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at least minor response after 2 weeks are randomized again 
to either staying on the initially assigned drug or being 
switched to the alternative compound for another 6 weeks. 
In case early switching proves superior to maintaining 
treatment, time wasted for unsuccessful treatment attempts 
could be minimized, patients’ outcomes improved, dura-
tion of hospital stays reduced, and thus overall treatment 
expenses saved. The current report will present the meth-
ods of the trial, focusing on various specific features which 
could be adopted by future studies.

Keywords Antipsychotic · Response · Switch · Response 
prediction · Treatment duration

Abbreviations
FGAs  First-generation antipsychotics
SGAs  Second-generation antipsychotics
SD  Standard deviation

Introduction

The time course of antipsychotic drug effect

The meaningful question by when to consider an antipsy-
chotic treatment attempt as having failed and thus conse-
quently demanding a switch in medication remains a major 
challenge in the pharmacological treatment of schizophrenia. 
For decades, textbooks stated that there is a delayed onset of 
action of antipsychotic drugs of several weeks. Two recent 
meta-analyses have clearly rejected the delayed onset of 
action hypothesis [1, 34]. In fact, the antipsychotic drug effect 
onset rather starts at least as early as in the first week of treat-
ment, although substantially more time is needed until the full 
magnitude of the antipsychotic effect is reached. Even within 

Abstract Many patients do not respond to the first antip-
sychotic drug prescribed, but require multiple trials with 
different drugs before response is achieved. Current treat-
ment guidelines vary substantially in their recommenda-
tions as to how long clinicians should wait before an antip-
sychotic treatment attempt should be considered as failed 
and the compound switched. It has, however, recently been 
shown that poor early response to an antipsychotic is asso-
ciated with continuous poor later response in the course 
of the same treatment attempt. This finding suggests that 
patients who do experience poor early response might ben-
efit from a switch in antipsychotic medication as early as 
2 weeks after treatment initiation. In the SWITCH trial, 
350 patients suffering from an acute episode of schizophre-
nia are randomly assigned to double-blind treatment with 
either olanzapine or amisulpride. The primary endpoint is 
symptomatic remission at week 8. Patients not experiencing 
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the first 24 h of antipsychotic drug exposure, patients showed 
a measurable effect of treatment [2]. So, the delayed-onset 
hypothesis changed into an early-onset hypothesis.

The meaning of the early‑onset hypothesis for clinical 
practice

The early onset of antipsychotic action makes response 
detection possible at a very early stage in the course of a 
treatment attempt and may also enable us to predict later 
non-response when early response is not achieved. Several 
studies using receiver operating characteristic (ROC) curve 
analyses in large data sets originating from antipsychotic 
drug trials found that later non-responders (measured at 
study endpoints at 4–8 weeks after treatment initiation) can 
be identified as early as 2 weeks after start of treatment [4, 
11, 27, 35, 39]. While the exact cut-off in symptom reduc-
tion after 2 weeks of treatment predicting later individual 
non-response varied in the cited studies, they all consist-
ently showed that those patients initially experiencing 
only poor reduction in symptoms were unlikely to respond 
profoundly in the same treatment attempt later on. For the 
SWITCH study, a 25 % cut-off in PANSS reduction at week 
2 was chosen. This decision was drawn based on a previ-
ous study of our group [35] and recently corroborated by 
a diagnostic test review demonstrating that the best trade-
off between sensitivity and specificity of a broad range of 
cut-offs (0–50 % PANSS/BPRS reduction at 2 weeks) lies 
around a cut-off of 20–25 % reduction [46].

Noteworthily, the current guidelines for the treatment of 
schizophrenia do vary substantially in the recommended 
time as to how long clinicians should wait before an antipsy-
chotic treatment attempt should be considered as failed and 
the compound switched [17, 18, 32]. So, identifying a time 
span as short as possible that represents a meaningful cut-off 
for accurately predicting later poor response is of high clini-
cal relevance and is therefore addressed in the current trial.

Pooling the evidence, from both the early-onset hypothe-
sis plus the prediction of subsequent poor overall treatment 
benefit indicated by early poor response, led to the idea for 
the current trial. The resulting question is whether an early 
change of the antipsychotic compound to a different drug 
in case of poor initial response leads to an overall better 
outcome at the end of an 8-week antipsychotic treatment 
attempt. In our view, this question can only be answered 
by a randomized study in which initial poor responders at 
2 weeks of treatment are either switched to another com-
pound with a different receptor binding profile (cf. method 
section) in the intervention group or maintained on the 
same drug in the control condition.

Randomized studies having examined the meaning 
of the early‑onset hypothesis in clinical practice so far

Up to date, all studies published on the antipsychotic 
switch issue outlined above have investigated the effects of 
antipsychotic drug switches (a) at later stages in the treat-
ment process and (b) do suffer from different methodo-
logical limitations in our view. In the following, we briefly 
summarize our major points of concern:

The earliest study was done by Kinon et al. [29] in 
which 115 patients were treated with fluphenazine 20 mg/d 
for 4 weeks. Subsequently, poor responders were rand-
omized to either double-blind continuation of fluphenazine 
at 20 mg/d, a dose increase in fluphenazine to 80 mg/d, or a 
switch to haloperidol. A limitation is the rather late switch 
performed from one high-potency first-generation antipsy-
chotic (FGA) to another FGA (i.e. comparable D2 receptor 
affinity).

In the study by Shalev et al., 60 patients were rand-
omized to treatment with haloperidol, perphenazine, or 
chlorpromazine [48]. Poor responders after 4 weeks were 
randomly switched to open-label treatment with one of the 
two remaining alternative antipsychotics and, if still not 
responding, again after another 4 weeks. In summary, 67 % 
of the patients responded to the first treatment attempt, 
another 55 % to the second, and finally 67 % to the third. 
Here, methodological limitations are the late switch, the 
small sample size, the open-label setting, and the lack of a 
control group.

In an open-label trial of Suzuki et al., 78 patients were 
randomized to olanzapine, quetiapine, or risperidone [52]. 
After 8 weeks, poor responders were randomized to one 
of the two remaining drugs. Finally, 16 patients did not 
respond to both treatment attempts. Again the open-label 
design, the lack of a control intervention, and the late 
switch are critical.

In another small-sized trial, Kinon et al. [28] switched 
patients having minimally improved after 2 weeks of ris-
peridone to olanzapine, leading then to a statistically 
significantly better outcome compared to risperidone 
maintenance.

Hatta et al. [22] randomized non-improvers after 
2 weeks of risperidone or olanzapine to staying on the same 
drug or switching to the alternative one. Switching did not 
lead to higher response rates, but the authors emphasize 
that the trial was underpowered for this question.

In conclusion, the existing evidence supports our 
hypothesis that an early switch of antipsychotic treat-
ment might be beneficial to patients in case of early poor 
response.
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Study design

Study objectives

The primary outcome of the SWITCH study is the number 
of patients having poorly responded to the initial antipsy-
chotic treatment (at week 2) and later on reaching symp-
tomatic remission [3] at the end of the trial (at week 8). 
Patients having experienced poor initial response plus hav-
ing undergone a randomized switch in their antipsychotic 
medication after 2 weeks of treatment (switch group) will 
be compared to patients having been randomized to staying 
with their initially assigned antipsychotic drug after poor 
initial response (non-switch group). The study hypothesis 
is that at the end of the study, significantly more patients 
in the switch group will be in symptomatic remission com-
pared to the non-switch group.

Amongst others, secondary endpoints comprise the 
comparison in changes in different dimensions of psy-
chopathology [21, 26], side effects, social functioning 
[40], subjective well-being under antipsychotic treatment 
[43], the attitude towards antipsychotic treatment [24], 
and the treatment costs between the switch and the non-
switch group. All outcomes will also be analysed for all 
patients responding to the initial antipsychotic treatment 
(responder group).

In addition, results from pharmacogenetic examina-
tions of polymorphisms of the cytochrome P450 enzyme 
and other mutations that may be associated with treatment 
response in schizophrenia (e.g. mutations of transporter 
mechanisms for neurotransmitters or intracellular signal 
processing or of neuroreceptors) will be analysed.

Antipsychotic treatment strategies (“switch 
versus non‑switch”)

The SWITCH study is a randomized, controlled, double-
blind comparison of two treatment strategies in an acute 
episode of schizophrenia or schizoaffective disorder 
involving the antipsychotics amisulpride and olanzapine. 
Participants having signed informed consent forms will 
first enter an optional screening phase of up to 3 days 
(washout). Phase I starts with the baseline visit (day 1) 
and ends with the subsequent visit at day 14. At the start 
of phase I, patients will be randomly (1st randomiza-
tion) assigned to double-blind treatment with either ami-
sulpride or olanzapine for the entire 2 weeks of phase I 
(Fig. 1).

At the end of phase I (day 14), patients having suf-
ficiently responded to the initial treatment (i.e. ≥25 % 
improvement in the PANSS; “responders”) will continue 
double-blind treatment with the same compound also in 
phase II for additional 6 weeks.

Patients not having experienced sufficient response at 
the end of phase I (“non-responders”) will undergo a sec-
ond randomization. They will either be randomized to the 
control group (“non-switch group”) and continue on the 
same compound as in phase I also now in phase II, or alter-
natively enter the intervention group (“switch group”) and 
undergo a cross-titration phase. In phase II of the trial, they 
will then be treated with the alternative compound they 
have not been treated with in phase I.

In order to control for any potential difference in antip-
sychotic efficacy of the two compounds per se, we chose 
this “crossover” design with two randomizations. Thus, in 
the final analysis, both switch groups of phase II (i.e. those 
patients switched from olanzapine to amisulpride and vice 
versa) will merge. Likewise, both “non-switch” groups 
of phase II will merge. In essence, the primary outcome 
compares solely the two strategies (i.e. switch versus non-
switch) in poorly responding patients.

All antipsychotic treatment will be performed under 
double-blind conditions. Capsules containing amisulpride 
or olanzapine do not differ in appearance or weight. This 
procedure shall minimize any bias arising from patients’ or 
doctors’ expectations as to whether one of the two drugs or 
the switch itself might be beneficial or not.

Finally, patients having completed the entire 56-day trial 
may be switched to any antipsychotic medication available 
after study drug discontinuation.

Study population

Patients aged 18–65 meeting DSM-IV criteria for schizo-
phrenia, schizoaffective disorder, or schizophreniform disor-
der as confirmed by the M.I.N.I. International Neuropsychi-
atric Interview Plus can be enrolled in the trial. Participants 
must give written informed consent in agreement with the 

1st randomization
non-responder

non-responder

responder

responder

amisulpride

olanzapine

NON-SWITCH

NON-SWITCH

SWITCH

SWITCH

2nd randomization 
(day 14)

Fig. 1  Study group flow
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principles of the Declaration of Helsinki and the Interna-
tional Committee on the Harmonization of Good Clinical 
Practice (ICH-GCP). Consent to the pharmacogenetic sam-
pling in the trial is optional. The protocol must be approved 
by local ethical committees or review boards according to 
country-specific laws.

Both at screening and at baseline, the PANSS total score 
must be ≥75 points, and at least two items of the PANSS 
“positive component factor cluster” (P1, G9, P3, P6, P5, 
G12) must be scored at least 4 (moderate). At study inclu-
sion, the CGI-S rating must be ≥4 and an increase in the 
level of care (admission to inpatient or day care, admis-
sion from day care to inpatient care) must have taken place 
within 5 working days prior to enrolment.

Patients will not be eligible for the trial if they do not 
meet all the inclusion criteria listed above or if they are 
known to be intolerant to one of the study drugs or meet 
contraindications according to package inserts. Patients 
cannot be enrolled in case of a documented non-response 
to a 6- to 8-week treatment attempt in the past or continu-
ous treatment with one of the study drugs in the 2 weeks 
preceding study entry (olanzapine 10–20 mg/d, amisul-
pride 400–800 mg/d; sufficient compliance provided). 
Inclusion should not be considered if the current episode 
shows no clinical change in the 4 weeks preceding study 
entry despite adequate antipsychotic treatment and suf-
ficient compliance provided. If a patient experiences a 
≥25 % reduction in PANSS total score from screening 
to baseline, the patient must be discontinued. Involuntar-
ily treated patients must not participate in the study, and 
patients are not allowed to participate in another trial 
simultaneously.

Further exclusion criteria are imminent risk of suicide, 
hazard risk for others, depot antipsychotic treatment within 
one injection cycle, current pregnancy or lactation, the plan 
to become pregnant within the next 3 months, the diagnosis 
of substance dependency according to DSM-IV TR criteria 
in the 3 months preceding study entry (excluding nicotine 
and caffeine), any somatic diseases or abnormal test results 
that are relevant in the study doctor’s opinion, and previous 
enrolment in the trial.

Choice of compounds

Olanzapine and amisulpride are both second-generation 
antipsychotics (SGAs) and have demonstrated compara-
ble efficacy in the treatment of schizophrenia within sev-
eral large randomized, controlled trials (e.g. the EUFEST 
study) [25, 31, 41, 54] and meta-analyses [37] [12, 38]. 
They belong to the group of second-generation antipsy-
chotics (SGAs), including a positive safety profile and a 
low incidence of extrapyramidal side effects [14]. How-
ever, the receptor binding profiles are distinctly different 

with amisulpride being a selective dopamine antagonist and 
olanzapine blocking central serotonergic 5-HT-2a receptors 
more than dopamine receptors [8, 9, 44].

The underlying idea to choose compounds with a differ-
ing receptor binding profile derives partly from findings in 
phase II of the Clinical Antipsychotic Trial of Intervention 
Effectiveness (CATIE) trial. A post hoc analysis showed 
that a switch to a drug with a different receptor binding 
profile might be beneficial [51].

Regarding other SGA, there is some evidence from 
meta-analyses [36, 37] that suggest that, for example, que-
tiapine, aripiprazole, or ziprasidone are inferior to olan-
zapine and amisulpride with regard to their antipsychotic 
efficacy.

We decided not to use clozapine due to its side effects, 
blood count controls, and the necessity of slowly up-titrat-
ing the drug.

Finally, we decided against a FGA because the dis-
tinctly different side effect profiles most FGAs demonstrate 
compared to a SGA (e.g. with regard to EPS) might have 
unmasked the blinding of the study. Some FGAs, e.g. per-
phenazine, would have qualified as robust comparators, 
especially taking into account the idea of utilizing dif-
ferent receptor binding profiles, but they are too seldom 
prescribed in acute treatment in Germany or Romania 
and therefore are not representative for the actual clinical 
routine. Additionally, the use of FGAs has caused serious 
recruitment problems in a recent trial [19].

Dosing of study medication

In phase I, antipsychotic treatment will be titrated from 
day 1 in a flexible manner with doses of 600–800 mg/d of 
amisulpride or 15–20 mg/d of olanzapine as target dose to 
be reached on day 3. Thereafter, flexible doses of amisul-
pride 200–800 mg/d or olanzapine 5–20 mg/d are allowed 
[6, 45]. All decreases in dose should only be considered in 
case of poor tolerability. In week 3, non-responders rand-
omized to “switch” will be cross-tapered to the alternative 
compound in a set manner.

Definition of the primary endpoint remission

A major criticism of schizophrenia trials is that they often 
use outcomes such as differences in the PANSS total score 
which are difficult to interpret clinically. Such a choice 
may be justifiable in registrational studies, but in studies 
such as SWITCH which aim to inform on clinical deci-
sions, their usefulness can be criticized. We therefore 
chose symptomatic remission (RSWG) [3] as primary out-
come. Several studies were able to show a strong correla-
tion between patients reaching remission and other impor-
tant outcomes (better quality of life, social functioning, 



517Eur Arch Psychiatry Clin Neurosci (2016) 266:513–521 

1 3

cognitive performance, subjective well-being, and a more 
stable state of health [10, 13, 15, 16, 23, 33, 47, 53]; for 
summary, please see [30]). So, the striking clinical rel-
evance of all these important outcomes reflected indirectly 
by reaching the remission status leads us to choosing this 
outcome parameter as our primary endpoint. Analyses of 
large databases have confirmed that remission is a realistic 
goal within clinical schizophrenia studies [33]. Notewor-
thily, we cannot address the 6-month time criterion in this 
short-term trial and so have to limit the outcome to sympto-
matic remission only.

Randomization

Patients will be randomized in order to avoid a systematic 
bias. Thus, patients with certain characteristics (e.g. gen-
der, age, symptoms at baseline) should be equally allo-
cated to treatment arms. Drug treatment will be blinded to 
reduce bias resulting from doctors’ and patients’ expecta-
tions towards treatment. To our knowledge, this is the first 
antipsychotic treatment trial using a two-time randomi-
zation design. Computer-assisted randomization will be 
performed by the Institut fuer Medizinische Statistik und 
Epidemiologie (IMSE) at the Technische Universitaet. The 
treatment randomization listings are generated using Ran-
code Professional 3.6, stratified by study centre and with 
block size of 4. The actual assignment is done on the phone 
by an independent person using the pre-generated listings.

At baseline, patients will be randomized (1st randomi-
zation) to either amisulpride or olanzapine double-blind 
treatment in a 1:1 ratio by centre-specific randomization 
lists with pre-specified block lengths. Group allocation (i.e. 
drug allocation) will be done by the manufacturer of the 
study drugs, the pharmacy of the university in Mainz, Ger-
many, so that allocation will be concealed at all stages.

At the 2nd randomization (day 14), all patients who did 
not respond sufficiently to treatment in phase I (i.e. <25 % 
reduction in PANSS total) will be randomized in a 1:1 
ratio to either receive the compound of phase I for another 
6 weeks or be switched to the alternative compound.

Patients who responded to antipsychotic treatment of 
phase I will not be randomized and continue on the same 
compound as in phase I undergoing a pseudo-randomiza-
tion to maintain the blind. In emergency cases, allocation 
to study drugs can be unblinded through sealed envelopes.

Concomitant therapy

To avoid study results being biased by concomitant medi-
cation and to prevent patients from drug interactions, cer-
tain drugs (e.g. additional antipsychotics, recently initiated 
antidepressants, or mood stabilizers) must not be given to 
patients. Rescue medication for symptomatic treatment of 

agitation, sleep disturbances, or side effects is permitted 
according to the regulations of the study protocol. These 
are lorazepam (max. 6 mg/d), diazepam (max. 60 mg/d), 
zolpidem (max. 10 mg/d), lormetazepam (max. 2 mg/d), 
zopiclone (max. 7.5 mg/d), temazepam (max. 20 mg/d), 
and biperiden (max. 6 mg/d).

Outcome measures

The PANSS will be used to assess remission. All investiga-
tors will be trained repeatedly prior and throughout the trial 
on the adequate use of this scale. Further scales used are the 
CGI-S/CGI-I, the SWN scale [42], the DAI-10 scale [24] 
(Table 1).

The “Personal and Social Performance Scale” (PSP) 
[40] measures patients’ performance on several levels of 
social and daily life; extrapyramidal side effects will be 
monitored by the “Simpson–Angus Scale” (SAS) [49] and 
the “Barnes Akathisia Scale” (BAS) [5]; and other side 
effects will be assessed by the “Dosage Record and Treat-
ment Emergent Symptoms Scale” (DOTES) [20]. In the 
treatment costs analysis, it shall be investigated whether 
patients with a poor initial response cause higher expenses 
than patients with an early response and whether an early 
switch of antipsychotic treatment in case of a poor initial 
response reduces treatment costs compared to the non-
switch scenario [4]. Basis for the cost calculation will be 
the per-day hospital treatment costs for inpatient stays or 
day care treatment. The measurement of plasma drug con-
centration at several visits aims for checking patients’ com-
pliance as well as assessing the correlation of plasma levels 
and treatment response.

Sample size calculation

For the primary outcome, a sample size of 82 in each 
group will have 80 % power to detect a difference of 20 % 
in remission rates (two-sided, Chi-square test, α < 0.05), 
assuming a 40 % remission rate in the switch group and a 
20 % rate in the non-switch group.

A pooled analysis of four randomized, double-blind, 
controlled studies involving 1481 patients over a minimum 
of 8 weeks has shown that 20 % of the “non-responders” 
(<25 % PANSS total reduction) at 2 weeks and undergo-
ing no change in their treatment thereafter actually reached 
symptomatic remission at 8 weeks [39]. There are two 
minor, randomized, but non-blinded studies suggesting 
remission rates of 36 and 55 %, respectively, when patients 
are switched in case of non-response [48, 52]. We therefore 
decided to see a difference of 20 % in remission rates as 
clinically relevant.

To obtain 164 study completers for the primary out-
come, we expect 350 patients to be randomized in phase 
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I (including 30 % dropouts and accounting for responders 
not entering the primary analysis). Patients randomized 
into phase II (“non-responder”) constitute the intention-to-
treat (“ITT”) population, and overall 500 patients need to 
be screened.

Compliance/“dropout” rates

Kemmler and colleagues reported a dropout rate of 28 % in 
recent short-term (up to 12 weeks) randomized controlled 
trials. These studies were registrational studies conducted 
by pharmaceutical companies. Although our current trial 
is not for registrational purposes and uses marketed drugs 
that should result in lower dropout rates, we still take into 
account an overall 30 % dropout rate.

Statistical analysis

The primary analysis will include those patients who were 
“non-responders” during phase I and were then randomized 
to a switch or non-switch arm for phase II. The switch and 
non-switch arms will be compared and tested for supe-
riority in terms of the proportion of patients in remission 
at visit 7 (week 8). The primary analysis model will be a 
logistic regression model with “remission” as the depend-
ent variable and “switch” of treatment (yes/no) and PANSS 
total score at visit 3 as independent variables. The focus of 

the primary analysis will be the estimate of the “switch” 
coefficient. Centre will not be included in our primary anal-
ysis model, but the impact of its inclusion will be assessed 
in a secondary analysis.

A secondary analysis will assess whether the effect of 
switching differs depending on the drug assigned in phase 
I. To achieve this, the drug allocated at first randomization 
will be added to the logistic regression model together with 
an interaction term for “switch” and the drug allocated at 
first randomization.

An intention-to-treat approach will be taken for the 
analysis with several approaches taken to deal with miss-
ing primary outcome data. The primary analysis will be 
conducted using multiple imputation (using the R package 
mice) [50]. Multiple imputation, under the assumption that 
data are missing at random, will be performed separately 
for the switch and non-switch arms. Logistic regression 
imputation models for remission will contain the PANSS 
total scores from all visits from baseline (visit 2) onwards, 
remission at visit 7, and phase I arm allocation. The PANSS 
score at two weeks (visit 3, second randomization) will be 
included in the primary analysis model. Missing values 
for the PANSS total scores will be imputed using predic-
tive mean matching. Twenty imputed data sets will be 
produced, with results from the imputed data sets pooled 
using Rubin’s rules. A last observation carried forward 
(LOCF) analysis and a completers-only analysis, including 

Table 1  Diagram of examinations/tests performed during the course of the study

a Additional blood was drawn for pharmacogenetic testing

Day Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Follow-up

Screening Baseline End of phase I End of phase II 4 contacts

−3 to 1 1 14 21 28 42 56 57–86

Informed consent X

Inclusion and exclusion criteria X

M.I.N.I. diagnostic interview X

Patient’s history X

Exclusion of contraindications X

Pregnancy test X

Measurement of weight X X X X

Randomization X X

PANSS X X X X X X X

CGI-S X X X X X X X

CGI-C X X X X X

BAS X X X X X

SAS X X X X X

SWN/DAI X X X X

PSP/RSM X X X

Plasma levels Xa X X

DOTES/SAE X X X X X X X
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only those patients who provided primary outcome data at 
visit 7, will also be performed. In addition, a per-protocol 
analysis will be performed in which patients with major 
protocol violations will be excluded. Patients will be clas-
sified as major protocol violators if they do not provide 
primary outcome data at visit 7, are unblinded during the 
course of the study, received the incorrect medication, or 
are non-compliant. Results from the plasma tests at visit 3, 
visit 5, and visit 7 will be used to identify non-compliers; if 
the plasma levels do not test positive for the correct study 
medication at any time point, the patient will be defined as 
a non-complier.

Differences in remission rates at week 8 between 
responders and non-responders of phase I will also be 
assessed using logistic regression analyses.

Exploratory analyses will be performed to assess changes 
in the secondary outcome variables between the switch and 
non-switch groups during phase II. The secondary outcome 
variables include the total PANSS score and summary meas-
ures of the CGI, PSP, SWN, and SAS scales. The changes 
in these continuous variables, between visit 3 and visit 7, 
in each group will be summarized by their mean, median, 
standard deviation, and quartiles. The secondary outcome 
variables will be assessed graphically for normality via 
histograms and q–q plots and inspected for outliers. When 
appropriate, mixed models [7] will be fit to the secondary 
outcome data recorded during phase II (visits 3–7). The 
independent variables will include visit number as a fac-
tor variable and indicator variables for group assignment at 
each visit from visit 4 onwards. The focus of these analyses 
will be the estimated difference between groups at visit 7.

Mixed models will be fit using the gls function within 
the nlme library in the statistical program R. Unstructured 
covariance matrices will be used to model the within-sub-
ject error.

Participating countries

Sites in Germany (17) and Romania (15) will enrol patients 
in the trial.

Quality control and assurance

Study sites and associated investigators will be care-
fully selected, and all study team members will be trained 
regarding Good Clinical Practice (GCP), all study proce-
dures, and the required examinations and documentation. 
The quality of data acquisition will be ensured by regular 
monitoring visits, data entered into the database will be 
checked for completeness and plausibility, and discrepancy 
solved by queries. Monitoring will be performed according 
to national laws/ICH-GCP guidelines and follow a moni-
toring plan.
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