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Clozapine Serum Levels - A Review of the Literature

This is part two of a two-part Inpharmation
reviewing the literature on serum clozapine
levels. This part reviews the efficacy and side
effects of higher serum levels.

Manufacturer recommended dosage ranges are
usually derived from registration studies
submitted to the FDA during the drug approval
process. These registration studies generally
exclude patients with significant co-morbid
disease states or history of treatment resistance
and may not reflect the diversity present in the
general patient population.

In practice, clozapine is initiated at a low dose and
gradually increased until the patient reaches the
recommended maximum dosage, achieves
significant improvement, or develops
unacceptable side effects. First-episode or early
stage schizophrenic patients and the elderly may
respond to lower clozapine dosages.” Patients with
a slow or inadequate response may receive higher
doses (Table 2).* A slow response pattern
complicates patient management. Studies in
treatment resistant patients identified a 30%
response rate at 6 weeks compared to a 71%
response rate at 12 months.*”

Table 2. Patients Likely to Receive High
Doses’
Treatment refractory schizophrenics
Patient with breakthrough symptoms
Partial responders
Rapid metabolizers
Special populations
(i.e. developmentally disabled, imprisoned,
institutionalized)

In addition to age or disease state, dosing may need
to be adjusted for factors such as concomitant

medications or genetics. An inadequate
therapeutic response or the presence of co-morbid
medical conditions may result in the use of
concomitant medications. These adjunctive
agents may influence serum clozapine levels.
Studies indicate that Asians require lower
antipsychotic dosages compared to Western
populations.® Reports from Central Europe
indicate that clozapine dosages (200 to 300 mg/d)
are significantly lower than the U.S.’

Finally, trends in antipsychotic prescribing
practices can shift based on clinical experience.
For example, a review of clozapine prescriptions
in the New York State Office of Mental Health
hospital system identified a decrease in the mean
daily dose and percentage of patients requiring
high dose clozapine between 1997 and 2001
(Table 3).®

Table 3. Clozapine Prescribing in New York
State®

1997 2001
(1** quarter) (3" quarter)
Mean daily 586.3 (n=845) 494.7 (n=851)
dose (mg)
Patients using 4.5% 0.2%
CLZ doses
>1000 mg/d

Is There An Upper Limit?

An upper limit for serum clozapine levels has not
been clearly identified. Perry et al observed that the
ROC analysis did not suggest an upper limit for
serum clozapine levels and therapeutic response.
They felt the upper limit would be identified by
adverse effects.'' Hasegawa et al. noted that serum
clozapine levels above 370 ng/mL (1131 nM/L)
were not essential for clinical response.' A study by



Buckley et al. concluded that increasing serum
clozapine levels above 370 ng/mL (1131 nM/L) in
responders was unlikely to improve the clinical
response.” VanderZwaag et al. supported these
observations.?* In addition, they could not
identify an advantage for the 350-450 ng/L (1070-
1376 nM/L) range compared to the 200-300 ng/L
(611-917 nM/L) range. The authors believed that
differences in study methodology explained the
discrepancy between their optimal serum level and
the levels identified by other investigators. In
addition, they concluded that the “optimal” or
“break-point” levels should be regarded as
“estimates”. Serum levels above these
“estimates” would not increase the rate or degree
of clinical response but would increase toxic
adverse effects. A study by Spina et al observed
that the incidence of adverse effects was twice as
high at serum concentrations above their optimal
level of 350 ng/mL (1070 nM/L) compared to
lower serum concentrations.*

A separate study compared 23 patients on “high
dose” clozapine (900 mg/day) to 13 patients
receiving 554 mg/day (+ 125 mg).”® Both groups
had similar BPRS and Quality of Life Scores
(QLS) but the ‘high dose’ group were
significantly impaired on the Global Assessment
Scale (GAS) (48 £6 vs 52+ 9, p < 0.05).

Ulrich et al investigated the relationship between
therapeutic drug monitoring (TDM) of serum
clozapine levels and relapse. Relapse serum
clozapine levels ranged from 198-211 ng/mL
(594-633 nM/L).” Intoxication occurred at serum
clozapine levels between 900-2900 ng/mL (2700-
8700 nM/L). The risk of intoxication increased at
serum clozapine levels greater than 750 ng/mL (>
2250 nM/L). The risk of increased serum levels
was more likely to occur in aged, women and non-
smokers.

Side Effects At Higher Serum Levels

Olesen et al used a cross-sectional study of 30
chronic schizophrenic inpatients and outpatients to
study clozapine serum levels and side effects.® All
patients were treated with clozapine for at least 3
months and were on the same dosage regime for 2

months. The most common side effect was EEG
changes (83%). Increased liver enzyme activity
(60%), tachycardia (23%), orthostatic hypotension
(17%) and leucocytosis (17%) were also observed.

‘able 4. Common Side Effects of Clozapine

Treatment’
Sedation, hypersalivation, orthostatic
hypotension, tachycardia, changes in ECG
and EEG, increased liver enzyme activity

Central nervous system adverse effects such as
confusion, delirium, and generalized seizures
appear to be dose related. Seizures occur in 1, 2.7
and 4.4% of patients on doses of <300 mg/d, 300
to 600 mg/d and > 600 mg/d, respectively.*

A study comparing clozapine dosage and adverse
effects in Innsbruck (Austria) to New York (U.S.)
found the mean clozapine dose in Innsbruck was
298 mg/d with a zero incidence of confusion and
seizures.” By comparison, the mean clozapine
dose in New York was 600 mg/d with a 14 %
incidence of confusion, and 7.1% incidence of
seizure. Simpson et al. reported the serum
clozapine levels of two patients experiencing
grand mal seizures were 1313 and 2194 ng/ml
(4015 and 6709 nM/L).*' Ten days of
erythromycin treatment in a clozapine patient
increased serum clozapine levels from 700 to
1300 ug/L resulting in a seizure.’* Haller and
Binder reported on four patients that experienced
seizures while on clozapine treatment®™ One
patient had a pre-existing seizure disorder, the
remainder of the patients were on doses of
clozapine greater than 600 mg/d.

Table 5. Risk Factors For Seizure

Activity”
Organic pathology, polypharmacy, rapid
dose increases and high doses

A number of investigations have been unable to
identify a relationship between serum clozapine or
metabolite levels and leucocyte counts.**

Clozapine Toxicity

The severity of poisoning appears to be related to
prior exposure and tolerance. Clozapine poisoning
usually presents with CNS depression and
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delirium. Seizures may occur in up to 8.8% of
cases. Cardiac effects include tachycardia,
atrioventricular block, extrasystoles, ventricular
fibrillation, and prolongation of the ST segment.
Other overdose symptoms include sialorrhea,
dysarthria, decreased gag reflex, loss of conjugate
eye movements, decreased bowel sounds and
decreased power globally. Aspiration pneumonia
is a major complication of clozapine poisoning.
The mortality rate in overdose is 12%.

Table 6. Common Symptoms of Clozapine

Intoxication™
Coma, lethargy, tachycardia, agitation and
confusion

Summary

Although studies indicate a linear relationship
between dosage and serum clozapine up to 1000
ug/L (3058 nM/L) in individual patients, there can
be a 45-fold difference in serum clozapine levels
on the same dose between patients. Studies have
identified a “threshold” plasma concentration for
clinical response however it is important to
remember that some patients respond at lower
serum clozapine levels, while higher levels are
associated with an increased incidence of serious
side effects. As a result, the manufacturer of
clozapine (Novartis-private communication),
recommends an upper serum clozapine level of
1000 ng/mL (3058 nM/L) based on the increased
risk of CNS adverse effects.

Patients treated with clozapine for an adequate
length of time with an inadequate response and
serum clozapine levels less than 350 ng/mL
(1070 nM/L) may improve their clinical
outcome by increasing the clozapine dose to
achieve “threshold” plasma concentrations
with appropriate monitoring. The caveat
would include, as side effects permit.

Written by: Debbie Thompson, Pharm. D.
Reviewed by: Sylvia Zerjav, Pharm. D.

If you would like to be added to the Inpharmation
Newsletter mailing list, please call (604) 524-7012 or
email address bthompson@bcmhs.bc.ca. Please ensure
you include your entire mailing address (including postal
code).

Page~3



Tw/3u €1¢°0 = T/INU | auidezoporoN “Tu/3u £7¢°(0 = T/INU [ durdezo[) ‘sisA[eue 103e10do 10A10091 = DOY

(/WU T€T1)

[wy/Su 0LE
< S[QAJ[ WINIAS

pey a3esop
II97) PaseaIoul
jey; syuened
30 (%18) 11/6

[w/3u

0S€ > S[oA9]
e popuodsal
sjuaned Jo 9,9

[w/3u

0T > S[oA9]
Je popuodsalr
sjuanyed Jo 9,9

[w/3u
0LE > S[A9]
e popuodsal

sjuarred
JO %LV

[w/3u
0S¢ > S[oA9]
Je popuodsalr

sjuarred
Jo %TT

Jnsoy

[Ww/3u ()GE > S[QAI[
10} 9,/ 1 03 paredwod
[W/3u ()GE < S[QAI[
10J 98¢ Sem S)09JJo
9pIS JO QOUIPIOU]

00d

[ ]
sisA[eue

uonouny ARUIWLIISI
s1opuodsal
are syuaned Jo 9,86

sisA[eue uonouny
SIBUIWLIOSIP 29 5O

00d

79 0L01
T/NU
09 L167919 <
9S 0L0T <
09 78¢CI <
0L0T <
(Kroyroads) 1L
(Ananisuds) ¢°¢g I€1T <
(Kyroygroads) §°1
(KnAnisuas) €9 0L0T <
(%) a1ey TNU
asuodsay proysaay,

10S¢ <

[w/3u
00€-00C<

0¢ce <

0Ty <

10s¢€ <

0LE<

0ce <
Tw/3u

uonenuaduo)) onnaderdy],

p/3w 0og 01 dn

Jurfoseq
IOA0 9,()g paseaIdur agesoJ
so3uel 93esop ¢ Yoeal
0] parenn A[enpIarpur a3eso

(p/3w ¢ ¢]Y S0P a3eIoAR)

p/3w 006
0] 9SBAIOUI PAJBIIPUL A[[RITIUI[D

Jrskep 17 J03 p/3w 00

p/3w
008 01 7 dnoiny uayy syoom
10§ p/SW OOt ¢ 29 1 dnoin

(p/3w
L'OLZ F § i 9S0p 23eIoAe)
asop [ewndo [enprarpuy

(Bw gy F ¥8¢
9SOp AJIep uBawW) 9SOP PoILIA[0)
wnwixew 1o p/3w ()0

uonenLy, asoq

Syeam 71

SyooMm 9

SYooMm 71

Syeam 9

syoom 7]
dn-mojjoj
ek 7/1C

syuowr 9

SYooMm §

uonem

Sy

61

9¢

Sy

8¢

6¢C

6S

6¢C

u

42(0007) Te 10 purdg

(L661)
‘[e 10 Aopong

+2(9661)
‘[e 10 SeemZIopue A

(5661
‘Ie 12 Suory]

a(P661) T8 19 urylod

(V661 T8 30 I[N

(€661)
‘[e 10 eme3asey

1(1661) T8 19 A11od

(o1ep) Apmg

SuoneIUIIU0)) durdezo[) WIS Junen[esr SAPNS °J qe],




REFERENCES - June and July 2003

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hasegawa M, Gutierrez-Esteinou R, Way L, Meltzer HY. Relationship Between Clinical
Efficacy and Clozapine Concentrations in Plasma in Schizophrenia: Effect of Smoking.
J Clin Psychopharmacol 1993; 13:383-390

Citrome L, Volavka J. Optimal dosing of atypical antipsychotics in adults: a review of
the current evidence. Harvard Rev Psycbiatry 2002;10:280-291

Olesen OV, Thomsen K, Jensen PN et al. Clozapine serum levels and side effects during
steady state treatment of schizophrenic patients: a cross-sectional study.
Psychopharmacology 1995; 117:371-378

Kane J, Honigfeld G, Singer J, et al. Clozapine for the treatment-resistant schizophrenic:
a double-blind comparison with chlorpromazine. Arch Gen Psychiatry 1988; 45:789-796
Meltzer HY. Duration of a clozapine trial in neuroleptic-resistant schizophrenia. Arch
Gen Psychiatry 1989; 46:672.

Okuma T. Differential sensitivity to the effects of psychotropic drugs: psychotics vs
normals; Asian vs Western populations. Folia Psychiatr Neurol Jpn 1981;35:79-87
Fleischhacker WW, Hummer M, Kura M et al. Clozapine doses in the United States and
Europe; implications for therapeutic and adverse effects. J Clin Psychiatry
1994:55(9B);78-81

Citrome L, Jaffe A, Javitt D et al. Medication utilization and outcomes research program
(Unpublished report). Orangeburg, New York: Nathan S Kline Institute for Psychiatric
Research, 1997-2001

Ereshefsky L, Watanabe MD, Tran-Johnson TK. Clozapine; An atypical antipsychotic
agent. Clin Pharmacy 1989;8:691-709

Fitton A and Heel RC. Clozapine: A review of it pharmacological properties, and
therapeutic use in schizophrenia. Drugs 1990; 40(5):722-747

Perry PJ et al. Clozapine and Norchlozapine Plasma Concentrations and Clinical
Response of Treatment-Refractoy Schizophrenic Patients. Am J Psychiatry 1991;
148:231-235

Haring C, Fleischhacker WW, Schett P et al. Influence of patient-related variables on
clozapine plasma levels. Am J Psychiatry 1990; 147:1471-5

Potkin SG, Bera R, Gulasekaram B et al. Plasma Clozapine Concentrations Predict
Clinical Response in Treatment Resistant Schizophrenia. J Clin Psychiatry 1994; 55(9B):
133-136.

Sandoz, Inc. Pharmacokinetic characteristics of clozapine following single oral
administration of 50 mg of '*C-clozapine in healthy volunteers, East Hanover, NJ: 1984
Apr

Reith D, Monteleone JP, Whyte IM et al. Features and toxicokinetics of clozapine in
overdose. Therapeutic Drug Monitoring 1998; 20(1):92-97

Haring C, Barnas C, Saria A et al. Dose-related plasma levels of clozapine. J Clin
Psychopharmacol 1989; 9:71-2.

Meltzer HY, Kane J, Kolakowski T. Plasma levels of neuroleptics, prolactin levels and
clinical response. In: T Coyle, SJ Enna, eds. Neuroleptics, neurochemical, behavioural
and clinical perspectives, New York: Raven Press, 1983: 255-79.

Baldessarini RJ, Cohen BM, Teicher MH. Significance of neuroleptic dose and plasma
levels in the pharmacological treatment of psychosis. Arch Gen Psychiatry 1988; 45:79-
91.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Van Putten T, Marder S, Wirshing WC, et al. Neuroleptic plasma levels. Schizophr Bull
1991; 17:197-216.

Ackenheil VM, Brau H, Burkhart A, et al. Antipsychotic efficacy in relation to plasma
levels of clozapine. Arneimittel-forschung 1976; 26:1156-1158

Brau H, Burkhart A, Pacha W et al. Relationships between effects and plasma levels of
clozapine. Arzeimittel-Forschung 1978; 28:1300

Miller DD, Fleming F, Holman TL, Perry PJ. Plasma clozapine concentrations as a
predictor of clinical response: a follow-up study. J Clin Psychiatry 1994; 55(B):117-21
Kronig MH, Munne RA, Szymanski S et al. Plasma clozapine levels and clinical
response for treatment-refractory schizophrenic patients. Am J Psychiatry 1995;152:179-
182

VanderZwaag C, McGee M, McEvoy JP et al. Response of patients with treatment-
refractory schizophrenia to clozapine within three serum level ranges. Am J Psychiatry
1996; 153:1579-1584

Buckley P, Cola P, Hasegawa M et al. Clozapine plasma levels and dosing strategies in
patients with treatment-refractory schizophrenia. Ir J Psych Med 1997; 14(3):85-88

Spina E, Avenoso A, Facciola G et al. Relationship between plasma concentrations of
clozapine and norclozapine and therapeutic response in patients with schizophrenia
resistant to conventional neuroleptics. Psychopharmacology 2000; 148(1):83-9
Fabrazzo M, La Pia S, Monteleone P et al. Is the time course of clozapine response
correlated to the time course of clozapine plasma levels? A one-year prospective study in
drug-resistant patients with schizophrenia. Neuropsychopharmacology 2002:27;1050-
1055

Buckley PF et al. Clinical and biochemical correlates of “high-dose” clozapine therapy
for treatment-refractory schizophrenia. Schizophrenia Research 2001:49(1-2); 225-7
Ulrich S, Wolf R, Staedt J. Serum level of clozapine and relapse. Therapeutic Drug
Monitoring 2003; 25(2):252-5

Freeman DJ, Oyewumi LK. Will routine therapeutic drug monitoring have a place in
clozapine therapy? Clin Pharmacokinetics 1997: 32;93-100

Simpson GM, Cooper TA. Clozapine plasma levels and convulsions. Am J Psychiatry
1978; 135:99-100

Funderberg LG, Vertress JE, True JE et al. Seizure following addition of erythromycin
due to clozapine treatment. Am J Psychiatry 1994; 151:1840-1

Haller E, Binder RL. Clozapine and seizures. Am J Psychiatry 1990; 147:1069-1071
Centorrino F, Baldessarini RJ, Blood JG et al. Relation of leukocyte counts during
clozapine treatment to serum concentrations of clozapine an metabolites. Am J
Psychiatry 1995; 152:610-612

Combs MD, Perry PJ, Bever KA. N-Desmethylclozapine, an insensitive marker of
clozapine-induced agranulocytosis and granulocytopenia. Pharmacotherapy 1997; 17(6):
1300-1304

Meeker JE, Herrmann PW, Som CW and Reynolds PC. Clozapine Tissue Concentrations
Following an Apparent Suicidal Overdose of Clozaril. J Analytical Toxicology 1992;
16:54-56

Worm K, Kringsholm B and Steentoft A. Clozapine cases with fatal, toxic or therapeutic
concentrations. IntJ Leg Med 1993; 106:115-118

Mack RB. When God Was Tired: Clozapine Overdose. NCMJ 1993; 54(11):602-604



39.

40.

41.

42.

43.

44.

Hagg S, Spigset O, Edwardsson H, Bjork H. Prolonged sedation and slowing decreasing
clozapine serum concentrations after an overdose. J Clin Psychopharmacology 1999;
19(3):282-284

Le Blaye I, Donatini B, Hall M, Krupp P. Acute overdosage with clozapine: a review of
the available clinical experience. Pharmaceutical Med 1992;6:169-78

Gaertner I, Gaertner HJ, Vonthein R, Dietz K. Therapeutic Drug Monitoring of
Clozapine in Relapse Prevention: A Five-Year Prospective Study. J Clin
Psychopharmacol 2001;21(3):305-310

Taylor D, Duncan D. The use of clozapine plasma levels in optimising therapy.
Psychiatric Bulletin 1995;19:753-755

Liu, HC, Chang WH, Wei FC, et al. Monitoring of plasma clozapine levels and its
metabolites in refractory schizophrenic patients. Ther Drug Monit 1996;18(2):200-207
Guitton C, Abbar M, Kinowski JM, et al. Multiple-dose pharmacokinetics of clozapine
in patients with chronic schizophrenia. J Clin Psychopharmacol 1998;18(6):470-476



