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Background: Clozapine is well known for its efficacy and clinical superiority compared to
other antipsychotics in treatment-resistant schizophrenia (TRS). However, it is frequently
underutilized worldwide because of its acute adverse events, as well as for its long-term
cardiometabolic and hematological consequences.

Objective: The aim of the study was to evaluate 5-year safety in chronic TRS inpatients
with continuous clozapine use.

Methods: Patients with TRS and clozapine treatment were evaluated for 5 years. All
participants were assessed using the Brief Psychiatric Rating Scale (BPRS), Glasgow
Antipsychotic Side-effect Scale for Clozapine (GASS-C), Social Performance Scale (PSP)
and Short Portable Mental Status Questionnaire (SPMSQ). Clinical, cardiometabolic and
hematological data were collected periodically. General linear models (GLM) repeated
measures controlling for CLZ dose were utilized to determine differences in variables across
the time.

Results: Overall, 189 inpatients were screened for study participation. The final sample
included twenty-one TRS patients (16 males, 76%) with an average age of 57.6 years, all
with 5-year continuous use of clozapine (mean dose 266 mg/day). There was not a significant
effect of time on BPRS (p=0.774), PSP (p=0.855) and SPMSQ (p=0.066); differences
remained not significant after controlling for CLZ dose (p=0.585, p=0.467 and p=0.105,
respectively). No changes were found in blood and clinical parameters except for red blood
cell count, which decreased over time (p=0.024; = 0.952). Patients reported a significant
BMI decrease (—8.98 kg, p=0.008) between baseline and 5 years last observation.
Conclusion: The findings show how the application of a structured dietary, clinical and
therapeutic monitoring program in psychiatric care facilities could allow the safe and
effective long-term cardiometabolic and hematological management of clozapine. The
unique role that clozapine plays in the current treatment of patients with TRS requires
greater clinical awareness. Although its acute and chronic side effects are notorious, its
safety management is feasible and broadens its potential practical application.
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treatment-resistant schizophrenia

Introduction

Schizophrenia (SCZ) is a complex, severe and pervasive mental disorder charac-
terized by an early onset, tendency for chronicity, impairment of social and
personal functioning, and heterogeneous combination of symptoms.' The main
symptoms of SCZ can be divided into four domains: positive, negative, cognitive
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and affective symptoms.” Treatment management in SCZ
is still particularly challenging and represents a sensitive
balance between efficacy and effectiveness on one side,
and tolerability and safety on the other.” > Antipsychotics
are the condicio sine qua non of treatment,® supported by
the dopaminergic hypothesis of SCZ,” but they are asso-
ciated with important adverse events that can cause
reduced quality of life, serious disability and even life-
threatening conditions.® Therefore, decisions as to when
and which antipsychotic to choose, and what side effects
the cost—benefit can be

are acceptable in ratio

challenging.” '

The history of pharmacotherapy in SCZ patients was
transformed by the introduction of chlorpromazine in the
“50s."* In the following years the development of new
antipsychotics of the same or other generations has
improved the response to the treatment and the prognosis
of SCZ.'"* However, it quickly became clear that some
patients showed little or no clinical response to first-
and second-line treatment with several different antipsycho-
tics, with the only exemption of clozapine.'” In late ‘80s
clozapine has shown to have superior clinical efficacy in
patients who did not respond to other antipsychotics.'®
Currently, clozapine is still the only medication with estab-
lished efficacy and clinical superiority compared to other
antipsychotic drugs in treatment-resistant schizophrenia
(TRS)'”"'® and superior antisuicidal properties in SCZ."
Despite this, it is frequently underutilized worldwide*

23,24

because of its severe,”! minor’> or rare acute adverse

events and its medium-long term cardiometabolic and
hematological consequences.?>%°

Therefore, it is important to increase our knowledge
about the long-term management of clozapine treatment in
order to facilitate side-effects prevention, particularly in
the susceptible and often medically compromised TRS
population.?’

The aim of the present study was to evaluate the safety
of 5-year treatment with clozapine in chronic TRS patients
in an inpatient setting.

Materials and Methods

Patients and Procedures

This was a prospective observational study using data
from patients recruited from an inpatient long-term facil-
ity clinic located in Cotronei (Calabria, Italy). All parti-
cipants were eligible if they were: (1) able to read and
understand the informed consent form; (2) diagnosed

with SCZ by an experienced psychiatrist according to
the DSM-5 criteria;*® (3) ill for more than ten years; (4)
fulfilling TRS criteria;*>° (5) continuously receiving clo-
zapine for the management of schizophrenia starting
before entering the follow-up and for the whole duration
of the observation; (6) clozapine initiation within 6
months before first study observation; (7) experiencing
no relapse for at least six months before the study entry;
(8) IQ >70; and (9) free of any serious neurological or
medical condition. All participants who met the follow-
ing criteria were excluded: (1) recent or uncertain diag-
nosis; (2) any other comorbid psychiatric disorder apart
from SCZ (ie, affective disorders, anxiety disorders,
obsessive-compulsive disorder, acute psychosis and
DSM-5
criteria,’® formulated through the Structured Clinical
Interview for DSM-5 (SCID-5-CV),*' and repeated
annually; (3) medical history and chart data that were

other psychotic disorders) according to

implausible or undocumented; (4) drug abuse or depen-
dence in the previous 12 months; and (5) history of
a medical or neurological disease that could affect cog-
nitive function.

Overall, all 189 inpatients hospitalized in the clinic
were screened for study participation: 91 of them were
not eligible because they were not affected by SCZ. Of the
remaining 98, 77 were not eligible for the study because
did not fully meet the criteria for TRS (n=34), had not
taken clozapine continuously (n=25), or had insufficient
available clinical data in the past five years (n=18). The
final sample was made up of 21 participants who were
recruited for this study (Figure 1).

The study was approved by the Institutional Review
Board of the Correnti-Centri Assistenziali Mons. Oliveti
clinic. Participants were provided with a complete
description of the study’s aims and methods, and they
gave informed consent to participate in the study before
any procedure took place. Data collected covered
a S-year period from January 2015 to December 2019.
The study protocol and procedures complied with ethical
principles set out in the revised version of the Helsinki
Declaration.

Measures
All participants had monthly clinical follow-up visits and
were evaluated by means of the following tests, admini-
strated by expert clinicians every six months during fol-
low-up visits:
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Figure | Sample Flow-Chart.

Clinical Assessment

e The psychosis severity rating scale (BPRS):* a rater-
administered 18-item scale ranging from 1 (“absent™)
to 7 (“very severe”) for each question, with a total
score from 18 to 126. It is one of the most widely
used clinician rating scales to evaluate treatment
change across a comprehensive set of common symp-
toms, which include positive and negative symptoms,
disorganization, affective symptoms and general
psychopathology.>*

e Glasgow Antipsychotic Side-effect Scale for
Clozapine (GASS-C):*° a validated and reliable
clinical tool for systematic assessment of the sub-
jectively unpleasant side-effects of clozapine. The
GASS-C version includes 16 questions: for each
side effect of clozapine, patients indicated how
often they had experienced that side effect in the
past week (O-never, l-once, 2-a few times,
3-everyday). Total scores are classified as: 0-16
absent or mild side-effects, 17-32 moderate, and
33-48 severe side effects. The scale also includes
a specific section that can be filled out if the
individual considers the side effects to be disturb-
ing, regardless of the frequency with which it
occurred. The scale also contains a section about
smoking and drinking coffee, and whether these
habits have changed while taking clozapine, and
another one about co-medications.>®

No continuous clozapine use n= 25
No data available n=18

Social Functional Assessment

e Social Performance Scale (PSP):*’ a 100-point sin-
gle-item rating scale, divided into 10 equal decimal
intervals. It is a clinical tool for evaluating social
functioning in rehabilitation settings. The rating
assesses four main areas of patient’s functioning: 1)
socially useful activities; 2) personal and social rela-
tionships; 3) self-care; and 4) aggressive behaviors.
Impairment in each area is rated on a single item
using a six-point scale: Absent; Mild; Manifest but
not marked; Marked; Severe; or Very severe, where

lower ratings indicate better functioning.®

Cognitive Assessment

e Short Portable Mental Status Questionnaire (SPMSQ):*°
a short, validated, reliable instrument to detect the pre-
sence of cognitive impairment and to determine its
degree in elderly patients. It is a 10-item tool, easily
administered by any clinician in the ambulatory care or
long-term inpatient settings. The total SPMSQ score is
calculated from the total of errors based on a 10-item
question list by coding errors as “1”” and correct answers
as “0”. Therefore, the final score ranged from 0 to 10
points, with lower values indicating better cognitive
performance. Items include questions on attention
(““Can you count backward from 20 by 3’s?”’), memory
(“What is your phone number?”’) and orientation (“What

are the date, month, and year?”).*
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Patients underwent a structured and balanced diet estab-
lished for them by a dietician, tailored to daily calories
needed, comorbidities, age, weight and height. Moreover,
each patient was engaged in moderate physical activity
following a personalized training schedule with weekly
in- and outdoor activities, performed with the help of the
clinic staff. Experienced nurse staff was responsible for
adhering to the required diet and physical activity
protocols.

In addition, vital signs (pulse, cardiac frequency, tem-
perature, blood pressure, height, weight, waist circumfer-
ence, Body Mass Index (BMI)), electrocardiogram (EKG),
blood tests (cell blood count (CBC), electrolytes, liver and
thyroid function, lipid levels, glucose, serum iron), urine
test and toxicology screen, clinical (eg, psychopharmaco-
logical therapy) and socio-demographic data have been
collected monthly during each follow-up in person visit.

Statistical Analysis

Data were analyzed using the Statistical Package for
Social Sciences Version 26.0 (SPSS, Chicago, Illinois,
USA). Descriptive statistics included frequencies and per-
centages, means and standard deviations, as appropriate.
To determine differences across the time General Linear
Model (GLM), repeated measures were utilized, consider-
ing time (baseline and following every 12-months obser-
vations) and clozapine dosage as fixed factors. Eta-squared
(nz), a measure of effect size, has been calculated for all
significant findings. All tests have been two-sided, and the
level of statistical significance was set at p < 0.05.

Results

Demographics and clinical characteristics of the sample
are described in Table 1. The final sample included
twenty-one patients (16 males, 76%) with an average age
of 57.6 years, all affected by TRS and with continuous use
of clozapine (mean dose 266 mg/day). Of the total sample,
eleven received at least one co-medication (eg, valproate,
aripiprazole, haloperidol) and thirteen had physical comor-
bidities (eg, hypertension, diabetes mellitus II, thyroid
disease). Concomitant medication treatment and clinical
data were evaluated at the beginning, during and at the
end of the observation period, and did not undergo any
significant changes during the 5-year follow-up.

Table 2 displays results of GLM repeated measures for
BPRS, PSP and SPMSQ. We found no statistically signif-
icant differences, both with time and mean clozapine dose
as variable, in BPRS (p=0.774; p=0.585), PSP (p=0.855;

Table | Demographics and Clinical Characteristics of the
Sample at the End of the Study
Fr %
Demographics characteristics
Gender Male 16 76
Female 5 24
Age* 57.6 7.0
Education (years)* 82 2.7
Civil status Single 19 90
Married |
Divorced |
Occupation Civil disability 21 100
Smoking (yes) 14 67
Cigarettes/day* 16.8 4.6
Coffees/day* 4.2 1.3
Clinical characteristics
Diagnosis TRS 21 100
Years of disease* 334 7
Length of hospitalization 201.3 59.5
(months)*
Clozapine (mg/day)* 266 135
Length of clozapine treatment 63.2 2.1
(months)*
Comedication Yes I 52
Comedication (mg/day)* Valproate 1125.0 | 250.0
Clonazepam 1.2 0.8
Aripiprazole 12.5 5.0
Haloperidol 5.0 0.2
Comorbidities None 38
Hypertension 24
Diabetes 14
Mellitus Il
Thyroid disease | 5
Prostate disease | 5
Dyslipidemia | 5
Cardiomyopathy | 5
Bilateral | 5
Hypoacusis

Notes: *Data are presented as mean and standard deviation (SD). Age is provided
in years; clozapine daily dose is provided in mg/day.
Abbreviations: Fr, frequency; TRS, treatment-resistant schizophrenia.

p=0.467), SPMSQ (p=0.066; p=0.105) and GASS-C
(p=0.546; p=0.342) values. The most commonly encoun-

tered side effects

hypersalivation.

were constipation,

sedation and

https:
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Table 2 Results of GLM Repeated Measures for BPRS, PSP, SPMSQ and GASS-C
t; t A (- t) F P
BPRS 30.0 £ 8.0 334 % 6.1 3419 Time F(9,11)=.600 0.774
CLZ dose F(9,11)=.857 0.585
PSP 22+ 1.0 1.9+£09 -03 + 0.1 Time F(9,11)=.488 0.855
CLZ dose F(9,11)=1.041 0.467
SPMSQ 83122 79124 -04 0.2 Time F(9,11)=2.646 0.066
CLZ dose F(9,11)=2.236 0.105
GASS-C 11.3+£21 124 + 4.8 1.1 £27 Time F(9,11)=.719 0.546
CLZ dose F(9,11)=1.128 0.342

Abbreviations: BPRS, Brief Psychiatric Rating Scale; CLZ, clozapine; GASS-C, Glasgow Antipsychotic Side-effect Scale for Clozapine; GLM, General Linear Model; PSP,
Social Performance Scale; SPMSQ, Short Portable Mental Status Questionnaire; t;, baseline; t;, study conclusion.

Supplementary Table 1 shows blood work findings

over time and mean clozapine dose across the 5-year
observational period. No significant differences were
found in white blood cells, neutrophils, eosinophils, lym-
phocytes, platelets, hemoglobin, hematocrit, and mean cell
volume in the sample. There were no cases of agranulo-
cytosis reported in this sample. Only red blood cells
showed a significant reduction over time (p=0.024; n’=
0.952).

Finally, Supplementary Table 2 illustrates the results of

the GLM repeated measures for clinical parameters. No
significant differences emerged across time and controlling
for CLZ dose on all variables investigated, including heart
activity (ie, heart rate and QTc interval), metabolic vari-
ables (ie, glycemia, cholesterol, HDL, LDL, triglycerides),
liver (ie, AST, ALT) and kidney function (ie, creatinine,
eGFR).

The most significant result was achieved with a mean
weight reduction (—8.98 kg + 14.31 kg) and consequently
with a mean BMI (—3.0 kg/m?, p=0.008) between baseline
and 5-years last observation (Figure 2).

Discussion

Despite clozapine being the only antipsychotic drug with
proven efficacy in TRS,*"** for suicidality in SCZ' and
its efficacy to reduce substance use in these patients,* its
use is still limited, and only 5%—-20% of clozapine-eligible
patients receive clozapine treatment.** Indeed, clozapine is

2045 intro-

still extremely underprescribed by psychiatrists,
duced with considerable delay*® or stopped early.*” This is
largely due to its disturbing side effect profile, with com-
mon and life-threatening side effects,”® and metabolic

adverse events,*’ as well as a range of minor reactions.?! 2

Therefore, successful management strategies to facil-
itate long-term tolerability of clozapine are necessary’’ in
order to improve its pattern of use, especially in the often
medically compromised TRS population.?’

Our sample consisted mainly of men, unmarried, smo-
kers, with a low educational level and a long history of
illness. These findings are comparable with what is known
in the literature for TRS population worldwide.”!
Moreover, more than 50% had at least one other comedi-
cation, and in almost two thirds of the cases, a general
medical comorbidity. Also, these data do not differ from
TRS
We found a mean clozapine dose of

previous report on the medical

52,53

profile for
patients.
266 mg/day (SD +135), and our outcomes are consistent
with other reports.’**> Thus, although our sample is small,
it appears to be representative of the TRS population
reported in the literature.>®

There were no statistically significant differences, both
if considering the time and the dosage of clozapine as
variables, in BPRS, PSP, SPMSQ, and GASS-C values.
This may be due to the small sample. However, we were
able to find a worsening trend in BPRS (A3.4 £ 1.9),
whereas there was a trend towards an improvement in
PSP (A-0.3 + 0.1) and SPMSQ (A-0.4 £ 0.2) over time.
The data on psychopathological deterioration are surpris-
ing, since clozapine has been shown to be superior in the
control of both negative and positive long-term
symptoms.'® However, this could be explained by the
natural history of the disorder and the progressive dete-
rioration due to the patients’ long history of illness.”’ On
the other hand, our data on social functioning and cogni-
tive improvement are in line with the international

literature.* * On this regard, it is hard to say if the
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participation in the study along with personalized training
and close contact with long-term facilities staff had some
relationships with this improvement in cognitive function.
However, this is not completely surprising, since also
previous research found that greater service intensity is
related to higher rates of improvement in neurocognition
and global functioning over time.®'

Regarding blood work and cell blood count, we did not
find any statistically significant difference for any cell
count, except for a reduction over time in red blood cells
(A-0.4 £ 0.0).

All cell lines presented substantial stability, except for
eosinophils, which showed a tendency to decrease over
time, although not statistically significant (p=0.406). The
hematological effects of clozapine have been extensively
studied, especially in the short term, reporting elevations
in WBC, neutrophils, eosinophils, platelets and, to a lesser

extent, basophils but no changes in RBC and
lymphocytes.®* These findings are usually transient and
64,65

typical of the initial stages, before settling over time,
which would support our results. On the other hand, the
evidence in the long run is less strong, with several studies

= Group mean
p =0.008

0.0) O%%O%) %O O OO0

~+
(%}

reporting a substantial neutrophil reduction in the long run,
which we have not found in our sample.®®®’

We did not find any significant clinical worsening
reflected in all variables investigated, including heart
activity (ie, heart rate and QTc interval), metabolic vari-
ables (glycemia, cholesterol, HDL, LDL, triglycerides),
liver (ie, GOT, GPT) and kidney function (ie, creatinine,
eGFR). Therefore, patients did not develop metabolic and
systemic complications. On the contrary, they showed
a tendency to improve heart rate, cholesterol, LDL, TG,
eGFR, AST and ALT values compared to baseline. This
finding of stable metabolic state, and even improvement in
BMLI, is rather surprising and not in accordance with the
known reported data in which clozapine and olanzapine
are both associated with a higher tendency for metabolic
disturbances.®® Previous epidemiological and naturalistic
studies had confirmed a high tendency of SC patients to
develop metabolic syndrome, especially if undergoing
treatment with clozapine, with a rate above 50%.°%7!
However, the role of long-term hospitalization in care
facilities could be decisive in positively influencing these
outcomes, and it has not been deeply investigated before.

https:
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However, these results must also be interpreted in light of
the low sample size and the possibility of an inadvertent
enrollment of patients who may tend to be resistant to the
metabolic side effects of second-generation antipsychotic
drugs #7273

Tolerability has remained good over time and the most
common side effects have been non-serious and sporadic,
such as constipation, sedation and hypersalivation, as is
well known for clozapine.**"*

Finally, BMI showed the most important and statisti-
cally significant improvement in our sample. These find-
ings are in opposition to clozapine propensity to induce
weight gain and general metabolic dysregulation,””’® but
reflect the structured and balanced diet to which inpatients
were subjected. Indeed, most of the reports of clozapine-
induced weight gain are from naturalistic studies.””””® In
particular, a five-year naturalistic study reported significant
weight gain and lipid abnormalities, related to an increased
risk for developing diabetes, in a sample of 82 outpatients
affected by schizophrenia or schizoaffective disorder.”®
The significant differences compared to the metabolic
results of our study further highlight the importance of
a structured management of both diet and physical exer-
cise in patients treated with antipsychotic drugs, in parti-
cular with those most indicated for metabolic adverse
effects, such as clozapine. In addition, obesity in severe
mental disorders can be attributed to an unhealthy life-
style, poor physical activity as well as unbalanced
diet.**! Therefore, the results of our sample emphasize
that adequate health care and lifestyle interventions can
reduce the impact of disease and treatment on patients’
health, as d.5>%

However, this underscores the decisive role the environ-

cardiometabolic previously reporte
ment plays in TRS population outcomes, and the need to
control this over the long term. Still, in order to understand
the results of our study we must also consider potential
differences in individual responses to clozapine. Indeed,
recent studies have shown that different genetic profiles, as
well as the clozapine-to-norclozapine ratio, might be asso-
and different

to treatment in clozapine-treated patients

ciated with metabolic abnormalities
responses
affected by TRS, for both cardiometabolic outcomes and
cognitive functioning.*** A recent Cochrane meta-
analysis compared the efficacy and tolerability of cloza-
pine at different dosages in psychotic disorders, including
SCZ.> Considering metabolic side effects, the authors
concluded that BMI measurements were similar between

groups in the short term, although weight gain was less at

very low dose compared to standard dose in one study.
They emphasized that there was a particular lack of med-
ium- or long-term outcome data on this topic.

Although our results provide a different perspective on
the long-term management of clozapine in TRS popula-
tion, the present study has some limitations. First, a larger
sample size would have provided additional statistical
power; however, we were hampered to include more
patients, as TRS rates are less than a third of the total
SCZ population,™ itself with an incidence of less than 1%
of the general population worldwide.®” Second, our results
are derived from an observational study, and outcomes
should be confirmed in a randomized controlled clinical
trial. Third, there is the lack of clozapine plasma level,
which could raise doubts about drug adherence. However,
drugs plasma levels are not usually assessed in long-term
facilities since adherence to treatment, as well as to diet
and physical activities, are confirmed by careful daily drug
administration by experienced healthcare professionals.
Finally, the long-term clinical setting represents an ideal
location for dietetic, clinical and pharmacological manage-
ment, very different if compared to the real world every-
day clinical practice.

Conclusion

The results of our study demonstrate how the application
of a structured dietary, clinical and therapeutic monitoring
program in psychiatric long-term care facilities allows the
safe and effective management of clozapine, even from
a long-term perspective. The unique role that clozapine
plays in the current treatment of patients with TRS
requires greater clinical awareness. Although its acute
and chronic side effects are notorious, its safety manage-
ment is feasible and broadens its potential practical
application.
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