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Psych

using clozapine

Background

Clozapine is licensed for treatment-resistant schizophrenia
(TRS). Because of the risk of clozapine-induced agranulocytosis,
its use requires regular haematological monitoring. Substantive
evidence supports revisions of absolute neutrophil counts
(ANCs) for clozapine discontinuation and ceasing of indefinite
haematological monitoring.

Aims

To examine the cost-effectiveness and budget impact of
different haematological monitoring schemes compared with
the current UK monitoring practice for patients using clozapine.

Method

We performed a cost-effectiveness and budget impact analysis
from the healthcare system perspective over a 3-year period,
comparing the current UK clozapine monitoring practice with
extended haematological monitoring and a revision of ANC criteria.
Costs and quality-adjusted life years (QALYS) were estimated using
a semi-Markov model that followed a simulated cohort of 100 000
adults with TRS. Sensitivity analyses were conducted.

Results

Extended haematological monitoring would lead to lower mean
total costs per patient (6388.34 v. 5569.77 GBP) and not
compromise quality of life (in QALYS 795.83 v. 795.79 days).
Arevision of ANC criteria for clozapine discontinuation would not
substantially lower costs (6388.34 v. 6390 GBP), but lead to a slight
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increase in QALYSs (795.83 v. 797.08 days), through patients
benefitting from longer clozapine treatment. A combination of
extended haematological monitoring and revision of ANC criteria
would be the dominant strategy, which means that costs are
lower (6388.34v.5548.50 GBP) and QALYs slightly increase (795.83
v.797.03 days) compared with the current UK monitoring practice.

conclusions

A revision of current UK clozapine monitoring practice
would be beneficial from both a clinical and an economic
perspective. Adjusting ANC criteria for clozapine cessation
avoids unnecessary early discontinuation of clozapine
treatment and has a positive impact on quality of life. An
extension of monitoring intervals reduces costs borne by the
healthcare system. Safety is not compromised by these
changes.
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Clozapine is considered the most effective treatment option for
patients with treatment-resistant schizophrenia (TRS).! Patients
experience a persistence of significant symptoms despite prior
adequate pharmacological treatment with at least two non-
clozapine antipsychotic drugs.> However, because of its potential
adverse effects, including the risk for clozapine-induced agranulo-
cytosis (CIA), clozapine is underutilised in patients with TRS.?
To limit the risk of CIA, the use of clozapine requires regular
haematological monitoring in most countries.! Haematological
monitoring is intended to identify an early fall in absolute
neutrophil count (ANC) before an episode of agranulocytosis. In
the UK, clozapine use currently requires weekly monitoring for the
first 18 weeks, fortnightly monitoring during weeks 18-52 and
4-weekly monitoring thereafter for as long as the patient uses
clozapine. Clozapine use will be stopped if absolute ANC:s fall below
1.5 x 10%/L or white blood cell counts fall below 3.0 x 10%/L.*
Monitoring guidelines build on the assumption that agranulocy-
tosis occurring in patients using clozapine are actually caused by
clozapine. However, severe neutropenia and CIA may be wrongly
attributed to clozapine and a large number of patients are
unnecessarily withdrawn from clozapine treatment.’~” Several recent
studies have made a case for restricting indefinite haematological
monitoring on the basis that almost all CIA cases occur within the

first months of initial treatment, with a notable decrease in risk
thereafter.®1° Indeed, evidence from the COVID-19 pandemic
shows that extending haematological monitoring intervals for
patients long-established on clozapine did not increase the incidence
of life-threatening agranulocytosis.!"12

Haematological monitoring can be costly. First, patients may
refuse to use clozapine because of the requirement for frequent
haematological monitoring or ANC cut-offs unnecessarily prohibit
clozapine treatment.>>~ In these cases, patients are restricted from
clozapine, a treatment option that can substantially lower healthcare
costs.!*!* Annual average healthcare costs have been estimated to
amount to over 10 000 GBP before clozapine initiation and to around
1500 GBP after clozapine initiation. However, frequent haemato-
logical monitoring is associated with high costs itself. Assuming
average costs of 48 GBP for titration and monitoring each week and a
median time of clozapine use of 603 days," this adds up to total costs
of over 2000 GBP under the current UK monitoring practice, not
including the opportunity costs for patients or patients’ families.

Three prior studies have assessed the cost-effectiveness of
haematological monitoring for clozapine use. The studies suggest
that the long-term extensive haematological monitoring and relatively
high ANC cut-offs that mandate clozapine discontinuation are not
cost-effective.’>"'7 In light of the most recent studies that question
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Fig. 1 Semi-Markov model. ANC, absolute neutrophil count.

current monitoring practices,>”1%!® the aim of this study was to
examine the cost-effectiveness and budget impact of haematologic
monitoring schemes that either lower the ANC cut-off that mandates
clozapine discontinuation and/or extent haematological monitoring
intervals for patients with TRS using clozapine in the UK.

Method

Study design and model

To assess the cost-effectiveness of haematologic monitoring schemes,
we modified a previously developed continuous-time semi-Markov
model with four health states (Fig. 1):'° treated with clozapine and
with normal ANCs (health state 1), treated with clozapine and an
ANC that mandates clozapine discontinuation (health state 2),
treated with a non-clozapine antipsychotic drug (health state 3) and
death (health state 4). All patients enter the model in health state 1
and may either stay in health state 1, switch to a non-clozapine
antipsychotic drug for reasons unrelated to ANCs, develop an ANC
that mandates clozapine discontinuation or die for reasons unrelated
to CIA. The ANC that leads to treatment discontinuation may
either be classified as mild to moderate neutropenia (ANC
0.5-1.5 x 10°/L) or CIA (ANC <0.5 x 10°/L). Patients with mild
to moderate neutropenia switch to a non-clozapine antipsychotic
drug as soon as it is detected by haematological monitoring. Patients
who develop CIA are at risk of sepsis. If patients develop sepsis before
CIA is detected, they may either die or recover and switch to a non-
clozapine antipsychotic drug. If CIA is detected during haemato-
logical monitoring, patients switch to a non-clozapine antipsychotic
drug with no sepsis. Patients who are treated with a non-clozapine
antipsychotic drug are at risk of dying.

Study population

The study population included a hypothetical cohort of 100 000
men and women aged 18-65 years who were diagnosed with TRS
and who received clozapine after failure of two non-clozapine
antipsychotic drugs.

Comparators

We compared five haematological monitoring schemes: the current
UK scheme, which requires weekly monitoring for 18 weeks, then
every two weeks until week 52 and monthly monitoring thereafter,*
was the reference case. Clozapine treatment is discontinued at
ANC <1.5 x 10%/L. The second scenario included a lowering in the
ANC cut-off that mandates clozapine discontinuation by
0.5 x 10°/L as introduced in the USA.® The monitoring interval

was not changed. The third scenario was the Dutch case, where
patients have the option to stop haematological monitoring after
the first 6 months of clozapine use, although occasional monitoring
of four times a year is recommended. The scenario assumed weekly
monitoring for the first 18 weeks, then every 4 weeks until week 26
and four times a year, thereafter.® As in the UK, clozapine
treatment was discontinued at ANC <1.5 x 10°/L. The fourth
scenario was a combination of the US and Dutch schemes, which
included the Dutch monitoring guidelines and clozapine treatment
discontinuation at ANC <1.0 x 10%/L. For the four monitoring
strategies ‘current UK scheme’, ‘US scheme’, ‘Dutch scheme’ and
‘US-Dutch scheme’ weekly monitoring was assumed to occur with
fluctuations of +2 days. Finally, no monitoring at all was
considered as the ‘do-nothing’ alternative, as current strategies
for haematological monitoring have previously been found to be
not cost-effective.'®

Transition probabilities

Table 1 (column 2) displays the parameters used for the base-case
analysis. We assumed that the lifetime incidence of ANCs of
<1.5 x 10°/L, <1.0 x 10°/L and <0.5 x 10°/L was 4%, 1.24% and
0.8%, respectively.>'8 Some 43.3% of falls in ANCs occur within the
first 18 weeks.'® It was assumed that 97% of patients with CIA
develop sepsis within 14 days.!> The relative mortality of sepsis
induced by CIA was set to 0.7%.%2° Patients who did not die from
sepsis and transitioned to health state 3 were assumed to have an
all-cause 3-year mortality of 1.2% under non-clozapine antipsy-
chotic drug treatment (health state 3 to death).?!

Patients who did not develop ANCs that discontinue clozapine
treatment were at risk of clozapine discontinuation for other
reasons (health state 3) or of death (health state 4). It was assumed
that 45% of patients discontinue clozapine treatment for other
reasons within 2 years.?? A 3-year all-cause mortality rate of 0.7%
was estimated under clozapine treatment (health state 1 to death).?!
Patients who did not transition to health states 2-4 remained on
clozapine treatment during the whole time horizon.

Costs

Costs were regarded from the healthcare perspective. Daily costs for
health services use were estimated at 2.43 GBP for patients treated
with clozapine and 5.68 GBP for patients treated with a non-
clozapine antipsychotic drug.!* Costs for haematologic monitoring
were set to 47.99 GBP per screening.'* Daily costs for a 300 mg dose
clozapine (tablets) were set to 1.12 GBP.?* Weighted average daily
costs for non-clozapine antipsychotic drugs (tablets), that is,
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Table 1 Parameter values for the semi-Markov model

Model parameter

Transition probabilities from health state 1
Time to clozapine discontinuation for other

base-case analysis

Lognormal (6.788, 2.096)

reasons
Risk of ANC (lifetime)
<15 x 10°/L 4%
<1.0 x 10°/L 1.24%
<0.5 x 10%/L 0.8%
Time to ANC that discontinues clozapine Lognormal (5.658, 1.695)
treatment

Time to death

Transition probabilities from health state 2
Time to sepsis after CIA
Sepsis-related mortality

Transition probabilities from health state 3
Time to death

Utilities

Exponential (0.25)
0.7%

Treatment with clozapine 0.81

Treatment with non-clozapine antipsychotic drug  0.74

Sepsis 13.2% reduction for
6 months

Costs (in 2023 GBP)
Health services use? while treated with clozapine
Health services use? while treated with non-
clozapine antipsychotic drug
Clozapine (200-450 mg daily)
Non-clozapine antipsychotic drug
Haematologic monitoring®
Sepsis®
Other
Discount rate 3.5%

ANC, absolute neutrophil count; CIA, clozapine-induced agranulocytosis.
a. Includes costs (median) for in-patient and out-patient services and social support.
b. Includes costs for titration and monitoring.

2.43 (per day)
5.68 (per day)

0.05 (per day)
47.99 (per case)
7065.72 (per case)

Parameters/modelling in

Exponential (6.415 x 10~

Exponential (1.103 x 10~

1.12 (per day; 300 mg daily)

Parameters in deterministic  Distribution in probabilistic

one-way sensitivity analysis sensitivity analysis Source
Meanlog ~ N (6.788, 0.154) 2
Sdlog ~ N (2.096, 0.141)

0.7% 18,28

0.064% 6.18.28

0% 18,28
Meanlog ~ N (5.658, 0.070) 8
Sdlog ~ N (1.695, 0.049)

6) 21
0.136-0.329 1
0.5-23% 20,2930

5) 21
0.63-0.99 Beta (3.036, 0.713) 13
0.52-0.96 Beta (2.202, 0.774) 13
0-23.3% 81
1.11-4.44 Gamma (1.219, 2.638) 1
2.54-11.2 Gamma (1.094, 7.391) 14
0.09-3.36 3
0.04-0.17 225
+20% 14
5301.01-9660.51 %
1.5-5% 3233

¢. Includes costs for hospital admission and additional complications. More details on the underlying study populations are provided in Supplementary Material S.1.

treatment with antipsychotic polypharmacy, olanzapine (10 mg daily),
aripiprazole (10 mg daily) or quetiapine (300 mg daily), were
estimated at 0.05 GBP.?® The non-clozapine antipsychotic drugs
were administered with the following likelihood: antipsychotic
polypharmacy (27%), olanzapine (23.2%), quetiapine (13%),
aripiprazole (12.1%), other (24.7%).2* Costs for antipsychotic
polypharmacy were assumed to be 38% higher than for
antipsychotic monotherapy.?® Costs for sepsis were estimated at
7065.72 GBP per case.”® All costs were inflated to year 2023 GBP
prices using the gross domestic product deflator.”’

Outcomes

The clinical outcome considered was the mean days of survival by a
patient. The main outcome for the cost-effectiveness analysis was
quality-adjusted life years (QALYs). QALYs were calculated from
the time spent in different health states multiplied by utility values
with UK tariffs. The utility for treatment with clozapine was 0.81
and for treatment with a non-clozapine antipsychotic drug was
0.74.'%3* Death was assigned a utility of 0. The incidence of sepsis
was assigned a decrease in utility by 13.2% for 6 months.!

Economic evaluation and budget impact analysis

We calculated the incremental cost-effectiveness ratio (ICER) by
relating the incremental costs to the incremental effects.** Costs and
consequences were considered over a 3-year horizon, which was
assumed to be long enough to capture all meaningful differences in
costs and effects as CIA occurs chiefly in the first 18 weeks of
treatment. An annual discount rate of 3.5% was applied to both
costs and outcomes.*?> An ICER below 20 000 GBP per QALY was
regarded as cost-effective.

A 3-year budget impact analysis was conducted to estimate
the financial consequences of revising current haematological
monitoring practices for the healthcare system. The eligible
population included the prevalent population of adult patients
with TRS in the UK in year 1 and the incident population of
patients expected to develop TRS in years 2 and 3. Some 30% of
potentially eligible patients were assumed to be treated with
clozapine (Supplementary Fig. S.1 available at https://doi.org/
10.1192/bjp.2025.10424).3>3¢ A hypothesised increase in clozapine
use because of revised monitoring guidelines of 30% and 50% was
assumed. The budget impact was calculated as the difference in
total costs between the monitoring strategies. Costs were not
discounted per standard practices.’’

Sensitivity analyses

Deterministic one-way sensitivity analyses were conducted by
setting parameter values to rather extreme yet plausible upper and
lower bounds,** which were derived from the literature (Table 1,
column 3). The risk of an ANC cut-off that mandates clozapine
discontinuation was lowered to 0.7% (<1.5 x 10°/L), 0.064%
(<1.0 x 10°/L) and 0% (<0.5 x 10°/L).® We assumed that
85-99% of patients with CIA would develop sepsis within
14 days."> We varied sepsis-related mortality between 0.5 and
23%.22% Utilities for treatment were varied by plus/minus one
standard deviation.!> A decrease in utility because of sepsis was
assumed to be either 0 or 23.3%.%! Costs for health services use were
set to the lower and upper quartiles.'* Costs for clozapine were
varied by the costs for the minimum and maximum dose that could
potentially be prescribed.?* Similarly, the range of costs for non-
clozapine antipsychotic drugs was calculated as weighted average
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Table 2 Baseline results

Description of comparator and No monitoring
measures Current UK scheme US scheme Dutch scheme US-Dutch scheme at all
Description of comparator
Cut-off for discontinuing clozapine ANC <15 x 10%L  ANC <1.0 x 10%/L ANC <1.5 x 10%/L ANC <1.0 x 10%/L N/A
treatment
Monitoring scheme Weekly (weeks 1-18) Weekly (weeks 1-18) Weekly (weeks 1-18)  Weekly (weeks 1-18) N/A
Every 2 weeks Every 2 weeks Every 4 weeks Every 4 weeks
(weeks 19-52) (weeks 19-52) (weeks 19-26) (weeks 19-26)
Monthly (weeks 52+) Monthly (weeks 52+) Four times a year Four times a year
(weeks 26+) (weeks 26+)
General clinical indicators
Cumulative mortality (%) 1.18% 1.15% 1.20% 1.16% 1.17%
(1.12-1.27%) (1.10-1.25%) (1.12-1.27%) (1.10-1.25%) (1.10-1.25%)
Agranulocytosis cases detected (%) 30.69% 30.89% 24.31% 24.31% 0%
(27.36-34.78%) (27.36-34.78%) (18.52-25.62%) (18.52-25.62%)
Patients with sepsis (%) 0.43% 0.43% 0.47% 0.47% 0.63%
(0.40-0.46%) (0.40-0.46%) (0.46-0.52%) (0.46-0.52%) (0.60-0.66%)
Sepsis-related mortality (per 1000 0.05 0.05 0.04 0.04 0.03
patients) (0-0.07) (0-0.07) (0-0.08) (0-0.08) (0.01-0.09)
Effectiveness measures
Mean survival days per patient 1089.07 1089.21 1089.00 1089.13 1089.16
(1088.64-1089.41) (1088.72-1089.50) (1088.63-1089.42) (1088.72-1089.50) (1088.72-1089.50)
Mean survival days per patient, adjusted 795.83 797.08 795.79 797.03 797.22
for quality of life (510.28-1013.91) (514.36-1014.00) (510.32-1013.98) (514.33-1014.06) (515.20-1013.9¢)
Cost (effectiveness) measures
Mean total costs per patient (in 2023 6388.34 6390.00 556977 5548.50 4485.48
GBP) (2894.40-16 953.63)  (2947.50-16 644.38)  (2070.59-16 147.31) (2101.34-15 820.52) (1040.09-14
704.89)
ICER (in million 2023 GBP per QALY) Reference 0.0005 6.60 Dominant Dominant
(dominant - 0.39) (dominant - 40.29) (dominant - 14.8)  (dominant — 38.03)
ANC, absolute neutrophil count; N/A, not applicable; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year. Data in parentheses are 95% confidence intervals from the
probabilistic sensitivity analyses.

daily costs considering only the lowest and highest doses for
treatment.”> We assumed plus/minus 20% when varying the costs
for haematologic monitoring. The range of costs for sepsis was
based on low and high cost scenarios.?® Finally, the discount rate
per annum was varied between 1.5 and 5%.%%%

To further characterise uncertainty regarding input parameters,
we assigned normal distributions to the parameters of time to
clozapine discontinuation for other reasons and time to an ANC that
discontinues clozapine treatment.!® Standard deviations were
estimated from the data of the respective studies.'®?? We assigned
a beta distribution to the utilities for treatment and a gamma
distribution to the cost parameters.>* Shape and scale parameters were
derived from the mean and standard deviation (for utilities) and
interquartile range (for costs) of the original studies.*'* In the case in
which the randomly chosen utility parameters were smaller for
treatment with clozapine than with a non-clozapine antipsychotic
drug, the utility parameter of clozapine treatment was set equal to the
utility parameter of the alternative, assuming that clozapine is
the superior treatment option.! Similarly, costs of health services use
for patients treated with clozapine were set equal to those of patients
treated with a non-clozapine substitute if costs for patients treated
with clozapine were randomly chosen to be larger, as costs have been
shown to belower for this group.'**# Some 10 000 hypothetical patient
cohorts were simulated in the probabilistic sensitivity analyses.

Cost-effectiveness acceptability curves (CEACs) were plotted to
assess the probability that a scenario is cost-effective compared to
the current UK scheme for a range of maximum monetary values 1
that a decision maker might be willing to pay for a change in one
Q ALY.39’4O

Statistical analysis

The continuous-time semi-Markov model was estimated using the
procedure by Cao et al.*! The programs were written and executed

in R version 4.5.1 for Windows (R Foundation for Statistical
Computing, Vienna, Austria; see https://www.R-project.org).*?

Results

Base-case analysis

For a simulated cohort of 100 000 patients using clozapine,
indicators of mortality and mean days of survival did not
significantly vary over a 3-year time horizon among the five
monitoring strategies (Table 2). Quality of life (QoL) adjusted mean
days of survival were 795.83 for the current UK scheme, 797.08 for
the US scheme, 795.79 for the Dutch scheme, 797.03 for the US-
Dutch scheme and 797.22 for no monitoring at all.

Mean total costs per patient were 6388.34 GBP for the current
UK scheme and 6390 GBP if the US scheme was applied. Costs
decreased to 5569.77 GBP for the Dutch scheme, to 5548.50 GBP for
the US-Dutch scheme and to 4485.48 GBP for no monitoring at all.

The ICERs that resulted from relating incremental costs to
incremental effects ranged from 482.55 GBP per QALY (US
scheme) to 6.6 million GBP per QALY (Dutch scheme) if compared
to the current UK monitoring practice. This relatively high number
is because of the relatively small loss in QALYs (compare Fig. 2(a)).
The US-Dutch scheme and no monitoring at all were dominant
strategies, meaning that these strategies were associated with lower
costs and favourable effects compared to the current UK
monitoring practice.

Budget impact analysis

Over a 3-year time horizon, total costs for the healthcare system
amount to 823.8 million GBP in the current UK monitoring scheme
(Table 3). A change in monitoring practices results in a budget
decrease of 4.09% (Dutch scheme), 4.20% (US-Dutch scheme) and
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Fig. 2 Results of probabilistic sensitivity analysis.

Table 3 Three-year budget impact analysis results (in year 2023 GBP)

Monitoring scheme Clozapine use uptake (%) Total costs? Budget increase % Budget increase
Current UK scheme Reference 823803 949.45 Reference Reference
US scheme 0 823 855258.71 51309.27 0.01
30 830193426.30 6389476.85 0.78
50 833122718.07 9318768.62 1.13
Dutch scheme 0 790126 446.32 -33677503.12 -4.09
30 786363 244.67 —37440704.77 —4.54
50 782395732.92 —41408216.53 -5.03
US and Dutch scheme combination 0 78922717713 -34576772.32 -4.20
30 785202 301.83 —38 601 647.62 —4.69
50 781064 787.75 -42739161.70 -5.19
No monitoring at all 0 745810497.96 —77 993 451.49 -9.47
30 729102 788.03 —94701161.42 -11.50
50 716 472 153.67 —107 331795.78 -13.03
a. Total costs include costs for health services, pharmaceuticals, monitoring and sepsis treatment.

9.47% (no monitoring at all) if no change in clozapine use is
assumed. An increase in clozapine use by 30% decreases total costs
by 4.54% (Dutch scheme), 4.69% (US-Dutch scheme) and 11.5%
(no monitoring at all). Costs further reduce to —5.03% (Dutch
scheme), —5.19% (US-Dutch scheme) and —13.03% (no monitor-
ing at all) if 50% clozapine use uptake is assumed. Reductions in
total costs are driven by large savings in costs for health services
use and reduced monitoring (Supplementary Table S.2).

An application of the US scheme with no change in clozapine
uptake would slightly increase costs by 0.01%, because costs for
continued monitoring and clozapine are not completely offset by a

decrease in costs for health services use (Supplementary Table S.2).
Accordingly, an increase in clozapine use by 30 and 50% increases
total costs by 0.78 and 1.13%, respectively (Table 3).

Sensitivity analyses

A variation in model parameters regarding the risk of an ANC cut-
off that mandates clozapine discontinuation, time to sepsis and
sepsis-related mortality does not substantially affect mean QoL
adjusted days of survival (Supplementary Table S.3). By contrast, a
variation in utility measures can substantially affect mean QoL
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adjusted days of survival. Similarly, parameter estimates for costs of
drugs and health services use influence mean total costs per patient.
The ICERSs that result from a variation of model parameters in the
deterministic sensitivity analysis remained in a similar range for
most parameter changes: the US scheme, US-Dutch scheme and no
monitoring at all are either dominant or cost-effective compared to
the current UK monitoring practice. The Dutch scheme results in
relatively large ICERs ranging from 3.82 to 24.52 million GBP per
QALY. As in the base-case analysis, these relatively large values are
because of a relatively small change in QALYs. A variation in the
discount rate, which accounts for different time profiles of costs and
benefits, does not substantially change the results (Supplementary
Table S.3).

The scatter plot of the probabilistic sensitivity analysis shows that
the strategies ‘US scheme’, ‘Dutch scheme’, ‘US-Dutch scheme’ and
‘no monitoring at all’ can each result in lower costs compared to the
current UK scheme (Fig. 2(a)). For the US scheme, incremental costs
can be slightly higher as longer periods of clozapine use are
associated with longer haematological monitoring. A substantial
share of simulations results in an increase of QoL adjusted mean days
of survival, implying that all of the alternatives can be dominant
strategies compared to the current UK scheme. The other share of
simulations results in a relatively minor loss in QoL adjusted mean
days of survival up to 0.62 days at the maximum. The very small loss
of QALYs that is caused by extending haematological monitoring
intervals is in line with the relatively large ICERs that are found in
the base-case (Table 2) and deterministic sensitivity analysis
(Supplementary Table S.3).

Figure 2(b) shows that the CEACs of the ‘Dutch scheme’, ‘US-
Dutch scheme’ and ‘no monitoring at all’ are a decreasing function
of A. In the case in which the decision maker is unwilling to pay
anything for health gains (4 = 0), the CEACs have a value of 1 as the
three monitoring strategies are associated with costs less than or
equal to the costs of the current UK monitoring practice. With
increasing decision makers’ willingness to pay for health gains
(4 > 0), the CEACs decrease because not all estimations involve
health gains. Still, health losses are relatively low (compare
Fig. 2(a)). The CEAC of the ‘US scheme’ does not cut the y-axis
because 48.28% of model replications involve cost savings. The
CEAC increases as a lowering of the ANC cut-off that mandates
clozapine discontinuation does not involve any health losses. Thus,
Fig. 2(b) suggests that if one is willing to accept a very small
reduction in mean QoL adjusted days of survival, any of the
considered alternatives can substantially reduce total costs
compared to the current UK monitoring practice.

Discussion

our findings

Haematological monitoring for clozapine use can be less onerous
and less costly without sacrificing safety. A revision of current UK
monitoring practices can reduce costs borne by the healthcare
system with no significant increases in mortality and improved QoL
adjusted mean days of survival. Scholars have requested a relaxation
of haematological monitoring frequency and a revision of the ANC
cut-off that mandates clozapine discontinuation.®*"'** Qur study
contributes to the literature by relating the health effects of these
changes to their costs and by analysing the impact on the healthcare
system’s budget.

Findings in the context of previous studies

The Netherlands introduced the option to stop haematological
monitoring for clozapine use in 2006 (off-label).!” Using the Dutch

case as an example, our model confirms what has been previously
addressed by studies,!! that is, that fatal outcomes of clozapine use
are low even if haematological monitoring intervals are extended. In
July 2025, the Pharmacovigilance Risk Assessment Committee
(PRAC) of the European Medicines Agency recommended to reduce
the frequency of haematological monitoring to every 12 weeks after
1 year, and to once a year after 2 years,*> which would have very
similar effects to the Dutch scheme presented in the main analysis
(see Supplementary Tables S.4 and S.5 for the PRAC criteria). In
addition, our model shows that lowering ANC cut-offs that
discontinue treatment by 0.5 x 10°/L increases QoL adjusted mean
days of survival while not substantially increasing or even lowering
total costs if combining with the Dutch monitoring strategy. Taylor
et al recently suggested a new set of criteria to improve the specificity
for detecting true CIA, including a consecutive ANC of <0.5 x 10°/L
(despite withdrawal of clozapine) on two consecutive days, among
others.>” The application of these ‘pattern-based’ criteria instead of
one ANC <0.5 x 10°/L could further increase QoL adjusted mean
days of survival by further reducing the number of patients
unnecessarily withdrawn from clozapine treatment and reduce
associated costs (see Supplementary Tables S4 and S.5 for an
application of ‘pattern-based’ criteria).

Our results show that revised haematological monitoring
guidelines can be beneficial from the health economic perspective.
A robustness check shows that this does not only apply when
costs from the UK healthcare system are considered, but also to cost
data from the Australian and German healthcare systems, where
the cost structures for health services use, drugs and sepsis
treatment differ (see Supplementary Table S.6 for estimated costs).
A comparison between countries shows that ‘no monitoring at all’
leads to the largest reduction in mean total costs per patient among
the five monitoring alternatives considered (UK: -29.79%,
Australia: -2.35%, Germany: -4.39% for ‘no monitoring at all’
versus ‘current UK scheme’). However, a restriction of haemato-
logical monitoring frequency (UK: -12.8%, Australia: -0.77%,
Germany: -0.83% for the ‘Dutch scheme’ versus ‘current UK
scheme’), a reduction of ANC cut-offs (UK: +0.03%,
Australia: -0.5%, Germany: -2.15% for the ‘US scheme’ versus
‘current UK scheme’) or a combination of both (UK: -13.14%,
Australia: -1.29%, Germany: -3% for the ‘US-Dutch scheme’
versus ‘current UK scheme’) can also reduce costs (see
Supplementary Table S.7 for a comparison of mean total costs).
A comparison between the countries shows that a reduction in the
monitoring frequency does not save much on the healthcare
systems budget, if costs for haematological monitoring are relatively
low. In countries where differences in costs for health services use
between patients using clozapine and those using a non-clozapine
antipsychotic drug are relatively high, patients will not only
experience clinical benefits from clozapine treatment but also the
economic burden associated with TRS will be reduced. For
example, German and Australian cost data reveal substantially
higher differences in costs for health services use between patients
who are treated with clozapine and those who are treated with a
non-clozapine antipsychotic drug, as well as lower costs for
haematological monitoring if compared to the UK. In these cases,
mean total costs per patient can be reduced by continuously
treating patients with clozapine, even without restricting haemato-
logical monitoring. In all cases, high costs of sepsis treatment do not
have a great impact on the overall costs borne by the healthcare
system in the three countries, as sepsis cases are relatively rare.

Limitations

Costs were considered from the healthcare perspective, which
does not include opportunity costs for the patient or the patients’
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family. This is because of a lack of studies that report these costs
for TRS.!* For patients with schizophrenia, it has been shown that
productivity losses can make up 35.9-83% of the total societal
costs of illness, whereas direct healthcare costs contribute
13.5-64.1%." A similar pattern is expected for patients with
TRS. Second, the analysis focuses on the cost-effectiveness of
haematological monitoring guidelines, such that costs for
clozapine initiation are assumed to be the same among all
patients and not considered. Costs of clozapine initiation may
differ by in-patient and out-patient setting, which is, in turn, a
question that stands for itself.!* Third, it is assumed that clozapine
treatment will be stopped if ANCs fall below certain thresholds.
While this applies to the US monitoring guidelines and has also
been recently recommended by the PRAC, clozapine treatment in
the UK is currently discontinued if ANCs fall below 1.5 x 10°/L or
white blood cell counts fall below 3.0 x 10°/L.** Fourth, our
model ignores the possibility that patients might be successfully
re-challenged with clozapine.*® Fifth, our model is estimated over
a time horizon of 3 years. While this time horizon is assumed to be
long enough to capture all meaningful differences in costs and
effects, the parameter values used for estimation are, in certain
cases, reported over a shorter time horizon and extrapolated
to 3 years (e.g. parameter values for utilities and costs,
Supplementary Table S.1). It can be assumed that benefits would
be greater over a longer time period.

Implications

Here we show that a revision of haematological monitoring
guidelines for clozapine use should entail a change in the ANC
cut-off that mandates a clozapine discontinuation and a relaxation of
haematological monitoring frequency. Revised ANC cut-offs avoid
an early discontinuation of clozapine treatment with positive impact
on patients’ QoL and costs for health services use. A relaxation of
monitoring frequency reduces patients’ burden that is associated
with frequent visits and the costs borne by the healthcare system.
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