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Abstract

Background: Up to 30% of patients with a diagnosis of treatment-resistant

psychosis remain symptomatic despite an optimal trial with the gold standard

treatment, clozapine. Emerging evidence suggests the clinical utility of long-

acting injections (LAI) in such clinical scenarios. In this study, we aimed to

describe clozapine augmentation with LAIs in an inner London hospital and

explore the literature on the clinical effectiveness of this treatment modality.

Methods: Patients prescribed clozapine, who were commenced on a LAI

between 2007 and 2023 by the United Kingdom's largest mental health trust,

were identified from electronic patient records. First, routine clinical data were

used to describe the use, effectiveness, and safety of this augmentation strategy.

Second, we conducted a literature search up to 1st June 2023 to identify pub-

lished studies describing clinical outcomes after clozapine augmentation with a

LAI. Clinical outcomes were collated and presented in a table, including hospita-

lisation rates and quantitative clinical assessments using validated scales.

Results: Of the 1248 patients prescribed clozapine in SLaM, three patients

(0.2%) received augmentation with the following LAIs: olanzapine embonate,

paliperidone palmitate and pipotiazine palmitate. This treatment strategy was

clinically effective and generally well tolerated in all three cases. Twelve pub-

lished studies between 2010 and 2022 were included in the review. Eight dis-

tinct LAIs were reported (4 first and 4 second generation antipsychotics), with

risperidone and paliperidone most widely studied. All the identified studies

were observational including mirror-image studies, case series and case

reports. Duration of follow up varied from 3 months to 3 years. There was evi-

dence that the use of LAIs with clozapine can significantly reduce clinical

symptoms, hospitalisation rates and bed days. No serious adverse effects were

reported.

Conclusion: This preliminary evidence suggests clinical utility of LAIs in

alleviating residual symptoms and subsequently reducing hospitalisation
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rates in patients optimised on clozapine treatment. The current study war-

rants further investigations including a randomised controlled study to

establish the clinical efficacy, tolerability, and place in therapy of this treat-

ment modality.

KEYWORD S

augmentation, clozapine, depot, long acting injectable

1 | INTRODUCTION

Up to one-third of patients diagnosed with schizo-
phrenia derive little therapeutic benefit from conven-
tional antipsychotic treatment, commonly described
as treatment-resistant schizophrenia (TRS).1 The
second-generation (‘atypical’) antipsychotic, cloza-
pine, is well established as the treatment of choice for
TRS. Several lines of evidence, including meta-
analytic and epidemiological studies, demonstrate clo-
zapine as the most effective antipsychotic for treating
positive symptoms, preventing suicidal ideation and
reducing the frequency and duration of hospital
stays.2–4 However, up to 30% of patients with TRS are
unresponsive to clozapine treatment despite dose opti-
misation.5 Untreated TRS has remained a persistent
public health problem, with healthcare costs approxi-
mately 3-11-fold higher for patients with TRS, with a
significant loss in patient quality of life.6–8

A particularly challenging area in the management of
TRS is adherence to clozapine treatment. Current evi-
dence indicates that approximately one in four patients
are non-adherent to treatment with clozapine.9 The rea-
sons for this are multifaceted but are driven by adverse
effects such as hypersalivation and sedation and the
requirement for frequent haematological monitoring.9,10

The potential consequences of non or partial adherence
include reduced responsiveness to recommencement of
clozapine treatment.11

In cases where clozapine monotherapy does not pro-
vide symptom alleviation, national and international
clinical guidelines for psychosis recommend the addi-
tion of an antipsychotic.12 However, there is significant
ambiguity amongst clinicians whether this includes the
use of LAI or depot formulations. This ambiguity is
enhanced by recommendations that suggest that
concomitant use of depot antipsychotics is contra indi-
cated, owing to a suggested increased risk of agranulo-
cytosis.13 In this study, we carry out a literature review
on the use of combined LAI and clozapine to manage
TRS and we report a small case series of clozapine aug-
mentation with LAI to manage TRS within a large
National Health Service (NHS) Trust.

2 | MATERIALS AND METHODS

2.1 | Study setting and sample
identification

The cohort was derived from the South London and
Maudsley (SLaM) NHS Foundation Trust Clozapine.
SLaM is a National Health Service Foundation Trust, one
of the largest mental health organisations in Europe,
responsible for the psychiatric care of over 1.3 million
residents in South London.

For this study, patients were identified using the
monitoring database used in SLaM, Zaponex Treatment
Access System (ZTAS) and pharmacy dispensing data.
We identified clozapine prescription with at least one
dose of a LAI or depot between 1 January 2007 and
31 January 2023. This study period was selected because

Significant outcomes

• This study suggests the clinical utility of LAI in
treating residual symptoms in patients estab-
lished on clozapine.

• Our cases and literature review suggests cloza-
pine augmentation with LAIs are safe and well
tolerated.

• The current evidence suggests that there is no
increased risk of clozapine-induced agranulo-
cytosis with LAI augmentation.

Limitations

• The results of this study do not allow for inter-
pretation of the effectiveness of LAI augmenta-
tion in preventing relapse in patients treated
with clozapine.

• The current review is limited by the low qual-
ity of evidence in the literature.

• Future research is warranted to determine
patient views on clozapine augmentation with
a LAI.
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electronic records were fully implemented during 2006 in
SLaM. For this study, both first-generation depots and
second generation LAIs are referred to as ‘LAI’. Case
records were then examined manually by two of the
authors (E.O and H.C) to ascertain whether clozapine
treatment was indeed augmented with a LAI. Patient
demographics and clinical data were obtained from elec-
tronic medical records.

2.2 | Literature review: Search strategy
and data extraction

We performed a systematic literature search using Med-
line, Embase and PsycINFO upto 1 June 2023. We used
the following combination of search terms: schizophrenia
AND depot OR once-monthly OR 3-month* OR long-
acting OR LAI* OR monohydrate OR lauroxil or palmi-
tate OR pamoate OR microsphere* OR dodecanoate OR
decanoate or enanthate OR oenanthate OR acetate
OR consta OR maintena OR zypadhera OR xeplion OR
sustenna OR trinza) OR aripiprazole OR olanzapine OR
risperidone OR paliperidone OR risperdal OR 9-OH-
risperidone OR 9-hydroxyrisperidone OR haloperidol OR
fluphenazine OR flupentixol OR flupenthixol OR zuclo-
penthixol OR pipothiazine; antipsychotic* OR dopamine
blocker* OR neuroleptic*) AND (injection OR injectable
OR depot OR long acting; AND clozapine. The search
yielded a total of 665 results (see Appendix 1). Eligibility
required papers to be written in English and published in
peer-reviewed journals reporting data on adult patients
who were concomitantly prescribed clozapine and a
depot or LAI. The literature search was conducted inde-
pendently by two researchers (A.D and E.O) in line with
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The researchers
screened titles and abstracts; eliminated duplicates; read
the full texts of the remaining papers; selected the papers
that met the inclusion criteria; and extracted relevant
data. They also manually searched the references of the
selected studies for additional articles to include. Discrep-
ancies or disagreement were resolved through discussion.
A PRISMA flow diagram is shown in Figure 1. The full
results of the search and treatment characteristics are
presented in Table 1.

2.3 | Ethics

This study was approved by the trust's Drug and Therapeu-
tics Committee, the locally designated approval committee
for all noninterventional prescribing outcome evaluations,
and the analysis used anonymised clinical data.

3 | RESULTS

3.1 | Sample

The data for the 97 patients that met these criteria were
manually screened and study eligibility verified from case
notes. After screening, three patients were identified
(0.2% of total clozapine cohort). Ninety-four patients were
excluded as the combination was only used during a
switch from LAI to clozapine or vice versa. Due to the
small sample size, a case series was selected.

3.2 | Case 1

The patient is a White British 29-year-old male with a
diagnosis of F20.0 paranoid schizophrenia. Secondary
diagnoses included F60.2 dissocial personality disorder
and F19.1 Mental and behavioural disorders due to multi-
ple drug use and use of other psychoactive substances
Harmful use. His first contact with psychiatric services
was in his twenties, where he presented with paranoid
persecutory beliefs and auditory hallucinations. His phys-
ical health conditions included hypertension. The mater-
nal uncle was diagnosed with paranoid schizophrenia
and the grandmother was diagnosed with schizoaffective
disorder. Regular cannabis uses in his adolescents up to
first presentation were reported.

Over a 7-year period the patient had various antipsy-
chotic oral and depot trials including aripiprazole long-
acting injection (up to 400 mg monthly), paliperidone
palmitate (up to 150 mg monthly), olanzapine embonate
(up to 300 mg fortnightly), flupenthixol decanoate depot
(up to 80 mg fortnightly) with treatment only achieving
partial response. Repeated inpatient admissions including
psychiatric intensive care unit (PICU) were reported dur-
ing this period.

Given the lack of response to treatment and the
patient's frequent and severe decompensations, it was
decided to begin treatment with clozapine. Clozapine
was titrated up to a dose of 400 mg at night, achieving a
plasma concentration of up to 0.40 mg/L. Reported
adverse effects included constipation, weight gain
(+17 kg), hypersalivation and tachycardia, in which he
received concomitant senna, hyoscine hydrobromide and
bisoprolol treatment. The patient demonstrated an
improvement in mental state with clozapine treatment
however his insight remained poor. A year later it was
agreed with his community team to switch to olanzapine
long-acting-injectable (LAI) during his discharge planning
meeting as it was deemed highly likely he would disen-
gage with services and refuse clozapine treatment. After
switching to olanzapine LAI, his mental state deteriorated
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remarkably during cross-titration from clozapine over a
4-week period, causing a delay to his discharge.

To address the acute symptoms, the patient was re
titrated on clozapine 300 mg daily in January 2022 prior
to the next administration date for olanzapine LAI.
Within a week of clozapine titration, the clinical team
noted a significant improvement beyond the level that
had previously been achieved on clozapine monotherapy.
It was therefore agreed with the multidisciplinary team
to keep the olanzapine depot in combination with cloza-
pine treatment as a long-term management plan. As of
January 2023, the patient remains mentally stable within
supported accommodation and continues to receive olan-
zapine LAI and clozapine. A clozapine plasma concentra-
tion of 0.29 mg/L was recorded. Metabolic changes did
occur within a year of augmentation of the clozapine
with weight increasing by approximately 4.7 kg as well as
a change in lipid profile (triglycerides from 4.2 to
4.5 mmol/L, cholesterol from 4.9 to 5.6 mmol/L, HDL

from 0.9 to 0.7 mmol/L). The patient's HbA1c remained
unchanged (32 mmol/mol).

3.3 | Case 2

The patient is a 40-year-old white British male with a
diagnosis of F20.0 paranoid schizophrenia. His first con-
tact with psychiatric services was during early adulthood,
where he presented with psychotic symptoms (auditory
hallucinations, bizarre and complex delusions). Poor self-
care and physical aggression were also reported. The
patient's mother was diagnosed with schizophrenia, living
in supported accommodation. After multiple admissions
and unsuccessful trials of various antipsychotics, the
patient was initiated on clozapine 325 mg in 2014. Despite
a reduction in positive symptoms, he continued to experi-
ence residual symptoms including complex delusions.
Shortly following discharge to supported accommodation,

FIGURE 1 Preferred Reporting

Items for Systematic Reviews and Meta-

Analyses flow diagram.
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he relapsed in the context of non-adherence to clozapine
and was admitted for re-titration. Similar events occurred
in March 2016 due to clozapine non-adherence. During
this period, his weight increased from 117 to 134 kg. The
patient's baseline serum lipid profile revealed low-density
lipoprotein (LDL) 1.6 mmol/L, HDL 0.6 mmol/L, and tri-
glycerides 4.4 mmol/L. Metformin prescription was consid-
ered but ultimately not done due to unknown reasons. To
address concerns regarding adherence, the clinical team
decided to initiate paliperidone palmitate 150 mg monthly
in 2016 to augment clozapine. After 2 weeks of augmenta-
tion, a substantial reduction of his psychotic as well as
affective symptoms was reported, and within a month was
discharged on a Community Treatment Order. The patient
described himself as having clearer thoughts and feeling
significantly calmer. The dose of clozapine was reduced to
300 mg at night, achieving a plasma concentration of up to
0.38 mg/L. His weight increased by a further 2 kg (136 kg).
Since discharge the patient has remained clinically stable in
the community. As of January 2023, the patient remains
engaged with his community mental health team, with his
last inpatient admission in 2016. Paliperidone palmitate
150 mg monthly was switched to the 3-monthly formula-
tion in 2020. The notable metabolic changes after augmen-
tation included an increase triglyceride to 6.1 mmol/L. The
patient's HbA1c remained unchanged (32 mmol/mol).

3.4 | Case 3

The patient is an 85-year-old Black Caribbean male with a
diagnosis of F25.0 schizoaffective disorder. His first contact
with psychiatric services was during his late 30's, where he
was initially diagnosed with paranoid schizophrenia. Nota-
ble family history included his brother and sister who were
diagnosed with paranoid schizophrenia. Until the age of
60 years old, the patient was reported functional, working
in civil service having attained a degree in Mathematics.
Prior to his first inpatient admission 10 years later, the
patient was living with his wife and two children.

During his first inpatient admission, the patient pre-
sented with affective symptoms of a manic type, poor
self-care, hyper religious delusions and mild negative symp-
toms and was subsequently diagnosed with schizoaffective
disorder. The patient was initiated on pipothiazine palmitate
150 mg 2-weekly to good effect and remained in the commu-
nity for 2 years. He was subsequently re-admitted into hospi-
tal to reinitiate pipothiazine after becoming non-compliant.
Despite re-initiation, the patient remained symptomatic.

The patient had sequential trials with fluphenazine
decanoate (25 mg 6-weekly), pipothiazine palmitate
(150 mg 2-weekly), risperidone (3 mg daily), paliperidone
palmitate (75 mg monthly), aripiprazole (10 mg),

zuclopenthixol decanoate (400 mg 2-weekly) and flu-
penthixol decanoate (20 mg 2-weekly) with treatment only
achieving partial response. Depot or long-acting injections
were often prioritised due to concerns around his adher-
ence. Given the lack of response to treatment, clozapine
treatment was initiated 10 years later. Despite a reported
response, clozapine treatment was stopped within a year
due to the patient's refusal to engage with blood tests. A
course of ECT in combination with pipothiazine palmitate
(150 mg 2-weekly) was trialled to poor effect.

Given the lack of response to treatment, clozapine
treatment was added to his pipothiazine depot and
monthly ECT prescription. Clozapine was titrated up to a
dose of 325 mg at night, achieving a plasma concentra-
tion of 0.33 mg/L. The patient demonstrated improve-
ment in positive and affective symptoms within a month.
ECT was ceased and clozapine and pipothiazine contin-
ued. Three months later, he was discharged to a sup-
ported accommodation. Two years on, the patient
remains compliant with his treatment and has not been
re-admitted into hospital or required re-titration.

3.5 | Literature review

We retrieved a total of 12 relevant articles which included
two case reports, three case series and seven retrospective
observational studies, four of which followed a mirror-
image design, representing a total of 195 patients
(Table 1). Three studies were conducted in Turkey,14,15

two in South Korea16,17 two in Australia18,19 and one in
each of the following countries: Spain,20 Canada,21

Italy,22 France23 and the United States.24

Both first-generation and second-generation antipsy-
chotics were reported as adjunctive treatment to clozapine,
although second-generation appeared more frequently.
First-generation antipsychotics included were haloperidol,
flupenthixol, zuclopenthixol, pipotiazine and fluphen-
azine. Second generation antipsychotics included were
paliperidone, risperidone and aripiprazole. Risperidone
and risperidone were the most reported antipsychotics
administered in combination with clozapine, in nine and
eight out of 12 studies, respectively.

Duration of follow up varied from 3 months14 to
3 years21 and it was not reported in three study16,19,24 and
not applicable in one study.18

With regards to side effects, Bioque et al.20 reported
that the combination of clozapine with LAI resulted in
fewer side effects and was well tolerated. Similarly, three
of the studies17,22,23 reported that the commonly seen
clozapine side effects did not arise on a combination
of clozapine plus LAI antipsychotics, indicating a well-
tolerated combination.
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All studies reported consistently favourable outcomes
although to a varied extent and with different outcome
measures. The most consistently studied outcome mea-
sure was the number of admissions during the duration
of treatment.1,17,20,21,23

4 | DISCUSSION

4.1 | Study findings

Clozapine is the treatment of choice for TRS, although
up to 60% of TRS patients exhibit an inadequate response
to monotherapy.5 In such scenarios, good clinical practice
warrants an investigation of the differential causes for
nonresponse, such as nonadherence, drug interactions,
and adverse drug reactions.12 However, despite efforts to
address these factors and optimise clozapine treatment,
many patients unfortunately do not demonstrate an ade-
quate response, leaving a large proportion of patients
with debilitating clinical features. In many cases, aug-
mentation of clozapine with other psychotropic medica-
tion is recommended, however, non-adherence rates
remain very high, and taking additional oral medication
increases the rates of non-compliance.25 To address this
conundrum, researchers have recently developed an
interest in the augmentation of clozapine with LAIs, to
predominantly alleviate residual symptoms.21,23,26 Our
report presents three successful cases of clozapine aug-
mentation with an LAI for TRS—namely, paliperidone,
pipothiazine, and olanzapine. All three cases showed
clinical improvement and tolerability with this strategy to
alleviate residual symptoms. Furthermore, our prelimi-
nary literature review, supports the clinical effectiveness
of clozapine augmentation with LAIs. The most cited rea-
sons for LAI augmentation were symptom improvement
and adherence concerns, suggesting effectiveness in at
least these patient groups. This review corroborates a
recent systematic review by Mutlu et al.27 that examined
clozapine augmentation with LAI antipsychotics and dif-
ferent formulations of clozapine such as intramuscular
administration to improve compliance for clozapine
users. The authors described an improvement in clinical
outcomes through use of LAIs and other clozapine for-
mulations to aid compliance. In contrast, our review spe-
cifically investigated LAI as a treatment modality for
symptom improvement and treatment persistence.

4.2 | Literature review

There is a paucity of controlled, prospective data on cloza-
pine augmentation with LAIs. Accumulating observational

data indicates LAI clinical utility to augment clozapine
treatment as demonstrated in Table 1. In 2022, Mutlu
et al.27 investigated clozapine augmentation with LAIs to
address adherence concerns with clozapine monotherapy
in a case series and systematic review. In their case series,
the authors reported a significant reduction in hospitalisa-
tion rates (0.26 ± 0.34 vs. 0.11 ± 0.40; z = �2.817,
p = 0.005) in 18 patients treated with clozapine and LAI.
Consistent with our case series, nonadherence was the
most common reason for augmentation (67%), closely fol-
lowed by an insufficient response to clozapine monother-
apy (50%). Notably, the authors demonstrated clinical
improvement through median changes in Clinical Global
Impression (CGI) (5 vs. 4), Clinical Global Impression—
Improvement (CGI-I) (3), and Global Assessment of
Functioning (GAF) (40 vs. 50) scores.27 Such findings are
further substantiated by mirror-image studies and case
reports, which all record symptom improvement and
reduced hospitalisation rates.1,17,20,21,23 For example, a
one-year mirror-image study (n = 17) by Souaiby et al.23

reported a 62% and 82% reduction in hospitalisation rates
(2.1 vs. 0.8) and bed days (155.4 vs. 26.6) respectively after
clozapine augmentation with an LAI. Equally, Bioque
et al.20 conducted a 6-month mirror-image study involving
50 individuals diagnosed with schizophrenia or schizoaf-
fective disorder (n = 46), delusional disorder (n = 2), and
bipolar disorder (n = 2). The authors reported a mean
reduction in hospitalisation rates (0.86 vs. 0.36), bed days
(9.08 vs. 18.26 days), visits to emergency departments (1.26
vs. 0.46) and the Brief Psychiatric Rating Scale (BPRS)
total score (18.32 vs. 7.84). The patients' mean Social and
Occupational Functioning Assessment Scale total score
significantly increased from 46.06 to 60.86. Consistently, a
recent observational cohort study of 2250 patients reported
that antipsychotic polypharmacy, including LAI formula-
tions, were amongst the best treatment options for lowest
risk of psychiatric ward readmission in treatment resis-
tant.28 Overall, these findings indicate the clinical utility of
clozapine augmentation LAIs in improving clinical out-
comes, particularly symptom improvement and related
hospitalisation rates. From a service provider's viewpoint,
the described reductions in hospital use are important as
the predominant economic burden of untreated TRS is
hospital use.29

4.3 | Tolerability and safety

A legitimate concern amongst clinicians and patients
regarding clozapine augmentation with antipsychotics and
LAI is the risk of compounding clozapine-induced side
effects. From existing guidance, most treatment algorithms
recommend that structurally different antipsychotics are
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preferred for clozapine augmentation to avoid increased
side effect burden.12,30 Our limited case series suggests that
augmentation was well tolerated, even with structurally
similar antipsychotics, with no significant adverse effects
reported. By comparison, existing studies have generally
demonstrated safety and tolerability with first and second
LAI augmentation. For example, Souaiby et al. found no
change in body mass index, lipid profile and serum glu-
cose levels.23 Similarly, Bioque et al.20 reported a reduction
of a side effect scale and stability of plasma prolactin
levels. Furthermore, Caliskan et al.15 found no significant
change in fasting serum glucose levels, lipid profile, and
prolactin levels after initiating LAIs. Such findings may be
related to the reduction in the mean clozapine dose
reported in each study following augmentation. Still, more
rigorous data on augmentation with oral antipsychotic for-
mulations, including those with longer half-lives, suggests
good safety and tolerability.31,32 Therefore, by the same
token, one might anticipate similar findings with LAIs.30,32

Another important consideration from our case series is
that partial response to clozapine was determined many
months before augmentation with LAI. From a safety per-
spective, this may moderate the major concern of LAI
augmentation increasing the risk of potentially fatal
clozapine-induced adverse effects, given that the patient will
be over the maximal period of risk which predominantly
occurs in the first few months of treatment with clozapine.33

Unique to our case series, this study demonstrated
the serendipitously successful augmentation of clozapine
with olanzapine LAI. Of note, this is not in keeping with
recommendations to augment with antipsychotic medica-
tion with a potential for increased propensity for adverse
side effects, including metabolic syndrome. However, the
existing literature suggests that such side effects are dose
or, more precisely, receptor occupancy related.34 On this
basis, if the same receptors are implicated in clozapine or
olanzapine-induced metabolic effects,35 there may be little
scope for increased risk due to receptor saturation with
clozapine monotherapy even before augmentation. Fur-
thermore, a substantial proportion of existing literature
proposes successful clozapine augmentation with risperi-
done (or paliperidone) LAI, which only has a marginally
lower metabolic risk compared to olanzapine.36 Neverthe-
less, more definitive research, using large samples and
well-controlled prospective designs, is warranted.

Increased use of LAI to augment clozapine treatment
and its evaluation, particularly where adherence is compro-
mised, has seemingly been hampered by clozapine manu-
facturer recommendations that contraindicate its use. This
is based on suggestions of an increased risk of clozapine-
induced agranulocytosis (CIA). However, if this were accu-
rate, one would expect the same risk to be replicated with
oral formulations. Instead, meta-analytic data show no

increased risk of CIA.32 Observational data with LAIs,
through our case series and existing studies, also demon-
strate no increased risk of CIA.15,23 Beyond other possibili-
ties, it is plausible that the absence of CIA cases were due
to the addition of an LAI after the ‘at-risk period’ for
CIA.37 While a theoretical increased risk may exist in the
early phase of initiation, best clinical practice dictates that
clozapine augmentation should only be considered after an
adequate trial with clozapine (i.e., �6 months with con-
firmed adherence achieving a therapeutic plasma level),12

at which point the risk of CIA would be extremely low.
From a practical perspective, this consideration is espe-
cially important as it would be impossible to withdraw a
LAI immediately in the event of a blood dyscrasias.

4.4 | Withdrawal symptoms and reduced
response

Abrupt discontinuation of clozapine has been reported to
cause withdrawal symptoms, broadly categorised as
withdrawal-associated psychosis, cholinergic rebound, cat-
atonia and serotonergic discontinuation symptoms.38

Recent treatment algorithms predominately recommend
reinitiating clozapine to alleviate such symptoms.11 How-
ever, there is limited evidence to suggest a role for the
structurally similar oral antipsychotic olanzapine in allevi-
ating such symptoms.39 Where clozapine is not effective,
or compliance is a concern, there are benefits from consid-
eration of the LAI formulations especially with regards to
compliance. Indeed, a major clinical issue is that periods
of noncompliance with clozapine, particularly when
abrupt, may be implicated in reduced responsiveness to
future trials of clozapine treatment.11 While theoretical, it
remains a possibility that augmentation with an LAI such
as olanzapine could reduce the risk of reduced responsive-
ness to clozapine treatment by maintaining receptor block-
ade during discontinuation—however, future studies are
necessary to investigate this possibility. Notably, untreated
psychosis is associated with poorer prognosis and has been
suggested to be biologically toxic to the brain.40 This may
further support the notion of augmentation with a less
effective LAI in patients who are partially compliant with
clozapine monotherapy as opposed to recurrent admis-
sions and ever worsening level of functioning.

4.5 | Clinical implications and future
studies

Untreated TRS and impaired adherence represents some
of the most debilitating aspects of schizophrenia, often
resulting in long-term morbidity, significant functional
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impairments and reduced quality of life for patients and
their carers. While authors have appropriately highlighted
the inappropriate use of antipsychotic polypharmacy, this
strategy may be warranted in certain clinical situations,
especially when patient safety is compromised by poor
control of symptoms. In our study, only 0.2% of patient's
treated with clozapine received LAI augmentation. To put
this in context, we estimate that approximately 50% of
patients treated with clozapine receive oral antipsychotic
polypharmacy in our care setting.41 This low proportion
may suggest that augmentation with LAI may be stigma-
tised amongst clinicians.

Our cases and cases published elsewhere strongly sug-
gest the combination of clozapine and an LAI gives
greater symptom improvement than clozapine alone.
Reductions in admissions may well be linked to this
improved response and better functioning. The question
as to whether the use of an LAI prevents relapse if cloza-
pine is stopped (the ‘belt and braces’ concept) is not
answered by data considered here. From a theoretical
viewpoint such a property seems unlikely since it would
suggest that clozapine was a non-essential part of the
combination: a very unlikely proposition.

Existing observational studies reveal that perhaps poly-
pharmacy is not as toxic as single medication higher dose
alternatives42 and adding LAIs to clozapine may provide
scope for dose reduction of the latter to improve tolerabil-
ity. From a practical perspective, administration of a LAI
may be planned on scheduled visits for clozapine blood
tests, thus avoiding the daily burden of pill taking and
cover non-compliance. Clinicians should carefully, on a
case-by-case basis, consider clozapine augmentation with
an LAI where a partial response to monotherapy has been
demonstrated and/or a risk of relapse due to partial or
non-compliance with augmentation persists. For instance,
if clinically stability has already been achieved by augmen-
tation of clozapine with an oral antipsychotic but there are
compliance concerns, switching to an LAI may be a viable
option. Clinicians should notably be proactive in disconti-
nuing LAI augmentation trials in cases of inadequate
response, intolerability, or safety concerns.

Despite the study findings, several questions remain
unanswered at present. For instance, it is unknown how
patients view clozapine augmentation with a long-acting
injection. Furthermore, the studies are limited, and better
designed future studies are required to establish which
patients benefit most from this treatment modality, how
it affects long-term clinical outcomes and adverse effects,
and which LAI should be preferred in clozapine
augmentation. Finally, future studies are warranted to
understand why some patients are more responsive to
non-clozapine antipsychotics only when augmented with
clozapine compared to monotherapy. One possibility is

that clozapine reverses TRS such that people become
responsive to non-clozapine antipsychotics again.

4.6 | Strengths and Limitations

To our knowledge, this is the first study to describe cloza-
pine augmentation with a LAI in the UK. Our study cor-
roborates existing data on the clinical effectiveness of
clozapine augmentation with a LAI in addressing residual
symptoms. The results of the present study need to be
interpreted within the context of their limitations. First,
limitations inherent in a case series, including its retro-
spective nature and potential recall bias, are applicable in
this study. Second, the lack of validated assessment scales
for assessing symptom changes in our case series limits
our findings. Third, is the small number of patients repre-
sented in the literature review. While these limitations are
arguably addressed by our literature review, considering
the quality of the studies included, randomised controlled
trials are warranted to assess its clinical and cost effective-
ness. Of note, our literature review highlighted that some
patients were treated with LAI and clozapine without a
trial of clozapine monotherapy—it is likely that some of
these patients may have achieved the same clinical out-
comes with clozapine monotherapy.

5 | CONCLUSION

This preliminary evidence suggests clinical utility of LAIs
in alleviating residual symptoms in patients optimised on
clozapine treatment. The current study warrants further
investigations to establish the clinical efficacy, tolerabil-
ity, and place in therapy of this treatment modality.
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