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Carbamazepine and Carbamazepine-10,11-epoxide measurement with the
reference LC-MS/MS method and a routine immunoassay
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ABSTRACT

Introduction: Carbamazepine is a common antiepileptic drug used for treatment of epilepsy and other neurologic
conditions. Carbamazepine-10,11-epoxide, one of its metabolites, is pharmacologically active and its values increase
with concomitant use of other anticonvulsants. This study is aimed to compare the method used in our routine
laboratory with a reference LC-MS/MS method for monitoring Carbamazepine, and to compare the concentrations of
the drug to one of its metabolites.

Methods: plasma samples were collected from patients for whom Carbamazepine measurement had been requested.
For each plasma sample, Carbamazepine was assayed on Roche Cobas with Cobas CARB4 kit (immunoassay).
Carbamazepine and Carbamazepine-10,11-epoxide determination were then performed with a validated and verified
LC-MS/MS technique.

Results: the study population consisted of 30 subjects. No significant differences were found between the routine
immunoassay and the LC-MS/MS technique using Passing-Bablok regression and Bland-Altman graph, whilst the
concentrations of plasma Carbamazepine and its epoxide measured with LC-MS/MS displayed a very modest
correlation (r=0.639). The ratio calculated between Carbamazepine and its epoxide displayed a broad range of values
(3.37-12.55).

Discussion: considering the clinical significance of Carbamazepine measurement as part of TDM, we confirmed the
validity of our routinely used immunoassay as easier and faster alternative to the reference method for routine
quantification of plasma Carbamazepine concentration. Considering that levels of the epoxide are unpredictable and
independent from the parent drug concentrations, a more comprehensive assessment of Carbamazepine metabolites
should be considered, especially when patients have uncontrolled symptoms or display challenging dose adjustment.
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INTRODUCTION in patients with absence or myoclonic seizures (1).
Carbamazepine acts by blocking fast voltage-
dependent sodium channels, binding to inactivated
channels and slowing down renewal activation (1). Although
many newly released drugs with the same targets have
been approved over time, the well-established efficacy and
safety profile lead physicians to continue prescribing
Carbamazepine alongside other first-generation

antiepileptic drugs (2).

Carbamazepine has been originally discovered in 1953
and was first marketed in the UK in 1962 for the treatment
of trigeminal neuralgia. This drug is now considered one of
the oldest and most common anticonvulsant and mood-
stabilizing agent, approved for a wide range of diseases
such as epilepsy, bipolar disorder, attention deficit
hyperactivity disorder (ADHD), schizophrenia, phantom-

limb syndrome, complex regional pain syndrome and
others. It is particularly effective in treatment of partial and
generalized tonic-clonic seizures, whilst it has lower efficacy

Its biotransformation is catalysed by cytochrome P450
(CYP) enzymes, with the predominant isoforms being
CYP3A4 and CYP3A5 (3). The main metabolite is
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Carbamazepine-10,11-epoxide which is pharmacologically
active and potentially toxic. Its plasma concentrations
increase with concurrent use of other anticonvulsants (4).
More specifically, a number of studies showed an increase
in Carbamazepine-10,11-epoxide to Carbamazepine ratio
when Carbamazepine is combined with phenytoin,
phenobarbital, primidone and valproic acid. Increase in this
ratio was also observed in patients with moderate to severe
renal disease as well as in young children mainly due to
higher rates of metabolism. Since great interindividual
variations were found in the serum concentration of both
parent drug and its metabolite after a given dose and the
pharmacodynamics of Carbamazepine and
Carbamazepine-10,11-epoxide are different (5), some
authors have suggested that routine monitoring of both
serum concentrations is necessary for the assessment of a
safe and effective therapeutic regimen for epileptic patients,
especially for those on polytherapy.

The determination of the epoxide metabolite of
Carbamazepine using chromatography is an old strategy,
with published notes and articles since 1978 (6-8),
investigating drug kinetics and relative concentrations.

The aim of this study is twofold: a comparison between
levels of Carbamazepine in plasma samples with the
routine assay used in our laboratory (immunoassay on an
automated clinical chemistry platform) and a reference
technique (liquid chromatography coupled with tandem
mass spectrometry; LC-MS/MS), and a comparison
between Carbamazepine and its main metabolite
concentrations in routine clinical samples.

METHODS

Plasma (Li-heparin) samples were collected from
patients for whom Carbamazepine therapeutic monitoring
was clinically requested in the local laboratory from May 31
to July 16", 2021. In each plasma sample, Carbamazepine
was assayed with a Roche Cobas ¢702 module (Roche
Diagnostics International AG, Rotkreuz, Switzerland), using
Cobas Online TDM Carbamazepine Gen.4 (“CARB4”) kit
(homogeneous microparticle agglutination immunoassay
using sheep monoclonal anti-Carbamazepine antibodies)
on the same day of collection, whilst residual sample
volumes were anonymized, aliquoted and kept at -20 °C
until liquid chromatography/mass spectrometry (LC-
MS/MS) analysis.

LC-MS/MS analysis was performed with a Shimadzu
Nexera X2 UHPLC (Shimadzu, Kyoto, Japan)

Table 1

chromatographic system coupled with an AB Sciex 4500
MD triple quadrupole mass spectrometer (AB Sciex,
Darmstadt, Germany). ClinMass Antiepileptic Drugs kit
(Recipe Chemicals Instruments GmbH, Munchen,
Germany) was used for determining in Electrospray
lonization (ESI) positive Multiple Reaction Monitoring
(MRM) mode Carbamazepine and Carbamazepine-10,11-
epoxide, using MRM transitions as specified in Table 1 and
using d10-Carbamazepine as internal standard. In
agreement with local certification procedures, considering
that this the used LC-MS/MS method is CE/IVD-marked,
the verification consisted in evaluation of evaluating:

- imprecision, carried out using a 3x5 scheme for two
control levels (level 1: Carbamazepine 18.6 pumoliL,
Carbamazepine-10,11-epoxide 7.26 pmol/L; level 2:
Carbamazepine 42.0 pmol/L, Carbamazepine-10,11-
epoxide 16.6 ymol/L; the concentrations were declared
by manufacturer) and MetComp 1.0 software according
to the paper issued by the SIBioC study group
“Statistica per il Laboratorio” (9) considering CV% lower
than 10% as our analytical goal;

- Lower Limit Of Quantification (LLOQ), evaluated by 20
replicates (instead of 40, to reduce the number of tests
needed for the verification procedure and contain costs)
of a dilution of the lowest calibrator with a plasma pool
free from antiepileptic drugs (patients not in therapeutic
regimen) to obtain a final concentration declared by the
manufacturer looking for a CV% lower than 20% and a
bias lower than 15% (10):

- linearity, evaluated diluting at 5 levels the highest
calibrator (Carbamazepine 90.2 pumol/L,
Carbamazepine-10,11-epoxide 28.8 umol/L; concentra-
tions declared by manufacturer) with a plasma pool free
from antiepileptic drugs (patients not in therapeutic
regimen).

Final concentrations were expressed in umol/L. Data were

collected and graphically explored using Google Sheets

(version 2021-June) (Google LLC, Mountain View, CA,

USA) and then were analysed using MetComp 1.0 software

(9) and Stata MP 14.1 (StataCorp LLC, College Station, TX,

USA) with “CI2” module (11).

Comparison between Carbamazepine immunoassay
and Carbamazepine LC-MS/MS was accomplished by
using Passing-Bablok regression and Bland-Altman graph.

Associations between Carbamazepine and its epoxide
were evaluated using Pearson’s correlation (Stata functions
“pwecorr” and “ci2”).

Mass transitions and retention times of the analytes and the isotope-labelled substances in the internal standard measured with

Electrospray lonization (ESI) positive mode

Analyte Precursor ion (m/z)
Carbamazepine 237.1
Carbamazepine-Epoxide 253.1
d10-Carbamazepine 247 .1

Product ion (m/z) Retention time (minutes)

165.1 3.35
180.1 2.61
175.1 3.34
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RESULTS

The final study population consisted of 30 subjects (12
females and 18 males; median age 45 years, range 0-80).

Method verification confirmed imprecision for both
Carbamazepine and Carbamazepine-10,11-epoxide below
10% at both control levels (MetComp 1.0 software reported
CV%,; level 1: Carbamazepine 4.033%, Carbamazepine-
10,11-epoxide 6.502%; level 2: Carbamazepine 2.223%,
Carbamazepine-10,11-epoxide 7.689%). Manufacturer’s
data of LLOQ (0.1 ymol/L for Carbamazepine and 0.3
pmol/L for Carbamazepine-10,11-epoxide) was also verified
both for imprecision below 20% CV (Carbamazepine 6.4%,
Carbamazepine-10,11-epoxide 18.2%) and for bias below
15% (Carbamazepine 3.8%, Carbamazepine-10,11-
epoxide 7.0%). The linearity studies revealed a correlation
of r >0.97 for both analytes, and each point had a difference
between calculated and determined lower than our
analytical goal (10%).

The comparison using MetComp 1.0 software reported
for the Passing-Bablok regression a non-significative
deviation from linearity [p >0.05; slope: 0.8439 (95%
Confidence Interval (Cl) 0.7629 to 0.9347]; intercept: 5.1160
(95% CI 1.9075 to 8.2081)) between immunoassay (Roche
Cobas) and LC-MS/MS (Figure 1, panel a), and a non-
significative bias of 0.161% (95% CI -2.450% to 2.773%)
(absolute bias 0.400 ymol/L) was observed in the Bland-
Altman graph (Figure 1, panel b). Patients’ samples had
concentrations (looking at LC-MS/MS method results)
between 11.9 and 49.5 pymol/L for Carbamazepine (mean
347, SD 9.0) and between 2.1 and 11.9 pmol/L for
Carbamazepine-10,11-epoxide (mean 6.0, SD 2.7).

LC-MS/MS concentrations of Carbamazepine and its
epoxide metabolite were not highly correlated (r=0.639;
95% CI: 0.362 to 0.812) and graphically dispersed (Figure 2).

The ratio calculated between Carbamazepine and its
epoxide displayed a broad range of values, between 3.37
and 12.55 (mean 6.52, SD 2.20). Considering the
metabolite-to-parent ratio (5), values ranged between
0.0797 and 0.2967.

DISCUSSION

Therapeutic drug monitoring (TDM) represents an
essential tool for optimizing treatments by individualizing
dosage regimens based on blood drug concentration
measurement. The lack of clinical response or a clear
physiological marker represent the main drawbacks for
implementation of TDM of anticonvulsants in clinical
practice. Moreover, non-response at therapeutic doses,
uncertain drug adherence, suboptimal tolerability as well as
pharmacokinetic drug-drug interactions are other important
indications for TDM of antiepileptic drugs. In particular, TDM
of Carbamazepine is strongly recommended by current
guideline because:

- reported therapeutic reference ranges are established;
- controlled clinical trials have shown beneficial effects of

TDM,;

- reports on decreased tolerability or intoxications are

available (12).

Toxic effects of Carbamazepine include incoordination,
blurred vision, diplopia, drowsiness, nystagmus, ataxia,
headache, arhythmias, nausea and vomiting,
hyponatraemia, aplastic anaemia and agranulocytosis.

Biotransformation of Carbamazepine by phase 1
hepatic enzymes leads to a major metabolite named
Carbamazepine-10,11-epoxide, which is equipotent to

Carbamazepine and contributes to clinical effects,
especially to adverse events (13,14). Since
Carbamazepine-10,11-epoxide displays different

pharmacokinetics and pharmacodynamics properties as its
respective  parent compound, the concomitant
determination of both the parent drug and its metabolite is
advisable in patients taking Carbamazepine (5,12), so that
the efficacy of treatment can be improved, but also for
assessing compliance and drug-drug interactions (5,15-17)
and to reduce risk in overdose with possible poisoning and
mortality (18).

Therapeutic and toxic levels of Carbamazepine are
listed between 17 and 51 umol/L and 84.6 umoliL,
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Figure 1

Comparison between immuno-assay and LC-MS/MS assay using
a: Passing-Bablok regression and b: Bland-Altman graph.

Panel a: red dashed line, regression line; black line, identity line.
Panel b: black bold line, bias; red dashed lines, 95% confidence
Interval of differences.
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Figure 2
Comparison between Carbamazepine and its epoxide metabolite.

respectively (5,19). The therapeutic range for
Carbamazepine-10,11-epoxide is not yet established, but is
considered to be 1.6-16.0 pymol/L. According to some
authors, the concentration of the epoxide should not exceed
35.6 ymol/L in order to prevent toxic effects (20).

Considering the clinical significance of Carbamazepine
assessment as part of TDM, we confirm the reliability of the
immunoassay used in our laboratory as easier and faster
alternative to the reference technique for routine
quantification of Carbamazepine concentration in patient
plasma samples. Nonetheless, considering that the epoxide
metabolite is equipotent to Carbamazepine and contribute
to clinical effects (especially to adverse reactions) (5), when
patients have uncontrolled symptoms or are challenged by
dose adjustment, a more comprehensive assessment of
Carbamazepine metabolites should be considered.
Moreover, by analysing the ratio between the drug and its
metabolite we found a high range of values, which could be
explained by the different inter-individual metabolism and/or
response to the drug, which is probably influenced by
multiple factors like age, sex and polypharmacotherapy
interactions, ultimately underpinning the importance of
simultaneous assessment of both Carbamazepine and its
active metabolite to obtain better monitoring of
Carbamazepine treatment.

In particular, it has been demonstrated that the
concomitant use of other anticonvulsants including
phenytoin, phenobarbital and primidone which are well
known cytochrome P450 inducers or valproic acid which
inhibits CYP isoforms and the epoxide hydrolase (the
enzyme responsible for conversion of Carbamazepine-
10,11-epoxide to an inactive form) (4,21), could increase
the ratio.

The Passing-Bablok regression and Bland-Altman
graph indicated a good agreement between the
Carbamazepine concentration measured with LC-MS/MS
method and immunoassay, although a mean increase of
0.4 pmol/L was observed with the latter. Similar and even
greater bias have been observed by other authors which
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imputed the difference to the cross-reactivity and matrix
effect intrinsically characteristic of immunoassays and
which had, however, no clinical relevance (22).

As highlighted by our data, the metabolite-to-parent
compound ratio observed in the study, appears slightly
higher than the one proposed by the current guidelines (5);
however it overlaps the ratio reported earlier by Ji et al.
(0.08-0.30 versus 0.07-0.25) (23).

Given the small sample size and the lack of clinical and
pharmacological information from our population, further
studies are needed to establish the relation between
Carbamazepine and its epoxide metabolite concentrations,
and to accurately define the reference range of the
metabolite.
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