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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Preliminary evidence from a single study

indicates that co-medication with
lamotrigine may reduce the serum
concentration of quetiapine. Since both
drugs are commonly used in bipolar
disorder such a drug–drug interaction could
be of great importance, but the findings
need to be confirmed.

WHAT THIS STUDY ADDS
• The association between lamotrigine dosing

and lowered quetiapine concentrations was
confirmed in a small independent patient
sample. The magnitude of the reduction
(58%) indicated that the proposed
drug–drug interaction may be of clinical
importance.

AIM
The aim of the present study was to investigate a previously proposed
interaction between quetiapine and lamotrigine resulting in reduced
serum quetiapine concentrations.

METHODS
Data on 402 patients subjected to analysis of quetiapine concentration
in serum were extracted from a routine therapeutic drug monitoring
database. Among these patients, those concomitantly treated with
lamotrigine (n = 22) were identified and matched with 22 controls
receiving quetiapine while unexposed to lamotrigine. The
dose-corrected quetiapine concentrations (C : D ratios) in the two
groups were compared in both paired and unpaired analyses.

RESULTS
Patients co-treated with lamotrigine had a lower mean C : D ratio (0.71,
95% CI 0.46, 0.97) compared with controls (1.64, 95% CI 1.00, 2.28).
Dose-corrected quetiapine concentrations were 58% lower in patients
co-medicated with lamotrigine.

CONCLUSIONS
This study indicates that lamotrigine exposure is associated with
substantially reduced serum concentrations of quetiapine, possibly due
to induced glucuronidation. These findings need to be confirmed in
experimental studies.

Introduction

Quetiapine is one of the most frequently prescribed antip-
sychotics, also approved for bipolar disorder. The anti-
epileptic drug lamotrigine is used for treatment of bipolar
disorder and co-medication with the two drugs is not
uncommon.

In a study by Castberg and co-workers potential drug–
drug interactions with quetiapine were investigated by
means of data from a routine therapeutic drug monitoring
database [1]. Significantly decreased quetiapine concen-
trations (-17%) were observed in patients (n = 147)
co-medicated with lamotrigine. The authors considered
this possible interaction clinically insignificant and
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suggested that the statistical significance might have been
due to chance [1]. We have found no other publications
addressing the potential interaction between lamotrigine
and quetiapine.

The aim of the present study was to investigate this
interaction by analyzing data from our Swedish therapeu-
tic drug monitoring database at Karolinska University Hos-
pital, Huddinge.

Methods

Data collection
Study data were extracted from a routine therapeutic drug
monitoring (TDM) service database at the Department of
Clinical Pharmacology, Karolinska University Hospital and
all patients subjected to analysis of quetiapine serum con-
centration were identified. Serum quetiapine concentra-
tions were measured by a LC-MS method and lamotrigine
by a HPLC method. Among the quetiapine-treated
patients, individuals receiving co-treatment with lamot-
rigine were identified by review of medication registered
at the time of quetiapine analysis and by screening the
above mentioned database for analyses of lamotrigine
serum concentrations. For each patient receiving
co-medication with quetiapine and lamotrigine (case) a
control patient subjected to quetiapine analysis and unex-
posed to lamotrigine was identified. Cases and controls
were matched for gender, age (�5 years), quetiapine
preparation (instant release or slow release) and dosage
interval. Patients co-medicated with other drugs known to
interact with quetiapine were excluded.

Statistical analysis
To remove the potential influence of unequal sampling
times, 12 h quetiapine concentrations were imputed from
each measured concentration. Twelve hours was chosen
since most samples (82%) where drawn approximately
12 h post-dose. For quetiapine instant release tablets, the
imputation was based on an assumption of first-order
elimination with a half-life of 7 h. At steady-state, the que-
tiapine concentration is relatively stable 10–16 h following
administration of an extended release tablet [2]. Hence, no
imputation was used for such samples. In accordance with
published data, the concentration 12 h after intake of an
extended release tablet was assumed to be twice that of
the concentration measured approximately 24 h post-
dose [2]. For each case and each control, a quetiapine con-
centration : dose (C : D) ratio was calculated by dividing
the measured quetiapine serum concentration (nmol l-1)
by the daily oral quetiapine dose prescribed at the time of
serum analysis (mg day-1). If more than one C : D ratio was
attainable in a single patient due to repeated testing, the
median value of all available ratios was used in the statis-
tical analyses.

In the main analysis, quetiapine C : D ratios were com-
pared pair-wise between cases and matched controls
using the Wilcoxon signed rank test.To validate the robust-
ness of the results, data were re-evaluated in a secondary
analysis using the Mann-Whitney U-test. Unlike the paired
test used in the main analysis, this unpaired test is not
dependent on the assumptions that each case and its
matched control only differ with regard to lamotrigine
exposure.

The potential influence of lamotrigine concentration
on the strength of the proposed interaction was investi-
gated by means of Spearman rank correlation. In this
analysis, the lamotrigine area under the concentration–
time curve (AUC) in each case was correlated to the
quetiapine C : D ratio. The AUCs were calculated from
measured lamotrigine concentrations and sampling times,
assuming first-order elimination with a half-life of 24 h.

Data extraction was performed using Crystal Reports
XI, Business Objects Software Ltd, and all statistical analy-
ses were performed using R 2.10.1 [3].

Results

Study population
We identified 402 patients subjected to quetiapine analy-
sis in the TDM service database. Among these, 23 had
received lamotrigine concomitantly. One of the identified
cases was excluded due to an undetectable lamotrigine
concentration. For each of the remaining 22 lamotrigine-
exposed patients a matched control was identified, result-
ing in a total of 44 patients in the final analysis (Table 1). In
68% of the included patients, quetiapine was only mea-
sured once and in the remaining patients the median inter-
val between samplings was 36 days. Steady-state could be
confirmed in 17 of the 22 cases and in 19 of the 22 controls,
but according to instructions all samples should be drawn
at steady-state. Lamotrigine concentrations had been
measured in 20 out of the 22 included cases and in one
case-control pair a match for gender could not be
achieved.

Table 1
Characteristics of included patients. Cases were treated with lamotrigine
and quetiapine, controls were treated with quetiapine only

Cases Control

Median age in years (range) 46 (17–62) 48 (15–60)
Gender (M/F) 9/13 8/14

% using depot quetiapine 13.6 13.6
Median quetiapine daily dose (mg)

(range)
300 (100–1200) 550 (100–1100)

Median quetiapine sampling time (h)
(range)

12.4 (10.5–25.7) 12.5 (4.5–26.0)
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Quetiapine concentration : dose ratios
Patients treated with lamotrigine had a lower mean C : D
ratio (0.71, 95% CI 0.46, 0.97) compared with controls (1.64,
95% CI 1.00, 2.28). The median within-pair difference
between cases and controls was -0.71, 95% CI -1.38,-0.20.
This difference was statistically significant with a P value of
0.013.The difference in C : D ratio between individual cases
and controls is presented in Figure 1 and in relative mea-
sures the difference amounted to -58% (median percen-
tual difference between cases and controls).The C : D ratio
was lower in the lamotrigine group than in the control
group in 14 out of 22 of the matched pairs. Patients treated
with lamotrigine had a median C : D ratio of 0.63 and in the
control group the median C : D ratio was 1.34 (Figure 2).
The difference in quetiapine C : D ratio remained signifi-
cant when data were analyzed in an unpaired model (95%
CI -1.14, -0.17, P = 0.0054).The mean lamotrigine AUC was
419 nmol l-1 h (95% CI 303, 536). We found no significant
correlation between the lamotrigine AUC and the quetiap-
ine C : D ratio (rho = 0.18).

Discussion

In our TDM database, we found a 58% lower quetiapine
C : D ratio in patients treated with lamotrigine compared
with control patients. These results are in agreement with
the findings of Castberg et al. who found that the quetiap-
ine C : D ratio was reduced in lamotrigine-treated patients
[1]. In fact, the effect of lamotrigine exposure was even
more pronounced in our study, strongly supporting an

association between lamotrigine exposure and reduced
quetiapine serum concentrations.

Lamotrigine is not metabolized by cytochrome P450
(CYP) enzymes and is mainly eliminated as glucuronide
conjugates. Glucuronidation is catalyzed by uridine
5’-diphospho-glucuronosyltransferase (UGT) [4]. UGT1A3
and UGT1A4 are the UGT-isoenzymes that are thought to
be the major enzymes involved in the glucuronidation of
lamotrigine [5]. Quetiapine is metabolized through many
different pathways, mainly via CYP3A4, but some of the
parent compound directly undergoes glucuronide conju-
gation before excretion [6].Valproic acid, a known inhibitor
of several UGT-isoenzymes, causes a 77% increase in que-
tiapine concentration [7], indicating that glucuronidation
may be an important route for quetiapine elimination.
Likewise, the metabolism of lamotrigine is inhibited by val-
proic acid, probably via inhibition of UGT1A3 and maybe
also UGT1A4 [8].

Lamotrigine is known to induce moderately its own
metabolism [9], probably via UGT induction. In addition,
lamotrigine has been found to slightly decrease the con-
centration of levonorgestrel [10] and clonazepam [11],
both of which are partially glucuronide conjugated before
excretion [12].

Taken together, this indicates that induction of quetiap-
ine glucuronidation by lamotrigine may explain or, at least,
contribute to the results observed in this study.

If this theory holds true lamotrigine has the potential to
interact in a clinically relevant manner with many other
drugs that are glucuronidated via UGT1A-isoenzymes.
This study indicates that glucuronidation may play an

0 1–1–2–3–4–5–6–7 2
Difference in C : D ratio (case vs. control)

Figure 1
Difference in quetiapine C : D ratio (mmol l-1)/(mg day-1) between cases
(co-treated with lamotrigine and quetiapine) and matched controls
(unexposed to lamotrigine). Each bar illustrates the difference between
the C : D ratio of an individual case and its corresponding matched
control. Negative values indicate a lower C : D ratio in the lamotrigine-
exposed individual
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Figure 2
Box-plot of quetiapine C : D ratios (mmol l-1)/(mg day-1) in cases
co-medicating with lamotrigine and quetiapine and in controls unex-
posed to lamotrigine
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important role in the elimination of quetiapine. If so, other
UGT1A-inhibiting and inducing agents may cause clinically
relevant interactions with quetiapine.

We did not find any correlation between the lamot-
rigine AUC and the difference in C : D ratio between cases
and controls. Although such a correlation would doubt-
lessly have strengthened the evidence of a causal relation-
ship, the absence of a significant correlation should not
be taken as proof against causality. For example, the
concentration–effect relationship of the proposed UGT
induction may be such that all lamotrigine concentrations
achieved at clinically relevant doses produce a similar
degree of enzyme induction. In addition, this secondary
analysis may have had insufficient power to detect a
potential concentration–effect relationship.

One limitation of this study is that it utilized matched
controls rather than a crossover design. Although a cross-
over design would have further reduced the risk of bias, it
was not feasible since very few patients had been sub-
jected to quetiapine analysis both while on lamotrigine
and while unexposed to the drug. This study is observa-
tional and based on data from a routine TDM database.
Since TDM is commonly used in association with therapeu-
tic difficulties (e.g. lack of effect or adverse drug reactions),
the study population may not be entirely representative
for quetiapine-treated patients in general. However, this
should apply to both cases and controls since both groups
were assembled from the same TDM database.

Although our findings indicate a drug–drug interaction
between lamotrigine and quetiapine, a causal relationship
can only be formally confirmed in an experimental setting.
Indeed, such a clinical trial was initiated by the manufac-
turer of lamotrigine, but unfortunately it had to be aban-
doned due to unacceptable side-effects of quetiapine [13].
Hopefully, future studies with better accepted dosing regi-
mens will provide further information but until then the
potential risk for a drug interaction should be considered
in patients co-medicating with lamotrigine and quetiap-
ine. In these patients, therapeutic drug monitoring of que-
tiapine is advisable when lamotrigine therapy is initiated
or withdrawn.
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