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Synopsis 

1. Sponsor:  
Klinikum der Universität München – AöR vertreten durch den Vorstand des Bereichs 
Humanmedizin, Professor Dr. med. Markus M. Lerch, Marchioninistraße 15, 81377 München 

Sponsor Delegated Person (SDP):  
Prof. Dr. med. Peter Falkai 

2. Name of Finished Product: Champix® 

3. Name of Active Ingredient: Varenicline 

4. Individual Study Table: (only required for submissions) n.a.   

5. Study Title: Enhancing the efficacy of tDCS by nicotinergic stimulation in schizophrenia  

 Study Design: Prospective, monocenter, randomized placebo-controlled, double blind, four-
arm clinical trial with two arms investigating an active compound (Varenicline) with or without 
active transcranial direct current stimulation (tDCS) and two placebo arms with or without 
active tDCS 

 Study (Protocol) Code Number: KUM_PSY_2017_1 

 Eudra-CT Number: 2017-001357-14 

6. Investigator: 
Prof. Dr. med. Peter Falkai, Direktor der Klinik für Psychiatrie und Psychotherapie, Klinikum 
der Universität München 

7. Participating Study Centre: 

#1 Klinik für Psychiatrie und Psychotherapie 
Klinikum der Universität München 
Nußbaumstraße 7 
80336 München, Germany 

8. Publication: not published yet 

9. Study period:  
First patient first visit (FPFV): 20.08.2018; LPI: 05.08.2021; Last patient out: 21.10.2021. The 
clinical trial was prematurely discontinued on 29.11.2021 due to unavailability of IMP and 
uncertainty, when and if IMP would be available again (Champix® Pfizer Pharma GmbH, 
containing N-Nitroso-Varenicline in certain batches (none of which used in this clinical trial) 
above the prespecified daily amount)  

 Approvals and Amendments: 

Approval: Bundesinstitut für Arzneimittel und Medizinprodukte (BfArM): 28.09.2017; Ethics 

Committee (EC): 16.08.2017 

Amendment 1: The following major changes were included in AM 1: 
The clinical study protocol (CSP) was adapted for clarification of the timing of the primary 
endpoint and addition of secondary endpoint assessment of long-term improvement in 
performance of working memory after intervention period. 
Approval AM1: BfArM: 15.05.2018; EC: 27.04.2018, CSP Version 3.1, 16.04.2018 
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Amendment 2: The following major changes were included in AM 2: 
Deletion of exclusion criterion “smokers”, addition of CO measurement in smokers, addition 
of co-variables smoking status, cigarette count. 
Approval AM2: BfArM: 29.09.2018; EC: 26.09.2018, CSP Version 4.0, 24.08.2018 

Amendment 3: The following major changes were included in AM 3: 
Change in SDP (and Coordinating Investigator, LKP)  
Approval AM3: BfArM: 04.02.2021; EC: 15.02.2021, CSP Version 5.0, 28.01.2021 

10.  Phase of development: 
Phase II 

11. Objectives: 

Primary Objective: To evaluate whether the combination of tDCS and Varenicline is superior 
to Varenicline or tDCS alone in improving cognitive functioning (n-back performance) in 
patients with schizophrenia. 

Secondary Objectives: To evaluate the improvement of other measures of cognition, 
psychopathology, depressive symptoms, functioning and disease severity. 

12. Methodology:  

To investigate the effects of Varenicline and/or tDCS for the treatment of cognitive symptoms 
in schizophrenia, 60 patients with schizophrenia were planned to be enrolled (after having 
obtained written informed consent and fulfilling all inclusion and none of the exclusion criteria) 
and randomized into either one of four interventional groups receiving either twice daily active 
tDCS plus Varenicline (group 1), active tDCS plus placebo pill (group 2), placebo tDCS plus 
Varenicline (group 3) or placebo tDCS plus placebo pill. 

To evaluate whether the five-day intervention period improves cognitive functioning in 
schizophrenia, we investigated changes from baseline in each group at V2 (D8/9 after start 
of intervention), V3 (D28 after V2) and V4 (D56 after V2). The primary outcome (change in 
working memory, n-back) was evaluated at V2. Sixty patients with complete data were 
intended to be evaluable for the primary endpoint. Secondary endpoints included other 
measures of cognition, psychopathology, safety, and biological measures.  

The trial was registered at: International Clinical Trials Registry Platform: Clinical Trials 
Register (https://trialsearch.who.int/Trial2.aspx?TrialID=DRKS00013260) and DRKS - 
Deutsches Register Klinischer Studien (identifier: DRKS00013260). 

Figures 1 and 2 display main aspects of the trial design including the detailed study steps 
and the milestones per patient in the trial. 

 
Figure 1: Interaction between IMP and tDCS within one day for one patient. Patients received in the morning either 

Varenicline or placebo followed by tDCS (active or sham) at lunchtime. One hour after, again Varenicline or placebo was 
administered and then followed by tDCS (active or sham) at lunchtime in the afternoon. This scheme was offered for five 

consecutive days. 

https://www.clinicaltrialsregister.eu/ctr-search/trial/2017-001357-14/DE
https://www.clinicaltrialsregister.eu/ctr-search/trial/2017-001357-14/DE
https://trialsearch.who.int/Trial2.aspx?TrialID=DRKS00013260
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00013260
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00013260
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Figure 2: Study flow chart. After screening eligible patients were randomized to one of the four treatment arms (see 

paragraph 15 below) and treated for five consecutive days (see figure 1). At V2 the primary outcome was assessed followed 
by a naturalistic follow-up period. 

13. Sample size (planned/analysed):  

Planned: 60 patients  

Included: 34 patients  

Analysed: Intent-to-Treat (ITT) population: 34 randomized patients who received the 
intervention at least once  

Safety population (SP): 34 patients of the ITT population 

Per-protocol (PP) population: 29 patients (4/34 patients did not reach V2)  

14. Patient Population (Diagnosis):  

ICD10: F20 
Gender:  Both, male and female 
Minimum Age: 18 years 
Maximum Age: 65 years 
These definitions were applied for all analyses population, ITT, SP and PP. 

 Main criteria for inclusion:  

• Male and female patients aged between 18 and 65 with a diagnosis of schizophrenia 
according to the “Statistical Classification of Diseases and Related Health Problems 
(ICD-10)“ confirmed by the Mini-International Neuropsychiatric Interview (MINI 

• Continuous antipsychotic monotherapy or, if clinically indicated, a combination of a 
maximum of two antipsychotics (with a maximum dosage of 1000 mg chlorpromazine 
(CPZ) equivalents) 

• Patients at time of inclusion in medium severity phase of psychopathology (PANSS 
Total ≤ 75, no relevant depressive symptoms (CDSS < 8) 

• Male patients and female patients of childbearing potential: use of a proper method 
of contraception (according to the CTFG guideline) and negative pregnancy test 
(female patients) before study inclusion 
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 Main criteria for exclusion:  

• Pregnancy (female participants) 

• Current suicidality or risk of harming others  

• Severe neurological or somatic comorbidities 

• Incapacity to give informed consent or involuntary treatment 

• Treatment resistance schizophrenia and treatment with Clozapine 

• Established or suspected non-compliance regarding medication intake  

• Planned initiation of treatment with antidepressants, benzodiazepines or moo 

• Alcohol- or substance abuse during the last 6 months before inclusion into study 
(based on MINI international neuropsychiatric interview) except for coffeine and 
nicotine; No drugs may be taken during the 1-week intervention except from caffeine 
and nicotine. 

• Presentation of active substance use (positive drug urine test or CDT)  

• History of epileptic seizures 

• Epileptic potentials in EEG 

• Abnormal creatinine value 

• Known intolerance to the study medication (Varenicline) or to tDCS 

• Clinically relevant interaction between clinically necessary medication and 
investigational medicinal product (to be tested by mediq software) 

• Lacking capacity to give informed consent or involuntary treatment 

• Insufficient understanding of German language 

• Treatment-resistant or never treated schizophrenia 

15. Test product, dose and mode of administration: 

Study treatment:  Twice oral daily intake of 1 mg Varenicline (Champix®) for 5 days  

Control:   Twice oral daily intake of placebo pill for 5 days 

Batch-No. (Ch.-B): 20180508C (00006657), 20190503H (00015114); 20200512H 
(00021970); 20210418H (00024872)    
Group 1: 5 days active tDCS (twice daily) + Varenicline (Champix®) (twice daily 1 mg) 
Group 2: 5 days active tDCS (twice daily) + placebo pill (twice daily) 
Group 3: 5 days sham tDCS (twice daily) + Varenicline (Champix®) (twice daily 1 mg) 
Group 4: 5 days sham tDCS (twice daily) + placebo pill (twice daily) 

16. Duration of administration: Maximum five days 

17. Background therapy: 

Comparator: Placebo 

 Blinding:  
Yes, investigator, patient, assessor, data analyst 

18. Criteria for evaluation: 
Primary endpoint: The primary endpoint was defined as improvement in working memory 
performance following the intervention. Performance of working memory was analysed using 
the n-back test before and after intervention. Performance was evaluated using the 
parameter dPrime (Haatveit et al, 2010). For every n-back level (1-, 2-, 3- back) dprime was 
calculated and then a mean of all levels was calculated. Primary endpoint is calculated for 
this variable between all four study groups for the period V1 to V2.  

Secondary endpoints: Changes in other cognitive measures 1 (V2), 4 (V3), and 8 (V4) 
weeks after start of the intervention (separate analyses of dprime levels, other nBack 
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variables such as hit rates, criterion c, false-alarm rate, reaction times, verbal memory 
(VLMR), trail-making test A and B (TMT A/B), d2-attention test, composite score). Changes 
in function (GAF), psychopathology (PANSS), disease severity (CGI) and depressive 
symptoms (CDSS). BMI, alterations in ECG (yes/no) and cotinine measures were assessed).  

 Efficacy: Efficacy assessments follow endpoint analysis. 

 Safety assessments 
Safety was assessed from the start of the intervention until V4 (59/60 days after the last 
intervention). Safety was assessed according to CTCAE v4.03. MedDRA Version 20.1. 

19. Statistical methods:  

All statistical analyses were determined and prespecified prior to unblinding in a statistical 

analysis plan (SAP). An interim analysis was not planned. The statistician remained blinded 

until data-base hard-lock. 

Population for analysis 

Intention-to-Treat (ITT) Population: All randomized patients who received at least one 
intervention 

Per-protocol Population (PP): All subjects evaluable for the primary endpoint without major 
protocol deviations 

Safety population (SP): The safety analysis set consists of all patients who entered the trial 
and was used for conducting all safety analyses (corresponds to the ITT population) 

Study groups 
Group 1: 5 days active tDCS (twice daily) + Varenicline (Champix®) (twice daily 1 mg) 
Group 2: 5 days active tDCS (twice daily) + placebo pill (twice daily) 
Group 3: 5 days sham tDCS (twice daily) + Varenicline (Champix®) (twice daily 1 mg) 
Group 4: 5 days sham tDCS (twice daily) + placebo pill (twice daily) 

Primary endpoint analysis: The primary endpoint was defined as improvement in working 
memory performance following the intervention. Performance of working memory was 
analysed using the n-back test before and after intervention. Performance was evaluated 
using the parameter dPrime (Haatveit et al, 2010). For every n-back level (1-, 2-, 3- back) 
dprime was calculated and then a mean of all levels was calculated. Primary endpoint is 
calculated for this variable between all four study groups for the period V1 to V2. Analyses 
were adjusted for age, sex and years of education. 

Normality assumption was checked with a Kolmogorow-Smirnow-Test and if this assumption 
was violated, a Rankit-transformation (Bliss, 1967, Bishara und Hittner 2012) was performed 
where appropriate. For the intention-to-treat population, the primary outcome was analyzed 
with a linear mixed model analysis, nonrestrictely assuming an unstructured covariance 
matrix. Group (Group 1, Group 2, Group 3, Group 4) was defined as fixed-factor and time 
(V1, V2) as within-subject factor. The statistic analyzed for significance was the interaction 
between time of measurement and group, indicating whether the change of the primary 
outcome variable over time differed between groups.  

Secondary endpoint analysis: Secondary endpoints were analysed in the same manner 
where appropriate. Normality assumption was checked with a Kolmogorow-Smirnow-Test 
and if this assumption was violated, a Rankit-transformation (Bliss, 1967, Bishara und Hittner 
2012) was performed. For the intention-to-treat population, continuous outcomes were 
analyzed with a linear mixed model analysis, nonrestrictely assuming an unstructured 
covariance matrix. Group (Group 1, Group 2, Group 3, Group 4) was defined as fixed-factor 
and time (V1, V2 or V 1 to V4) as within-subject factor. The statistic analyzed for significance 
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was the interaction between time of measurement and group, indicating whether the change 
of the primary outcome variable over time differed between groups. In cases where despite 
the Rankit transformation the normality assumption was not fulfilled, non-parametric tests 
were used. Categorical variables were analyzed using Chi²-Tests or adapted tests where 
needed. Where indicated, a correction for multiple comparisons was performed with the Sidak 
procedure. AEs were summarized by MedDRA Preferred Term and System Organ Class 
using absolute and relative frequencies. Serious AEs and AEs which are causally related to 
study medication were tabulated separately. 

Safety: Safety analyses were done on the ITT set using the actual treatment group. AEs were 
coded using MedDRA Version English 20.1 and summarized by system organ class and 
preferred term. SAE and non-SAE-AEs were displayed separately. 

20. Summary - Conclusions:  

Patient demographics and patient disposition 
In total 34 patients were included in the study (FPFV: 20.08.2018; LPLV: 21.10.2021). 
Sixteen of 34 patients discontinued the study prematurely. Reasons for discontinuation were 
lost to follow-up (n=6), missing of > two interventions (n=2), and other reasons (n=8).  

9 patients were included in group 1 (active tDCS+Varenicline), 9 patients in Group 2 (active 
tDCS+placebo), 8 patients in Group 3 (sham tDCS+Varenicline), 8 patients in Group 4 (sham 
tDCS+placebo).  

The study visit V2 was completed by 8/9 (89%) patients in Group 1, 8/9 (89%) patients in 
Group 2, 6/8 (75%) patients in Group 3 and 8/8 (100%) patients in Group 4. 

The study visit V3 was completed by 5/9 (56%) patients in Group 1, 7/9 (78%) patients in 
Group 2, 5/8 (63%) patients in Group 3 and 6/8 (75%) patients in Group 4. 

The study visit V4 was completed by 4/9 (44%) patients in Group 1, 5/9 (56%) patients in 
Group 2, 5/8 (63%) patients in Group 3 and 4/8 (50%) patients in Group 4. 

Only adults between 18 and 65 years were included. The median age was 41 (24 to 59) years 
in group 1 (7 male, 2 female), 34 (20 to 55) years in group 2 (6 male, 3 female), 33 (22 to 56) 
in group 3 (3 male, 5 female) and 36 (21 to 57) in group 4 (7 male, 1 female).   

 
Table 1: Relevant demographic variables in all four study groups. A: ITT Population, B: PP Population 

Distributions of relevant demographics at baseline are given in Table 1. Figure 3 shows the 
CONSORT chart of the trial. 

Concomitant therapy during the study  
All patients received the routine care treatment in the respective participating study centre 
including pharmacotherapy, psychotherapy, and psychosocial treatments in accordance with 
the defined inclusion and exclusion criteria. 
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Figure 3: CONSORT chart. Please see text above for further information.  

 Compliance: 

Protocol Deviations (PD):  
Fifty-two PD were reported in 28/34 patients. Two PD were rated major (1 inclusion criterion, 
1 no tDCS, no V2) and led to the exclusion of the patients from the PP analysis.  Fifty PD 
were rated minor (14 concerning mostly singular lab values; 5 visits omitted; 3 visits and 4 
examinations not conducted as scheduled; 16 no singular interventions, 8 singular 
interventions not conducted as scheduled.  

Study medication:  
All patients of the ITT population received at least one dose of IMP or at least one 
intervention. Four patients received IMP but did not reach visit 2. From these 4 patients, 1 
was randomized to group 1, 1 was randomized to group 2, 2 were randomized to group 3 
and 0 were randomized to group 4. From the 34 randomized patients that received the IMP 
9 were randomized to group 1, 9 were randomized to group 2, 8 were randomized to group 
3 and 8 were randomized to group 4. From these 34 patients 4 patients received IMP but did 
not reach visit 2. 

Adherence to intervention: 
Overall compliance for intervention was good (see PD). 

Safety Assessments (all patients included) 
Annual Safety Reports have been provided to BfArM and EC for the following periods: 
DSUR 1: 20.08.2018-28.09.2018 
DSUR 2: 29.09.2018-28.09.2019 
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DSUR 3: 29.09.2019-28.09.2020 
DSUR 4: 28.09.2020-27.09.2021 
DSUR 5: 28.09.2021-27.09.2022 

Adverse Events and Serious Adverse Events were classified according to CTCAE V. 4.03 
and coded according to MedDRA V. 20.1 English. 

 Safety Results  

Safety results are reported in the treatment groups of the actual study treatment, regardless of 
randomization. Adverse Events and Serious Adverse Events were classified according to 
CTCAE V. 4.0 and coded according to MedDRA V. 20.1 English. 

Adverse Events (AE) 
A total of 57 AE were reported in 23 (67.6 %) of 34 patients as detailed in Table 2. 7/9 (77.8%) 
patients experienced 20 AE in group 1, 6/9 (66.7%) patients experienced 16 AE in group 2, 
5/8 (62.5%) patients experienced 9 AE in group 3 and 5/8 patients experienced 12 AE in group 
4 with no differences in distribution across groups (Freeman-Halton-Test = 0.831, p = 0.923) 
as detailed in Table 2. 

 
Table 2: Crosstables for AEs (yes/no) across groups 

 
46/57 (80.7%) AE were rated grade 1 (mild), 10/57 (17.5%) grade 2 (moderate), 1/57 (1.8%) 
grade 3 (severe), 0 (0%) grade 4 (life-threatening) and 0 (0%) grade 5 (death). No significant 
differences were observed regarding the AE intensity across groups (Freeman-Halton-Test = 
9.686, p = 0.060), whereas groups with active tDCS had a trend for more AE as detailed in 
Table 3. 

 
Table 3: Crosstables for AE intensity across groups 

 
23 AE were deemed to be related to varenicline/placebo as detailed in Table 4. Freeman-
Halton tests showed a significant different distribution across groups (27.884, p = 0.001). 
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Table 4: Crosstables for AE relation to varenicline/placebo 

 
21 AE were deemed to be related to active/sham tDCS as detailed in Table 5. Freeman-Halton 
tests showed a significant different distribution across groups (25.133, p = 0.002). 
 

 
Table 5: Crosstables for AE relation to varenicline/placebo 

 

Serious AE (SAE) 
Two SAE were reported in two patients in Group 4 as detailed in Table 6. Freeman-Halton-
Test did not show a difference in distribution across groups (4.607, p = 0.064). 

 
Table 6: Crosstables for SAE distribution across groups 

 

Suspected Serious Adverse Reactions (SAR)  
One of the 2 SAE was reported as possibly related (SAR).  

Suspected Unexpected Serious Adverse Reactions (SUSAR)  
No SUSAR was reported in the study.  

Non-serious Adverse Events (AE) 
A total of 55 non-serious AE in 23/34 (67.6%) patients were reported during the study. 7 
patients in group 1 (77.8%), 6 patients in group 2 (66.7%), 5 patients in group 3 (62.5%) and 
5 patients in group 4 (62.5%) reported AE with no differences in distribution across groups 
(Freeman-Halton-Test = 0.831, p = 0.923) as detailed above. 
 
ECG 
ECG investigations did not show any alterations (abnormal yes/no) in any group at any time 
point of the study. 

no SAE yes

Count 20 0 20

% within group 100.0% 0.0% 100.0%

Count 16 0 16

% within group 100.0% 0.0% 100.0%

Count 9 0 9

% within group 100.0% 0.0% 100.0%

Count 10 2 12

% within group 83.3% 16.7% 100.0%

Count 55 2 57

% within group 96.5% 3.5% 100.0%

Total

AE SAE

Total

group active tDCS + Varenicilin

active tDCS + Placebo

sham tDCS + Varenicilin

sham tDCS + Placebo
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 Efficacy Results 

Primary Endpoint 
One-sample Kolmogorov-Smirnov test confirmed a normal distribution of the data (p > 0.200) 
and variance homogeneity was confirmed with Levene’s test (p = 0.171). The primary endpoint 
analyses in the ITT-population could not establish a significant time x group interaction for the 
comparison of the four study groups between V1 and V2. A significant of TIME could be 
observed (F(1, 26.101) = 4.715, p = 0.039) which can be explained by the expected learning 
effects. No significant effect of GROUP (F(3, 27.378) = 1.769, p = 0.177) and no TIME x GROUP 
interaction (F(3, 26.092) = 0.977, p = 0.419) could be observed. Table 7 shows the full model, 
Table 8 mean values of the primary endpoint analyses and Figure 4 the bar plots of the primary 
endpoint analysis. 

 
Table 7: LMM outcome for the primary endpoint analyses (ITT population) 

 

 
Table 8: Mean values of primary endpoint analyses 

 

Source Numerator df Denominator df F Sig.

Intercept 1 27.103 5.443 0.027

time 1 26.101 4.715 0.039

group 3 27.378 1.769 0.177

Sex 1 26.978 0.013 0.908

Age 1 27.058 2.045 0.164

School_Education 1 26.989 1.244 0.274

time * group 3 26.092 0.977 0.419
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Figure 4: Visualisation of mean dPrime values. Error bars refer to 95%CI 

The same analyses were repeated using the PP population. Here, analyses showed no 
significant effects (all p ≥ 0.218) as detailed in the complete model description in Table 9. In 
contrast to the analyses using the ITT population no effect of TIME could be observed here. 
Figure 5 shows the visualization of mean dPrime values in the PP population. 

 
Table 9: LMM outcome for the primary endpoint analyses (PP population) 

 
Figure 5: Visualisation of mean dPrime values in the PP population. Error bars refer to 95%CI 
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Secondary Endpoints 

Secondary Endpoints calculated for V1 vs V2 and V1 to V4 

The following paragraphs describe the analyses for the secondary endpoints for the V1 vs V2 
contrasts. Figures show all available data for all performed visits (V1, V2, V3, V4).  For 
neuropsychology, all n-back associated variables were assessed at four time points, were as 
all other tests were assessed at visits 1, 2 and 4.  

Neuropsychology: 

Dprime 1-back: Analyses did not show any significant main effects or interaction regarding the 
factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

Relative hits 1-back: Nonparametric analyses did not show any significant group or time (V1/V2 
or V1-V4) effects (see Appendix). 

False alarm 1-back: Nonparametric analyses did show a significant group effect at V2 only 
(Kruskal-Wallis test: p = 0.021, post hoc analyses: group 3 > group 4 (p = 0.018, Sidak 
corrected) and a significant time effect for group 4 only (p = 0.038) with no significant post hoc 
effects (see Appendix). 

Criterion c 1-back: Analyses (both analyses Rankit transformed) did not show any significant 
main effects or interaction regarding the factors group or time (V1/V2 or V1-V4) as detailed in 
Appendix Tables. 

Reaction times 1-back: Analyses (both analyses Rankit transformed) did not show any 
significant main effects or interaction regarding the factors group or time (V1/V2 or V1-V4) as 
detailed in Appendix Tables. 

Dprime 2-back: Analyses (both analyses Rankit transformed) did not show any significant main 
effects or interaction regarding the factors group or time (V1/V2 or V1-V4) as detailed in 
Appendix Tables. 

Relative hits 2-back: Analyses did not show any significant main effects or interaction regarding 
the factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

False alarm 2-back: Analyses (Rankit transformed) did not show any significant main effects 
or interaction regarding the factors group or time (V1/V2 or V1-V4) as detailed in Appendix 
Tables. 

Criterion c 2-back: Analyses did not show any significant main effects or interaction regarding 
the factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

Reaction times 2-back: Analyses did not show any significant main effects or interaction 
regarding the factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

Dprime 3-back: Analyses did not show any significant main effects or interaction regarding the 
factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

Relative hits 3-back: Analyses did not show any significant main effects or interaction regarding 
the factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

False alarm 3-back: Analyses (Rankit transformed) did not show any significant main effects 
or interaction regarding the factors group or time (V1/V2 or V1-V4) as detailed in Appendix 
Tables. 

Criterion C 3-back: Analyses did not show any significant main effects or interaction regarding 
the factors group or time for V1/V2 but a significant time * group interaction for V1 to V4 (F(9, 

17.852)=0.328, p = 0.015) as detailed in Appendix Tables. Post-hoc Sidak corrected subanalysis 
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for this interaction showed no significant interaction time (V1 vs V2) * group (p=0.8) or (V1 vs 
V3) * group (p=0.52), but a significant interaction time (V1 vs V4) * group (0.0355). 

Reaction times 3-back: Analyses did not show any significant main effects or interaction 
regarding the factors group or time for V1/V2 but a significant effect of time (F(3, 19.285) = 3.421, 
p = 0.038) as detailed in Appendix Tables. 

Mean dprime N-back (V1 to V4): Analyses did not show any significant main effects or 
interaction regarding the factors group or time (V1-V4) as detailed in Appendix Table. 

Mean relative hits N-back: Analyses did not show any significant main effects or interaction 
regarding the factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

Mean relative false alarm rates N-back: Analyses (Rankit transformed) did not show any 
significant main effects or interaction regarding the factors group or time (V1/V2 or V1-V4) as 
detailed in Appendix Tables. 

Mean criterion C N-back: Analyses did not show any significant main effects or interaction 
regarding the factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

Mean reaction times N-back: Analyses did not show any significant main effects or interaction 
regarding the factors group or time (V1/V2 or V1-V4) as detailed in Appendix Tables. 

Neuropsychological composite score: Analyses showed for the V1 vs V2 comparison a 
significant effect of time (F(1, 26.002)=16.501, p < 0.001) and a significant time x group interaction 
(F(3, 25.999)=3.164, p = 0.041). However, all following contrasts did not reach significance level. 
V1 to V4 analyses showed a significant main effect of time (F(2, 17.274)=8.466, p = 0.003), but no 
group effects or interactions. The main effect is explained by an improvement in performance 
between V2 and V1 (post-hoc test p=0.007, Sidak corrected). 

(Verbaler Lern-und Merkfähigkeitstest, VLMT): For VLMT supra span, VLMT 5th trial (Rankit 
transformed), VLMT 1 to 5, VLMT 7th trial, analyses did not show any significant any significant 
main effects or interaction regarding the factors group or time (V1/V2 or V1-V4) as detailed in 
Appendix Tables. VLMT 5 – 7 was tested due to a violation of the assumption of normal 
distribution with Kruskal-Wallis-Test showing for V1 a significant effect (H=12.4 p = 0.006) with 
differences between group 3 and 1 (p=0.024), group 3 and 2 (p=0.012) and group 4 and 3 
(p=0.059,) Regarding the extension to V4, VLMT 5-7 showed a significant group difference at 
V4 (H = 0.830, p = 0.040, Sidak corrected post hoc comparisons were non-significant). All 
other analyses between groups (V2: H=5.299, p = 0.151) and within groups (Wilcoxon) 
remained non-significant. All analyses for VLMT recognition score (W-F) between groups (V1: 
H = 5.614, p = 0.132; V2: H = 2.683, p = 0.443, V4: H = 7.699, p = 0.053) and between 
timepoints (group 1: chi² = 1.08, p = 0.584, group 2: chi² = 5.33, p = 0.069, group 3: chi² = 5.06, 
p = 0.080, group 4: chi² = 5.60, p = 0.061) remained non-significant.  

TMT-A and TMT-B: For TMT-A-scores, analyses (Rankit transformed data) did not show any 
significant main effects or interaction regarding the factors group or time (V1/V2), but a 
significant effect of time (V1-V4: F(1, 20.736) = 5.425, p = 0.013) as detailed in Appendix Tables. 
For TMT-B-Scores, analyses (Rankit transformed data) showed a significant effect of time (F(1, 

26.487) = 5.521, p = 0.027) for the V1/V2 contrast and the V1-V4 contrast (F(2, 23.350) = 4.441, p = 
0.023), but no significant effect of group or interactions between time and group. Analyses of 
TMT difference B-A (analyses with Rankit transformed data) followed this pattern with 
significant effects for time (p=0.027) for V1/V2. Please see Appendix tables. 

d2 Attention test: The following parameters were analyzed: d2-total number, score D2F 
(omission errors), score D2F2 (confusion errors), and D2KL (concentration performance). For 
d2-total number, analyses showed for the V1/V2 contrast a significant effect of time (F(1, 26.354) 
= 7.866, p = 0.009) without any further main effects of interactions. The same pattern was 
observed for V1-V4 with a significant main effect of time (F(2, 18.497) = 9.036, p = 0.002). For D2F 
and D2F2 (both Rankit transformed), no significant group or time effects could be observed. 
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For D2KL, a significant effect of time (F(1, 25.860) = 15.436, p = 0.001) and a significant time x 
group interaction (F(3, 25.761) = 3.012, p = 0.048) was revealed for the V1/V2 contrast. However, 
all subsequent post-hoc comparisons did not reach significance level for this analysis. A related 
pattern was observed for the V1 to V4 analyses with a significant effect of time (F(2, 18.131) = 
10.759, p = 0.001) and a significant time x group interaction (F(6, 18.078) = 2.765, p = 0.044, post 
hoc: V1 vs V2: p = 0.005, V1 vs V4: p =0.060, Sidak corrected). 

Figure 6 shows the visualization of different n-back parameters for every load separately. Error 
bars indicate 95% confidence intervals. 

 

Figure 6: Visualization of different n-back parameters. A: dPrime, B: relative hits, C: false alarm rate, D: criterion C, E: reaction 
times. Error bars show 95%CI. 

Figure 7 shows the visualization for different nBack parameters derived from the meannBack 
values. Figure 8 presents the data of other neurocognitive measures. Error bars indicate 95% 
confidence intervals. 
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Figure 7: Visualization of mean n-back parameters. A: dPrime, B: relative hits, C: false alarm rate, D: criterion C, E: reaction 

times. Error bars show 95% CI 

 

Figure 8: Visualization of various secondary cognitive outcomes as described in the main text: A: composite score; B: VLMT 
supra span; C: VLMT 5th trial, D: VLMT 1-5; E: VLMT: 5-7; F: VLTM W-F (recognition score); G: TMT A time; H: TMT B time; I: 

TMT B-A time; J: total D2 number; K: D2F score; L: D2F2 and M: D2KL. Error bars show 95% CI 
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Psychopathology, Depression, Severeness of the Disease and Functioning: 

GAF: Analyses showed no significant main effects or interaction regarding the factors group 
or time (V1/V2), but a significant time effect for the V1-V4 analysis (F(3, 16.269) = 6.268, p = 0.005, 
post hoc analyses: V1 vs V4: p = 0.011 (Sidak corrected) ) as detailed in Appendix Tables. 
Please see figure 9 for the visualization. 

 

Figure 7: Mean GAF values over all visits. Error bars show 95%CI. 

CDSS: Analyses (Rankit transformed data) did not show any significant main effects or 
interaction regarding the factors group or time (V1/V2 or V1-V4) as detailed in Appendix 
Tables. Please see figure 10 for the visualization. 

 

Figure 8: Mean CDSS values over all visits.. Error bars show 95%CI. 

 

CGI: This variable was tested with non-parametric tests showing no differences between group 
for all evaluated time points (Kruskal-Wallis tests: V1: H = 0.097, p = 0.992; V3: H = 1.864, p 
= 0.601 and V4: H = 4.660, p = 0.198). Within-subject tests (factor time) with Friedman tests 
remained non-significant as well. Please see figure 11 for the visualization. 
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Figure 9: Mean CGI values over all visits. Error bars show 95%CI. 

PANSS: PANSS positive, PANSS negative, PANSS general and PANSS total were analyzed. 
As several unspecific time effects without any time x group interaction or main effect of group 
were observed, we refer to the Appendix tables regarding the detailed test statistics. In short, 
for the V1/V2 analyses significant effects were shown for PANSS positive (p = 0.008), PANSS 
negative (p = 0.017) and PANSS total (p = 0.006). For V1 to V4 analyses significant effects 
were shown for PANSS positive (p = 0.008), PANSS general (p = 0.005) and PANSS total (p 
= 0.004). Please see figure 12 for the visualization. 

 

Figure 10: Mean PANSS values over all visits. A: PANSS positive, B: PANSS general, C: PANSS negative, D: PANSS total. 
Error bars show 95%CI 
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Further analyses 

Next, an analysis with pooled tDCS data (yes/no) and pooled varenicline data (yes/no) was 
performed for the primary outcome variable. V1/V2: For the analysis comparing patients with 
and without tDCS, a significant effect of time (F(1, 28.020) = 5.319, p = 0.029), but no group effect 
(F(1, 28.491) = 0.647, p = 0.647) or time x group interaction (F(1, 28.017) = 1.426, p = 0.242) were 
observed (see Figure 13). 

 

 

Figure 11: Pooled analysis of primary outcome variable with tDCS yes/no as grouping variable. Error baris show 95% CI 

 

The analysis comparing patients with and without varenicline showed a significant effect of 
time (F(1, 28.044) = 5.393, p = 0.028), but no significant group effect (F(1, 29.051) = 3.440, p = 
0.0754) or time x group interaction (F(1, 28.043) = 0.011, p = 0.911) (see Figure 14). 
 

 
Figure 12: Pooled analysis of primary outcome variable with varenicline yes/no as grouping variable. Error baris show 95% CI 

 

Cotinine: Analyses did not show a significant effect of time or group and no significant time x 
group interaction. Please see Appendix Tables and Figure 15. 

 

Figure 13: Cotinine levels during across groups. Error bars show 95% CI 
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Fagerström-Assessement and number of cigarettes: 

For the V1/V2 and V1 to V 4 analyses (both: Linear Mixed Model (LMM), smoking (V1 vs. V2) 
(no covariates, diagonal covariance matrix the sample size was too small, LMM with 
unstructured covariance matrix and with covariates was therefore not possible), significant 
group effects were observed for the Fagerström assessment (Rankit) and cigarettes as 
detailed in the Appendix Tables. As presented in Figure 16, these group differences were 
already present at baseline. Due tot the limited data, these analyses should be interpreted with 
caution. Please see Figure 16 for visualization.  

 

Figure 14: A: Fagerström values and B: number of cigarettes/day. Error bars show 95% CI 

 

Overall Conclusion:  

The clinical trial was prematurely discontinued after recruiting 34 patients due to unavailability 
of IMP and uncertainty, when and if IMP would be available again. Recruitment was delayed 
since April 2020 to the limitations of the SarsCov2-pandemic. In the end, only 34 out of 60 
planned patients (57%) could be recruited. No relevant between-group differences could be 
shown with respect to the primary and the secondary endpoints. Thus, the trial must be 
considered as negative. Subtle differences over time in cognitive outcomes can be explained 
by learning effects independent from the respective study groups and are yet unspecific. Also, 
subtle differences in some psychopathological outcomes over time with no group differences 
can be led back to unspecific factors of participating in a clinical trial. 

Reported AE/SAE were in accordance with the known safety profile of the intervention in this 
patient population and did not show any relationship to our study groups. Both SAE occurred 
in the placebo/sham tDCS group and can be explained by the main condition of schizophrenia. 

In conclusion, this study provides no evidence that combining varenicline with tDCS over 5 
days (two interventions per day) is superior to varenicline alone, tDCS alone or a complete 
placebo condition. 

21. Date of report:  
 
Date: ____25.11.2022_______ Signature: ____________________________ 
 
  SDP: Prof. P. Falkai 
Date: ____25.11.2022_______ Signature: ____________________________ 
  SDP until 30.01.2021: Prof. A. Hasan 
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Table 1 Demographics and Baseline Characteristics (A: ITT-Population, B: PP-Population) 
Table 2 Detailed secondary outcome analyses 
Table 3 All AEs  
Table 4 SAEs  
 
   



 
Table 1 Demographics and Baseline Characteristics (A: ITT-Population, B: PP-Population) 
 

 
 
 
 
 
 



time group Mean N

active tDCS + Varenicilin 0.8648 9

active tDCS + Placebo 0.8796 9

sham tDCS + Varenicilin 0.8438 8

sham tDCS + Placebo 0.9042 8

Total 0.8730 34

active tDCS + Varenicilin 0.9000 8

active tDCS + Placebo 0.8750 8

sham tDCS + Varenicilin 0.8917 6

sham tDCS + Placebo 0.9146 8

Total 0.8956 30

active tDCS + Varenicilin 0.8733 5

active tDCS + Placebo 0.8786 7

sham tDCS + Varenicilin 0.8967 5

sham tDCS + Placebo 0.9306 6

Total 0.8949 23

active tDCS + Varenicilin 0.7583 4

active tDCS + Placebo 0.9000 5

sham tDCS + Varenicilin 0.8833 5

sham tDCS + Placebo 0.9375 4

Total 0.8722 18

V1

V2

V3

V4

Table 2: Detailed secondary outcome analyses 
 
Analyses for 1-back dPrime V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
 
Analyses for 1-back relative hits 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Nonparametric analyses did not show any significant group or time (V1/V2 or V1-V4) effects. 
Factor group: Kruskal-Wallis tests (V1, V2, V3, V4): all H < 1.6, p > 0.67. Factor time: Friedman 
tests (groups 1 to 4): all Chi² < 5.4, all p > 0.15. 
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Analyses for 1-back false alarms 

 

False alarm 1-back: Nonparametric analyses did show a significant group effect at V2 (Kruskal-
Wallis test: p = 0.021, group 3 > group 4 (p = 0.018, Sidak corrected). For all other visits (V1, 
V3, V4) there were no significant group effects (Kruskal-Wallis test: all H < 6.1, p > 0.11). 
Further, there was a significant time effect for group 4 only (p = 0.038) with no significant post 
hoc effects. For all other groups (1, 2, 3) there were no significant time effects (Friedman tests: 
all Chi² < 4.0, p > 0.26). 

 
Analyses for 1-back criterion C (Rankit transformed) V1 vs. V2 (upper table) and V1 to 
V4 (lower table) 
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Analyses for 1-back reaction times (Rankit transformed) V1 vs. V2 (upper table) and V1 
to V4 (lower table)

 

 
 
Analyses for 2-back dPrime (Rankit transformed) V1 vs. V2 (upper table) and V1 to V4 
(lower table) 
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Analyses for 2-back relative hits V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
Analyses for 2-back false alarm (Rankit transformed) V1 vs. V2 (upper table) and V1 to 
V4 (lower table) 
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Analyses for 2-back criterion C V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
Analyses for 2-back reaction times V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for 3-back dPrime V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
Analyses for 3-back relative hits V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for 3-back false alarm (Rankit transformed) V1 vs. V2 (upper table) and V1 to 
V4 (lower table)

 

 
 
Analyses for 3-back criterion C V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for 3-back reaction times V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
Analysis for mean N-back dPrime V1 to V4 

 
 
  

Source Numerator df Denominator df F Sig.

Intercept 1 27.308 5.087 0.032

time 3 15.465 1.994 0.157

group 3 24.236 1.544 0.229

Sex 1 26.776 0.011 0.916

Age 1 27.085 1.720 0.201

School_Education 1 26.948 1.358 0.254

time * group 9 15.373 0.656 0.735
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Analyses for mean N-back relative hits V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 
 

 
 
 
Analyses for mean N-back false alarm rate (Rankit transformed) V1 vs. V2 (upper table) 
and V1 to V4 (lower table) 
 

 
 

 
 
 
 
 
 
 
Analyses for mean N-back criterion C V1 vs. V2 (upper table) and V1 to V4 (lower table) 

Source Numerator df Denominator df F Sig.

Intercept 1 26.349 1.951 0.174

time 1 26.063 1.623 0.214

group 3 25.983 1.894 0.155

Sex 1 26.251 0.010 0.922

Age 1 26.748 0.053 0.819

School_Education 1 26.320 4.140 0.052

time * group 3 26.006 0.549 0.653

Source Numerator df Denominator df F Sig.

Intercept 1 26.606 1.738 0.199

time 3 19.687 0.827 0.495

group 3 22.112 1.704 0.195

Sex 1 25.820 0.053 0.819

Age 1 26.687 0.080 0.779

School_Education 1 26.273 4.324 0.047

time * group 9 19.745 0.708 0.695

Source Numerator df Denominator df F Sig.

Intercept 1 25.939 3.788 0.063

time 1 26.129 2.766 0.108

group 3 25.873 0.584 0.631

Sex 1 25.828 0.000 0.996

Age 1 26.600 4.414 0.045

School_Education 1 25.934 1.675 0.207

time * group 3 26.041 0.508 0.680

Source Numerator df Denominator df F Sig.

Intercept 1 27.156 3.466 0.073

time 3 19.440 1.280 0.309

group 3 23.648 0.589 0.628

Sex 1 23.921 0.000 0.999

Age 1 27.114 6.009 0.021

School_Education 1 26.191 1.011 0.324

time * group 9 19.751 0.990 0.479
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Analyses for mean N-back reaction times V1 vs. V2 (upper table) and V1 to V4 (lower 
table) 
 

 
 

 
 
 
 
 
 
 

Source Numerator df Denominator df F Sig.

Intercept 1 24.505 13.179 0.001

time 1 25.887 0.097 0.758

group 3 25.627 0.776 0.518

Sex 1 24.355 0.098 0.757

Age 1 25.730 1.955 0.174

School_Education 1 24.540 3.817 0.062

time * group 3 25.739 0.948 0.432

Source Numerator df Denominator df F Sig.

Intercept 1 25.026 14.463 0.001

time 3 20.288 0.684 0.572

group 3 23.542 1.102 0.368

Sex 1 22.472 0.382 0.543

Age 1 25.476 2.816 0.106

School_Education 1 24.555 3.784 0.063

time * group 9 23.713 1.816 0.118

Source Numerator df Denominator df F Sig.

Intercept 1 25.772 33.547 0.000

time 1 27.962 1.861 0.183

group 3 26.677 1.368 0.274

Sex 1 25.594 7.234 0.012

Age 1 27.292 0.545 0.467

School_Education 1 25.826 1.278 0.269

time * group 3 27.807 1.556 0.222

Source Numerator df Denominator df F Sig.

Intercept 1 26.946 30.866 0.000

time 3 19.718 1.320 0.296

group 3 27.574 0.159 0.923

Sex 1 25.809 9.029 0.006

Age 1 28.114 0.199 0.659

School_Education 1 26.631 0.943 0.340

time * group 9 19.657 1.538 0.203
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Analyses for the neuropsychological composite score V1 vs. V2 (upper table) and V1 
to V4 (lower table) 

 

 
 
Analyses for the VLMT supraspan score V1 vs. V2 (upper table) and V1 to V4 (lower 
table) 

 

 
 
 
 
 
 
 
 
 
 



NicStim Clinical Study Report Version 1.0, 25.11.2022 
 

EudraCT Number: 2017-001357-14 Page 34 of 47 

Analyses for the VLMT 5th trial V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
 
Analyses for the VLMT 1 to 5 V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for the VLMT 7th trial V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
 
Analyses for the VLMT recognition score (W-F) 

 
 
 
Nonparametric analysis for VLMT recognition score (W-F) showed no significant differences 
between groups (V1: H = 5.614, p = 0.132; V2: H = 2.683, p = 0.443, V4: H = 7.699, p = 0.053) 
nor between timepoints (group 1: chi² = 1.08, p = 0.584, group 2: chi² = 5.33, p = 0.069, group 
3: chi² = 5.06, p = 0.080, group 4: chi² = 5.60, p = 0.061). 
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Analyses for the TMT-A scores V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
Analyses for the TMT-B scores V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for the TMT B-A scores V1 vs. V2 (upper table) and V1 to V4 (lower table)

 

 
 
Analyses for d2-total number V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for D2F (omission errors) V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
Analyses for D2F2 (confusion errors) V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for D2KL (concentration performance) V1 vs. V2 (upper table) and V1 to V4 
(lower table) 

 

 
 
Analyses for GAF V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for CDSS V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
 
 
Analyses for CGI 

 
 

CGI was tested with non-parametric tests showing no differences between group for all 
evaluated visits (Kruskal-Wallis tests: V1: H = 0.097, p = 0.992; V3: H = 1.864, p = 0.601 and 
V4: H = 4.660, p = 0.198). There were no significant results for factor time (Friedman tests: 
group 1: Chi² = 0.5, p = 0.779, group 2: Chi² = 2.0, p = 0.368, group 3: Chi² = 5.6, p = 0.061, 
group 4: Chi² = 0.67, p = 0.717). 

 
 
 
 

time group Mean N

active tDCS + Varenicilin 4.00 9

active tDCS + Placebo 4.00 9

sham tDCS + Varenicilin 3.75 8

sham tDCS + Placebo 4.00 8

Total 3.94 34

active tDCS + Varenicilin 3.00 5

active tDCS + Placebo 3.43 7

sham tDCS + Varenicilin 2.40 5

sham tDCS + Placebo 3.33 6

Total 3.09 23

active tDCS + Varenicilin 3.50 4

active tDCS + Placebo 3.80 5

sham tDCS + Varenicilin 2.20 5

sham tDCS + Placebo 3.00 4

Total 3.11 18

active tDCS + Varenicilin 3.61 18

active tDCS + Placebo 3.76 21

sham tDCS + Varenicilin 2.94 18

sham tDCS + Placebo 3.56 18

Total 3.48 75

V1

V3

V4

Total
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Analyses for PANSS positive V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
 
 
Analyses for PANSS negative V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for PANSS general V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
Analyses for PANSS total V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Analyses for Cotinine 

 
 
 
 
Analyses for Fagerström values V1 vs. V2 (upper table) and V1 to V4 (lower table) 

 

 
 
Analyses for number of cigarettes V1 vs. V2 (upper table) and V1 to V4 (lower table) 
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Table 3: All AEs  
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Table 4: SAEs  

 

  


