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ABSTRACT

Background Quick symptomatic remission after the onset of
psychotic symptoms is critical in schizophrenia treatment, de-
termining the subsequent disease course and recovery. In this
context, only every second patient with acute schizophrenia
achieves symptomatic remission within three months of initiat-
ing antipsychotic treatment. The potential indication extension
of clozapine—the most effective antipsychotic—to be intro-
duced at an earlier stage (before treatment-resistance) is sup-
ported by several lines of evidence, but respective clinical trials
are lacking.

Methods Two hundred-twenty patients with acute non-
treatment-resistant schizophrenia will be randomized in this
double-blind, 8-week parallel-group multicentric trial to either

clozapine or olanzapine. The primary endpoint is the number
of patients in symptomatic remission at the end of week 8 ac-
cording to international consensus criteria (‘Andreasen crite-
ria’). Secondary endpoints and other assessments comprise a
comprehensive safety assessment (i. e., myocarditis screening),
changes in psychopathology, global functioning, cognition,
affective symptoms and quality of life, and patients’ and rela-
tives’ views on treatment.

Discussion This multicentre trial aims to examine whether
clozapine is more effective than a highly effective second-
generation antipsychotics (SGAs), olanzapine, in acute schizo-
phrenia patients who do not meet the criteria for treatment-
naive or treatment-resistant schizophrenia. Increasing the
likelihood to achieve symptomatic remission in acute schizo-
phrenia can improve the overall outcome, reduce disease-as-
sociated burden and potentially prevent mid- and long-term
disease chronicity.

Introduction

The outcome of relapsing schizophrenia is still unsatisfactory since
remission rates in first-episode schizophrenia have been reported
to be above 50 % after an antipsychotic treatment of 4 to 6 weeks
[1,2]. Further, at least two out of three patients with schizophre-
nia develop, despite this high initial efficacy of antipsychotics, an
unfavourable disease course [3] with multiple relapses, impaired
global functioning, poor quality of life and subsequent secondary
treatment resistance. While the reasons for such unfavourable out-
comes are multifaceted, including early termination of antipsychot-
ics, the stability of the social network, the access to the mental
healthcare system, including early intervention centres and envi-
ronmental factors, the reduced likelihood of an antipsychotic re-
sponse in post-first-episode psychosis must be acknowledged as
one important factor. Meta-analytic data from 167 double-blind,
randomized controlled trials with 28102 participants indicate a
good antipsychotic response in patients with an acute exacerba-
tion of non-first-episode schizophrenia only in 23 % of the studied
cases [4]. Though still far better than a placebo, with a remarkable
number-needed-to treat of eight [4], the efficacy of antipsychot-
ics in relapsing schizophrenia is still unsatisfactory. In this regard,
one should consider the superior efficacy of clozapine in treatment-
resistant schizophrenia as recommended in national and interna-
tional treatment guidelines [5, 6]. Moreover, various meta-analy-
ses suggest that clozapine is a generally more efficacious antipsy-
chotic, i. e., its superiority is not restricted to treatment-resistant
patients [7-11]. As suggested in 2013, the early application of clo-
zapine before the criteria of treatment-resistance are fulfilled
should always be discussed as one possibility to improve outcomes
in relapsing schizophrenia [12]. This issue of a potential indication
extension of clozapine from being the last-resort, third-line antip-
sychotic to being applied at an earlier stage (second-line treatment)
is supported by several lines of evidence, but respective clinical tri-
als to test this hypothesis are lacking. These lines of evidence
[12,13] are that (1) contrary to treatment with the first antipsy-
chotic, the response rates for consecutive treatments with non-

clozapine antipsychotics are low, (2) clozapine is the most effective
antipsychotic for treatment-resistant cases and (3) clozapine treat-
ment is associated with earlier and longer remission intervals [12].
Recently published clinical studies [2] and meta-analyses [14, 15]
support the idea of an early application of clozapine. Finally, in con-
trast to guideline recommendations [16-19], clozapine use is de-
layed by many years in clinical practice, making clear that more
convincing evidence is needed to overcome this discrepancy [20].

Based on this theoretical framework and recent evidence, the
design of the “Effects of early clozapine treatment on remission
rates in acute schizophrenia (EARLY)” was developed. EARLY will
test the hypothesis that an early application of clozapine in acute
schizophrenia, not fulfilling the criteria for being treatment-naive
nor fulfilling the criteria for treatment-resistance, is superior to
treatment with one of the most effective antipsychotics (olanzap-
ine) in achieving symptomatic remission. Thus, (1) EARLY will allow
testing of the theoretical framework of “early clozapine” in a ran-
domized-controlled trial design, (2) provide a comprehensive risk-
benefit evaluation of early clozapine application and (3) allow treat-
ment guideline developers to evaluate the efficacy of early clozap-
ine application with a high level of evidence.

Methods

Study design

EARLY is a prospective, randomized, actively controlled, double-
blind and parallel group multi-centre Phase Ill clinical trial with a
total of 11 German study sites involved. The trial was classified as
Phase Ill according to the recommendations of the ethical board
and the federal authorities. The reasons were that this is not a first-
in-patient study and was powered for efficacy. The trial protocol
has been approved by the local ethics committees and the medi-
cal regulatory authorities in Germany (Federal Institute for Drugs
and Medical Devices (Bundesinstitut fiir Arzneimittel und Mediz-
inprodukte (BfArM)). Prior to the inclusion of the first patient, the
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study was registered in the EU Clinical Trials Register (2018-
001514-15) and the International Clinical Trials Registry Platform
(ICTRP, http://apps.who). The complete trial protocol, as submit-
ted to the authorities with free access, is available in the most re-
cent version at: https://drks.de/search/de/trial DRKS00016043
and https://trialsearch.who.int/Trial2.aspx?TriallD = DRKS000
16043. The Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) [21, 22] checklist is presented in the Sup-
plement.

Study population

Inclusion criteria were as follows: (1) patients aged between 18 and
65 years, with (2) signed informed consent and a (3) DSM-V diag-
nosis of schizophrenia confirmed by the Mini International Neu-
ropsychiatric Interview [23] and (4) at least one documented prior
hospitalization due to the illness in the medical history (the current
hospitalization can be considered as “prior” hospitalization if its >4
weeks) at screening. Furthermore, (5) for treatment-naive patients
(defined as no previous antipsychotic treatment or a maximum of
30 days of treatment), an antipsychotic treatment attempt of at
least 30 days with an antipsychotic in a therapeutic dose according
to local guidelines other than clozapine and olanzapine before the
screening phase is needed. For non-treatment-naive patients (de-
fined as having been treated for more than 30 days with an antip-
sychotic), discontinuation of a foregoing antipsychotic treatment
prior to the screening phase within a maximum of six months
(=180 days) is possible (corresponding to the estimated average
time for an antipsychotic washout phase and the expected time to
develop arelapse of the disease). For patients being treated with a
long-acting antipsychotic (other than paliperidone palmitate as a
3-monthly injection), an inclusion is possible if the inclusion date
corresponds to the planned date of the next injection plus five to
seven days. For patients being treated with oral olanzapine, an in-
clusion is possible if this treatment has lasted for no longer than 2
weeks prior to inclusion and if exclusion criteria 8 is not fulfilled.
Anotherinclusion criterion is (6) the clinical need for a medication
switch because of clinical inefficacy or side effects or the clinical
need for a reintroduction of antipsychotic treatment after treat-
ment discontinuation prior to the screening phase (see 5.). Finally,
(7) patients must have moderate symptomatology on the Positive
and Negative Syndrome Scale (PANSS) [24], defined as a score >4
for two or more symptoms from P1-P7 or a score of 26 for one
symptom from P1-P7 (minimum threshold definition) at screen-
ing. Participation in the EARLY trial is possible for (8) male partici-
pants and female participants who are not capable of bearing chil-
dren or who use a method of contraception that is medically ap-
proved by the health authority of the respective country at
screening.

Exclusion criteria were defined as follows: (1) Patients who are
not suitable for the study in the opinion of the investigator and (2)
patients who are unable to give informed consent as well as (3) co-
ercive treatment at the time of study inclusion. Furthermore, pa-
tients with a (4) white blood cell count (WBC) atinclusion not meet-
ing the requirements for clozapine use in Germany were excluded.
Patients must have normal leukocyte findings (white blood cell
count=3500/mm3 (23.5%107/1) and Absolute Neutrophil

Count=2000/mm?3 (22.0x107/l) at the screening visit. Further-
more, (5) the presence of one or more contraindications against
any of the study drugs as mentioned in the Summary of Product
Characteristics (SmPC). Another exclusion criterion is the presence
of (6) treatment-naive or treatment-resistant schizophrenia. Treat-
ment-naive is defined as having no previous antipsychotic treat-
ment or a maximum of 30 days of treatment. Treatment-resistance
is defined as two antipsychotic trials (with antipsychotics from two
different chemical classes) for a period of > 6 weeks with chlorprom-
azine (CPZ) equivalent doses = 600 mg/day, both of which took
place immediately before the screening phase. Furthermore, (7)
the diagnosis of a primary substance dependency other than nico-
tine is an exclusion criterion, as well as (8) documented previous
non-response to an 8-week drug trial with olanzapine or any docu-
mented previous treatment with clozapine, (9) intolerance to one
of the study drugs and (10) pregnancy (incl. positive blood preg-
nancy test)/lactation (female patients).

The aim was to define a study population with a recurrent schiz-
ophrenia disease course not fulfilling the criteria for treatment-re-
sistance. To exclude patients with treatment-resistance, an opera-
tionalized consensus definition was selected [19]. Treatment-naive
patients were excluded due to the high response and remission
rates of these patients to any antipsychotic treatment.

Intervention

Patients are randomized either to double-blind clozapine or olan-
zapine and treated for 8 weeks. Clozapine and olanzapine are, to a
certain extent, comparable in terms of weight gain/appetite in-
crease, motor side effects, sedation and obstipation - thus, the risk
of accidental unblinding due to compound-specific side effects are
reduced as much as possible, as shown in a head-to-head trial in in-
dividuals with treatment-resistant schizophrenia [25]. Moreover,
olanzapine is one of the most-effective non-clozapine antipsychot-
ics [26-28] challenging clozapine in terms of efficacy in our target
population of non-treatment-resistant schizophrenia patients.

Randomisation

Central randomization will be performed using predefined ran-
domisation lists, which are stratified by center and created at the
Muenchner Studienzentrum (MSZ) using RANCODE professional
(version 3.6, IDV, Gauting, Germany) and permuted blocks. The
randomization lists are forwarded to the pharmacist at the central
pharmacy (University of Heidelberg), who prepares the blinded
study medication accordingly. Both patient and treating physician
are blinded during the double-blind phase.

Patients have the right to withdraw the informed consent at any
time with no reason given and are then declared a drop-out. The
investigator, on the other hand, has the right to exclude a patient
from the study in the event of concomitant disease, adverse events,
therapy failure or any other reason or condition that warrants with-
drawal in the interest of the patient. Such patients are not primar-
ily defined as dropouts. All patients leaving the trial prior to visit 9
but accepting the assessment of the primary endpoint at the time-
point of visit 9 (+ 1 week) are no dropouts.

The study flow-chart is presented in » Fig. 1. The total study
period after randomization is 12 weeks for every patient, includ-
ing 8 weeks of intervention and 4 weeks of safety follow-up. Pa-
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Screening
Day -14-0

Potential

reduction of

forggomg . Randomization

antipsychotic

medication
Study Visits Clozapine Olanzapine

(mg) (mg)
1 Stage
Day 0-1 V1(Baseline) 125 0 0
Day 7 V2 75-150 2,5-5 1-2
Day 14 V3 150-325 5-10 2-4
Day 21 V4 150-500 5-15 2-6
150-600  First evaluation 5-20
Day 28 R PANSS RSWG 2-8
Day 35 V6 150-600 5-20 2-8
Day 42 V7 150-600 5-20 5.8
Day 49 V8 150-600 5-20 2-8
150-600 Primary endpoint  5-20
Day 56 H
& Vo PANSS RSWG =

Day 63 V10
Day 70 V11
Day 77 V12
Day 84 V13

Naturalistic Follow up (optional)

Day 238 Nat.Fu 1
Day 420 Nat.Fu 2
Day 784 Nat.Fu 3

> Fig. 1 Schematic study flow chart.; BL: baseline; FU: Follow-up; PANSS RSWG items: remission criteria according to the Remission in Schizophrenia

Working Group; V1-V13: Visit 1 - Visit 13.

tients finishing the double-blind treatment phase are invited to
participate in the naturalistic extension study that is not part of the
primary study (see » Table 4). To be included in the naturalistic fol-
low-up after 12 weeks, patients will have to sign an additional con-
sent form.

Medication

The dose range of clozapine will be 75-600 mg/day and for olan-
zapine the dose range will be 2.5-20 mg/day and eight dosing stag-
es have been defined for the trial: stage 1 (75 mg clozapine/2.5mg
olanzapine); stage 2 (150 mg clozapine/5 mg olanzapine); stage 3
(225 mg clozapine/7.5 mg olanzapine); stage 4 (300 mg clozap-
ine/10mg olanzapine); stage 5 (375 mg clozapine/12.5 mg olan-
zapine); stage 6 (450 mg clozapine/15 mg olanzapine); stage 7
(525 mg clozapine/17.5 mg olanzapine) and stage 8 (600 mg clo-
zapine[20 mg olanzapine). The detailed titration scheme is dis-
playedin » Fig. 1 and » Tables 1,2. Dosage can be adjusted to high-
er or lower dosages within the listed ranges if a patient fails to im-
prove or if patients develop relevant side-effects. The maximum
clozapine of 600 mg/d clozapine corresponds [29] to the approved

172

maximum dose of olanzapine (20 mg) but is below the dosages of-
fered in trials conducted in treatment-resistant patients, which al-
lowed up to 900 mg/day. However, the mean dose actually reached
in the double-blind treatment-resistant patients trials were, e.qg.,
400 mg [25],304 mg [30] or 291 mg [31]; one meta-analysis ana-
lysed trials of treatment-resistant schizophrenia patients and
showed that the mean clozapine dose was only 392 mg/d [32]. Fur-
thermore, the patients in our study are not treatment-resistant, so
we do not expect them to require such high doses as did the treat-
ment-resistant patients in the earlier studies and the selected max-
imum dose was chosen to match as good as possible to the maxi-
mum dose of 20 mg olanzapine. Our semi-flexible dosing scheme
was chosen to allow patients and study doctors to find an optimal
individual dose and allowing to develop a double-blind titration
scheme with the minimum possible amount of study drug to be
manufactured.

The titration schemes of both drugs are the same to maintain
the blind (see » Tables 1,2). Dosages should be increased to a max-
imum of one capsule per day of the titration blister (25 mg clozap-
ine/capsule or placebo) from the day after the start of titration dur-
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> Table 1 Stages and dose ranges of the trial. The rules for using the
lowest dosages (clozapine 75 mg/olanzapine 2.5mg). V =visit.

Stage 1 75mg clozapine or 2.5 mg olanzapine, earliest
timepoint: V2

Stage 2 150 mg clozapine or 5mg olanzapine, earliest
timepoint: V2

Stage 3 225 mg clozapine or 7.5 mg olanzapine, earliest
timepoint: V3

Stage 4 300 mg clozapine or 10 mg olanzapine, earliest
timepoint: V3

Stage 5 375mg clozapine or 12.5mg olanzapine, earliest
timepoint: V4

Stage 6 450 mg clozapine or 15mg olanzapine, earliest
timepoint: V4

Stage 7 525mg clozapine or 17,5 mg olanzapine, earliest
timepoint: V5

Stage 8 600 mg clozapine or 20 mg olanzapine, earliest
timepoint: V5

> Table 2 Minimal and maximal dose ranges for the study visits.

V1 (day 0-1)
V2 (day 7)

V3 (day 14)
V4 (day 21)
V5 (day 28)
V6 (day 35)
V7 ( )
V8 ( )
V9 ( )

12.5mg clozapine or 0 mg olanzapine

75-150 mg clozapine or 2.5-5mg olanzapine

150-325 mg clozapine or 5-10 mg olanzapine

150-500 mg clozapine or 5-15 mg olanzapine

150-600 mg clozapine or 5-20 mg olanzapine

150-600 mg clozapine or 5-20 mg olanzapine

day 42
day 49
day 56

150-600 mg clozapine or 5-20 mg olanzapine

150-600 mg clozapine or 5-20 mg olanzapine

150-600 mg clozapine or 5-20 mg olanzapine

ing the first week. The dose has to be increased by using capsules
of the titration blister until stage 1 (75 mg clozapine or 2.5 mg olan-
zapine/day) has been reached, which should be preferably 3 to 7
days after day 1. Next, dosage should be up-titrated until stage 2
(150 mg clozapine or 5 mg olanzapine/day) has been reached.
Stage 2 is the minimal target dosage in this trial and dosage below
stage 2 (namely stage 1) is only permitted due to tolerability rea-
sons and this down titration must be documented. Dosage can be
adjusted to higher or lower dosages if a patient fails to improve or
if patients develop relevant side-effects. Titration can be slowed or
stopped below the target dose if subjects cannot tolerate the
standard titration schedule because of adverse effects. A daily dos-
age of<2.5mg (stage 1) for>7 consecutive days and a daily dos-
age over 20 mg/d for>3 consecutive days both constitute a proto-
col violation. The visit corresponding to visit 9 must be scheduled
for week 8 where RSWG criteria must be assessed. At visit 9, par-
ticipants and responsible study doctors will be asked to estimate
whether the given participant was in the clozapine or olanzapine
treatment arm. Unused patient-specific study medication and used
blisters will be returned at visit 9 to assess adherence. Moreover,
blinded blood levels, as detailed below, will also be used to assess
adherence.

Comedication

The use of antipsychotics in addition to the study medication is not
permitted from one day after visit 3 until visit 9 (see » Fig. 1 and

» Table 3). During the 2-week titration phase after randomization,
the on-demand use of haloperidol (max. 10 mg/day) is permitted
as rescue medication in accordance with previous trials [25]. Pre-
study antipsychotics will be tapered down during the titration
phase and from day 15 onwards, only study antipsychotics are per-
mitted. Treatment with antidepressants is only permitted in cases
of clinically relevant depression (Calgary Depression Scale for Schiz-
ophrenia sum score>6 with depressive symptoms for a minimum
of 2 weeks) and only if antidepressants are used that do not have
relevant interactions with any of the study drugs. The introduction
of mood-stabilizers during the trial is not permitted. Pretrial mood-
stabilizers can be continued if the used compounds do not have
relevant interactions with any of the study drugs. All drugs to treat
somatic conditions are permitted if the used substances do not
have relevant interactions with any of the study drugs.

Blood levels

Blinded blood levels of clozapine (and desmethylclozapine) and
olanzapine (desmethylolanzapine) will be measured 2 and 4 weeks
after randomization at visits 3 and 5 at the central laboratory of the
Klinikum der Universitdt Miinchen. If the assessment of the blood
levels is not possible at these visits, the respective blood draw for
blood level analyses should be performed at the next planned visit.
All sites will send blood to this central laboratory via the Depart-
ment of Psychiatry and Psychotherapy at the Klinikum der
Universitdt Miinchen. If the reference ranges of the trial drugs have
not been reached and patients have not obtained remission crite-
ria (assessed at visits 5 and 7), the dose should be increased to reach
blood levels within the recommended range. To avoid unblinding,
investigators, patients and raters will only receive blinded qualita-
tive information about the drug levels. Thus, the rater will be in-
formed whether the blood level of the patient is within the thera-
peutic range or not and the actual blood level of the investigation-
al drug will be graded according to the following ranges:
1) below (<) the recommended therapeutic range
2) lower third within the recommended therapeutic range
3) middle third within the recommended therapeutic range
4) upper third within the recommended therapeutic range
5) above (>) the recommended therapeutic range, but below the
warning threshold
6) warning threshold

The quantitative information of the drug levels will be stored blind-
ed at the laboratory and included post hoc in the study database
after the end of the study for further statistical analyses. Investiga-
tors will only receive the descriptive information detailed above.

Endpoints and safety measures

The primary endpoint is the relative frequency of patients in remis-
sion after 8 weeks according to the RSWG (Remission in Schizo-
phrenia Working Group) criteria [33], without the time criterion
[34,35]. The RSWG criteria [33] link DSM-IV symptoms of schizo-
phrenia with items of the PANSS [24]. As detailed elsewhere
[33,36,37], three symptom clusters need to be considered: (1)
psychoticism/reality distortion (PANSS items: delusions, unusual
thought content and hallucinatory behaviour), (2) disorganisation
(PANSS items: conceptual disorganisation and mannerisms/
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> Table 4 Naturalistic follow-up visits N1-N3.

Study Visit N1 N2 N3

Day +26 weeks +52 weeks +104
(D (D weeks (D
238+[-4 420+|-4 784+|-4
weeks) weeks) weeks)
after V9 after V9 after V9

Naturalistic follow-up

Medical and X X X

psychiatric history

Year of birth, Sex X

Living circum- X X X

stance, working

status

Actual treatment X X X

PANSS X X X

PANSS RSWG items X X X

CGl X X X

GAF X X X

PSP X X X

Q-LES-Q-18 X X X

SF-12 X X X

PANSS: Positive and Negative Syndrome Scale; PANSS RSWG items:
Remission criteria according to the Remission in Schizophrenia
Working Group; CGl: Clinical Global Impression scale; GAF: Global
Assessment Scale of Functioning; Q-LES-Q-18: Abbreviated quality
of life enjoyment and satisfaction questionnaire; SF-12: Short Form
Health Survey.

posturing), and (3) negative symptoms (PANSS items: blunted af-
fect, social withdrawal, lack of spontaneity). According to the
RSWG criteria, the symptomatic criterion states that to achieve
symptomatic remission, all items must be rated as absent or pre-
sent only to a mild degree (PANSS value < 3).

Secondary endpoints are the relative frequency of patientsin re-
mission after 4 weeks (early remission) according to the RSWG cri-
teria [33], the change in PANSS total and in the three PANSS sub-
scales (positive, negative, general) from baseline to week 4 and
week 8, the frequency of patients in remission according to the
RSWG criteria without the negative symptom Items (N1, N4 and
N6) after 4, 6 and 8 weeks, and the frequency of patients with a
clinical response according to PANSS (=20 % reduction from base-
line, corrected PANSS formula) [35] after 4 and 8 weeks. Safety sec-
ondary endpoints include the change in white/complete blood count
(WBC/CBC), creatinine kinase (CK), blood levels from screening to
every visit during the study period (until visit 13), the relative
change in Troponin, frequency of 2-fold elevated Troponin, and ab-
solute change in C-reactive protein (CRP) values from screening to
every visit during the first 4 weeks of the intervention period and
at week 6 and week 8 as well as changes in standard parameters of
Electrocardiography (ECG) (QT interval, heart rate value from
screening/baseline to week 2, week 4, week 6 and week eight).

Several other assessments have been a priori-defined as detailed
in » Table 3. These other assessments include among others the
relationship between drug blood levels/concentration (see below)
and clinical and side-effect endpoints, changes in the Thought and

176

Language Disorder questionnaire (TALD) [38], the Clinical Global
Impression scale (CGl) [39], the Personal and Social Performance
scale (PSP) [40], the Global Assessment of Functioning scale (GAF)
[41], the Calgary Depression Scale for Schizophrenia (CDSS) [42],
the Trail-Making Test [43], the InterSePT scale (ISST) [44], the ab-
breviated quality of life enjoyment and satisfaction questionnaire
(Q-LES-Q-18) [45], the Short Form (12) Health Survey Change (SF-
12) [46], the Drug Attitude Inventory (DAI10) [47], the Subjective
Wellbeing under Neuroleptics short form (SWN-K) [48] scale and
the attitude of patients towards participation in clinical research
and towards the treatment with olanzapine and clozapine at base-
line (self-developed questionnaire, in collaboration with a relatives-
driven pan-organisation that represents the interests of relatives
and persons affected by mental illness).

Other safety assessments include measurement of vital signs
(changein heart rate, blood pressure), change in metabolic param-
eters (weight and BMI), change in extrapyramidal symptoms ac-
cording to the Glasgow Antipsychotic Side-effect Scale for Clozap-
ine (GASS for Clozapine) [49] and the St. Hans Rating Scale (SHRS)
[50], change in treatment-associated constipation according to the
Cleveland Clinic Constipation Score (CCCS) [51], change in akathisia
according to the Barnes Akathisia Rating Scale (BARS) [52], chang-
es in the study laboratory (fasting glucose, cholesterol, HDL),
changes in the number of cigarettes per day and changes in stand-
ard parameters of Electroencephalography (EEG) (see » Table 3).

Adverse events (AE), severe adverse events (SAE) and suspect-
ed unexpected serious adverse reactions (SUSAR) are documented
following established definitions and legal requirements. The in-
tensity of AEs is defined according to the common terminology cri-
teria for adverse events (CTCAE Version 4.0, https://www.eortc.
be/services/doc/ctc/CTCAE_4.03_2010-06-14_QuickRefer-
ence_5x7.pdf). In the event of a medical emergency, there are un-
blinding envelopes for each patient at the respective study center.

During the safety follow-up period (starts after completed visit
9), only laboratory-related AEs and SAEs will be documented.

A patient-relatives organisation (Bavarian Association of the Rel-
atives of Mentally-ill Patients (LApK)) is involved in the study. The
organization participates in the application process, assists in in-
vestigating the patients’ view on treatment and serves as a consult-
ant for study patients. The aspect of the view of patients on treat-
ment is especially important because some studies have found that
psychiatrists and patients have different valuations of clozapine
side effects [53], and one Cochrane review states that former trials
have neglected patients’ attitude towards clozapine [54].

Treatment after the end of the double-blind
treatment phase

Unblinding patients at the end of the double-blind treatment phase
(until visit 9) is sensitive, as it is not acceptable that the advantag-
es of a double-blind study are diminished by the possibility of
changing previously collected data after the treatment is unblind-
ed. Therefore, a standard operating procedure (SOP) was imple-
mented on the means to continue treatment after the end of the
double-blind treatment phase. After visit 9 (day 56), the physicians
being responsible for the further treatment receive an envelope
with the information in which arm the patient has been allocated
(unblinding according to protocol). People involved in the trial will
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not receive this information. For patients who drop out prior to visit
9, unblinding according to the protocol will also only be possible
following the aforementioned principles.

For patients who meet the remission criteria at week 8, it is re-
commended to stay on the same drug. For patients who do not
meet remission criteria at week 8 and being treated with clozapine,
itisrecommended to carry on treatment and perhaps increase the
dose as clinical knowledge is available that the effect of clozapine
may occur with a delay. For patients being treated with olanzapine
not meeting remission criteria, it is recommended to increase the
dose and, if not successful, switch to clozapine.

However, the decision of any further treatment after visit 9 will
be made between the treating physicians and the patients follow-
ing national guideline recommendations. The study team will not
be involved in this decision. Clozapine should not be stopped
abruptly but tapered down according to clinical standard proce-
dures. Therefore, our SOP shall assure that patients at the end of
the double-blind treatment phase will have enough study medica-
tion until the next meeting with their treating physician while aim-
ing at coordinating the meeting with the treating physician on the
same day of visit 9.

Sample size justification and planned data analysis
strategy

The sample size calculation was performed on the basis of previous
studies, meta-analyses and systematic reviews [37,55-57], which
indicate remission rates of approximately 30 % after 4 weeks [34]
for antipsychotics in acute schizophrenia and mean remission rates
of ~ 50 % after 8 to 12 weeks. Because olanzapine is one of the most
effective antipsychotics [26, 58, 59], we proposed a remission rate
of 55 % in the non-clozapine group after 8 weeks. Assuming that
55% (=p2) of acute schizophrenia patients will remit after treat-
ment with olanzapine and assuming a superiority of clozapine in
the range of 10 % to 30 % in achieving remission [60] in severely af-
fected patients, we expect that clozapine will be associated with
a220% (=p1 - p2)increased likelihood of achieving remission
compared to non-clozapine treatment. A two-group Chi2 test
(a=0.05, two-sided, power [1-B]: 80 %) will detect a difference be-
tween groups after adjusting p1 (clozapine) to 0.74 and p2 (olan-
zapine) to 0.56 (odds ratio of 2.236) when the sample size in each
group is 110 (computed by nQuery Advisor 7.0). Thus, the total re-
quired sample size is 220. The adjustment of relative frequencies
is due to the conservative assessment of the primary outcome as
outlined below, assuming less than 2 % losses to follow-up with no
primary outcome data. As we aim to evaluate the primary outcome
in every participant, irrespective of whether he or she discontinues
treatment, the estimated rate of 2 % losses to follow-up/drop-outs
defines a realistic scenario.

A statistical analysis plan will be developed before any analyses
will be performed. The statistical analyses will be performed after
the database hard lock (end of study), but before the end of the
naturalistic follow-up. The latter is a secondary analysis that will be
performed at the end of the naturalistic follow-up period. Descrip-
tive statistics will be provided for all data broken down by treat-
ment group, visit and by country. Mean, median, standard devia-
tion, range, interquartile range and number of observations will
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describe continuous variables. Absolute and relative frequencies
will describe categorical variables. All statistical tests will be car-
ried out in two-tailed, with the alpha (level of significance) being
5%. The randomization procedure will be evaluated by a compari-
son of the two treatment groups for all relevant variables recorded
at baseline. The primary efficacy endpointin the intention-to-treat
(ITT) population will be compared between groups by a confirma-
tory Mantel-Haenszel test, with centres as strata on a two-sided
significance level of 5 %. The analysis will be performed on the (ITT)
population, which will include all patients as randomized. To en-
sure a conservative assessment of the primary outcome, losses to
follow-up in the experimental group will be rated as failures, while
those in the control group will be rated as successes. This approach
is designed to avoid a beneficial bias for the experimental group,
which might be induced by non-compliance and losses to follow-
up. An additional subgroup analysis will be performed by logistic
regression using the primary efficacy endpoint as the outcome and
the factor variables group, centre and the categorized number of
previous lifetime treatments (cNLT categories: 0, 1,>1) as covari-
ates. An interaction effect between the group and the cNLT sub-
groups will be included in the model. Parameter estimates of the
model will be used to obtain point and interval estimates (95 % con-
fidence intervals) of the treatment effect, represented by Odds Ra-
tios, within cNLT subgroups. The hypothesis test on the model’s
interaction effect equals the test for differences in the treatment
effects between subgroups. This subgroup analysis is exploratory
and none of the hypothesis tests of effects within and between sub-
groups is powered by the study’s sample size calculation. The major
objective is effect estimation instead. Depending on the data dis-
tribution, group comparisons of continuous and categorical sec-
ondary endpoints will be performed by linear or binary logistic re-
gression analysis that includes a factor variable for centres. Base-
line values will be included as another covariate if existing. In the
case of non-normally distributed residuals of the linear model, a
van Elteren test ( =stratified Wilcoxon test) with centres as strata
will be applied in an additional analysis. Corresponding descriptive
statistics and confidence intervals will also be given. Absolute and
relative frequencies of categorical safety outcomes will be assessed
along the course of the trial (safety population). Differences be-
tween groups will also be tested for statistical significance with
Fisher’s exact test. Likewise, continuously distributed safety out-
comes (safety population) will be presented by descriptive statis-
tics and compared with t-tests or Mann-Whitney U tests, as appro-
priate. All tests of secondary endpoints will be computed in the ITT
and per protocol (PP) populations in an explorative manner on two-
sided significance levels of 5 %. Exploratory analyses will be per-
formed as appropriate for other assessments.

The ITT population includes all patients as randomized. The PP
population will include all participants without major protocol vio-
lations. The safety population will include all participants who re-
ceived at least one study drug and will be analysed as treated. The
allocation of patients to the respective study populations will final-
ly be determined in a blinded data review meeting (BDRM). All anal-
yses will be performed in accordance with the ICH Guidelines E9.
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Organizational framework

Organizational project management, safety management, moni-
toring, data management and randomization are performed by
MSZ, an academic clinical research organization of the Technical
University of Munich, School of Medicine. A detailed description of
this framework is available elsewhere [61]. For safety monitoring,
anindependent safety monitoring board (SMB) with an SMB Char-
ta has been established. The documentation of the study data in
adherence to the Good Clinical Practice (GCP) - guidelines and the
clinical trial protocol lies within the responsibility of the investiga-
tor and will be performed in a validated clinical trial database. Orig-
inal data (source documents) remain in hospital medical records.
Original written informed consent obtained by qualified study doc-
tors and signed by the patient is kept by the investigator, and a
signed copy will be given to the patient. All study procedures are
in accordance with GCP guidelines of the international conference
on harmonization of technical requirements for registration of
pharmaceuticals for human use (ICH) and the principles of the Dec-
laration of Helsinki. All sites agreed to adhere to the instructions
and procedures described in the study protocol and thereby adhere
to the principles of ICH-GCP.

Discussion

An early clozapine application, as proposed in the EARLY trial in dis-
ease stages after the first episode and before treatment-resistance
(second-line treatment), has the potential to increase remission
rates and to prevent poor disease outcomes and chronicity in schiz-
ophrenia. Poor remission rates and frequent relapses in schizophre-
nia contribute to the highest direct costs of all brain disorders in
Europe, totaling 29 billion Euros per year [62]. Furthermore, early
disease chronicity entails physical and mental comorbidity, endur-
ing social and vocational exclusion and excess mortality, which
alone in Europe amount to annual indirect costs of 65 billion Euros
[62].

Multiple sources of evidence show that schizophrenia patients
have a high likelihood of response during their first episode [1] but
that response rates drop after the first relapse. In a small naturalis-
tic study, 38 % of first-episode patients were non-responsive to first-
line treatment with risperidone and among those non-responders,
only 44 % achieved full remission of positive symptoms after treat-
ment with olanzapine (second-line) [63]. As many patients do not
remit after the first relapse and as remission is related to recovery
[64], good functional outcomes and improved quality of life [56],
new evidence-based strategies are urgently needed to increase re-
mission rates. An increase in remission will not only improve the
aforementioned outcome domains but is likely to reduce the risks
of hospitalization and treatment discontinuation. In this context,
the early application of clozapine, the most effective antipsychot-
ic, has been discussed now for years as one possibility to improve
outcomes in relapsing schizophrenia [12]. This issue of a potential
indication extension of clozapine from being the ‘last-resort antip-
sychotic’ to being applied at an earlier stage is supported by sev-
eral lines of evidence [12], but respective clinical trials to test these
hypotheses are lacking. To date, sufficiently powered clinical trials
investigating the proposed superior efficacy of an early clozapine
application compared to standard treatment are lacking. A retro-

spective cohort study confirmed the hypothesized superior effec-
tiveness of clozapine compared to standard antipsychotics with regard
to time to hospitalization and risk for treatment discontinuation [65],
and clozapine s still the gold standard in treatment-refractory cases
[16-18]. Moreover, one nationwide cohort study investigated the
real-world effectiveness of 29823 patients with schizophrenia and
showed the association between clozapine treatment and the low-
est rates of treatment failure compared to all other oral antipsy-
chotics [66]. In contrast to guideline recommendations [16-18],
in clinical practice, clozapine use is delayed by many years, making
clear that more convincing evidence is needed to overcome this
discrepancy [20]. We hypothesize that the early introduction of
clozapine in patients with acute schizophrenia will result in higher
remission frequencies and thus reduce the risk of developing un-
favorable disease outcomes. In summary, there is broad evidence
that clozapine is an effective antipsychotic that can be safely used
in non-treatment-refractory patients and that has superior effec-
tiveness in real-world settings. Clinical trials investigating the role
of clozapine in acute relapsing schizophrenia are lacking (second-
line treatment). Such an approach also must specifically address
the potentially high levels of side effects and AEs to allow for a com-
prehensive risk-benefit evaluation. An increase in the likelihood of
remission has the potential to prevent treatment-resistance and
long-standing disability in schizophrenia patients with a relapsing
disease course and thus reduce the overall socioeconomic burden.
Because neither study drug is under patent protection, no com-
mercial interest for any pharmaceutical company exists. Therefore,
this trial has the potential to change guideline recommendations
in an area where no new development from the perspective of the
pharmaceutical industry can be expected.

Moreover, this trial will also allow investigating whether low dos-
ages of those highly effective antipsychotics are sufficient to reach
symptomatic remission following the discussions of minimal effec-
tive dose treatment for an optimal risk-benefit evaluation. The lat-
ter will be possible because the EARLY trial includes the so far most
extensive side-effect evaluation of clozapine and olanzapine in a
controlled design going far beyond the safety assessment in clini-
cal practice.

Impact of SarsCov2-Pandemic (Covid-19)

Specific measures were implemented to increase patient and data
safety while conducting the trial during the pandemic. A specific
risk-based approach dealing with the challenges of the pandemic
based on the recommendations laid down in the EMA guidance on
the management of clinical trials during the covid-19 (coronavirus)
pandemic [67] the recommendations of the Federal Institute for
Drugs and Medical Devices (BfArM) [68] and the recommendations
of the Work Group of Medical Ethics Commissions in Germany for
clinical research during the pandemic [69]. Furthermore, the
planned period for patient recruitment had to be substantially pro-
longed due to restrictions and the impact of the SarsCov2-Pandemic.

Conclusion

In medication-naive and first-episode patients (first-line treat-
ment), a subtle [ 14] but not an outstanding superiority of clozap-
ine could be established [12]. These findings can be explained by
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the high response and remission rates of first-episode patients [70]
and as a result of risk-benefit evaluation, clozapine should not be
used for this indication. In treatment-resistant schizophrenia pa-
tients [60] (third-line treatment), clozapine is more effective than
other antipsychotics [71], but due to the progressed stage of the
iliness, the application may be too late to increase remission rates
significantly. Thus, an early clozapine application, as proposed in
the EARLY trial in disease stages after the first episode and before
treatment-resistance (second-line treatment), has the potential to
increase remission rates and prevent poor disease outcomes and
chronicity. Upon completion, it will be the largest randomized, dou-
ble-blind parallel-group multicentric trial to date to compare the
efficacy of clozapine and olanzapine.
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