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1 | INTRODUCTION

| Valentina De Giorgis2 | Cecilie Johannessen Landmark>® |

Abstract

The assay of saliva samples provides a valuable alternative to the use of blood
samples for therapeutic drug monitoring (TDM), at least for certain categories of
patients. To determine the feasibility of using saliva sampling for the TDM of ru-
finamide, we compared rufinamide concentrations in paired samples of saliva and
plasma collected from 26 patients with epilepsy at steady state. Within-patient rela-
tionships between plasma rufinamide concentrations and dose, and the influence of
comedication were also investigated. Assay results in the two tested fluids showed
a good correlation (r2 = .78, P < .0001), but concentrations in saliva were moder-
ately lower than those in plasma (mean saliva to plasma ratio = 0.7 + 0.2). In eight
patients evaluated at three different dose levels, plasma rufinamide concentrations
increased linearly with increasing dose. Patients receiving valproic acid comedica-
tion had higher dose-normalized plasma rufinamide levels than patients comedicated
with drugs devoid of strong enzyme-inducing or enzyme-inhibiting activity. Overall,
these findings indicate that use of saliva represents a feasible option for the applica-
tion of TDM in patients treated with rufinamide. Because rufinamide concentrations
are lower in saliva than in plasma, a correction factor is needed if measurements

made in saliva are used as a surrogate for plasma concentrations.
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Lennox-Gastaut syndrome in patients 1 year of age and
older."” Pharmacokinetic studies have shown that there

Rufinamide is a second-generation antiseizure medica-
tion (ASM) approved in the USA, Europe, and elsewhere
for the adjunctive treatment of seizures associated with

© 2020 International League Against Epilepsy

is a wide variability in plasma rufinamide concentrations
among patients receiving the same dose, due to intersub-
ject differences in extent of gastrointestinal absorption and
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metabolic clearance.” Evidence has been provided that
improvement in seizure control and occurrence of adverse
effects in patients treated with rufinamide correlate posi-
tively with the plasma concentration of the drug, suggest-
ing that therapeutic drug monitoring (TDM) may aid in
individualizing rufinamide dosing.3 Repeated blood sam-
pling for TDM, however, can be a cause for discomfort,
particularly for children, and the possibility of using a non-
invasively accessible biological fluid such as saliva could
be advantageous.

For many ASMs, the drug concentration in saliva cor-
relates strongly with the unbound (pharmacologically active)
concentration in plasma, which allows use of salivary sam-
ples instead of plasma for TDM purposes.“‘7 Rufinamide is a
lipophilic molecule that binds to a modest extent (26%-34%)
to plasma proteins,3 and preliminary data from our laboratory
using samples from a single patient evaluated at three differ-
ent dose levels suggest that there is a close correlation be-
tween salivary and plasma rufinamide concentrations.® The
purpose of the present study is to formally investigate the re-
lationship between the concentration of rufinamide in plasma
and in saliva in patients with epilepsy, to determine the po-
tential applicability to TDM of salivary samples. The study
also provided the opportunity to re-evaluate the relationship
between plasma rufinamide concentrations and prescribed
daily dose, and the influence of concomitant medications on
rufinamide pharmacokinetics.

2 | MATERIALS AND METHODS
This was a prospective study in patients with epilepsy sta-
bilized on treatment with rufinamide at the C. Mondino
National Neurological Institute in Pavia and at the C. Poma
Hospital in Mantua. Eligibility criteria included (1) a diag-
nosis of epilepsy; (2) receiving rufinamide as part of routine
clinical management according to authorized indications,
which in Italy include the add-on treatment of seizures as-
sociated with Lennox-Gastaut syndrome in patients 1 year
of age and older, as well as seizures associated with other
epileptic encephalopathies in children older than 4 years; (3)
being at steady state, that is, at least 48 hours after the last
rufinamide dose change (at least 96 hours for patients come-
dicated with valproic acid); and (4) written informed consent.
No a priori sample size calculations were made, as this was
an exploratory study. The study protocol was approved by
the ethics committees of participating centers.

From each patient, one blood (5-6 mL) and one saliva
sample (2 mL) were collected simultaneously in the morning,
prior to the first morning dose of rufinamide and between
12 and 16 hours after the last dose. Patients were asked to
expectorate unstimulated saliva into untreated polypropylene
tubes. Whenever possible, samples were collected at more

than one dose level in each patient. The blood was transferred
to an EDTA tube without gel separator and centrifuged within
1 hour (1200 X g for 15 minutes), and plasma and saliva sam-
ples were stored at —20°C until assay. The concentration of
rufinamide in plasma and saliva was determined by using val-
idated high-performance liquid chromatography assay with
ultraviolet light detection according to Mazzucchelli et al®
The assay has a lower limit of quantitation of 0.25 ug/mL
(1.05 umol-L™), which is adequate to measure total and un-
bound plasma rufinamide concentrations in patients treated
with doses within the clinically used range.

Results are presented as means + SD unless otherwise
specified. The normal distribution of the assay results was
evaluated by Shapiro-Wilk test, and the linearity of the re-
lationship between plasma and saliva measurements sam-
ples by Cusum test. Correlations between paired plasma
and saliva assay results were assessed by Pearson regression
analysis. The level of agreement between plasma and saliva
concentrations was also evaluated by Passing-Bablok regres-
sion analysis, with calculation of 95% confidence intervals
for the slope and intercept of the regression line. For all tests,
levels of statistical significance were set at 5%. Statistical
analyses were done using Stata Statistical Software version
14 (StataCorp).

3 | RESULTS

Twenty-eight patients were enrolled, but two had to be ex-
cluded from the analysis because they could not provide a suf-
ficient volume of saliva. The patients with assessable paired
plasma and saliva samples included 15 males and 11 females,
with a median age of 16 years (range = 4-38 years) and aver-
age rufinamide doses of 24 mg/kg/d (range = 7-70 mg/kg/d;
Table 1). Because 16 patients provided samples at more than
one dose level, a total of 50 paired samples of plasma and
saliva were evaluated.

Based on the Shapiro-Wilk test, plasma and saliva concen-
trations did not deviate from a normal distribution (P > .05).
The mean rufinamide concentration in all assayed samples
was 9.1 + 3.6 ug/mL (range = 1.2-29.7 ug/mL) for plasma
and 6.5 + 3.2 pg/mL (range = 0.8-20.2 ug/mL) for saliva.
The mean saliva to plasma concentration ratio was 0.7 + 0.2
(range = 0.4-1.1).

Application of the Cusum test to the relationship between
plasma and saliva assay results revealed no significant devi-
ation from linearity (P > .20). Pearson correlation indicated
that there was a good correlation between plasma and saliva
concentrations (r2 = .78, n = 26; P < .0001), as also con-
firmed by Passing-Bablok regression analysis (Figure 1).
However, saliva concentrations were moderately lower than
plasma concentrations, consistently with the reported saliva
to plasma concentration ratio of 0.7 + 0.2.
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The within-patient relationship between plasma rufinamide
concentration and daily dose was evaluated for the eight pa-
tients who could be assessed at three different dose levels. The
concentrations measured at the lowest, intermediate, and high-
est dose assessed for each patient were averaged and plotted
against mean corresponding doses. As illustrated in Figure 2,
the relationship was linear across the dose range tested.

The influence of concomitant medications on plasma
rufinamide concentrations was also investigated. In view
of the linear relationship between plasma rufinamide con-
centrations and dose within patients, plasma concentrations
(ug/mL) were dose-normalized by dividing them by the
prescribed daily dose (mg/kg). Dose-normalized concen-
trations were then compared between patients comedicated
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FIGURE 1 Passing-Bablok plot regression analysis illustrating

the relationship between measured plasma and saliva concentrations
in paired samples from 26 patients. For patients assessed at more
than one dose level, mean measured plasma and saliva concentrations
were used for each individual. The regression line is indicated by the
continuous line. Broken lines indicate 95% confidence intervals (CI).
Parameter estimates (95% CI) were 0.88 (0.70-1.13) for the slope and
—1.36 (3.5 to 0.15) for the intercept. Conversion factor from pg/mL
to umol/L: 4.198
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with valproic acid, a known inhibitor of various drug-me-
tabolizing enzymes, and patients comedicated with ASMs
considered to have little or no influence on drug metabolism
(benzodiazepines, ethosuximide, lamotrigine, levetiracetam,
oxcarbazepine, topiramate, vigabatrin, and zonisamide). For
patients with multiple samples, the mean dose-normalized
concentration was used for each individual. Patients receiv-
ing felbamate, an enzyme inhibitor, and phenobarbital, an
enzyme inducer, were excluded from this comparison due to
their potential confounding effects. Dose-normalized plasma
rufinamide concentrations (ug/mL per mg/kg) were found to
be 0.55 + 0.28 in the 14 patients comedicated with valproic
acid (either alone or in combination with non—enzyme-induc-
ers/inhibitors) compared with 0.35 + 0.28 in the nine patients
taking other ASMs but no strong enzyme inducers or inhibi-
tors (P < .04, Student ¢ test).

4 | DISCUSSION

TDM, a well-established tool to improve individualization
of dose of many ASMs, is usually performed on plasma or
serum samples.4 Collection of blood samples, however, can
be a cause of discomfort, particularly for children and indi-
viduals with intellectual disability, and may be problematic
for certain categories of patients, such as those with coagula-
tion disorders or difficult venous access. In addition, patients
must visit a clinic, as blood sampling requires intervention
of a phlebotomist. Hence, there is a growing interest in the
use of minimally invasive alternative sampling strategies. An
attractive approach is the use of saliva drug concentrations,
which for certain medications offers the added advantage of
being closely correlated with the concentration of unbound,
pharmacologically active drug in plasma.s’9 A strong correla-
tion between saliva and plasma concentration, however, is
not found for all drugs, and needs to be investigated specifi-
cally for each medication.””

FIGURE 2 Relationship between
plasma rufinamide concentration and
prescribed daily dose in eight patients
assessed at three different dose levels.
Plasma concentrations measured at the
lowest, intermediate, and highest dose in
each patient were averaged, and plotted
against corresponding mean doses. Bars
50 60 indicate standard errors. The equation of the
line refers to Pearson linear regression
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Prior to the present study, information on the concentra-
tion of rufinamide in saliva was limited to data from a single
individual.® We extended those observations and demon-
strated that saliva rufinamide concentrations in predose
morning samples collected at steady state in patients with
epilepsy correlate well with plasma concentrations. Saliva
concentrations, however, were moderately lower than plasma
concentration (about 70% on average), indicating that a cor-
rection factor needs to be applied if salivary concentration
is used as a surrogate for plasma concentration in a TDM
setting. If a correction factor based on the mean saliva/plasma
concentration ratio is applied, users should be aware of poten-
tial inaccuracy resulting from variability in the ratio across
samples (range = 0.4-1.1). Because rufinamide binding to
plasma proteins is about 70%,>'% it is tempting to speculate
that saliva concentrations could reflect the concentration of
unbound (pharmacologically active) drug more accurately
than total plasma concentrations. This hypothesis requires
formal testing in future studies incorporating measurements
of unbound plasma rufinamide concentrations.

Early pharmacokinetic studies indicated that, in adults,
plasma rufinamide concentrations increase in an approxi-
mately linear manner up to a dose of 1600 mg/d, and that
at higher doses the increase in plasma concentrations is less
than proportional because of reduced extent of absorption.’
A less than proportional increase in plasma rufinamide lev-
els with increasing dose has also been reported in more re-
cent studies,'"!? but there have also been reports indicative
of dose-independent (linear) pharmacokinetics.]1 Our ob-
servations made in eight patients assessed at three different
dose levels revealed a linear increase in plasma concentra-
tions with increasing doses within the explored dose range,
although we cannot exclude a deviation from linearity at
higher doses. With respect to other findings from the present
study, we confirmed that patients comedicated with valproic
acid have higher plasma rufinamide concentrations than pa-
tients receiving ASMs devoid of strong enzyme-inducing or
enzyme-inhibiting activity.3’“’13 Rufinamide is metabolized
primarily by enzymatic hydrolysis,3 and the elevating effect
of valproic acid on plasma rufinamide concentration is most
likely explained by inhibition of human carboxylesterase type
1, as documented by in vitro studies.'*

In conclusion, we have provided evidence that the concen-
tration of rufinamide in saliva correlates well with its concen-
tration in plasma. The agreement between assay values may
be sufficiently high to permit use of saliva samples for TDM
purposes in patients with epilepsy treated with rufinamide.
Because saliva concentrations are moderately lower than
plasma concentrations, however, a correction factor is needed
if saliva concentrations are used as a surrogate for plasma
concentrations. As rufinamide is used mostly in pediatric pa-
tients, the use of saliva samples could be especially conve-
nient in this population. As our measurements were made in

L] L] ®
Epilepsia—-
predose morning samples, we did not investigate the possibil-
ity of saliva to plasma rufinamide concentration ratios being
subject to variation during a dosing interval. Utilization of
postdose saliva samples for TDM purposes, however, is not
advisable, particularly when using suspension formulations
that may result in saliva being contaminated by drug residues
in the mouth.
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