatienton the CDx platform allows reduced

1C
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turnaround time and simplified sample preparatieading to potential improvements in patient

care and laboratory management.
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FIGURE LEGENDS

Figure 1

Passing-Bablok regression and Bland-Altman anabfsise comparison between the Ark and the
HPLC method. The regression plots include the dihielentity (slope=1), the regression line (solid
line) with 95% confidence interval (dashed lind$)e Bland-Altman plots include the reference
line for no difference (at 0 pg/mL), the solid limelicating mean % difference with 95%
confidence interval (dash-dotted lines) and the 98%s of agreement of the methods (dashed

lines).

Figure 2

(upper panel) A difference plot with dashed linegresenting 0 £ 1.96 times the combined inherent
coefficient of variation (CV) of HPLC and Ark metti® (6%). The lines represent the interval
within which the differences between the 2 methgusuld be included if the 2 methods are
identical within the inherent imprecision of botlethods. At 5 pg/mL the interval ranges from 0 +
1.96 x 6% x 5 = -0.59 to +0.59; at 30 pug/mL theiaal ranges from 0 + 1.96 x 6% x 30 = -3.53 to
+3.53; at 75 pg/mL the interval ranges from 0 #61x%% x 75 = -8.82 to +8.82.

(lower panel) Medical decision chart (MEDx chad)ewvaluate acceptability based on preset
analytical quality specifications, using a maximalowable total error (TEmax) of 15%. The 3
dashed lines represent 3 different currently aeszbptiteria for Total Error (TEmax). Lines connect
TEmax on the y-axis to different points on the x<arespectively from right to left: 1)
TEmax/2=7.5% (corresponding to the total erroreciin TEmax = Inaccuracy + 2 x Imprecision),
2) TEmax/3=5% (corresponding to the total errotecion TEmax = Inaccuracy + 3 x Imprecision),
3) TEmax/4=3.75% (corresponding to the total ecriterion TEmax = Inaccuracy + 4 x
Imprecision). The lines divide the chart into zonesesponding, from the origin to the right, to

excellent, good, marginal, poor performances. Hne®| represents the operating point given by
14
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inaccuracy-imprecision pairs (calculated by impsexri experiments and Passing-Bablok regression
equations) at the concentration of 30 pg/mL.

Figure 1
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Figure 2
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