Relationship Between Daily Dose,
Plasma Concentrations, Dopamine Receptor Occupancy,
and Clinical Response to Quetiapine: A Review

Anna Sparshatt, MPharm, MRPharmS; David Taylor, PhD;
Maxine X. Patel, MRCPsych, MD; and Shitij Kapur, PhD, FRCPC

Objective: To assess the relationships among quetia-
pine blood concentration, daily dose, dopamine receptor
occupancy, and clinical outcome in order, if possible, to
define a target plasma level range in which therapeutic
response is enhanced and adverse events are minimized.

Data Sources: A search of the database Embase from
1974 to March 2009 and the databases MEDLINE and
PubMed from 1966 to March 2009 was conducted. The
drug name quetiapine was searched with each of the
terms plasma levels, plasma concentration, therapeutic
drug monitoring, and dopamine occupancy.

Study Selection: The search uncovered 42 relevant
articles. All published reports of quetiapine plasma or
serum concentration were considered for inclusion if
reported in relation to a dose, clinical outcome, or dopa-
mine occupancy. After application of exclusion criteria,
20 articles remained.

Data Extraction: Trials designed primarily to inves-
tigate an interaction between quetiapine and another
medication were excluded, as were those designed to
compare methods of blood sample analysis.

Data Synthesis: There was a weak correlation
between quetiapine dose and measured plasma con-
centration (from trough samples). Quetiapine dose
was correlated with central dopamine D, occupancy,
although the relationship between plasma level and D,
occupancy is less clear.

Conclusions: The dose-response relationship for
(immediate-release) quetiapine is established. Data on
plasma concentration-response relationships are not suf-
ficiently robust to allow determination of a therapeutic
plasma level range for quetiapine. Therapeutic drug
monitoring procedures are thus probably not routinely
useful in optimizing quetiapine dose. Further examina-
tion of the relationship between peak quetiapine plasma
concentration and clinical response is necessary.
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Therapeutic drug monitoring (TDM) is a valuable
tool for guiding treatment with drugs under particu-
lar circumstances. It is often used for drugs with a narrow
therapeutic index, for drugs for which dosage is not directly
correlated with clinical response, and for those patients in
whom adherence to treatment is questioned. Therapeutic
drug monitoring can also be utilized to guide dosing in
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the presence of likely drug interactions or in those whose
physical illness (such as hepatic or renal disease) may affect
the metabolism or excretion of the drug. Drugs known to
have high interpatient variability in plasma concentration
due to age, smoking status, gender, and metabolic enzyme
genotype may also be candidates for TDM. In such cases,
TDM can be used to avoid drug toxicity and to optimize
therapeutic effect.

With the exception of clozapine and perhaps olan-
zapine, the routine monitoring of antipsychotic plasma
concentration is rarely undertaken in practice. In order for
TDM to be useful and appropriate, a relationship between
blood concentration and clinical effect or toxicity must
be established, and the absence of a clear dose-response
relationship confirmed. Quetiapine has recently been
suggested as a possible candidate for TDM' (pharmaco-
kinetic details are shown in Table 1). In this review, we
aimed to assess all available evidence regarding the rela-
tionships between blood quetiapine concentration, daily
dose, dopamine receptor occupancy, and clinical outcome.
We aimed, if possible, to establish the value of TDM for
quetiapine and to define a therapeutic plasma level range in
which therapeutic response is enhanced and adverse events
are avoided.

DATA SOURCES

In December 2008, we searched the database Embase
from 1974 to present and the databases MEDLINE and
PubMed from 1966 to present for articles relevant to this
review and written in English. The drug name quetiapine
was searched with each of the terms plasma levels, plasma
concentration, therapeutic drug monitoring, and dopamine
occupancy. After retrieval of the relevant full texts, refer-
ences were examined for appropriate citations. The search
was repeated in March 2009 before the data were finally
analyzed. Data from all studies were pooled to create
graphs displaying the relationships between dose, plasma
concentration, and dopamine occupancy. Graphs and trend
lines were drawn using Microsoft Excel 2002 (Microsoft
Corporation, Redmond, Washington).

STUDY SELECTION

The literature search uncovered 42 relevant articles. All
published reports of plasma or serum quetiapine concen-
trations were considered for inclusion if reported in relation
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Table 1. Quetiapine Pharmacokinetics

Table 2. Excluded Studies

Recommended adult dosing  Schizophrenia: 50 mg, day 1; 100 mg, day
2; 200 mg, day 3; 300 mg, day 4. From
day 4, titrate to the effective dose range
300-450 mg/d. Adjust within the range
150-750 mg/d

Manic episodes associated with bipolar
disorder: 100 mg, day 1; 200 mg, day
2; 300 mg, day 3; 400 mg, day 4. Adjust
within the range 200-800 mg/d

Twice daily dosing with or without food
recommended®

Units of plasma ng/mL or pg/L (equivalent units)

concentration

Approximate elimination

half-life

Approximate time to steady 35 h (based on a half-life of 7 hours)

state

Plasma protein binding

7 h (parent molecule)*

83% bound to plasma proteins®

Approximate absolute 70%*
bioavailability

Apparent volume of 513-710 L*®
distribution

Peak absorption 1to2h*

Metabolism Hepatic metabolism, primarily by CYP3A4
and also CYP2D6>*

Of the 11 metabolites identified, only
7-hydroxy-quetiapine and 7-hydroxy-N-
desalkyl-quetiapine are active. Present
in the plasma at 2%-12% of the parent,
both are believed to have negligible
pharmacologic effects®®

Abbreviations: CYP2D6 = cytochrome P450 2D6, CYP3A4 = cytochrome
P450 3A4.

Active metabolites

to a dose, clinical outcome, or dopamine occupancy. After
application of exclusion criteria, 20 articles remained.
Excluded studies are shown in Table 2.

DATA EXTRACTION

Trials designed primarily to investigate an interaction
between quetiapine and another medication were excluded,
as were those designed to compare methods of blood sample
analysis. Males and females of any age, psychiatric diagnosis,
comorbidity, and bed status were included in the final selec-
tion of participants reviewed.

DATA SYNTHESIS

The reviewed articles reported blood quetiapine con-
centration of 2,034 participants enrolled in a range of study
designs from health care systems across Europe, North
America, China, and Canada between 1997 and 2009.
Naturalistic therapeutic drug monitoring reports, phar-
macokinetic investigations, efficacy studies, and positron
emission tomography studies were all included in the group
of articles to be included. Details of the design and method
of each study are shown in Tables 3, 4, and 5. Together, the
various studies suggest there is a weak interindividual rela-
tionship between trough plasma/serum concentration and
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Reference Reason for Exclusion
Fabre et al,>®> 1995

Wong et al,*® 1996

Peak concentration reported only
Pharmacokinetic study reported in
detail elsewhere by Jaskiw et al*!
Peak concentration reported only
Peak concentration reported
Plasma concentration not reported
Description of analytic method.
Plasma concentration reported
elsewhere by Gefvert et al®!
Simulation study using plasma
concentration reported elsewhere by
Small et al'”

Wong et al,”” 1996
Wong et al,*® 1997
Kiifferle et al,”> 1997
Davis et al,®® 1999

Kimko et al,®! 2000

Gefvert et al,>* 2001 Plasma concentration only displayed
graphically

Stephenson et al,*2 2000 Plasma concentration not reported

Sachse et al,®* 2003 Full text not reported in English

Savasi et al,* 2002 Letter to editor describing drug

interaction cases
Preliminary report for later-published
study

Rothenhofer et al,®® 2005

Nemeroff et al,>* 2002 Review article

Strakowski et al,% 2002 Interaction study

Potkin et al,” 2002 Interaction study

Li et al,® 2005 Interaction study

Hirtter et al,®® 2004 Interaction study

Kohnlein et al,”® 2004 Full text not reported in English
Sachse et al,”! 2006 Description of analytic method
Winter et al,”2 2007 Interaction study

Schulz-Du Bois et al,”? 2008 Interaction study

Catafau et al,”* 2008 Plasma concentration drawn and

SPECT scans completed at different
times in dosing interval, and
individual doses not available

Abbreviation: SPECT = single photon emission computed tomography.

quetiapine dose (r*=0.1518, P=.0142; Figure 1). Individual
studies are described here in detail.

Therapeutic Drug Monitoring Studies

Ten TDM studies reported quetiapine plasma concen-
tration of 1,578 participants, male and female, aged 13-89
years old. Details of the design and results of each study are
shown in Table 3.

Castberg and coworkers? investigated the effect of age,
gender, and comedication on the pharmacokinetics of que-
tiapine in a large naturalistic sample. Patients aged above 70
years and those aged below 18 years were compared with a
reference group aged 18-69 years. Those aged above 70 years
had increased serum quetiapine concentrations (P=.001),
while those under 18 years had lower serum concentra-
tions (P=.044) compared with the reference group. Mean
dose and serum concentration were significantly higher in
males than in females but there was no gender difference in
the concentration/dose ratio. Several drugs were found to
increase or decrease quetiapine concentration; details are
shown in Table 3.

A similar TDM study conducted by Aichhorn and col-
leagues® studied the effects of age, gender, body weight, and
comedication on plasma concentration of quetiapine in 94
patients whose plasma concentrations were monitored as
part of their routine inpatient care. Mean daily doses were
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Figure 1. Mean Quetiapine (immediate release) Dose Versus Mean

Quetiapine Trough Plasma/Serum Concentration?
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In a weighted meta-regression, studies with less random variation are given greater weight than studies with more random variation. A typical meta-
regression weights each study by the inverse of its variance. In general, it is logical to assume that the variance decreases as sample size increases.
However, this is not a linear relationship, and variance cannot be estimated using sample size. The variance (or standard deviation) was not available for
all of the studies examined here, and, for this reason, a nonweighted meta-regression has been performed.

similar for male and female participants and decreased sig-
nificantly with age. Plasma concentration decreased slightly
with increasing age, and female participants had higher mean
plasma concentration than male participants, although the
differences were not significant. Prescribed quetiapine doses
appeared to decrease more with age than the corresponding
plasma concentration, suggesting a reduction in metabolic
capacity with age. Concentration/dose ratios were higher for
female than male subjects, but the difference was statistically
significant for uncorrected ratios only (35.4% higher for
females, P=.035). Valproate was the only co-prescribed drug
to have a significant effect on the concentration/dose ratio
(mean 77% increase after adjustment for age and gender,
P=.016). The overall results were not altered after exclu-
sion of the 9 patients prescribed valproate, and the effect of
age on weight-corrected concentration/dose ratio remained
significant (P=.012), with a 9.5% average increase (95% CI,
2.0-17.5) per 10 years of age.

A German TDM study investigated serum quetiapine
concentration and clinical response of 59 patients diagnosed
with psychotic disorders. This study was reported in 2 sepa-
rate publications by Dragicevic and coworkers.*> A weak but
significant correlation was found between dose and serum
concentration, with female subjects having significantly
lower concentrations than male subjects despite similar
doses. Those patients coprescribed other medication in
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addition to quetiapine had higher serum quetiapine concen-
tration than those taking quetiapine as a sole drug (122 + 84
ng/mL vs 95+92 ng/mL, P=.023). Patients were included
for assessment of clinical response regardless of all other
medication taken. Receiver operating characteristic curve
analysis revealed that clinical improvement (measured
using the Clinical Global Impressions [CGI] scale®) was
significantly increased in those patients whose quetiapine
concentrations were in excess of 77 ng/mL. There was a
significant although weak correlation between quetiapine
serum concentration and clinical improvement (r,=-0.26,
P=.005). Differences were found in the serum concentration
of responders compared with nonresponders and between
responders and “very good” responders, although details
were not reported. There was no correlation between side
effects (measured by the Udvalg for Kliniske Undersogelser
[UKU] side effect scale)” and quetiapine concentration.

A further TDM study® was reported by the same lead
author in 2005. In this study, the authors investigated the
effect of gender and age on quetiapine serum concentrations
in 75 patients. Few details of the study design are available;
therapeutic effect was monitored by the CGI scale® and
side effects by the UKU side effects scale.” Male and female
participants were prescribed similar doses, and, unlike in
the authors’ previous study, there was no significant gen-
der difference in quetiapine concentration. Adverse effects,
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including sedation and extrapyramidal symptoms (EPS),
were recorded for 35% of the study population, with no
gender differences. In female participants, EPS were sig-
nificantly associated with higher quetiapine concentrations
(median concentration of 210 ng/mL, P<.05). Seventy-nine
percent of the group made a moderate or greater clini-
cal response. Older age was significantly associated with
weaker clinical response (P=.012) and increased occurrence
of adverse effects (P=.029). A serum quetiapine concentra-
tion above 50 ng/mL to 100 ng/mL was associated with an
increased frequency of good clinical response (P=.05).

Gerlach and colleagues’ reported a TDM study of quetia-
pine in adolescents. Hospitalized inpatients were monitored
over 2 years according to the Arbeitsgemeinschaft fur
Neuropsychopharmakologie und Pharmakopsychiatrie
(AGNP) interdisciplinary TDM expert group guidelines.!
Details are shown in Table 3. There was a large variability
in serum concentration measured and a weak correlation
between dose and serum concentration (r=0.273, P=.048).
Gender and coprescription of additional psychoactive
drugs had no effect on the concentration of quetiapine in
this population. This study also investigated the relation-
ship between serum concentration and clinical response.
Response was defined as a 40% or more reduction in Brief
Psychiatric Rating Scale (BPRS)'? score between the first
and last observation. Fifty-seven percent of all patients were
classed as responders. On the basis of the plasma concentra-
tion range of 70-170 ng/mL suggested by the AGNP-TDM
expert group, 40.8% of the patients were below this range,
24.5% were above this range, and 34.7% of the patients fell
within the guideline range. No threshold concentration
was related to response and there was not a correlation evi-
dent between serum concentration and any adverse effect
assessed, including sedation, weight gain, cardiovascular
effects, and EPS.

Plasma concentration of quetiapine was also monitored
by Mauri and coauthors!! in a study of patients diagnosed
with schizophrenia, drug-induced psychosis, or borderline
personality disorder. Clinical assessments were carried out at
the end of the 2-week period by BPRS, Positive and Negative
Syndrome Scale (PANSS),'? and the Hamilton Depression
Rating Scale (HDRS).!? Other details of the study are shown
in Table 3. There was a linear relationship between plas-
ma concentration and dose/kg. Higher concentration and
doses/kg were measured for female than male subjects, al-
though there were no differences between responders and
nonresponders as classed by a 30% or more reduction in BPRS
or PANSS scores. The relationship between clinical response
and plasma concentration was assessed by analysis of the
percentage improvement in PANSS scores. Those patients
with a diagnosis of schizophrenia and personality disor-
ders were assessed separately to those with drug-induced
psychosis. A significant correlation was found between the
concentration/(dose/kg) and the percentage improvement
in PANSS for all diagnoses (Spearman coefficient, 0.75
[P<.01] for schizophrenia/borderline personality disorder
and 0.68 [P <.05] for drug-induced psychosis).
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A similar study by Mauri and colleagues'* reported the
plasma quetiapine concentrations of 37 inpatients diag-
nosed with schizophrenia and personality disorder. At day
15, plasma concentrations and clinical improvement were
assessed using the BPRS, PANSS, and HDRS. There were no
correlations between plasma concentrations and age, clinical
improvement, or side effects.

A Danish study carried out by Hasselstrom and colleagues'®
failed to find a correlation between dose and serum concen-
tration. There was no gender difference in the median serum
concentration of quetiapine in male and female participants
and no relationship between age and concentration/dose ratio.
Many patients were taking medication in addition to quetia-
pine. Those taking carbamazepine had small concentration/
dose ratios compared with those taking quetiapine alone. A
70% higher median concentration/dose was measured for
patients also taking drugs known to interact with CYP3A4
enzymes than the monotherapy group, although this was not
a significant difference. Details are shown in Table 3.

Over a 6-year period, Castberg and colleagues'® moni-
tored the plasma concentration of all psychotropic drugs
taken by patients hospitalized in a psychiatric high-security
unit. Ten patients were included in the quetiapine sample
and were compared with a hospital (non-high security)
TDM database of quetiapine concentrations from 50 patients.
Although several samples were collected from each patient,
just 1 sample from each patient was analyzed to enable com-
parison with the control group. Results are shown in Table 3.
Although there was no significant difference in dose, median
concentrations were higher in the study group than in the
control group: 569 (range, 43-1,438) nmol/L (218.3 [range,
16.5-551.6] ng/mL) versus 344 (range, 23-907) nmol/L
(132.0 [range, 8.8-348.0] ng/mL); P=.028. Authors could
offer no explanation for the higher concentrations found in
the study group than the control despite similarly prescribed
doses (P=.028). Increased adherence to the prescribed dose
by the high security patients may have been responsible for
their higher concentrations.

Efficacy Studies and Pharmacokinetic Data

Six studies included in this analysis provide pharmaco-
kinetic data on 410 participants aged 10 to 85 years old.

A 6-week, randomized controlled trial was conducted
by Small and colleagues'” to compare the efficacy and toler-
ability of low-dose and high-dose quetiapine with placebo
(details shown in Table 4).!7 Psychiatric assessment was
carried out using the BPRS, CGI, the modified Scale for
the Assessment of Negative Symptoms (SANS),!® and the
negative scale of the PANSS. At 6 weeks, a significantly
greater improvement was measured in the high-dose group
than in the placebo-treated group on all scales other than
the negative scale of the PANSS. There were no significant
relationships between plasma concentration and change in
baseline scores as measured at end point on any of the various
efficacy scales.

Li and colleagues'® reported a pharmacokinetic study of
quetiapine in 21 Chinese hospital inpatients. There were no

™13



Therapeutic Drug Monitoring of Quetiapine

(panu1juo0d)
sdnoid
a3e [[e 103 a0 YIIM
PaseaIdul $a)I[0qeIaW
Ire pue aurderjonb
800¢ JO UOTJBIIUIOUOD

wN.ﬁw 1o IJUIM ‘me‘ﬂm Uea]N

(1000">d)

740 =4 2A9] ySnon

pue 2s0p uUaamiaq
JUSIOJ20D UOHE[III0))

#00T
TR Mmpyse(
aqyoxd
snaunjodeurreyd s3nip
31} JO SULId) UT SISOP 7
o) usamiaq 10 sdnois

2(6'59) 898 (sz=u) Inpy
(Tr=u)
2(6'99) 6'%S JUISI[OPY
J(FPL) L99 (6=1) PIYD
ad Sw oo
o(12L) 8°LY (Sz=u)npy
(z1=1)
p(6°66) TLT 1U2S3[0PY
p(9°€TT) TEE (6=1) PIYD
ag 8w 0oz
SalL
(g'sP=48) ss¢ Sw 057 €7 £eq
SalL

(T°0£=4S) 9%1 Sw 007 :sT £eq

panrurrad
surure)ayduwexap pue Qunaxowole
repruayddypow owrejodered
‘uredazeIo] ‘SI9ZI[IQEIS POOW [EUOTIUIAUOD)
uoryeniur surdenjonb
210Joq p ¢ umerpyim sSnip ordonoyossg
159) Snap
surm aansod ‘skep gg jsey ut aurdezop
M Juaunjean) ‘saurdozerpozuaq jo asn
Arep ‘reazayur Sursop jsef ur jodap jo asn
uidenjonb 0) uonedIPUTEIIUOD TIOPIOSIP
[e2TUI]D “I9PIOSIP [ SIXY A[-NST PO
“uoTSN[OXY
8 P11-6¥ ‘SINpe By $8-¢ ‘WdIp[IYD
uorsnpouy
panrurad jowrejooered pue sje1py eioy)
¢ Aep uo pajress surdenjonb
‘I Aep uo panunuoosip sonoydAsdnuy
Anua
[ern Jo 3m 9 uryym sSnup Suryoersjur
SUONIPUOD [edIpatu JuedyIudis Aue g
snneday osnstw $nap g1 > 21008 GSNIN
1UOTSN[IXY
[e1ny oy Surmp paprurrad [owrejaoered
pue ‘wnpyy ‘ourdonzuaq 9yerpAy [eroy)
[e1n
Jo T Aep uo panunuodsIp sonoydssdnuy

JI2pI0SIp 2AT)02 3k Tejodiq
I9PIOSIP JAT)IYJEOZIYIS
eruarydoziyds :sasouderq

srewr (g ‘dreurdy 6

(sv-81) ¥'LF T Lg A 98y
6C=113MNpy

Jrewr / Qrewd /£

(LT-€T) €1F6'€T 4 98y
$1 =U ‘SJUDSA[OPY

S[ewr £ ‘9rewdy 9

(Z1-01) 6'0F0°11 :4 98y
€1 =U ‘TWAIP[IYD
95=N

1apiostp rejodiq

IOPIOSIP JAT)IYJEOZIYIS
eruarydoziyds :sasouderq
orewdj |
Jrewr g

(58-€9)
6°0£ £ <(a8uer) ueawr 98y
6=N

I9pIOSIp
1ejodiq TapIosip
9AT)O9JJROZIYDS sasouderq

{ $Z [HUN panunuod pue
ag Sw goF Je 23e3s Apea)s je pajeadoy
asopysod
S$INoY g1 [un asop Sururow
3sod umerp sardures pooiq ‘qq
Swr 007 e ae3s Apeals paydear 2duQ
95UeI5[0) 0) SUTpI0dIE
P €1 1210 g Sw 0¥ 03 parensy
9I0M S)[NPE PUE ‘SJUIISI[OPE “UWIIP[IYD
OTdH-dd Apmys onounyooewreyd p-¢1
skep asat)y
U0 9s0p Juruwiow ay) 1d7e 4 ¢ pue
210J2q Y § 10§ Jsej 0] paxmbar sjuaneg
21e)s ApBa)S 1B UMBIP UOTIRIIUIIUOD
ewserd ySnox ‘Sursop sq 1,
potrad Apmys
jnoySnoryy pajenr sasop ‘sjuanedur
AN-DTdH  Apoppe jo Apmis onaunjoseurreyd p-£7
Kep a3 noySnoxy) Apuanbasqns
uay) pue ¢z pue 11 skep uo ydnon
e umerp sojdures ewserd aye)s-Apealg
1c dep 4q ag

a8e 7 o) wdam)aq Aoueudaxd ‘uonrpuod orewdf g Suwr 0p% 01 T Lep uo qg Sw g7 wouy
SIOUDIAJIP JuedyTudIs oN [BOTPAUT ‘OSNSTW [OY0D[8/0UBISQNS M Jrewr g pajenn axom sdnoid yjoq ur sasoq
sdnoid asop ¢ 9 snoraaxd urm s8nap Sunoersyur 1o (6'S1-€°21) (£ £103 6T pue £ 103 1) sdnoid a8e ¢
000 (T8 1) U9aM]2q SIOUIJIP 72T agSw ooy gz deq  durdezop Tearsyur ursop snotard urjodsg  97¢T A ((o8uer) ueauwr 98y sjua0safope Juanedur
19 A[[IAUODIN snaupjodewreyd oN gse  adBwoor 11 deq ‘uorsnpXy 01=N OTdH Jo &pms onaupjosewwreyd p-¢z
350 IsB[ Y} IoYe
JI9pIOSIP Y $¢ [un spearaur juanbaiy je uayy
urrojruarydoziyos pue asop Sururouwr 210joq UMEIp
1o3ourered [ern oy Suump panrurzad ceruarydozryps :sasouderq uonenuaouod ewse[d ydnoxn g Lep uQ
snaupjodeurreyd Toroueidoid pue Qursour ‘urejozexdy orewdj 01 ¥ Aep £q ag 8w 00¢
Aue ur sapeuray pue SSQUI[T [edIPaW orewr [T 0} g Sw ¢z woij pajent) sjudne
00T SO[BUT U2IM)2q 19130 Terx) 03 Jorxd ym 7 ur s§nip Luy Gp-8T L 98y syuanedur
G TRIRTT SIOUDISJIP [EOTISTIEIS ON ST FLPT 00¥ “uoISNOXY 12=N SIWN-DTIdH 9saury) ur Apnjs opaunjodeurreyd p-g
panrurrad eruarydoziyos :sisouderq
syure[dwod ourw 10§ s§nIp Jo asn pajyrwury orewsy ¢
[B11) JO )M F uryiim onoydAsdnue arew ¢0g
SUOT}RIIUIOUOD 96 =U :0qa0e[ jodap jo asn pue Loueudaid jo ysu (19-07) parzodar jou Sursop jo Aouanbaig
ewseld pue pajsa) (0°691-5°TC 4(995-05) 09¢ JOPIOSIP UTRIq “BUWINEI} PLIY ‘SIIPIOSIP 6T 9¢ :(asop ydry) £ 98y umesp ewsepd ydno ayeis-Lpearg
sa[qerrea Aed1yjo <o8uer) g'/9 €96 =U:9S0p YSIH  QAIS[NAUOD ‘UOTJEPIL)II [BJUSUI IOIABYDq (€9-61) P ¥ 1240 oqaoe[d pue surderjonb
L661 ) UdaMIaq punoy (7'06-¢'LT q(£92-08) 60T [epromns ‘sasouserp y-J1[-WSd I SIXY 19430 67 LS :(9s0p mo)) £ 98y o saduex asop ¢ Surredwoo
T8 ews  drysuonepar jueogrudis oN o8uer) 61§ 6= U :950p MO] ‘uoISn[OXy 987=N SIN-DD syuanjedur jo Apnys £oed1yzo ym-9
Apmg SawodINQ) UreA Tw/Su ‘ueIA p/Suw asoq UONEIPIA IAYIQ pue (syuedonaeg PO udisaq
‘[eAdT BWISE[] BLID)LID) UOISNIXF/UOISN[OU] ondreuy

sa1pnis d13dunjodewIeyd pue A>ediyy3 auidenan v ojqeL

J'Clin Psychiatry 72:8,- August 2011

PSYCHTATRIST.COM

1114



Plasma Level,

Inclusion/Exclusion Criteria and Other

Analytic
Method
LC-MS-MS N

Table 4 (continued). Quetiapine Efficacy and Pharmacokinetic Studies

Study
Figueroa et

Main Outcomes

Mean, ng/mL

Medication Dose, mg/d

Participants®

Design

Group 1 No difference in

Inclusion:

=28

10-d crossover study to compare

al,>® 2009

pharmacokinetic data
between each group;
therefore, treatment

113.2 (SEM

150 mg IR BD

Remission from acute exacerbation of

Age, mean (range),

IR and XR quetiapine in

24.2)
92.5 (SEM

illness, tolerant to antipsychotic for

at least a year and not be at risk of

pregnancy
Exclusion:

y:43.7 (18-62)

hospitalized patients. Trough

300 mg XR OD

18 male

n
n

plasma concentration drawn before

morning dose and for next 24 h
Group 1: 300 mg XR OD on days 1 and

sequence had no effect

Mean C,,,, was 13%

17.3)

10 female
Diagnoses: schizophrenia,

Group 2

lower for XR than IR

formulation

126.3 (SEM

Other Axis I disorders, substance misuse,

schizoaffective disorder,
and bipolar disorder

300 mg XR OD

2, then 150 mg IR BD on days 3-6.

Days 7-10: 300 mg XR OD
Group 2: 300 mg XR OD on days 1 and

23.3)
196.1 (SEM

depot within 1 dosing interval of

150 mg IR BD

the study, intolerance to quetiapine,

31.0)

significant medical disease, pregnancy,
treatment with clozapine in prior 2

2, then 300 mg XR OD on days 3-6.
Days 7-10: 150 mg IR BD

J'Clin Psychiatry 72:8, August 2011

months, history of nonresponse to

clozapine
Other medication prohibited throughout

study, other than lithium

2All are mean values +SD (

range) when available from the original study, unless otherwise stated.

ge).

bValue shown is mean (ran.
g/ml from pg/L; value shown is mean + SD.
Geometric mean (CV%) for 12 hours’ postdose.

“Converted to n

d

liquid

gas chromatography-mass spectroscopy, HPLC =high performance liquid chromatography,

high performance liquid chromatography with ultraviolet detection, IR =immediate release, LC-MS-MS

coefficient of variation, GC-MS

high performance liquid chromatography with mass spectroscopy, HPLC-UV

twice daily, C,,,,, = maximum plasma concentration, CV

°Geometric mean (CV%) for 24 hours’ postdose.

standard error,

reverse phase high performance liquid chromatography, SE

once daily, RP-HPLC

Mini-Mental State Examination, OD
extended release.

3 times a day, XR

chromatography with tandem mass spectroscopy, MMSE
standard error of the mean, TDS

Therapeutic Drug Monitoring of Quetiapine

differences between male and female patients for any
of the pharmacokinetic parameters studied includ-
ing plasma concentration (trough concentration not
reported individually for gender).

A study of the pharmacokinetic profile of quetiapine
in 2 age groups of adolescents with psychotic disor-
ders was conducted by McConville and colleagues.?
During the study, both age groups were dosed with
100 mg twice daily and 400 mg twice daily to reach
steady state. Details of the study are shown in Table
4. There were no significant differences between the
2 age groups or between the 2 doses in terms of the
drugs pharmacokinetic profile. Psychotic and nega-
tive symptoms improved as illustrated by a significant
decrease from baseline in mean BPRS and Clinical
Global Impressions-Severity of Illness (CGI-S) scale
scores at day 20 (P<.001) and a significant decrease in
mean SANS summary score by day 20 (P=.0006).

In a 27-day rising-dose study, Jaskiw and colleagues®!
investigated the pharmacokinetics of quetiapine in
elderly patients. Pharmacokinetic analysis revealed no
difference between 2 doses (100 mg 3 times a day and
250 mg 3 times a day) for time to peak concentration,
dose-normalized minimum plasma concentration,
and the area under plasma concentration-time curve.
Apparent oral clearance values were approximately
30%-50% lower than those found in studies of younger
adults taking similar quetiapine doses.?>?* Trough plas-
ma concentration of quetiapine increased linearly with
dose; the correlation coefficient for the relationship was
0.72 (P<.0001).

A further pharmacokinetic study of quetiapine in
different age groups was carried out by Winter and
colleagues.?* Details are shown in Table 4. Mean plas-
ma concentration of quetiapine and all metabolites
increased with dose for all age groups. Children had
a 71% greater mean peak quetiapine plasma concen-
tration than adolescents on day 7 and 54% greater
by day 13. Comparison of pediatric and adult data
revealed no consistent age-related differences in phar-
macokinetic data (peak concentration, area under
the dose-normalized curve, half-life) of quetiapine
or 7-hydroxy quetiapine. However, a greater expo-
sure to quetiapine sulfoxide and norquetiapine was
measured in the children and adolescents than in the
adult population, ranging from 27%-45% increases. Af-
ter body-weight adjustment, a significant age-related
decrease in peak concentration of quetiapine and
7-hydroxy quetiapine (but not of norquetiapine or
quetiapine sulfoxide) was measured.

Figueroa and colleagues® have compared the phar-
macokinetic profile of extended-release (XR) quetiapine

2 with immediate-release (IR) quetiapine. As there were

g no significant differences in pharmacokinetic data

23 between each group (suggesting no effect for treatment

§ é % sequence), the pharmacokinetic data were combined

Na) =) . . .

2 Tox for analysis. Mean maximum concentration (C,,) at
PSYCHIATRIST.COM 1115



Therapeutic Drug Monitoring of Quetiapine

steady state was approximately 13% lower for quetiapine
XR than for quetiapine IR (495.3 ng/mL and 568.1 ng/mL,
respectively).

Positron Emission Tomography Studies

Many studies have evaluated the relationship between
dopamine receptor occupancy by quetiapine and dose;
4 were found in which plasma concentration was also
reported. Several research groups have debated whether stri-
atal or extrastriatal occupancy best predicts antipsychotic
response’®~2% and the importance of 5-HT,, occupancy in
the treatment of schizophrenia.?*° Striatal dopamine occu-
pancy was measured in all 421733 of the studies discussed
here, with just 1 article?® also reporting 5-HT,, recep-
tor occupancy. This last study demonstrated that 5-HT,,
occupancy was higher than D, occupancy, but the authors
of the study argued that neither the high 5-HT,, receptor
occupancy nor the 5-HT, /D, ratio of receptor occupancy
is likely to be responsible for quetiapine’s antipsychotic
effect (5-HT,,/D, ratio was broadly the same at all doses).
Here we report only the D, receptor results.

Gefvert and colleagues®! were the first study group
to investigate striatal dopamine D, occupancy of que-
tiapine while monitoring blood plasma concentrations.
Method and results are shown in Table 5. Mean plasma
concentration fell from 402.8 ng/mL at 2 hours’ postdose to
47 ng/mL by 12 hours’ postdose. Twenty-six hours after the
last dose, dopamine occupancy had dropped from 44% at
2 hours’ postdose to the same level as that in untreated
healthy volunteers. Systematic rating scales were not used to
assess clinical progress, although all patients were reported
to have improved throughout the trial and there were no
reports of any notable adverse effects.

Striatal dopamine occupancy and plasma concentration
of quetiapine were investigated by Kapur and colleagues®
across a range of quetiapine doses. Plasma concentration
increased in a dose-dependant manner across the range
(r=0.71, P=.008). Further details are shown in Table 5. At
week 4, a significant clinical improvement was reported as a
score of “much improved” or “very much improved” as rated
on the CGI-Improvement scale. However, the relationships
between clinical response, dopamine occupancy and plasma
concentration were not investigated.

Tauscher-Wisniewski and coworkers®® investigated striatal
dopamine occupancy and plasma concentration in relation
to clinical response. Further details of the study design and
results are shown in Table 5. At the end of week 4, those
patients who did not respond to treatment (as measured
by CGI-S and PANSS rating scales) had a mean+SD peak
dopamine D, occupancy of 60.3% +10.7%. Those deemed
to have made a response had a peak dopamine occupancy
of 65.9%+7.9%, although the difference between the 2
groups was not statistically significant (P =.446).

Mamo and colleagues®? compared the striatal D, recep-
tor binding of the XR formulation of quetiapine with the IR
preparation in patients already taking quetiapine. At steady
state, each patient was scanned and plasma samples taken

116 PSYCHTATRIST.COM

at peak and trough times. Patients were then switched to
XR quetiapine and the process repeated. Comparison of the
XR and IR preparations did not reveal any differences in
plasma concentration or D, receptor occupancy at any dose
at any time. Plasma concentrations at trough were signifi-
cantly lower than at peak for all doses and preparations other
than the 300 mg IR and 800 mg IR doses. Similarly, mean D,
receptor occupancy was significantly lower at trough than at
peak for IR and XR formulations at all doses except IR 800
mg/d, while mean peak binding potential was significantly
lower than at trough for all formulations and doses except
IR 800 mg/d. There was a negative correlation between
plasma concentration and D, receptor binding potential
(r=-0.63, P<.001), with no difference between XR and IR
at any dose.

CONCLUSIONS

This review suggests that there is a weak interindividual
correlation between quetiapine dose and measured plasma
concentration (from trough samples). Quetiapine dose is
correlated with central dopamine D, occupancy, although
the relationship between plasma level and D, occupancy is
less clear. Data on plasma level response relations are not suf-
ficiently robust to allow the determination of a therapeutic
plasma level range for quetiapine.

Concentration-Dose Relationship

A strong, positive correlation was found between quetia-
pine dose and plasma concentration in 2 controlled fixed-dose
studies.?"* In TDM studies, a weaker correlation®*>!! or
a lack of correlation'® was suggested by different studies.
Combined, pooled data from all reviewed studies suggest a
weak interindividual correlation between dose and plasma
level (Figure 1).

Clinical Response Relationships

Although not assessed in this review, the dose-response
relationship of quetiapine IR has been the subject of much
debate, with some reports suggesting that higher than
licensed dosages may be necessary for full therapeutic
effect,>*~%¢ although a review of all available data found
little robust evidence for prescribing above the licensed dose
range.”’ In fixed-dose studies, clinical response appears
optimal at a dose of around 300 to 400 mg/d. No additional
benefit is observed above this threshold.*® Clinical response
and its relationship with plasma quetiapine concentration
were assessed by few of the studies reviewed here. Dragicevic
and colleagues*® reported trough quetiapine concentrations
above 77 ng/mL were associated with increased clinical
improvement. The same study group later reported a
weak association between good clinical response and the
trough plasma level range 50-100 ng/mL.® Mauri and col-
leagues!! reported a significant relationship between trough
concentration/(dose/kg) and the percentage improvement in
PANSS score (r=0.68 to 0.75, depending on diagnosis; P <.05)
although a threshold for response was not suggested and

J'Clin Psychiatry 72:8,- August 2011
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Therapeutic Drug Monitoring of Quetiapine

there was no difference in the plasma concentration of
patients who did or did not respond to treatment. Three
of the reviewed studies failed to find a correlation between
plasma concentration and clinical response.”!*!” The
AGNP-TDM expert group' proposed a therapeutic plasma
concentration range of 70-170 ng/mL based on the results
of the study by Small et al'” discussed earlier in this review.
(This study reported a high-dose quetiapine group in which
a significantly greater clinical improvement was seen com-
pared with placebo. Mean plasma level in this group was
67.8 ng/mL, and the range was 21.5-169 ng/mL. The mean
and the upper limit of the range appear to be the basis of the
recommended AGNP-TDM range.) However, this study did
not find a relationship between plasma concentration and
change in score of any of the efficacy scales. The studies here
have found a possible relationship with efficacy at concen-
trations above 77 ng/mL and the range between 50 and 100
ng/mL, although there is insufficient evidence to support the
therapeutic range suggested by the AGNP-TDM group.

Clinical response was measured by the use of various
rating scales in each of the reviewed studies, including the
BPRS,!? CGLS® and PANSS!? scales (although there is close
correlation between these measures®®). Patients’ diagnoses
also differed and symptom levels were of varying severity
at baseline. All of these factors must be considered when
appraising the putative relationship between plasma concen-
tration and clinical response.

Dopamine Occupancy Relationships

The relationship between quetiapine dose and dopa-
mine D, receptor occupancy is somewhat complicated by
quetiapine’s loose in vivo binding to D, receptors.*’ Studies
here show that therapeutic doses (even at peak quetiapine
concentration) afford striatal dopamine occupancies that
are below the 65% D, occupancy threshold generally
accepted as necessary for drugs to exert an antipsychotic
response.*! By 12 hours’ postdose (ie, trough concentration
in many of these studies), dopamine occupancy was around
20%-30%.%31-33 This rapid reduction in D, occupancy has
been noted previously*? and is in all likelihood related to 2
qualities of quetiapine—its fast dissociation, or kg, from the
receptor (also labeled “loose binding”) and its rapid plasma-
and brain-level kinetics. Further, there is a question whether
the measure of occupancy itself is influenced by the affin-
ity and kinetics of the ligand and there is a possibility that
quetiapine’s dopamine receptor occupancy may be higher
than suggested by brain-imaging conditions in studies such
as those presented here.® Nonetheless, in contrast to other
agents, D, receptor occupancy did not reach the proposed
78% threshold for extrapyramidal effects*! at any point in
the studies reviewed.

There is a positive correlation between dose and dopamine
occupancy (scans at predose trough) when the results from
all studies are pooled (Figure 2; r*=0.5247, P=.0273). Al-
though Tauscher-Wisniewski and colleagues* found a strong
relationship between plasma concentration and occupancy
(peak and trough occupancies and plasma concentration
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assessed), the relationship is less clear when results from all
studies are pooled (Figure 3; *=0.1626, P=.2819). High vari-
ability in D, occupancy was recorded at each plasma level,
making any relationship difficult to define.

Adverse Effects

The majority of the included studies did not assess
adverse events. Dragicevic and colleagues*® found no cor-
relation between side effects (measured by the UKU scale)
and quetiapine concentration. The same study group later
reported that 35% of their naturalistic sample experienced
side effects, with no difference between genders.® However,
in female participants only, EPS were significantly associ-
ated with increased quetiapine concentration, with a median
trough concentration of 210 ng/mL (P<.05). Older age was
also associated with increased adverse effects. Two further
study groups®!'* found no correlation between concentration
and adverse effects, including sedation, weight gain, EPS, and
cardiovascular events.

Other Potential Predictors of Variance

Several of the included studies investigated other poten-
tial predictors of variance. Gender had no significant effect
on plasma concentration in 5 of the 8 studies to investigate
it, 221519 while 2 studies found female participants had non-
significantly higher concentrations than male participants®!!
and another found that female participants had significantly
lower concentrations than male participants despite similar
doses.*” Increased age was associated with increased concen-
tration in 2 studies* but not in another.'* Although older age
and female gender might be expected to cause higher que-
tiapine concentrations due to differences in renal function,
weight, volume of distribution, and expression of metabo-
lizing enzymes,*>** there is insufficient evidence from the
existing data to support the use of TDM for monitoring for
variation due to gender or age.

Quetiapine is metabolized to 11 identified metabolites,
2 of which are known to be active; 7 hydroxy-quetiapine and
7-hydroxy-N-desalkyl-quetiapine. Present in the plasma at
2%-12% of the parent, both are generally believed to have
negligible pharmacologic effects.”>*> However a recent rodent
study has suggested that 7-hydroxy-N-desalkyl-quetiapine
may, at least in part, contribute to quetiapine’s antidepressant-
like activity.*® Further studies into the activity of quetiapine’s
metabolites are required to assess their possible importance
on individual antipsychotic response to quetiapine.

Interindividual variability in the metabolism of quetiapine
may merit further investigation. We have found there is a
weak interindividual relationship between trough plasma/
serum concentration and quetiapine dose, which alone
may support the argument for conducting routine TDM of
quetiapine. However, in the absence of a therapeutic range
as a reference for either efficacy or adverse effects, routine
TDM of quetiapine cannot be recommended. Studies of
several drugs have suggested that inherited variants in drug-
metabolizing enzymes, transporters, and receptors may play
a major role in clinical response to drugs.*’~*° It may be that,
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Figure 2. Mean Quetiapine (immediate release) Dose Versus Mean Striatal D, Dopamine Receptor Occupancy (scan at trough?)
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Figure 3. Mean Trough Quetiapine (immediate release) Plasma/Serum Concentration Versus Mean Striatal D, Dopamine
Receptor Occupancy (trough samples and scans?)
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for some drugs, identification
of genetic polymorphisms and
individual activity of the relevant

Figure 4. Change in Quetiapine (immediate release) Plasma/Serum Concentration Over
Time: Comparison of Peak and Trough Plasma Concentrations
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400 mg/d Winter et al,24 2008
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-=—300 mg/d Mamo et al,32 2008
800 mg/d Mamo et al,32 2008
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tigation into a large cohort of

subjects prescribed citalopram ot -

during the Sequenced Treat-
ment Alternatives to Relieve

e J [ N

Depression (STAR*D) trial®!
found no significant association
between the studied genetic
polymorphisms and clinical response or tolerance. There
are no available studies of quetiapine and the genetic poly-
morphisms of its metabolizing enzymes, although a recent
study>? has suggested that functional single-nucleotide poly-
morphisms in genes encoding neuroreceptor drug targets
could explain interindividual differences in response and
tolerability to atypical antipsychotic drugs including quetia-
pine. Pharmacogenetic gene studies may be an area for future
investigation in the optimization of quetiapine therapy.
Drug interactions were investigated by several of the
TDM studies,>>!* and several drugs were found to affect
quetiapine concentration. Drugs known to induce or inhibit
CYP3A4 (the enzyme mainly responsible for the metabolism
of quetiapine) may be expected to effect the plasma concen-
tration of quetiapine. The reviewed studies did not quantify
the clinical effects of any such interaction in any way, and,
in most studies, subjects were also taking other medica-
tion; thus it is difficult to evaluate the implications of these
interactions in any meaningful way. In the absence of a target
therapeutic range in terms of efficacy or safety, it is unhelpful
to make any recommendation for plasma level monitoring in
patients prescribed potentially interacting medications.

Plasma Concentration-Time Relationship

In view of the lack of relationship between trough con-
centration and either dose or dopamine occupancy, we
plotted quetiapine plasma concentration (data from the IR
preparation) over time, using measured peak and trough
concentrations at times stated, assuming prior trough con-
centrations were the same as those measured afterward (as
would be the case at steady state) (Figure 4). Figure 4 dis-
plays very clearly that, in these studies, peak concentration
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ranged between approximately 300 and 1,100 ng/mL, while
trough plasma concentrations were measured only within
a relatively small range (approximately 50-150 ng/mL)
regardless of the dose or magnitude of the corresponding
peaklevel. This limited variability is likely to be an important
factor in our failure to find a relationship between dose and
trough plasma concentration (as all trough concentrations
are broadly similar regardless of dose) and between trough
plasma level and D, occupancy (as trough concentrations
do not differ markedly with dose or reflect prior peak con-
centrations of quetiapine). When considering quetiapine’s
extensive metabolism, short half-life, and fast dissociation
from D, receptors, it might be predicted that trough samples
or scans (at 12 hours’ postdose for twice daily dosing) would
show low concentrations or occupancies, regardless of the
dose administered. As shown in Figure 4, plasma concen-
trations from all doses are indistinguishable, making any
relationship difficult to identify. However, when measuring
peak concentrations (taken prior to the extensive metabo-
lism of the drug), there is a clear difference in concentrations
at different doses. Although peak samples are not always
convenient to measure in practice, they may be more use-
ful in determining a relationship with quetiapine dose,
dopamine occupancy, or even response. Further analysis of
quetiapine peak plasma concentration is required to clarify
this further.

Clinical Implications

Drugs with high plasma concentration intervariability
and plasma concentrations that are not reliably predicted
from dose are often suitable for the use of therapeutic
drug monitoring, particularly those drugs with a narrow
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therapeutic index. However, plasma level monitoring is only
valuable when there is an established target range, whether it
be for safety or efficacy, and when there is lack of an estab-
lished dose-response relationship. In the case of quetiapine,
we have found a weak interindividual relationship between
dose and plasma concentration, and we know a broad dose
range within which it is efficacious and tolerated, but we do
not have sufficient evidence to recommend a plasma level
range in which the drug is likely to be both optimally safe
and efficacious. In the currently existing data, for the most
part, trough plasma concentrations have been utilized, which
have a weak correlation with dose. The wide range in plasma
concentrations that has been found for peak but not trough
concentration suggests that peak plasma sampling may be
of more value when searching for a dose-level correlation,
or for a therapeutic range. This review does, however, sup-
ply a range of plasma concentrations that have been found
within the licensed dose range without reported toxicity.
Mean doses in this review ranged from 200 mg/d to 800
mg/d, and mean trough plasma concentration ranged from
27 ng/mL to 387 ng/mL. These ranges may provide some
broad guidance, but, as the highest and lowest concentra-
tions were not necessarily found at the highest and lowest
doses, there is little value in the use of TDM to assess patient
adherence or the degree of a suspected drug interaction.

Limitations

The broad range in plasma quetiapine concentration
that has been found for peak (but not trough) concentra-
tions across the dose range has prompted us to suggest that
peak plasma sampling may be of more value than trough
sampling for TDM purposes. However, the fixed-dose con-
trolled studies reviewed here each found a strong significant
correlation between dose and trough plasma level,?"*° while
the TDM studies did not. This finding raises the question
of reliability of data from TDM studies. This concern was
also highlighted in the study by Castberg and colleagues,'®
who found that patients in a high-secure forensic unit had
higher concentrations than those prescribed similar doses
in the TDM sample, suggesting relatively poor compliance
in the nonforensic TDM arm. Although naturalistic studies
may more accurately reflect prescribing in a clinical pop-
ulation than under controlled conditions, data from such
studies are vulnerable to collecting less accurate data due to
uncontrolled sampling times, variable dosing times, patient
adherence, and coprescribed medication. Although all but 2
studies represented in Figure 1 reported sampling at trough
(ie, just before the next dose is due), in practice blood sam-
ples are often taken at a time convenient to the phlebotomist
or clinician rather than at the precise, true trough. Also, not
all patients in these studies were dosed twice a day, and addi-
tional medications were not always prohibited in all studies.
Therefore, results may not truly reflect what is happening at
a prescribed dose and may account for some of the lack of
relationships found in this review.

Studies reviewed here also used different analytic methods
to measure plasma concentrations of the drug, which may be
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considered a limitation as we have pooled results measured
by different methods. However, although the liquid chro-
matography coupled with mass spectroscopy methods may
be more sensitive, the value of these methods over high per-
formance liquid chromatography and gas chromatography
methods is still to be proven for routine drug concentration
analysis such as that carried out in the studies here.!

A further limitation of using naturalistic studies, such
as those reviewed here, is that they were not designed to
determine whether plasma levels of quetiapine correlate with
efficacy, safety, or tolerability. Also, some of the smaller stud-
ies, such as the pharmacokinetic and dopamine occupancy
studies, do not have sample sizes large enough, or study
duration long enough, to determine such relationships.
When pooling results such as we have in this review, the
limitations of the individual studies are minimized but must
be considered.

Other than the positron emission tomography scan
studies, most studies included patients with a variety of psy-
chiatric diagnoses, did not exclude those with a diagnosis of
substance misuse, and many permitted other medication to
be taken during the study period. In addition, only published
reports were sought and reviewed. All these factors may have
had significant influence on the results of the studies, from
measuring clinical response to the plasma concentrations
themselves. These limitations should be considered when
applying any of the information learned to clinical practice.
Further controlled, fixed-dose studies would enable clarifica-
tion of whether or not there actually is a relationship with
trough concentration and dose, which we were unable to
replicate when pooling the results from our largely natural-
istic data set.

The dose-response relationship for quetiapine IR is
established, with optimal efficacy seen at doses around 300
to 400 mg/d. Although the reviewed studies provide a range
of plausible plasma concentrations to be expected within the
current licensed dose range, there is currently insufficient
evidence to suggest a reccommended plasma level range for
optimal clinical response or avoidance of adverse effects.
Therapeutic drug monitoring is thus probably not routinely
useful in optimizing quetiapine dose. Examination of the
relationship between peak quetiapine plasma concentration
and clinical response may bear more fruit.

Drug names: alprazolam (Xanax, Niravam, and others), atomoxetine
(Strattera and others), benztropine (Cogentin and others), carbamaze-
pine (Carbatrol, Equetro, and others), citalopram (Celexa and others),
clozapine (FazaClo, Clozaril, and others), lithium (Lithobid and others),
methylphenidate (Daytrana, Ritalin, and others), propranolol (Inderal,
InnoPran, and others), quetiapine (Seroquel).
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