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considerations
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SUMMARY

Clozapine dose assessment in treatment-refractory
schizophrenia is complicated. There is a narrow
margin between an effective and a potentially
toxic dose and wide inter-individual variation in
clozapine metabolic capacity. Moreover, factors
such as changes in smoking habit, infection/
inflammation, co-prescription of certain drugs, not-
ably fluvoxamine, and age alter the dose require-
ment within individuals. Therapeutic drug
monitoring (TDM) of plasma clozapine and N-des-
methylclozapine (norclozapine) can help assess
adherence, guide dosage and guard against tox-
icity. This article gives an overview of clozapine
pharmacokinetics and factors affecting clozapine
dose requirements. It then outlines the procedures
and processes of clozapine TDM, from taking the
blood sample for laboratory assay or point-of-con-
tact (finger-prick) testing (POCT) to interpreting and
acting on the results.

LEARNING OBJECTIVES

After reading this article you will be able to:

¢ recognise demographic and clinical factors
affecting clozapine dose requirement

e know how to best use clozapine TDM services

e interpret plasma clozapine concentrations in
relation to clinical response and adverse effect
burden and understand factors affecting the
plasma clozapine/norclozapine ratio.
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Clozapine is the only drug with proven efficacy in
schizophrenia that does not respond to other anti-
psychotics (treatment-refractory schizophrenia). In
the UK and in many other parts of the world, cloza-
pine s licensed to treat not only treatment-refractory
schizophrenia in people aged 18 years and older, but
also Parkinson’s disease psychosis. The dose for this
latter condi-
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tion is five- to ten-fold lower than for the former
(Lutz 2014).

In treatment-refractory schizophrenia, some 30% of
individuals respond to clozapine at 6 weeks, with 60—
70% responding at 1 year (Lally 2015). However,
there is a narrow margin between an effective and a
potentially toxic dose (narrow therapeutic range).
Dose assessment is complicated because (a) there is a
45-fold inter-individual variation in the rate of cloza-
pine metabolism (Rajkumar 2012) and (b) alteration
in smoking habit, for example, can have a large effect
on an individual’s clozapine dose requirement
(Wagner 2020). Assessing adherence is also important
because in some cases patients may appear asymptom-
atic even if they have stopped taking the drug.

Many people with treatment-resistant schizophre-
nia respond at pre-dose (‘trough’) plasma clozapine
concentrations (sample taken before a morning
dose or in the morning after an evening dose) of
0.35-0.60 mg/L. (350-600 pg/L., 350-600 ng/mL.,
1.05-1.80 pmol/L), but there is considerable vari-
ation in both response and adverse drug reactions
(ADRs). It is accepted that 0.35 mg/L. is the thresh-
old to ensure a fair trial of the drug (Hiemke 2018).
However, some individuals may show a good
response at pre-dose concentrations of 0.25 mg/L,
when inter alia a lower incidence of ADRs is to be
expected (Ellison 2015). On the other hand, there
is thought to be an increased risk of confusion, con-
stipation, delirium, excess sedation, tonic—clonic sei-
zures, myoclonus and orthostasis if the pre-dose
plasma clozapine is >1 mg/L. (Hiemke 2018).

Clozapine therapeutic drug monitoring (TDM),
i.e. the measurement of total (protein-bound and
unbound) plasma clozapine and N-desmethylcloza-
pine (norclozapine), the principal plasma metabolite
of clozapine, can help check adherence, guide
dosage and minimise the incidence of dose-related
ADRs (de Leon 2018, 2020; Skokou 2022).
Clozapine TDM may also help in investigating sus-
pected drug—drug interactions and in monitoring
the effect of changes in smoking habit, for example.
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Clozapine TDM results always need to be consid-
ered in the context of the clinical situation (e.g.
response to clozapine, smoking habit, clozapine-
related ADRs). Recording the time of sample collec-
tion in relation to the time clozapine was last taken is
important when interpreting the results. Plasma
norclozapine is commonly measured as well as clo-
zapine if chromatographic methods of analysis are
used and this can give information to aid clinical
interpretation of results.

Clozapine pharmacokinetics

After oral administration as tablets or suspension,
clozapine may be relatively slowly absorbed (tax
1-6 h, possibly longer in the presence of constipa-
tion) (Table 1). It has relatively poor (average
around 30%) oral bioavailability and is extensively
metabolised by N-demethylation, hydroxylation,
N-oxidation and conjugation prior to excretion.
Only some 14% of the dose is excreted in urine,
almost entirely as metabolites (Schaber 1998).

The principal enzymes involved in clozapine
metabolism are CYP1A2 and CYP3A4, with
CYP2C9, CYP2C19 and CYP2D6 playing minor
roles (Thorn 2018). CYP1AZ2 is activated by expos-
ure to the polycyclic aromatic hydrocarbons in cig-
arette and also in cannabis smoke and on average
the clozapine dose requirement of smokers is
decreased by some 30% if that same person stops
smoking, and vice versa (Wagner 2020; Flanagan
2023). On the other hand, during infection evidence
suggests downregulation (phenoconversion) of
CYP1A2, CYP3A4 and CYP2C9 synthesis (Thorn
2018) via release of pro-inflammatory cytokines, i.
e. the opposite effect to upregulation of CYP1A2
by cigarette smoke. Inhibitors of CYP1A2 and
CYP3A4 such as fluvoxamine, cimetidine and
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ciprofloxacin (Guo 2021) can also significantly
increase clozapine exposure at constant dose.

For people prescribed clozapine the usual mainten-
ance dose lies between 300 and 600 mg/day (regula-
tory maximum 900 mg/day), but there is wide
variation. Usually, a greater proportion if not all of
the daily dose is given at night. Owing to high
inter-individual variability in clozapine metabol-
ism, people may experience potentially serious
toxicity such as constipation with daily doses as
low as 100 mg. On the other hand, young male
smokers especially have sometimes been given
doses above the maximum licensed dose in order
to maintain effective plasma clozapine concentra-
tions (Table 2). Patient factors such as adherence,
age, constipation and infection/inflammation, and
environmental factors, such as cigarette smoke,
that affect clozapine dose requirement must be
taken into account when considering the value of
undertaking genetic testing in an attempt to
identity fast clozapine metabolisers.

Factors affecting clozapine dose
requirement

In clinical practice, male smokers and non-smokers
are prescribed significantly higher median doses of
clozapine than females, but attain lower median
plasma clozapine and norclozapine concentrations
(Table 2). Moreover, significantly higher plasma clo-
zapine and norclozapine concentrations have been
observed in older as compared with younger patients
(Bowskill 2012). In a large survey (78 431 samples,
23 516 patients) the dose predicted to attain a pre-
dose plasma clozapine concentration of 0.35 mg/L
in a non-smoking White European male aged 40
years, at weight 70 kg and plasma clozapine/
norclozapine ratio 1.32 was 344 mg/day (95% CI
227, 526). The predicted dose was 33% higher and
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Clozapine Norclozapine
Empirical formula (formula weight) C1gH1gCIN, (326.8) C47H47CIN, (312.8)
Acidity, pK;, 3.70 and 7.60 8.9
Log P (octanol/water) 3.23 2.6
tmax Oral (tablets), h: mean (range) 3(1-6) -
Plasma half-life, h: mean (range) 12 (9-17) -
Plasma clearance, L/h: mean (range) 30.3 (14.4-45.2) 46.3(32.7-58.9)
Bioavailability (oral, tablets), %: mean (range) 27 (14-81) -
V, L/kg: range 2.5-10 9-27
Plasma protein binding, % 95-97 90
Plasma/whole blood ratio 1.16 0.72
Enzymes involved in metabolism CYP1A2, CYP3A4 (minor ?

CYP2C9, CYP2C19, CYP2D6)

thax time to reach the maximum plasma concentration; V, apparent volume of distribution.
Source: Schaber et al (1998); Albitar et al (2020); Flanagan et al (2003).
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L/.\:]15¢] Plasma clozapine and norclozapine concentrations and prescribed dose in male and female smokers and non-smokers®

Male Female
Dose, Clozapine, mg/L: median Norclozapine, mg/L: median Clozapine, mg/L: median Norclozapine, mg/L: median
Group mg/day Samples, n (10th-90th percentiles) (10th—90th percentiles) Samples, n (10th-90th percentiles) (10th-90th percentiles)
Smokers Up to 50 143 0.07 (0.03-0.48) 0.05 (0.02-0.33) 121 0.10 (0.02-0.49) 0.07 (0.02-0.33)
51-100 795 0.12 (0.04-0.45) 0.08 (0.03-0.26) 483 0.20 (0.05-0.54) 0.12 (0.04-0.31)
101-200 5099 0.20 (0.07-0.56) 0.14 (0.05-0.31) 2877 0.28 (0.10-0.63) 0.17 (0.07-0.34)
201-300 18211 0.30 (0.11-0.64) 0.20 (0.08-0.37) 7598 0.36 (0.14-0.75) 0.23(0.10-0.42)
301-400 26 991 0.36 (0.15-0.72) 0.24 (0.11-0.45) 9413 0.42 (0.18-0.83) 0.27 (0.13-0.50)
401-500 23568 0.41(0.19-0.81) 0.28 (0.14-0.51) 6488 0.47 (0.21-0.93) 0.31(0.14-0.57)
501-600 15299 0.45 (0.21-0.90) 0.32 (0.16-0.59) 3951 0.52 (0.24-0.99) 0.35 (0.17-0.64)
601-700 8569 0.49 (0.24-0.95) 0.34 (0.16-0.63) 1936 0.57 (0.26-1.15) 0.39(0.18-0.73)
701-800 4174 0.53 (0.25-1.07) 0.37 (0.18-0.70) 971 0.58 (0.27-1.28) 0.40 (0.18-0.80)
801-900 2283 0.57 (0.27-1.13) 0.39 (0.19-0.74) 429 0.57 (0.26-1.32) 0.37 (0.16-0.82)
901-1200 173 0.56 (0.27-0.99) 0.39 (0.19-0.76) 20 0.40 (0.25-0.55) 0.22 (0.17-0.35)
1201-1400 5 0.26 (0.22-0.83) 0.21(0.18-0.42) - -
Non-smokers ~ Up to 50 175 0.07 (0.02-0.57) 0.05 (0.02-0.33) 209 0.12 (0.04-0.44) 0.07 (0.02-0.22)
51-100 872 0.19 (0.06-0.57) 0.11 (0.04-0.30) 950 0.27 (0.10-0.65) 0.14 (0.06-0.32)
101-200 6514 0.37 (0.14-0.72) 0.21 (0.09-0.38) 5791 0.45 (0.19-0.83) 0.24 (0.11-0.42)
201-300 16787 0.48 (0.21-0.86) 0.28 (0.13-0.48) 9827 0.56 (0.25-1.00) 0.31 (0.15-0.54)
301-400 16491 0.56 (0.25-1.00) 0.33 (0.16-0.58) 7590 0.62 (0.28-1.14) 0.36 (0.18-0.66)
401-500 10571 0.61(0.27-1.11) 0.38 (0.19-0.67) 3812 0.69 (0.32-1.28) 0.41 (0.20-0.74)
501-600 5404 0.65 (0.29-1.21) 0.41 (0.20-0.74) 1903 0.77 (0.36-1.48) 0.47 (0.23-0.87)
601-700 2339 0.70 (0.31-1.35) 0.43 (0.22-0.80) 779 0.80 (0.35-1.54) 0.52 (0.25-0.95)
701-800 1051 0.73 (0.32-1.49) 0.47 (0.22-0.90) 326 0.85 (0.39-1.64) 0.54 (0.26-1.04)
801-900 531 0.72 (0.31-1.44) 0.52 (0.22-0.98) 115 0.81(0.26-1.41) 0.55 (0.24-1.02)
901-1200 54 0.69 (0.26-1.15) 0.42 (0.23-0.89) 5 1.01 (0.70-1.38) 0.73(0.41-0.88)
1201-1400 3 0.31(0.21-0.77) 0.31(0.19-0.41) - - -

a. Data from a clozapine therapeutic drug monitoring service, 1993—-2017: see Flanagan et al (2023) for details of the service.
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20% lower in otherwise analogous Afro—Caribbean
and Asian patients, respectively. In all cases the pre-
dicted dose was increased by 36% in smokers and
decreased by 22% in females. Overall, the predicted
dose decreased by 20.4% between age 20 and 80
years (Flanagan 2023). There is thus a need to
review the dose as people get older to minimise the
risk of dose-related ADRs.

In one survey of TDM data, dose, sex, age, body
weight, smoking habit and the plasma clozapine/
norclozapine ratio accounted for 48% of the
observed variability in pre-dose plasma clozapine
(Rostami-Hodjegan 2004). The remaining variation
was probably accounted for by (a) problems with
adherence, (b) the use of crushed tablets suspended
in water or another appropriate medium, or propri-
etary suspension rather than tablets (Flanagan 2022),
(c) the effect of co-ingested drugs, (d) changes in
smoking habit/intensity, (e) covert smoking/inadvert-
ent exposure to cigarette smoke, (f) samples that were
not ‘trough’ samples, (g) erratic clozapine absorption
due to the effects of the drug on the gastrointestinal
tract, (h) errors in the information provided on
request forms, (i) genetic variation in the expression
of drug metabolising enzymes and (j) the effects of
infection/inflammation.

One observation that is not understood is that clo-
zapine gradually accumulates in some individuals
over time, other factors such as stopping smoking
seemingly notwithstanding. This may be because
the capacity to metabolise (eliminate) the drug
becomes saturated. Sometimes this may go unrecog-
nised until the person suffers a seizure, paralytic
ileus or other serious ADR, but it can be detected
by clozapine TDM (Couchman 2010).

Smoking habit

The effect of smoking on clozapine dose requirement
is often difficult to manage. If a non-smoker showing
a good response to clozapine starts smoking regu-
larly, they will begin to lose the benefit of the drug
in 48 h or so (Faber 2004). On the other hand, if
someone, especially a young male smoker, suddenly
stops smoking and the dose is not cut promptly they
will be at risk of serious, possibly life-threatening
toxicity within a few days or weeks. Stopping
smoking may be a consequence of admission to a
smoke-free unit. The problem is compounded if
in-patients in smoke-free units go on leave, as they
may smoke again while outside the unit and, of
course, dose adjustments will need to be made
after discharge if the person starts smoking again.
Indeed, the individual may have to be readmitted
(Qurashi 2019).

Respiratory infections in clozapine-treated
patients who smoke pose especial problems
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because (a) they may be admitted to a non-
smoking hospital, (b) they may not want or be able
to smoke as normal, hence the effective dose of
‘smoke’ may be reduced and (c) they may be
treated with an antibiotic that inhibits clozapine
metabolism. The simple fact of the acute illness
may also exacerbate the effect of clozapine on
gastrointestinal motility, which may in turn affect
clozapine pharmacokinetics.

Itis thought that smoking 7-12 cigarettes per day
is sufficient for maximal induction of clozapine
metabolism (Haslemo 2006). Plasma clozapine con-
centrations should be monitored 7 and 14 days after
any change in smoking status and clozapine dose. Of
course, people vary in the way and intensity with
which they smoke and when asked tend to under-
state the number of cigarettes smoked. This being
said, there could be an increasing effect on clozapine
dose requirement up to about 7 or so cigarettes a
day.

Nicotine replacement therapy (NRT), including
‘vaping’, is not thought to effect clozapine dose
requirement. The same applies to the use of snuff,
‘snus’ or chewing tobacco. As to passive smoking,
there are anecdotal reports of clozapine toxicity in
non-smokers when a partner has stopped smoking,
so this possibility should not be neglected. The con-
verse may apply where non-smokers taking cloza-
pine start spending time in spaces where people
smoke (Grubisha 2015).

Drug—drug interactions

The most clinically significant drug—drug interac-
tions with clozapine are those with ciprofloxacin
and fluvoxamine. Clearly fluvoxamine co-prescrip-
tion with clozapine should be avoided in normal cir-
cumstances. However, if a patient refuses to take an
adequate dose of clozapine, if the maximum licensed
dose proves inadequate or exceeding the maximum
licensed dose is unpalatable to either prescriber or
patient, then cautious co-prescription might be con-
sidered (Gee 2016).

Selective serotonin reuptake inhibitors other than
fluvoxamine (escitalopram, sertraline, paroxetine,
fluoxetine) do not affect clozapine dose requirement
markedly at the doses seen in clinical practice
(Couchman 2010). Likewise, the dose of caffeine
(400 mg/day or more) required to possibly inhibit
CYP1AZ2 is unlikely to be attained. However, cimeti-
dine, oral contraceptives, theophylline, verapamil
and quinolone antibiotics such as ciprofloxacin can
inhibit CYP1AZ2 activity at the doses used clinically
(Guo 2021). On the other hand, carbamazepine,
phenytoin and rifampicin enhance clozapine dose
requirement and should not normally be co-
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prescribed. Moreover, carbamazepine is itself a risk
factor for neutropenia.

Clozapine TDM

Except in emergencies such as suspected overdose, a
plasma clozapine and norclozapine assay is usually
only useful to guide dosage after at least 2 to 3
weeks of treatment, and only then if the prescribed
dose of clozapine and smoking habit, for example,
have been stable over the preceding week or two
(Box 1).

Samples and sampling

The optimal time to take a blood sample (use ethyle-
nediaminetetraacetic acid (EDTA) anticoagulant)
for plasma clozapine and norclozapine assay is in
the morning before any morning dose. If planned
to coincide with a full blood count (FBC), additional
venepuncture can be avoided (Box 2). Indeed,
residue from an FBC sample can be used to derive
plasma for clozapine TDM if necessary. However,
samples taken 1-6h post-dose or if the patient
suffers from constipation may make the result diffi-
cult to interpret because clozapine absorption and
distribution into tissues might not be complete
when the sample is taken. Attempting to standardise
sampling time to 12 h post-dose confers no advan-
tage and indeed is impractical in most situations
(Jakobsen 2017).

Standard provisions for consent to treatment
should be followed. This includes informing the
patient that the assay results may be held on a

BOX 1 Treatment-refractory schizophrenia:
when to do clozapine therapeutic drug
monitoring

e |n the early stages of treatment, to identify poor metabo-
lisers of the drug (e.g. female non-smokers, the elderly)

e |n the later stages of dose titration, to monitor dose/
response and to ensure a fair trial of the drug (leave at
least a week between samples if the effect of a dose
change on plasma clozapine is to be monitored)

e During apparently successful treatment, to provide base-
line results in case problems occur later

e At any stage if poor adherence is suspected

e To help adjust dosage if smoking habit changes, or in the
presence of severe infection or other medical problem(s)

e To investigate suspected drug—drug interactions or clo-
zapine ADRs

e Every 3—4 months if the pre-dose plasma clozapine con-
centration is >0.6 mg/L, especially in smokers, to guard
against dose-related toxicity, otherwise annually if there
are no clinically apparent problems

https://doi.org/10.1192/bja.2022.71 Published online by Cambridge University Press

BOX 2 Protocol for plasma clozapine and nor-
clozapine assay

e Take blood by venepuncture (2.7 mL ethylenediaminete-
traacetic acid (EDTA) S-Monovette® without gel separ-
ator or 5 mL EDTA tube) immediately before a morning
dose or, if dosage is once daily, in the morning after the
previous evening's dose

e Mix gently and send (a portion) to the laboratory together
with a completed assay request form

e Be sure to record the dose, the time and date of last
dose, and time and date of sampling

e |f the result is required urgently, contact the laboratory in
advance to arrange to prioritise the assay

e Ensure that an address/telephone number for the report
is provided

database. Blood samples should be packed carefully
according to sample transport regulations.
Hazardous samples (e.g. from individuals known
or suspected to have hepatitis C) require special pro-
vision. Advice can be obtained from a local hospital
pathology laboratory.

Delayed (by more than 1 week) analysis of
samples should be undertaken with caution, espe-
cially with serum and with haemolysed whole
blood. In human serum, norclozapine is unstable
after 5 days at ambient temperature, 3 weeks at 2—
8°C and 9 months at —20°C. In whole blood, cloza-
pine and norclozapine are stable for up to 4 weeks at
—20°C (Fisher 2013). Clozapine and norclozapine
concentrations are significantly higher in plasma
than in serum when obtained from blood collected
into Vacuette™ serum separator collection tubes,
but the difference (5% or so) is insignificant in the
clinical interpretation of clozapine and norclozapine
TDM results (Handley 2018).

Dried blood spots (DBS), usually collected from a
‘finger-prick’ sample onto a purpose-designed card
or other sampling device, present an alternative to
conventional sampling for clozapine TDM (Geers
2017). However, there are many problems in relat-
ing the results obtained to those obtained from
plasma, in addition to the obvious fact that finger-
prick capillary blood is not venous plasma
(Francke 2022). Collection directly onto DBS cards
means that taking an accurate volume of liquid
blood for analysis is not always possible.
Moreover, analyte distribution on the collection
card may be affected by chromatography of the
analyte on the card during collection, the viscosity
of the sample, which is related to haematocrit,
which affects the amount of blood collected within a
given area of the card, and so on. Analyte stability
on the DBS card is a further consideration, although
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if the analyte is stable on the card at ambient tempera-
ture, transport and storage of DBS is easier than with
liquid samples.

With clozapine, clozapine N-oxide degrades to
clozapine on treated and untreated DBS cards,
hence precautions must be taken to prevent interfer-
ence from this metabolite prior to application to the
card (Temesi 2013). Use of volumetric absorptive
microsampling and microfluidic-generated dried
blood spot technology may present viable alterna-
tives to conventional DBS sampling (Marasca
2022), although again care must be taken to avoid
artefactual elevation of the clozapine result from
degradation of clozapine N-oxide. In any case,
however, the dried sample still has to go to a labora-
tory to be analysed.

Oral fluid (‘saliva’) has the advantage that it is a
non-invasive sample, although collection is not
straightforward and requires a cooperative patient.
Although qualitative identification of clozapine is
easily possible, the relationship between oral fluid
and plasma clozapine and norclozapine concentra-
tions does not permit the calculation of one from
the other with any degree of reliability (Fisher 2017).

Assay request form

It is important to differentiate clozapine TDM
(plasma clozapine and norclozapine assay or cloza-
pine point-of-care/point-of-contact testing (POCT))
in finger-prick whole blood from mandatory ‘cloza-
pine blood monitoring’ (FBC, white cell count) —
use of a separate TDM request form is advisable.
The sample time and date, the time and date of the
last clozapine dose, and the last dose change
should be recorded. This will aid interpretation
and ensure prompt availability of results. The
request form should also record the patient’s
name, date of birth, sex, height, body weight and
smoking status (smoker/non-smoker), the clozapine
provider registration number, clozapine dose (mg/
day) and co-prescribed medications, and an
address (and telephone number) for the report.
Electronic requesting is preferable.

Units of measurement

All measurements have errors. Duplicate or even
triplicate analysis improves accuracy provided suffi-
cient sample is available. In the case of plasma cloza-
pine and norclozapine, an analytical error of +20%
at the limit of analytical measurement (generally
taken as 0.01 mg/L) is reasonable and allows differ-
entiation of 0.01 from 0.02 mg/L. To cite results in
ng/mL, e.g. 350 ng/mL., implies that the method
used can reliably tell the difference between, for
example, 350 and 351 ng/mlL, which is an
extremely unlikely situation given the assay
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range needed to measure plasma clozapine and nor-
clozapine in clinical samples (0.01-2.0 mg/L., 10—
2000 ng/mL for both compounds). Use of mg/L. is
thus a sensible compromise. If the top calibrator is
2.0 mg/L, samples containing clozapine at concen-
trations >2.0 mg/L require dilution with analyte-
free sample matrix and re-assay, assuming sufficient
sample is available.

Laboratory analysis

Clearly, to be clinically relevant the results of an ana-
lysis need to be communicated as quickly as possible
to the person requesting it. However, there are also
issues of accuracy, accountability, traceability and
cost. Nowadays the laboratory will normally use
liquid chromatography-tandem mass spectrometry
(LC-MS/MS). It is important to ensure that the
analytical procedure used does not degrade cloza-
pine N-oxide to clozapine (Lin 1994). Sending the
sample (EDTA whole blood, plasma or serum) to a
well-organised, properly funded, accredited labora-
tory by post, or courier if necessary, for clozapine
and norclozapine assay should facilitate electronic
reporting of the authorised results of the analysis
within 24-48 h of receipt of the sample. LC-MS/
MS with isotopic internal calibration offers the flexi-
bility given by random access analysers in clinical
chemistry, hence rapid turnround (<2 h) of results
can be achieved (Couchman 2013).

The laboratory should provide clinical interpret-
ation as appropriate. The laboratory will take care
of other important matters such as safe handling
of potentially hazardous samples, staff training,
external quality assurance (EQA, also known as
proficiency testing, PT), storage and disposal of
samples once analysed and archiving of results. All
this costs money.

In circumstances where an LLC-MS/MS-based clo-
zapine assay service is either not available or the
turnaround of results is so slow as to render them
of marginal value clinically, alternatives are becom-
ing available. A laboratory-based clozapine turbidi-
metric homogenous competitive immunoassay may
improve turnaround. However, only clozapine is
measured (assay range 0.068-1.500 mg/L) and it is
unclear whether plasma, serum or whole blood are
used (Clarke 2021).

Point-of-contact testing

POCT promises a result without having to send a
sample to a laboratory and await a report.
However, the fact that POCT devices are designed
for use by non-laboratory staff does not mean that
such devices are foolproof and therefore that rigorous
quality assurance (QA) measures are not needed.
Some of the considerations surrounding POCT are
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a Whole blood clozapine concentra-
tions in patient samples will be
around 15-20% lower than plasma
clozapine concentrations; whole
blood norclozapine concentrations
will be around 30% higher (Flanagan
2003; Goosen 2003).
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addressed in an ISO standard (International
Organization for Standardization 2016) and have
been discussed by Kalaria & Kelly (2019). A major
QA issue is staff training (Box 3).

Unlike automated immunoassay-based laboratory
methods, for example, the steps in POCT may
require operator intervention, and may include
sample application, reading/interpreting a visual
end-point, and recording and documenting the
result. With finger-prick (capillary) blood, care
must be taken in collecting an accurate volume of
blood. The site of collection must not be squeezed
to encourage the flow of blood because this will
result in dilution of the sample with extracellular
fluid.2

The management of the use of POCT devices is of
vital importance to ensure that reliable results are
obtained within the limits of the devices employed.
Internal quality control (IQC) samples should be
analysed when a new batch of test kits arrives and
at specified intervals thereafter, for example every
30 days or as otherwise directed by the manufac-
turer. This is important to ensure batch-to-batch
consistency of results. The Kkits should be stored
under appropriate conditions and will have a
defined shelf-life. All sites where POCT is used
should be included in EQA schemes, for example
that provided by LGC Standards (LGC 2022). In
essence, use of POCT means setting up a mini-
laboratory with all its associated costs. Continued
operation is of course dependent on a reliable
supply of kits from the manufacturer.

A whole blood (finger-prick, capillary blood) clo-
zapine assay using automated homogenous
immunoassay has been reported (Buckley 2020;
Taylor 2021; Boland 2022). The evaluation
reported by Buckley et al (2020) used 117 stored
serum samples. Neither the storage conditions nor
the time in storage were given, and analyte

degradation may have occurred (Fisher 2013). A
national reference laboratory using LC-MS/MS to
analyse matching samples obtained 18 false-positive
clozapine results (range 0.02-0.16 mg/L), whereas
immunoassay showed none, but that might be
because they came up as false-negatives in the
immunoassay. There was relatively poor concord-
ance (r=0.84) between the results of the samples
that did contain clozapine. Moreover, the immuno-
assay gave results on average 16% higher than
those obtained by LC-MS/MS.

Taylor et al (2021) compared results from finger-
prick blood samples obtained using the POCT ana-
lyser with laboratory values obtained using venous
blood samples by LC-MS/MS (whether whole
blood or plasma/serum was assayed is not
specified). They reported a correlation of 0.89
between the two sets of values (n=309), but five
‘outliers’ were excluded from this calculation. Even
after excluding the outliers the relationship
between the two sets of values was not good
enough to accurately predict one from the other.
Boland & Drateu (2022) simply reported POCT
results in four patients.

Interpretation of clozapine TDM data

In all cases perform a common sense check (sample
from the right patient/compare with previous results
from the patient, pre-dose sample, smoking habit
constant, no constipation, no features of inflamma-
tion/infection) before assessing the results. For
example, if there is doubt as to sample timing in rela-
tion to the last dose look at the norclozapine result as
well (Box 4).

Adherence

If clozapine is absent from a sample (normal assay
limit of sensitivity 0.01 mg/L) this suggests that

BOX 3 Some considerations in clozapine point-of-care testing (POCT)

e (Capillary blood (plasma/whole blood distribution 1.16), risk
of contamination with tissue fluid during collection

e Norclozapine not measured

o Needs samples for internal quality contral (IQC) and external
quality assurance (EQA) (adds to costs)

e Potential interferences?
e Hook effect?®
e Archiving of results

e Kit-to-kit reproducibility (you cannot always rely on a manu-
facturer over time)

e Kit storage/shelf-life
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e Possibility of assay discontinuation by the manufacturer
o Staff training
e Sample storage/disposal

e (Collection/analysis/disposal  of
samples (e.g. hepatitis C)

potentially hazardous

e Duplicate analysis?
e Accreditation/assay certification

a. A hook effect occurs with certain immunoassays: the
effectiveness of antibodies to form immune complexes
becomes impaired when concentrations of an antigen are
very high. A hook effect can produce false negatives or
inaccurately low results.
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BOX 4 Plasma clozapine/norclozapine ratio: clinical interpretation

® |n a pre-dose sample, the ratio increases at higher plasma
clozapine concentrations, suggesting saturation of cloza-
pine N-demethylation (Couchman 2010)

Plasma clozapine, Median Measurements, n

mg/L ratio

<0.35 1.25 36102

0.35-0.59 1.55 25787

0.60-0.99 178 17192

>1.00 2.08 7736
Cautions

o |[f the ratio is very high (3 or more), but the plasma clozapine is
1 mg/L or so, this suggests (a) inhibition of clozapine

clozapine had not been taken for at least a week or
so prior to sample collection, except that at low
dosage (<100 mg/day) early in treatment, failure
to detect clozapine could be due to rapid metabol-
ism of the drug (in a young male smoker, for
example). Some 1% of samples submitted for cloza-
pine TDM to one service had no clozapine in them
(prescribed clozapine doses up to 900 mg/day;
Couchman 2010). If non-adherence in the commu-
nity is identified, a thorough search for the missing
tablets must be instituted promptly because of the
risks posed by suddenly restarting clozapine after
a period of non-adherence. There is also the possi-
bility of self-poisoning, which could prove fatal.

Partial adherence is difficult to assess, but
reports of unused tablets being recovered when
someone has died, for example, indicate that it is
a continuing problem, especially in people living
in the community. The data presented in Table 2
can be used to guide interpretation. Although
rapid metabolism cannot be excluded at very low
clozapine doses, results for both clozapine and nor-
clozapine below the 10th percentile suggest recent
poor adherence. Previous clozapine TDM results
in a given patient may also aid interpretation by
indicating trends or highlighting periods of poor
adherence and a good laboratory report should
either tabulate such results or point to where they
can be found.

Norclozapine persists in plasma for longer than
clozapine when clozapine dosage is stopped. It is
also less likely to change with sample time in rela-
tion to the time of the last dose than the plasma clo-
zapine itself, and this may help in interpreting
individual patient results over time if adherence is
questioned, for example. Study of the clozapine/
norclozapine ratio may also help detect recent clo-
zapine ingestion after a period of non-adherence
(Box 4).
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N-demethylation by a drug such as fluvoxamine, (b) possible
downregulation of clozapine N-demethylation as a result of
infection/inflammation or (c) that the sample was taken before
absorption/distribution of the last dose was complete

e |f the ratio is very high (3 or more), but the plasma clozapine
is 0.2-0.3 mg/L or so, this suggests that the patient may not
have been taking clozapine regularly

o |f the ratio is very low (0.5 or so) this suggest either (a) that
the patient is a very fast metaboliser of clozapine (e.g. a
young, male smoker) or (b) that clozapine has not been taken
for day or two, possibly longer, prior to sampling

Plasma clozapine and response

All patients are different. Nevertheless, guidelines
based on pre-dose plasma clozapine concentrations
have been found generally useful in treatment-
refractory schizophrenia (Table 3). At steady-state,
plasma clozapine and norclozapine are reproducible
between samples obtained at the same time on
different days, other factors (time since last dose,
adherence, gastrointestinal motility, recent food
intake, use of other drugs, exposure to cigarette
smoke, infection/inflammation) being equal
(Turrion 2020). If pharmacotherapeutic augmenta-
tion is considered it is advisable to maintain the pre-
dose plasma clozapine concentration below 1 mg/L.,
and preferably below 0.6 mg/L. (Lally 2019),
because if augmentation is successful then it will
be unlikely that clozapine dosage will be
altered even if unnecessarily high.

Although seizures feature among the Food and
Drug Administration’s ‘black box warnings’ for cloza-
pine, this to an extent reflects the situation before the
TDM of clozapine was widely available and before the
profound effect of stopping smoking on clozapine dose
requirement was appreciated. In one audit of a cloza-
pine TDM service (104127 samples, 26796
patients), plasma clozapine was 1 mg/L. or more in
8.4% of samples. Some individuals appear well at
plasma concentrations in the range 2-5mg/L
(Couchman 2010). In this context, if pre-dose
plasma clozapine is found to be very high (>2 mg/L,
0.4% of samples in the audit cited), it may continue
to rise for some time after clozapine dosage is signifi-
cantly reduced or stopped, possibly reflecting contin-
ued absorption as gut motility returns.

Norclozapine and clozapine N-oxide

The role of norclozapine in vivo is unclear
(Humbert-Claude 2012; Tan 2021; Jessurun
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L.:]i3E] Simple guide to the interpretation of pre-dose plasma clozapine concentrations

Plasma clozapine, mg/L

Clinical response

Comment

<0.01 ('not detected’)

<0.35

0.35-0.60

0.61-0.99

1.0-1.9

Any
Good

Poor or incomplete

Good

Poor or incomplete

Good, with no clinical
features of toxicity

Poor, incomplete or reduced
and/or with clinical
features of toxicity

Good, with no clinical
features of toxicity

Poor, incomplete or reduced
and/or with clinical
features of toxicity

Good, with no clinical
features of toxicity

Poor, incomplete or reduced
and/or with clinical
features of toxicity

Augmentation with other psychotropic drugs may be of benefit. It is important that any such attempts should be

Consider using an anticonvulsant (not carbamazepine; not sodium valproate in women of child-bearing age) as

Consider cautious dose reduction (see above) to bring plasma clozapine below 1.0 mg/L and possibly below 0.6

Avoid abrupt clozapine discontinuation if possible. Consider cautious dose reduction to bring plasma clozapine to

Withhold clozapine and restart at 75% of the last dose once the plasma clozapine is below 1.0 mg/L, and

Clozapine is unlikely to have been taken for at least a week before sampling, except perhaps in the early stages
of dose escalation (doses <100 mg/day). Patient probably needs to be re-titrated

Consider a repeat assay at 6 months, then annually unless response deteriorates or side-effects become
troublesome

If poor adherence is suspected, consider psychoeducation or supervised administration. If a suspension of
crushed clozapine tablets is prepared, care must be taken to ensure that the bottle is shaken well before
administering the suspension

Review the patient and repeat the assay after adherence intervention. If there is no improvement, consider a
cautious dose increase. Be particularly cautious if the dose is already >600 mg/day because of the
increased risk of ADRs, notably seizures. Monitor the patient’'s mental state and ADRs. Review the patient
and repeat the assay after at least 1 week on a new dose

Consider repeating the assay after 6 months, then annually unless the response deteriorates or troublesome
ADRs occur. If ADRs are persistent or serious, consider cautious dose reduction (e.g. by 25 mg/day in week
1 and by a further 25 mg/day in week 2, etc.), but bear in mind the possible loss of response

If clozapine treatment has continued for at least 3-6 months at the current dose, consider psychosocial
intervention or cautious dose increase (plasma clozapine <1.0 mg/L)

carefully considered with respect to ADRs (including the risk of neutropenia) and possible drug—drug
interactions and discontinued if no response is seen

Review the treatment. Consider cautious dose reduction (e.g. by 25 mg/day in week 1 and by a further 25 mg/day
in week 2, etc.), but balance this reduction against the risk of diminishing the response to clozapine

prophylaxis against seizures if dose reduction is thought to be inadvisable. Monitor the patient's mental
state. Repeat the assay after at least 1 week on a new dose, otherwise 3 monthly

If intolerable, consider cautious dose reduction (see above) to bring plasma clozapine below 0.6 mg/L. Monitor
mental state. Repeat the assay after at least 1 week on a new dose. Consider augmentation with another
psychotropic drug

Review the treatment. Check for ADRs (sedation, postural hypotension, tachycardia, hypersalivation,
constipation, myoclonus, seizures). Perform ECG

mg/L, but balance against the risk of diminishing the response to clozapine. Consider an anticonvulsant (not
carbamazepine; not sodium valproate in women of child-bearing age) as prophylaxis against seizures.
Monitor the patient’s mental state. Repeat the assay after at least 1 week on a new dose, otherwise 3
monthly. Bear in mind that plasma clozapine may continue to rise in the short term even after the dose has
been reduced

Consider cautious dose reduction (see above) to bring plasma clozapine to below 1.0 mg/L and possibly below
0.6 mg/L. Monitor the patient’'s mental state. Repeat the assay after at least 1 week on a new dose. Bear in
mind that plasma clozapine may continue to rise in the short term even after the dose has been reduced

Review the treatment urgently. Assess smoking status. Check for ADRs (sedation, postural hypotension,
tachycardia, hypersalivation, constipation, myoclonus, seizures). Assess for infection. Perform ECG

below 1.0 mg/L and possibly below 0.6 mg/L. Consider an anticonvulsant (not carbamazepine; not sodium
valproate in women of child-bearing age) as prophylaxis against seizures. Monitor the patient’s mental
state. Repeat the assay after at least 1 week on a new dose. Remember that plasma clozapine may
continue to rise in the short term even after the dose has been reduced

Review the treatment urgently. Assess smoking status. If the patient is being treated in the community, consider
admitting them to hospital for observation.

possibly below 0.6 mg/L. Consider an anticonvulsant (not carbamazepine; not sodium valproate in women of
child-bearing age) as prophylaxis against seizures. Monitor the patient’s mental state. Repeat the assay
after at least 1 week on a new dose. Remember that plasma clozapine may continue to rise in the short term
even after the dose has been reduced

ADR, adverse drug reaction; ECG, electrocardiogram.
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2022). Inisolated rabbit colon, at 20 pmol/L norclo-
zapine had opposite effects to those of clozapine,
causing an increase in the frequency of mass peri-
stalsis, with slight increases in basal tone. These
slightly augmented contractions were abolished on
addition of clozapine, suggesting that interactions
between these two compounds and possibly with
other clozapine metabolites may also occur at recep-
tors in vivo (Every-Palmer 2017). Given this
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situation, study of plasma norclozapine related to
outcome has usually been in respect of the plasma
clozapine/norclozapine ratio. Despite conflicting
reports (Solomon 2021), the ratio can provide
useful information to help interpret plasma cloza-
pine results (Box 4).

The measurement of clozapine N-oxide has also
been advocated for TDM purposes. However, this
compound is readily reduced to clozapine and
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seems to be present at appreciably lower concentra-
tion (20% or so) than either clozapine or norcloza-
pine in most patient samples. Furthermore, it is
relatively polar and (a) is probably eliminated
quite quickly via the kidneys and (b) is unlikely to
penetrate the blood-brain barrier.

Conclusions

Clozapine TDM used appropriately is a valuable and
cost-effective adjunct to the safe and effective use of
the drug. There is a clear need to ensure that cloza-
pine TDM services are readily accessible and
provide timely results. Clinicians, mental health
pharmacists and others concerned in patient treat-
ment must be trained appropriately in sample collec-
tion and in the interpretation of results. The
availability of a clozapine immunoassay for labora-
tory use and of clozapine POCT may present
further opportunities to improve patient care.
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A clozapine/norclozapine ratio <1 may be 5 As regards laboratory analysis of plasma

clozapine concentrations:
a norclozapine but not clozapine concentrations are
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All of the following are indications for
therapeutic drug monitoring in treatment-
refractory schizophrenia except:

assessing adherence

monitoring for new adverse effects
investigating pharmacodynamic interactions
investigating deterioration in clinical symptoms
ensuring a fair trial of clozapine.

Increases in plasma clozapine concentra-
tions are associated with:

commencing smoking

starting fluvoxamine

recovery from viral infection

missed doses of clozapine in the past 24 h
delayed time of sampling.
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metabolic inhibition
smoking cessation

not a trough sample

slow clozapine metabolism.

A plasma clozapine concentration of

>1 mg/L is reported: all of the following are
clinical factors consistent with this except:
recent dose change

smoking commencement

not a trough concentration

no de novo adverse effects

rifampicin discontinuation.
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higher in plasma than in serum samples
samples taken within 6 h of a clozapine dose
hinder clinical interpretation

laboratories use a point-of-contact testing
measurement

an effective laboratory analysis and reporting
system would aim to provide results within 48 h
both clozapine and norclozapine concentrations
are higher in serum than plasma samples.
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