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QUETIAPlNE

Introduction:

Seroquel (quetiapine fumarate, ICI 204,636), which was deTvTeloped

discovered in 1984 in the Zeneca (formerly ICI) Wilmington DE

laboratories, is a dibenzothiazepine derivative with preclinical

indications of antipsychotic activity without neurological side

effects or elevations in prolactin. The structural formula is

shown in Figure 1. Quetiapine exhibits binding properties similar

to clozapine (1,2) . Receptor data in animals showed quetiapine' s

greater affinity for 5-HT2 and 5-HT6 relative to D2 receptors.

although recent human evidence suggests that D2 binding may have

been underestimated. Like clozapine, Quetiapine, clozapine and

other atypical neuroleptics occupy high levels of brain D2

receptors but are quetiapine is loosely bound and readily displaced

from the D2 receptor, particularly in the striatum(3), providing a

mechanism for its low EPS liability-.- It is selective for the Ala

mesolimbic but not A9 nigrostriatal dopamine neurons. Unlike

clozapine quetiapine has minimal affinity for M1 or D4 but binds

strongly to the sigma receptor (4) .

In this review clinical data from the pivotal placebo controlled
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studies preceding' the 1997 marketing of Seroque1 and additional

reports will be considered under. headings of clinical efficacy,

safety and tolerability, adverse events including movement

disorders, laboratory abnormalities, pharmacokinetics and drug

interactions, and therapeutic potential.

Clinical Efficacy:

Several thousand patients have been treated with quetiapine.

Although all studies required DSM-III-R diagnoses of acute

exacerbation of chronic or subchronic schizophrenia, all subjects

typically had long histories of psychotic illness, multiple

hospitalizations and previous treatment with standard and sometimes

atypical antipsychotic drugs as well. Thus despite manifestations

of acute psychosis, most patients could be regarded as chronically

ill and relatively treatment resistant. Many of the trials were

conducted in tertiary-care teaching centers. Moreover, women of

child bearing potential were mostly excluded as were those

unwilling to give consent. Hence they were a select group not

truly representative of patients routinely encountered in clinical

practice. Another consideration is that all conclusions available

thus far are derived from industry supported studies without the

benefit of confirmation by independent investigators (5) .

There have been three placebo controlled pivotal Phase II and III
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trials of quetiapine that utilized a substantial number of

patients, randomized double-blind treatment assignment and trial

durations of six weeks. The first was by Borison et al. (6) who

studied 109 patients. Quetiapine was generally superior to placebo

in an average dose of 307 mg. Small et al. (7) published results of

a multicenter trial of 286 patients on low or high dose quetiapine

OR placebo. The average low dose of 209 mg was no better than

placebo but the mean high dose of 360 mg was superior to placebo.

Arvanitis et al. (8) studied multiple doses of quetiapine compared

with haloperidol and placebo. Dosages ranging from 150 to 750 mg

were superior to placebo and equivalent to 12 mg of haloperidol.

The lowest dose of 75 mg was ineffective. Another study by

Peuskins and Link (9) compared quetiapine to chlorpromazine in 201

patients. The two drugs were therapeutically equivalent in mean

doses of 407 mg of quetiapine and 384 mg of chlorpromazine. More

details about each of these studies follow:

In the Borison et al., study overall therapeutic efficacy

favored quetiapine. Although there were statistically significant

differences between the treatment groups (p < or equal to 0.05) in

favor of quetiapine at various times throughout the trial,

differences at end point were not significant on the Brief

Psychiatric Rating Scale (BPRS) (10) total score (p=O. 07) or the

anxiety/depression" anergia, thought disturbance, and

hostile/suspiciousness factors. Differences in the BPRS positive
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symptom cluster approached significance (p=0.06). The end of study

Clinical Global Impression (CGI) rating (11) was likewise not

significant (p=O. 07) . Statistical comparisons included all

randomized patients who had efficacy data for at least one time

interval after baseline with last observation carried forward

(LOCF) for determinations at end point. More significant

differences were observed earlier in the study in the quetiapine

treated patients who improved steadily throughout the six week

period whereas placebo subjects remained unchanged. BPRS total

scores were significantly different on days 14, 28, and 35 as was

the positive symptom cluster. Factor 3 - thought disturbance - was

significantly better for quetiapine on days 28 and 35. CGI ratings

showed significant differences between treatments on days 21, 28,

and 35. The Scale for Assessment of Negative Symptoms (SANS) (12)

showed significant group differences from day 21 onwards.

In the study by Small et al., comparing low and high dosage ranges

of quetiapine with placebo, the low dose group and placebo were

equivalent on global ratings and positive and negative symptoms.

The high dose group at end point was significantly more improved on

the CGI, the BPRS positive symptom cluster, and the SANS but not

the Positive and Negative Syndrome Scale (PANSS) (13) . These

conclusions were also drawn from LOCF analyses.

Arvanitis et al., studied five fixed doses of quetiapine compared
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with 12 mg of haloperidol and placebo. The lowest dose of 75 mg

was not different than placebo whereas the quetiapine and

haloperidol groups were equivalent at end point for the total BPRS

scores and the positive symptom cluster and the CGI. Only the 300

mg dose of quetiapine and placebo scores were significantly better

than haloperidol on the SANS. Based on this experience and the

previous studies the optimal doses of quetiapine appear to range

from 300 to 600 mg. However preferred amounts for management of

primary negative symptoms and cognitive impairments to promote the

best possible quality of life remain to be ascertained.

Additional randomized double blind trials without placebo

conditions have been published. Peuskens and Link compared

flexible doses of quetiapine with chlorpromazine showing that

quetiapine was as effective as chlorpromazine on measures of both

positive and .negative symptoms . Sixty-five percent of quetiapine

patients and 53% of chlorpromazine subjects achieved at least a 50

percent improvement in total BPRS total score at some point during

the study, a statistically significant difference (p 0.04)

favoring quetiapine. In other trials dosing frequency was examined

comparing two or three times daily schedules. Outcomes with bid

and tid dosing were equivalent, corresponding with time courses of

PET studies of decline in D2 and 5HT2 receptor occupancy but not

plasma half-life (14) .
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Other evidence of therapeutic efficacy of quetiapine can be

inferred from uncontrolled studies and case reports. Favorable

results in two patients with psychosis and Parkinson's Disease were

reported in which mental symptoms improved and Parkinsonism was not

adversely affected(15). Another study examined the effectiveness

of quetiapine in psychotic geriatric patients (16) . An interim

analysis was done in 150 patients after twelve weeks of treatment

with average dosages of 75 to 100 mg. BPRS total scores and CGI

global ratings improved progressively during the course of the

trial with significant decreases from baseline. Results were

comparable in patients with idiopathic or organic psychoses.

Cognitive impairment is another core feature of schizophrenia which

may be benefited more by atypical than standard neuroleptics(17).

Performance by schizophrenics and normal controls on a continuous

performance test was studied before and after quetiapine therapy in

the patients (18) . They were significantly worse than normals at

baseline but by the end of two months of treatment did not differ

significantly from controls. The trial involved 10 patients who

received quetiapine as part of other multicenter trials and a

comparison group of twelve matched normal volunteers. More

comprehensive trials with full neuropsychological test batteries

have yet to be reported with quetiapine.

Since marketing of quetiapine abstracts, letters and case reports
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about individual experiences have appeared at scientific meetings,

in journals and on the Internet. Favorable results were reported

in an adolescent with childhood onset schizophrenia who had not

responded satisfactorily to other atypical neuroleptics i.e.,

risperidone and olanzapine(19). Cognitive improvement accompanying

treatment with Seroquel was described in a man with chronic

schizophrenia (20) . Positive comments have appeared on the

Internet, mentioning advantages with quetiapine mostly due to fewer

side effects (21) . Recent presentations have included therapeutic

benefits in Alzheimer's disease associated with psychosis, (22) in

adolescent patients, (23) and in schizophrenic patients displaying

hostility, aggressive behavior and affective symptoms (24) . Surveys

of caretaker and patient satisfaction indicated a high rate of

acceptability of atypical neuroleptics in general and quetiapine in

particular with improved quality oflife(25,26). Another study was

presented indicating beneficial results with quetiapine in

Parkinsonian patients on both psychotic and motor

abnormalities (27) . Comparative studies of quetiapine with other

atypical antipsychotic drugs are beginning to appear. An open­

label four month trial comparing quetiapine and risperidone in 751

outpatients (28) showed improvement on both drugs with advantages

for quetiapine on depression ratings and the CGI. There were no

statistically significant differences on ratings of positive or

negative schizophrenic symptomatology.
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To summarize the data on therapeutic efficacy: relief of positive

symptoms appears comparable to standard neuroleptics, primarily

haloperidol. Effects on negative symptoms are less robust but they

appear to resolve to a greater extent than with placebo or standard

neuroleptics. Data on cognitive dysfunctions and quality of life

issues are sparse. It must be kept in mind that the bulk of the

information about efficacy is limited to six weeks of treatment

with few controlled observations for longer time periods. Moreover

information in schizoaffective and bipolar disorders, the elderly

and pediatric populations and medically compromised patients is

minimal and no data are published to date on first episode or

refractory schizophrenia.

Safety and Tolerability:

Quetiapine has a good overall safety and tolerability profile with

few patients discontinuing from studies due to adverse effects. It

has an especially low incidence of extrapyramidal side effects

(EPS) with values comparable to placebo and no evidence of a dose

response curve. This was also reflected in the minimal use of

concomitant anticholinergic medications. The primary reason for

early dropouts from pivotal studies was treatment failure as would

be expected in chronically ill, hospitalized schizophrenic

patients. Correspondingly, the most frequently reported adverse

events were common accompaniments of schizophrenic exacerbations
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such as agitation and sleep disturbances.

The controlled trials yielded similar adverse event profiles with

quetiapine with most complaints rated as mild or moderate.

Agitation, somnolence, and headache were the most commonly reported

side effects. Somnolence was more common with quetiapine than

placebo but similar for quetiapine and low to moderate doses of

chlorpromazine. Postural hypotension was encountered infrequently

with quetiapine in the placebo controlled trials, occurring three

times more often with the chlorpromazine comparator. Other less

frequently encountered events included constipation, dry mouth, and

tachycardia. Case reports of quetiapine overdoses also attest to

its safety(29,30). Sinus tachycardia and sedation were the major

effects of acute overdosages from 4700 to over 10,000 mg which

resolved uneventfully with supportive care.

Adverse Events:

There is a wide spectrum of potential adverse events with

antipsychotic drug therapy. Neurological side effects are the

major category which includes Parkinsonism, dystonia, akathisia,

tardive dyskinesia, neuroleptic malignant syndrome, seizures and

epileptiform EEG features. Impaired cognition, psychotic,

decompensation, abnormalities in mood, behavioral worsening and

obsessive compulsive manifestations are other CNS effects. Further
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all antipsychotics can produce adverse withdrawal symptoms if

suddenly or rapidly discontinued with psychotic decompensation,

cholinergic rebound, emergent dyskinesias, and general malaise.

Early relapse may be more problematic with atypical than standard

neuroleptics because of loose binding and rapid release from D2

receptor occupancy in the former (31) .

Significant endocrinological abnormalities may develop due to

hypogonadism produced by hyperprolactinemia with galactorrhea,

menstrual irregularities, sexual dysfunctions and long term risks

of osteoporosis, breast cancer and heart disease. Disturbances in

glucose regulation may accompany atypical neuroleptic therapy.

Asymptomatic deviations in thyroid function tests have also been

reported. Weight gain is a cornmon problem. Other side effects

involve cardiovascular events such as prolonged QTc interval,

postural hypotension, tachycardia and other arrhythmias.

Decreased bowel motility, cholestatic jaundice and other

gastrointestinal problems can occur. Transient elevations in

hepatic transaminase activity have been observed, generally without

clinical manifestations.

Unlike the case with clozapine, agranulocytosis and other

hematologic abnormalities are not frequently associated with

standard or other atypical antipsychotic agents. Nonetheless all

of these drugs can impact adversely on multiple organ systems
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giving rise to ophthalmologic, dermatologic, allergic and other

complications.

Neurological Effects:

Extrapyramidal side effects (EPS) did not distinguish between

quetiapine and placebo in the three placebo controlled trials cited

previously as measured by Simpson-Angus Scale (SAS) (32) scores at

endpoint. This was also reflected in the minimal use of

anticholinergic agents for treatment emergent EPS. In the

Arvanitis et al. study twelve percent of patients on quetiapine

were given anticholinergic drugs for control of EPS compared to 14%

on placebo and 48% on haloperidol. The incidence of akathisia

measured by the Barnes Scale (33) was the same for quetiapine as

with placebo. In the quetiapine - chlorpromazine comparison there

were low levels of EPS in both treatment groups. Among thEt

chlorpromazine subj ects one patient was wi thdraWil because of an

acute dystonic reaction and more anticholinergic medications were

prescribed. Quetiapine and placebo Barnes scores tended to improve

from baseline, more with higher quetiapine doses, whereas the

haloperidol group worsened. It can be concluded that quetiapine

rarely produces EPS. However two cases who experienced EPS with

relatively low doses of quetiapine were reported on the

Internet (21) . One was an Asian woman and the other a man diagnosed

as bipolar.
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Seroquel has not been available long enough to ascertain its

liability for producing tardive dyskinesia (TD). JUdging from data

on other atypical neuroleptics, the risk can be predicted to be

substantially less than with standard neuroleptics. It is also not

yet clear whether quetiapine will suppress abnormal involuntary

movements. Likewise the risks of neuroleptic malignant syndrome

are unknown although cases with several other atypical

antipsychotic agents have been reported.

Seizures are another complication of neuroleptic therapy,

particularly with clozapine(34). with some exceptions the

incidence of seizures is directly proportional to the degree of

sedation associated with the drug as well as other factors such as

dosage and speed of titration, seizure threshold, concomitant

medications, etc. (35) . The incidence of seizures with clozapine

has been reported as 1.1% whereas clinical trial data for

olanzapine yielded 0.9%, risperidone 0.3% and quetiapine 0.8% (36).

Epileptiform EEG features in association with clozapine treatment

may warn of impending seizures if the dosage continues to increase.

However they may also be a favorable prognostic sign(37) .

other research has involved quantitative EEG (QEEG). Studies

examining waking EEG and sensory evoked potentials before and after

single doses and chronic intake of standard neuroleptics have been
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accomplished in schizophrenic patients. QEEG changes have been

reported in specific EEG frequency bands with significant

associations with plasma neuroleptic levels and indications of

therapeutic response. (38,39) QEEG investigations with atypical

agents are in progress. Small et al. (40) reported significant

negative rank order correlations between D2 receptor affinities and

spectral energy in the theta band (4 to 8 Hertz (Hz)) with lowest

amplitudes after 4-6 weeks of optimal therapeutic doses for

haloperidol followed by risperidone, olanzapine, quetiapine, and

clozapine. However these determinations were based upon animal

data which are not directly applicable to humans. There were

positive associations between the purported degree of histamine

receptor binding of the four atypical neuroleptics with highest

amplitudes in the fast beta-2 band (18-30 Hz) with quetiapine

followed by olanzapine, clozapine, and risperidone.

other eNS adverse effects include a range of impairments that can

be encompassed under the rubric "behavioral toxicity". These

reactions may be idiosyncratic or related to dose and timing.

Atypical neuroleptics are particularly prone to induce or expose

obsessive-compulsive features (41,42) . This has not yet been

reported with quetiapine but has been observed by the author.

Receptor data suggest that 'withdrawal symptoms would be likely to

occur with quetiapine. However abrupt withdrawal of quetiapine
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with switchover to standard neuroleptics was associated with

psychotic relapse in only 2 of 50 patients studied by Goldstein

without associated physical problems (43) . Higher than optimal

dosages can be associated with increased agitation and other

indications of psychotic worsening as well as other side effects.

Sleep disturbances with either sedation or insomnia may accompany

drug therapy but may also be features of underlying psychosis.

Endocrinological effects:

There were no significant elevations in serum prolactin in the

pivotal trials described previously and in some instances

quetiapine was associated with reduced levels from baseline.

Prolactin levels were significantly higher with both chlorpromazine

'and haloperidol. There were no significant differences between

quetiapine and placebo in either men or women. In the absence of

hyperprolactinemia problems such as gynecomastia, menstrual

irregularities, impotence, etc. would not be expected although most

trial durations were not long enough to evaluate these issues.

Likewise reproductive and neonatal difficulties have not been

reported to date.

However weight gain was an adverse event experienced by two percent

of quetiapine patients in the placebo controlled studies.

Clinically significant weight gain, that is more than 7 percent
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increase in body weight, was seen more with quetiapine than placebo

- 24 percent compared with four percent in the Borison et al.

study. Weight gain appeared to be dose related in the Small et al.

and Arvanitis et al., trials ranging from five percent for placebo,

fifteen percent for low dose and twenty-four percent with high dose

quetiapine in the former. Likewise weight gain in the Arvanitis et

al. study was proportional to dosage and exceeded amounts with

haloperidol and placebo. Twenty-seven percent of quetiapine

treated patients had significant weight gain compared with eighteen

percent with chlorpromazine reported by Peuskens and Link.

Adverse effects of atypical antipsychotics upon glucose regulation

have been recognized recently mostly with clozapine. Hagg et

aL (44) compared clozapirie patients with those on depot standard

neuroleptics and found hyperglycemia in thirty-three percent with

clozapine and nineteen percent with traditional antipsychotics

(p=.07) . Non-insulin-dependent diabetes mellitus or impaired

glucose tolerance occurred in twenty-one percent of the clozapine

patients versus 9.5 percent of those taking standard neuroleptics

(p=.06). Likewise the incidence for clozapine was over three times

the expected number of cases based on population surveys. New

onset diabetes has also been reported with olanzapine (45) . It

appears that atypical neuroleptics may promote weight gain, insulin

insensitivity and glucose intolerance by virtue of their antagonism

of histamine and serotonin receptors. African-Americans are
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particularly vulnerable to these effects and individuals with

personal or family histories of diabetes mellitus or obesity. As

clozapine, olanzapine and quetiapine cause the most weight gain,

these drugs may be most likely to induce diabetes. Case reports

with quetiapine have not appeared so far.

Quetiapine was associated with small reductions in mean total T4

and occasionally T3 but these were not associated with concomitant

elevations of TSH or any indications of clinical hypothyroidism.

Maximal reductions occurred in the first two to four weeks of

treatment with no further decline with continued intake. In nearly

all instances discontinuation of quetiapine was followed with

prompt reversal of effects on both total and free thyroxine.

Cardiovascular, gastrointestinal, and hematologic abnormalities:

Quetiapine exerts some cardiovascular effects such as orthostatic

hypotension and dizziness. These usually occur during the initial

period of dosage titration and seldom require discontinuation. EKG

recordings showed little change in QTc intervals and there was no

relationship between plasma levels of quetiapine and the QTc

changes. Quetiapine appears to have minimal proarrhythmic

activity. However in both reported cases of overdosage there was

sustained sinus tachycardia persisting up to 48 hours. A further

disclaimer should be added that experience has yet to be obtained
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in patients with preexisting heart disease and EKG abnormalities.

The major gastrointestinal effects of quetiapine are mild

transient, reversible and asymptomatic elevations in serum

transaminase (ALT, AST) or gamma-glutamyl/transferase levels.

These abnormalities did not exceed five times the upper limits of

the normal range for the laboratory assay and were generally

reversible despite continued treatment. Constipation was endorsed

as a problem in fewer than ten percent of patients, similar to the

incidence with placebo. However weight gain was a significant

issue as discussed previously.

Hematologic abnormalities are of particular concern in the light of

the experience with clozapine. No cases of granulocytopenia have

been noted to date nor any deaths that could have been the result

of undetected agranulocytosis. Al though there appear to be no

hematologic problems with quetiapine it should be recognized that

patients with preexisting abnormalities or individuals predisposed

to these complications were excluded from the systematic trials.

Moreover combinations of quetiapine with other agents have yet to

be studied.

ophthalmologic effects:

Quetiapine was associated with the development of cataracts in dogs

that received quetiapine at four times the maximum recommended
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human dose for six to twelve months. No evidence of cataracts

appeared in a comparable study of monkeys at even higher doses and

none have been observed in humans. Nevertheless labeling for now

recommends that periodic slit-lamp examinations be done before

quetiapine treatment and at six month intervals thereafter.

Complicating this situation is the high incidence of cataracts in

patients with schizophrenia as well as longitudinal changes that

occur with advancing chronological age(46).

Pharmacokinetics and Drug Interactions:

The plasma half-life of quetiapine is 6 to 8 hours but the half­

life of receptor occupancy may be longer as mentioned earlier.

Gefvert et ale (47) compared plasma half-life and D2 and 5-HT2

receptor occupancies finding that the latter declined more slowly

than plasma levels, particularly 5-HT2. Fleischhacker et ale (48)

compared twice and three times daily dosage regimens of quetiapine

and observed a few advantages for twice daily dosing, results

supported by PET studies of receptor occupancy.

Quetiapine is rapidly absorbed after oral administration with peak

blood levels in 1 to 1-1/2 hours. It appears to be widely

distributed in tissues and extensively metabolized in the liver

with only a small amount of the parent compound excreted in the

urine. The major metabolic pathway involves sulphoxidation by
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cytochrome P450 3A4 although CYP 2D6 may also play a role (49) .

Consequently elevated plasma levels of quetiapine can be

anticipated with co-administration of enzyme inhibiting drugs such

as ketoconazole, erythromycin, nefazodone, fluvoxamine, and some

other antidepressants. 3A4 enzyme inducers such as phenytoin and

to a lesser extent thioridazine can increase both clearance and

dosage requirements but quetiapine levels will likely rise when the

inducer is stopped.

Therapeutic Potential:

Results from randomized, double-blind clinical trials conducted

thus far indicate that a wide dosage range of quetiapine is well

tolerated and effective in the treatment of positive and negative

symptoms of schizophrenic exacerbations. Preclinical and clinical

data support its status as an atypical antipsychotic drug with few

Parkinsonian, extrapyramidal or other neurological side effects.

Although comparative data are not yet available quetiapine may

offer the widest dosage range with fewest neurological side effects

of all the marketed atypicals. Lack of effects on prolactin

predicts few if any sexual dysfunctions and other endocrinological

side effects that impinge upon patient compliance. The absence of

cardiovascular effects is another desirable feature that may reduce

or eliminate the need for dosage titration, although this must be
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investigated further. Likewise its weak anticholinergic activity

offers potential advantages for patients with cognitive

,impairments. However weight gain is a significant adverse effect

that may limit acceptance as will the required twice daily oral

dosing schedule and the ophthalmologic examinations.

Quetiapine's eventual place relative to the other atypical

neuroleptics remains to be established. Studies of these

applications are appearing rapidly at national and international

scientific meetings. Clinical trials in progress include studies

of nursing home residents with Alzheimer's dementia and psychosis,

studies of psychotic adolescent patients, further investigators of

Parkinsonism and combinations of quetiapine and carbamazepine(50).

Data have been already collected from industry supported

multicenter trials of treatment refractory schizophrenic patients

which should be analyzed and reported in the near future. In this

regard an abstract from Japan on refractory patients appeared in a

recent program(51). Numerous other investigations are in progress

which should soon establish the place of quetiapine in the

therapeutic armamentarium.
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Figure 1. structural formula.
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