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Abstract

Objective: Suggested predose plasma quetiapine target ranges for effective therapy in
schizophrenia lie between 50 and 500 pg/l. We aimed to examine data from a quetiapine
therapeutic drug monitoring (TDM] service to assess the plasma quetiapine concentrations

attained at specified doses in clinical practice.

Method: We studied TDM data from patients given immediate-release quetiapine in the period

2000-2011.

Results: There were 946 samples from 487 patients (257 males, age at time of first sample,
median [range] 34 [14-87] years, and 230 females, age at time of first sample, median [range]
38 [10-92] years). The plasma quetiapine concentration was <50 and <100 pg/l in 30% and 50%
of samples, respectively (no quetiapine detected in 9% of samples). The relationship between
dose and plasma quetiapine was poor. The mean (95% confidence interval [Cl]] quetiapine
dose was higher (t = 3.6, df = 446, p <0.01) in males versus females (641 [600-1240] and 548
[600-943] mg/day, respectively), although there was no difference in median dose (600 mg/
day) or in the mean (95% Cl) plasma quetiapine concentrations attained. Smoking habit had no
discernible effect on plasma quetiapine concentration.

Conclusions: There was a poor relationship between dose and plasma quetiapine
concentration in this study, as found by others. This is probably because of the short plasma
half-life of the drug, at least in part. Nevertheless, quetiapine TDM can help assess adherence
and measurement of quetiapine metabolites, notably N-desalkylquetiapine, as well as
quetiapine itself may enhance the value of quetiapine TDM in future.
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Introduction

Quetiapine is a dibenzothiazepine derivative that
is licensed for the treatment of schizophrenia
in an immediate-release (IR) formulation. An
extended-release (ER) formulation has also been
licensed in the UK (March 2010) for use in
depression and in bipolar disorder. Quetiapine is
provided in 25, 100, 150, 200 and 300 mg que-
tiapine fumarate IR and ER tablets; a 400 mg
ER tablet is also available. The maximum
licensed daily dose of quetiapine for the treat-
ment of schizophrenia is 750 mg/day, and for the
treatment of depression and of mania in bipolar

disorder 600 and 800 mg/day, respectively
[BNF, 2012].

Quetiapine has a plasma half-life of some 7 hours
and maximum plasma concentrations are obtained
1-2 hours postdose [Hiemke ez al. 2011; Sparshatt
et al. 2011]. It is metabolized to sulfoxide,
7-hydroxy, N-desalkyl, O-desalkyl, and 7-hydroxy-
N-desalkyl metabolites by cytochromes P450
(CYP) 3A4 and CYP3A5, with a possible minor
contribution from CYP2D6 [Sparshatt ez al. 2011;
Spina and de Leon, 2007; Bakken ez al. 2011].The
7-hydroxy- and 7-hydroxy-N-desalkyl- metabolites
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are pharmacologically active and accumulate in
plasma to concentrations of less than 10% of those
of quetiapine itself [DeVane and Nemeroff, 2001].
N-Desalkylquetiapine may be a major contributor
to the antidepressant effect of quetiapine [Jensen
et al. 2008]. Quetiapine plasma concentrations and
its effectiveness in therapy may be associated with
the P-glycoprotein status of the patient [Nikisch
et al. 2010].

Optimal efficacy of quetiapine IR in treating the
positive symptoms of schizophrenia is seen at
doses of 150-750 mg/day; for treating the nega-
tive symptoms of schizophrenia a dose of 300 mg/
day is recommended [Arvanitis and Miller, 1997].
For quetiapine ER doses of 600 and 800 mg/day
are most effective at treating both the positive and
negative symptoms of schizophrenia [Sparshatt
et al. 2008].There is currently no widely accepted
target range for predose plasma quetiapine con-
centrations associated with either optimal clinical
response, or minimal adverse effects when used to
treat schizophrenia. However, target ranges of
50-100 pg/l (upper limit uncertain), 100-500 pg/l
and 70-170 pg/l have been suggested [Taylor
et al. 2012; Hiemke ez al. 2011; Baumann et al.
2004]. There are also no accepted target ranges
for plasma quetiapine concentrations when used
to treat depression, although quetiapine doses of
150 mg/day (quetiapine ER) have been suggested
[El-Khalili ez al. 2010]. Reports of toxicity are
lacking with predose plasma quetiapine concen-
trations in the range 27-387 pg/l [Sparshatt er al.
2011].

In order to obtain information as to the range of
plasma quetiapine concentrations attained in
clinical practice after use of quetiapine IR, we
have examined data from a quetiapine therapeutic
drug monitoring (TDM) service.

Method

Patient samples

We studied results from the analysis of plasma
samples submitted for quetiapine TDM from
patients in the UK in the period 2000-2011.
Information was obtained from the request form
at the time of the analysis, and included time and
date of sample, time and date of last quetiapine
dose, quetiapine dose (mg/day), duration of que-
tiapine treatment, age (years), sex, body weight
(kg), smoking habit, the clinical indication for the
assay and any other relevant information that

could aid interpretation of the results, such as
concomitant medication or type of quetiapine
formulation prescribed. It was not possible to
identify whether the patients were inpatients or
outpatients from the information supplied.
Patient samples that had been referred during
investigation of death during quetiapine treat-
ment, because of suspected quetiapine self-
poisoning or from patients prescribed ER que-
tiapine, were excluded as far as such samples
could be identified. Samples where nonadherence
was indicated on the request form as a reason for
the assay request were excluded from study of the
effect of sex and smoking habit on plasma quetia-
pine concentration.

Quetiapine assay

Plasma quetiapine was measured in 2000-2008
by high-performance liquid chromatography with
ultraviolet absorption detection (HPLC-UV; 260
nm) after extraction into methyl zer-butyl ether at
pH 9.2 using loxapine as internal standard
(Waters Spherisorb S5SCX sulphopropyl-modi-
fied silica column; ammonium perchlorate-modi-
fied eluent). From 2009 onwards, quetiapine was
measured by high-performance liquid chroma-
tography tandem mass spectrometry (HPLC-MS/
MS) after extraction into butyl acetate:butanol
(9+1) (ammonium acetate-modified eluent,
atmospheric pressure chemical ionization [APCI]:
quetiapine m/z 384.1-220.9 and 252.8, quetia-
pine-Dy [internal standard] m/z 392.1-225.9 and
257.8, ThermoFisher TSQ Quantum Access).
These methods were cross-validated by analysis
of patient and external quality assessment (EQA)
samples (HeathControl, now LGC Standards,
Bury, UK; http://www.lgcpt.com/default.aspx),
and gave comparable results. Assay implementa-
tion and validation conformed to the standards
set by the US Food and Drug Administration
(FDA) Center for Drug Evaluation and Research
(CDER) guidance for bioanalytical method vali-
dation and accuracy and precision monitoring
was as documented by the Clinical and Laboratory
Standards Institute [FDA/CDER, 2001; Tholen
er al. 2004]. Additional validation was by repeat
analysis of stored samples (N = 50) using a sec-
ond LC-MS/MS method. Both methods gave
comparable results [Fisher er al. 2012b].

Assay calibration was by duplicate analysis of
solutions (N = 7) containing quetiapine in ana-
lyte-free, pooled, mixed gender, human plasma
(most recently Sera Laboratories International,
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Table 1. Summary of quetiapine TDM data 2000-2011 (946 samples, 487 patients).

Haywards Heath, UK) in the range 10-800 pg/l
and plotting the ratio of peak area of analyte to
that of internal standard against analyte concen-
tration. Internal quality control samples (25, 250
and 400 pg/l, respectively) prepared in analyte-
free pooled human plasma were analysed with
each sample batch and between every 10 sample
extracts. Samples with plasma quetiapine mark-
edly (approximately 10%) above the calibration
range were diluted in analyte-free human plasma
and re-analysed. The limit of accurate measure-
ment was 5 pg/l (200 ul sample). For both meth-
ods intra-assay precision (relative standard
deviation, %) at analyte concentrations of 25, 250
and 400 pg/l was 3-5% and the corresponding
inter-assay precision was 2-5%.

Statistical analysis

Descriptive and statistical analyses were per-
formed using Microsoft Excel 2003. Quetiapine
dose and plasma concentration were grouped as
appropriate to facilitate data analysis.

Results

There were 946 samples from 487 patients (257
[53%] males, age at time of first sample [median
(range)] 34 (14-87) years, and 230 (47%)
females, aged 38 (10-92) years). Of these, 17
samples (6 males, age at time of first sample
[median (range)] 17 (14-17) years, and 11
females, age at time of first sample [median
(range)] 14 (10-16) years) were from patients
aged less than 18 years and 56 samples (20 males,
age at time of first sample [median (range)] 69
(65-87) years, and 36 females, age at time of first
sample [median (range)] 68 (65-93) years) were
from patients aged 65 years or greater.

The results are summarized in Table 1 and in
Figure 1. Samples per patient were: 1 (304
patients), 2-5 (163 patients), 6—10 (15 patients),

11 or more (5 patients). Information on sample
timing with respect to the last dose was available
for 250 samples (26% of all samples received).
For 229 samples the sampling time was greater
than 7 hours postdose and with 21 samples up to
7 hours postdose. Where information was availa-
ble 73% of males and 50% of females were smok-
ers at the time of sampling (male smokers, 69;
nonsmokers, 26; not recorded, 402; female smok-
ers, 20; nonsmokers, 20; not recorded, 394).

Information on coprescribed medication was
available for 143 samples (15%). The 10 most
mentioned coprescribed medications were (some
cases more than one drug listed): sodium val-
proate (N = 27), procyclidine (N = 12), loraze-
pam (N = 11), lithium (N = 10), phenytoin (N =
10), carbamazepine (N = 9), diazepam (N = 9),
lamotrigine (N = 9), sertraline (N = 9) and ami-
sulpride (N = 8).

Clinical indication for assay request

Reasons for sending samples for analysis as docu-
mented on assay request forms (more than one
reason in some cases) were: suspected nonadher-
ence (N = 170), baseline concentration during
successful therapy (N = 81), confirmation of cor-
rect dose (NN = 78), suspected drug—drug interac-
tion (N = 14), suspected adverse drug reaction
(N = 3) and ‘miscellaneous’ (N = 11).

No quetiapine was detected in 14 (8%) of the
‘suspected nonadherence’ samples and in 69
(9%) of the remaining samples. Where quetiapine
was detected the mean (95% CI) plasma quetia-
pine concentration in the ‘suspected nonadher-
ence’ samples was significantly lower than in the
remaining samples (suspected: 144 [96-535] ug/l;
remaining: 234 [131-977] ug/l; t = 2.6, df = 861, p
< 0.01). The mean (95% CI) quetiapine pre-
scribed dose in samples where nonadherence
was suspected (566 [600-800] mg/day) was not

http://tpp.sagepub.com

131



Therapeutic Advances in Psychopharmacology 3 (3)

1000 -
900 -
800 -
700 -
600 -
500 -
400 -
300 -
200 -

"lh L

Plasma quetiapine concentration (ug/l)

<100 100-200

(3) (15) (89)

201-400

401-600
(67)

601- 800
(84)

>800
(49)

Prescribed dose (mg/day)

Figure 1. Median (10th and 90th percentiles) plasma quetiapine concentrations (ug/l) by dose band. Number
of samples in parentheses. Samples with (i) plasma quetiapine < 5 pg/l and (ii) adherence queried on the

request form excluded.

significantly different from those where adher-
ence was not cited as a reason for the request (620
[600-1200] mg/day).

Plasma quetiapine and prescribed dose
Information on prescribed dose was available for
475 (50%) samples. The mean [95% CI] dose
was significantly higher in males as compared
with females (641 [600-1240] versus 548 [600—
943] mg/day, t = 3.6, df = 446, p < 0.01), although
the median dose was the same for both males and
females (600 mg/day).

The mean [95% CI] plasma quetiapine concen-
trations in males (267 [120-962] ug/l) and females
(249 [36-839] ug/l) were not significantly differ-
ent. There was also no significant difference in
mean (95% CI) plasma quetiapine concentration
between patients aged less than 18 years (277
[38—699] ng/l) and patients aged 65 years or more
(235 [11-773] ug/l) when compared with samples
from patients aged 18-65 years (241 [13-935]
pg/l). Similarly, although nonsmokers had higher
mean [95% CI] (234 [104-570] pg/l) plasma
quetiapine concentrations than smokers (180
[83—563] ug/l), this difference was not statistically
significant.

For all patients the mean (95% CI) quetiapine dose
was 605 (600-1200) and the median (range) 600
(25-1700) mg/day. For 58 (6%) samples (35
patients) the prescribed quetiapine dose was greater

than the British National Formulary licensed limit
of 800 mg/day (median dose [range] 1200 [850—
1700] mg/day) [BNF, 2012]. There was a broad
relationship between plasma quetiapine and pre-
scribed dose, but there was much variation in
plasma quetiapine concentration in each dose band
(Table 2). Plasma quetiapine was greater than 2000 g/l
in six samples (six patients). In two samples the dose
was given as 600 and 700 mg/day, respectively.
Nonadherence was queried in both instances, but
no further information was available.

Plasma quetiapine and suggested target

range

For prescribed quetiapine doses up to 800 mg/
day, 71% of results were within a range not asso-
ciated with reports of toxicity (27-387 ug/l), 24%
of results were within a suggested target range of
50-100 ug/l and 39% within the range 100-500
ug/l (Figure 2). For prescribed doses greater than
800 mg/day, the number of samples within the
ranges 27-387, 50-100 and 100-500 ug/l was
67%, 16% and 43%, respectively.

Discussion

Key findings and limitations

No quetiapine was detected in 9% of samples.
The percentage of samples in which quetiapine
was not detected was the same regardless of
whether or not adherence was queried on the
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Table 2. Plasma quetiapine and prescribed dose (excludes samples in which no quetiapine detected, i.e.
quetiapine <5 ug/l).

@ <5 g 0549 gl @ 50-99 pgA 0 100-500 g/l m>500 Lyl
100% -
90% - - l
80% A
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30% 4 [—
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(946) @ (23) (129) (131) (127) (58)

Prescribed dose (mg/day)

Figure 2. Plasma quetiapine normalized (i) for all samples and (i) by dose band (number of samples in

parentheses).

request form. Second, the magnitude of the inter-
individual variation in plasma quetiapine concen-
tration within the different quetiapine dose bands
was extensive even in those patients where adher-
ence was not queried on the request form (Figure
1). Overall, only 39% of samples had a plasma
quetiapine concentration within the suggested
target range of 100500 pg/l [Hiemke ez al. 2011]
for prescribed doses up to 800 mg/day. It is likely
that poor adherence and the relatively short
plasma half-life of quetiapine as compared with
other atypical antipsychotics (e.g. clozapine 6-17
h or more) were major factors in this variation.
Finally, smoking status and sex had no significant
effect on the plasma quetiapine concentration.

Missing information is the most significant limita-
tion of this study. In particular, smoking status,
body weight, prescribed dose, sample timing in
relation to the last dose, and coprescribed medica-
tion were under-reported. Partial completion of
assay request forms is common, however, and
serves to limit not only the information that can
sometimes be provided to clinicians in individual
cases, but also detracts from the value of studies
such as this that are aimed at placing individual
results in a wider context. Second, quetiapine dos-
age may be divided throughout the day to reduce
the impact of side effects such as sedation, but the
effect of this potential variable on plasma quetia-
pine concentrations could not be investigated.

http://tpp.sagepub.com
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Finally, no attempt was made to assess diagnosis,
clinical efficacy or side effects within this study as
this would have required an intrusive design
incompatible with offering a routine service.

Plasma quetiapine and dose

The variability seen in plasma quetiapine con-
centrations at a given IR quetiapine dose has
been reported by others [Bakken ez al. 2011;
Hasselstrom and Linnet, 2004; Wittman et al.
2010]. A possible factor here may be changes in
quetiapine metabolism when drugs are copre-
scribed such as sodium valproate, which is said to
inhibit the CYP450 enzyme system [Aichhorn ez
al. 2006], and lamotrigine that is associated with
reduced plasma quetiapine concentrations due to
enhanced glucuronidation [Andersson ez al
2011]. Variations in sampling time since the last
quetiapine dose may also contribute to the poor
relationship between dose and plasma quetiapine
concentration observed here (where information
was available 92% of samples were taken more
than 7 h postdose). The availability of quetiapine
ER may reduce the impact of sample timing in
relation to the last dose on the quetiapine plasma
concentration:dose relationship, although it is
not as yet clear whether the variability in plasma
quetiapine at a given dose is less for the ER prep-
aration than for the IR preparation.

Quetiapine has loose # vivo binding to D, recep-
tors, and at therapeutic doses striatal dopamine
receptor occupancy is <65%, the threshold gener-
ally accepted as necessary for drugs to exert an
antipsychotic effect. In addition, dopamine occu-
pancy drops to 20-30% 12 hours postdose. In
samples taken 10 h postdose, plasma quetiapine
concentrations have been reported to be (once cor-
rected for dose) 1.5-fold higher (95% CI 1.2-1.8)
than those taken 14 h postdose [Bakken ez al.
2011]. Indeed, it has been suggested that ‘peak’
quetiapine concentrations may show a greater cor-
relation with dose, dopamine occupancy and hence
response than ‘trough’ samples [Sparshatt er al.
2011]. The difficulty here of course is catching the
peak, which will inevitably vary between patients,
especially outpatients. This topic has been debated
for many years in relation to cyclosporin, for exam-
ple, and there is still no convincing evidence that 2
h postdose sampling (peak, C2) has any advantage
over predose (trough, C0) sampling [Marin ez al.
2006]. Further investigation is needed into the
relationship between peak plasma quetiapine con-
centrations and clinical response.

The range of plasma quetiapine concentrations
measured in the present study are broadly com-
parable with those reported by others: median
(range) 101 (<4-1816) ng/l [Castberg et al. 2007]
and 103 (7-1190) pg/l [Bakken et al 2011],
although the highest concentrations measured
here were above these ranges for all doses above
400 mg/day. By way of comparison, of 14 patients
presenting after quetiapine self-poisoning (sus-
pected ingested dose range 1.2-18 g), serum que-
tiapine concentrations were in the range
1100-8800 pg/l (time between ingestion and sam-
pling 1-26 h) [Hunfeld ez al. 2006]. In this report
there was no relationship between the amount of
quetiapine said to have been ingested and the
serum quetiapine concentration, but this may
have been due at least in part to the large varia-
tion in sampling time postdose and the relatively
short plasma half-life of quetiapine, as discussed
above.

Where dose information was provided, most sam-
ples (79%) received in this study were from
patients prescribed doses of quetiapine in the
range associated with optimal treatment of the
positive symptoms of schizophrenia (150-750
mg/day) and only 10% were given doses associ-
ated with optimum treatment of the negative
symptoms (300 mg/day). However, since no clini-
cal information was available it is not possible to
draw any conclusions from this finding. It has
been reported that the licensed dose of quetiapine
is often exceeded [Citrome er al. 2005], and
indeed prescribed quetiapine doses of up to 2700
and 2600 mg/day, respectively, have been recorded
[Bakken er al. 2011; Castberg ez al. 2007]. In the
present study the prescribed dose ranged up to
1700 mg/day, and overall 6% of samples were
from patients who were prescribed doses exceed-
ing the British National Formulary recommended
limit (800 mg/day) [BNF, 2012]. However, these
higher doses were not associated with a particu-
larly high proportion of high plasma quetiapine
concentrations.

Target range and adherence

The clear impression gained when offering the
service was that the assay was usually requested
in order to assess possible reasons for treat-
ment failure. Thus, it is not surprising that no
quetiapine was detected in 9% of samples; the
percentage of samples where nonadherence was
indicated (plasma quetiapine <5 ug/l) was the
same regardless of whether or not nonadherence
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was specifically queried on request forms.
Opverall the plasma quetiapine concentration was
<50 pg/l and <100 pg/l, suggested thresholds for
clinical response [Hiemke er al. 2011; Taylor
et al. 2012] in some 30% and 50% of samples,
respectively. Gerlach and colleagues reported
similar findings (41% of serum quetiapine con-
centrations in adolescents [mean age 15.9 + 1.5
years] below 70 ug/l) [Gerlach ez al. 2007].

Partial adherence could not be accurately identi-
fied in this study. This may have been possible if
repeat sampling was conducted over time [Reis
et al. 2004]. In addition, it should be borne in mind
that a patient coprescribed medication known to
induce CYP3A4 may have a predose plasma que-
tiapine concentration that is below 5 ug/l even if
(partially) adherent. Moreover, failure to detect
quetiapine in a single sample does not confirm
long-term nonadherence.

There is no widely accepted target range for
plasma quetiapine in the treatment of schizophre-
nia or in depression. The target ranges that have
been suggested for the treatment of schizophrenia
are broad, i.e. 50-100 pg/l (upper limit uncer-
tain), 100-500 pg/l and 70-170 pg/l [Taylor ez al.
2012; Hiemke ez al. 2011; Baumann ez al. 2004]
and have changed in the years since quetiapine
was first licensed. A metabolite of quetiapine,
N-desalkylquetiapine (that has a longer plasma
half-life than quetiapine, i.e. 11-12 h), has been
implicated in the antidepressant effect of quetia-
pine, and plasma N-desalkylquetiapine is more
strongly related to dose than plasma quetiapine
itself [Fisher ez al. 2012a]. Quetiapine metabolites
were not measured in this study, but measure-
ment of N-desalkylquetiapine may be helpful in
future for quetiapine dose optimization when
quetiapine is used primarily as an antidepressant
and in assessing adherence.

Effect of smoking status, sex and age

Although we found age to have no significant
effect on plasma quetiapine concentration, others
have reported plasma quetiapine (once corrected
for dose) to be 39% lower in patients under 18
years and 67% higher in those patients aged 70
years or greater [Castberg ez al. 2007] as com-
pared with those of intermediate age, and 50%
higher in patients aged 65 years or more [Bakken
et al. 2011] compared with younger patients.
There were not enough patients in the present
study aged <18 years and 65 years and over to be

able to study the effect of sex and smoking habit
separately in these age groups.

Quetiapine is metabolized by CYP3A4, CYP3AS5,
and CYP2D6. CYP3A4 and CYP2D6 are not
induced by the polycyclic aromatic hydrocarbons
present in cigarette smoke, although CYP3A5
activity in human lung cells may be depressed by
smoking [Hukkanen ez al. 2003]. Cigarette smok-
ing did not appear to have an influence on the
plasma quetiapine concentration attained on a
given dose in our study, as reported by others
[DeVane and Nemeroff, 2001].

Even though we found that males received a sig-
nificantly higher mean quetiapine dose than
females, the median dose was the same (600 mg/
day). Castberg and colleagues and Wittman and
coworkers also reported males to be prescribed a
higher mean quetiapine dose than females
[Castberg er al. 2007;Wittman ez al. 2010], whilst
others have reported higher dosage in females
when corrected for body weight [Mauri er al
2007]. A lack of a sex difference in mean plasma
quetiapine concentration, as found in this study,
has also been reported [Hasselstrem and Linnet,
2004], although again others have reported higher
plasma concentrations in females than in males
when corrected for dose and body weight
[Aichhorn er al. 2006; Mauri ez al. 2007]. In any
event, if there is a sex difference in quetiapine dis-
position it would seem unlikely to be clinically
relevant.

Conclusions

There was a poor relationship between dose and
pre-dose plasma quetiapine concentration in
patients given IR quetiapine, as found by others.
This is probably because of the short plasma half-
life of the drug, although variable adherence is
also likely to be a factor. Nevertheless, quetiapine
TDM can sometimes help assess adherence and
measurement of quetiapine metabolites, notably
N-desalkylquetiapine, which has a much longer
plasma half-life than quetiapine itself, may
enhance the value of quetiapine TDM in future.
Similarly quetiapine TDM in patients prescribed
the ER formulation may be of more value in dose
adjustment than in those given IR quetiapine.
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