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1. STUDY PROTOCOL 43 

 44 

SECTION 1: ADMINISTRATIVE INFORMATION 45 

Title: Effects of Dopaminergic Therapy in Patients With Alzheimer's Disease: a Phase II 24-week, 46 

Randomized, Double-blind Placebo Controlled Study. 47 

Trial registration number: ClinicalTrials.gov Identifier: NCT03250741 48 

Sap version: V1 49 

Protocol version: V1 50 

SAP roles and responsibility: Giacomo Koch (P. I.), Clarissa Ferrari (statistician). 51 
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SECTION 2: SYNOPSIS 87 

Recent experimental works reveal that the dopaminergic (DA) system may well be involved in the 88 

occurrence of cognitive decline, often being predictive of rapidly progressive forms of Alzheimer's 89 

disease (AD). In association to cognitive decline symptoms about 35-40% of AD patients present 90 

with extrapyramidal signs, supporting the idea that DA-containing neurons undergo degenerative 91 

changes. In AD, neurons forming the nigrostriatal pathway show several pathologic changes like 92 

neurofibrillary tangles, Aβ plaques, neuropil threads, neuronal loss and also decrease in DA content, 93 

all changes suggesting the clear involvement of DA in the pathophysiology of cognitive decline and 94 

non-cognitive symptoms of AD. Reduced expression of both subtypes of DA receptors, D1-like and 95 

D2-like has been observed in prefrontal cortex and in hippocampus of AD patients. Interestingly, 96 

although the dorsal striatum is relatively spared in AD, its ventral homologous, the nucleus 97 

accumbens, is highly affected. Furthermore, recent imaging studies showed atrophy of this nucleus 98 

in a cohort of late onset AD patients, but not in the early-onset AD patients. Recent works from our 99 

group showed surprising positive effects of DA drugs on cortical neurotransmission, synaptic 100 

plasticity mechanisms and also on cognitive performances, suggesting a possible therapeutic effects 101 

for these drugs in the treatment of AD.  The primary objective of this protocol is to verify the 102 

efficacy on cognition and overall clinical response of dopaminergic-agonist rotigotine, a cognitive 103 

enhancer that improves cholinergic activity and cortical plasticity, in patients with mild AD. 104 

Specifically, the main aim is to determine if treatment with a common FDA-approved dopaminergic 105 

agonist-rotigotine, as add-on therapy to cholinesterase inhibitors treatment (donepezil or 106 

rivastigmine), can improve cognitive abilities and modify physiological cortical activity in patients 107 

with mild AD. Rotigotine treatment in add-on therapy was used in our previous experience (Koch et 108 

al., 2014), and was well tolerated by patients with no side effects. To test if rotigotine changes brain 109 

physiology, we will use neurophysiological tools such as transcranial magnetic stimulation and 110 

electroencephalography to measure changes in cortical activity. This is a phase IIa 24-week, 111 
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prospective, randomized, double-blind placebo controlled study. The study is designed to evaluate 112 

the efficacy, safety, and tolerability of transdermal patch of Rotigotine (RTG) versus placebo (PLC) 113 

as add-on therapy with AChEI in patients with mild AD according to the consensus diagnostic 114 

criteria and MMSE score of ≥18 and ≤24 at screening. Two groups of patients with mild AD will be 115 

involved (50 patients each). One group will be assigned to treatment with RTG 4 mg and the other 116 

one to PLC as add on to AChEI therapy. Clinical and neurophysiological measurements will be 117 

collected before and after drug administration. 118 

  119 
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SECTION 3. ABBREVIATIONS AND DEFINITIONS 120 

Aβ: amyloid- β peptides 121 

AChEI:  acetylcholinesterase inhibitor 122 

AD: Alzheimer’s disease 123 

ADAS-Cog: Alzheimer’s Disease Assessment Scale–Cognitive subscale 124 

ADCS-ADL: Alzheimer’s Disease Cooperative Study–Activities of Daily Living Inventory 125 

ADDF: Alzheimer’s Drug Discovery Foundation 126 

AE: adverse event: Any untoward medical occurrence in a patient or clinical investigation subject 127 

administered a pharmaceutical product that does not necessarily have a causal relationship with this 128 

treatment. An adverse event can therefore be any unfavorable and unintended sign (including an abnormal 129 

laboratory finding), symptom, or disease temporally associated with the use of a medicinal (investigational) 130 

product, whether or not related to the medicinal (investigational) product. 131 

ANOVA: analysis of variance 132 

APOE: apolipoprotein E 133 

Blinding: A procedure in which one or more parties to the trial are kept unaware of the treatment 134 

assignment(s). Blinding will remain in effect until final database lock. A double-blind study is one in which 135 

neither the patient nor any of the investigator who are involved in the treatment or clinical evaluation of the 136 

subjects are aware of the treatment received. 137 

CDR: Clinical Dementia Rating Scale 138 

CRF: Case report form, a printed or electronic form for recording study patients’ data during a clinical 139 

study, as required by the protocol. 140 

CSF: cerebrospinal fluid 141 

DA: dopamine 142 

EEG: electroencephalogram 143 

Efficacy: Efficacy is the ability of a treatment to achieve a beneficial intended result under controlled 144 

conditions. 145 

End of study (trial): The date of the last visit or last scheduled procedure shown in the Study. Schedule for 146 

the last active patient in the study. 147 

FAB: Frontal assessment battery 148 

GABA: Gamma-Aminobutyric acid 149 

GLMM: Generalized Linear Mixed Model 150 

Informed consent: A process by which a patient voluntarily confirms his or her willingness to participate in 151 

a particular trial, after having been informed of all aspects of the trial that are relevant to the patient’s 152 

decision to participate. Informed consent is documented by means of a written, signed, and dated informed 153 

consent form. 154 

Intent-to-Treat (ITT): The principle that asserts that the effect of a treatment policy can be best assessed by 155 

evaluating on the basis of the intention to treat a patient (that is, the planned treatment regimen) rather than 156 
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the actual treatment given. It has the consequence that patients allocated to a treatment group should be 157 

followed up, assessed, and analyzed as members of that group, irrespective of their compliance to the 158 

planned course of treatment. 159 

Investigational product: A pharmaceutical form of an active ingredient or placebo being tested or used as a 160 

reference in a clinical trial 161 

Investigator: A person responsible for the conduct of the clinical study at a study site. If a study is 162 

conducted by a team of individuals at a study site, the investigator is the responsible leader of the team and 163 

may be called the principal investigator 164 

IRB/ERB: Institutional Review Board/Ethical Review Board: a board or committee (institutional, regional, 165 

or national) composed of medical professional and nonmedical members whose responsibility is to verify 166 

that the safety, welfare, and human rights of the patients participating in a clinical study are protected. 167 

MMSE: Mini-Mental State Examination 168 

NINCDS/ADRDA: National Institute of Neurological and Communicative Disorders and 169 

Stroke/Alzheimer’s Disease and Related Disorders Association 170 

NPI: Neuropsychiatric Inventory 171 

Patient: A study participant who has the disease or condition for which the investigational product is 172 

targeted. 173 

PFC: dorsolateral prefrontal cortex  174 

SAP: statistical analysis plan 175 

Study Entry Terms:  176 

1) Screen: The act of determining if an individual meets minimum requirements to become part of a pool of 177 

potential candidates for participation in a clinical study. In this study, screening involves medical and 178 

neurological tests, including magnetic resonance imaging or computed tomography, and lumbar puncture for 179 

CSF biomarkers analysis for diagnostic purposes.  180 

2) Enroll: The act of assigning a patient to a treatment. Patients who are enrolled in the study are those who 181 

have been assigned to a treatment.  182 

3) Enter: The act of obtaining informed consent for participation in a clinical study from patients deemed 183 

eligible or potentially eligible to participate in the clinical study. Patients entered into a study are those who 184 

sign the informed consent form directly or through their legally acceptable representatives. 185 

TMS: Transcranial Magnetic Stimulation. 186 

 187 

 188 

189 
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SECTION 4: STUDY RATIONALE  190 

In recent years several evidences suggested that the impairment of synaptic plasticity represents a 191 

pathogenic key in developing AD. Dopamine (DA) is a key neuromodulator affecting several 192 

distinct steps of synaptic transmission, including the probability of neurotransmitter release, the 193 

post-synaptic sensitivity to neurotransmitter, and the membrane excitability of the pre- and post-194 

synaptic cells. From a cognitive perspective, DA is known to play an important role in the control 195 

of high cognitive functions such as memory, learning, attention and decision making. There is 196 

experimental evidence demonstrating that in the cerebral cortex, as well as in the basal forebrain, 197 

DA modulates the activity not only of pyramidal cells and GABA interneurons, but also of diffuse 198 

cholinergic projections from neurons located in the basal forebrain (Goldman-Rakic et al.,1999, and 199 

2000; Paspalas et al., 2005; Berlanga et al., 2005; Zhang et al., 2009). Notably, the dysfunction of 200 

dopaminergic transmission has been hypothesized as a new player in the pathophysiology of 201 

Alzheimer’s disease (Itoh et al., 1996; Joyce et al., 1998; Kemppainen et al., 2003; Kumar and 202 

Patel, 2007; Martorana et al., 2010, Martorana and Koch, 2014). Post mortem studies revealed 203 

marked loss of DA receptors in the temporal and frontal lobes of Alzheimer's disease brains (Itoh et 204 

al., 1996; Kemppainen et al., 2003; Kumar and Patel., 2007; Martorana et al., 2010), regions 205 

classically involved in cognitive decline. Interestingly, most of changes regarding DA receptors, 206 

particularly D2 subtype, were found to be largely reduced at rostral and mid-levels of the temporal 207 

cortex, indicating that regions classically affected by Alzheimer’s disease pathology are also 208 

sensitive to the loss of D2 receptors (Goldsmith et al., 1996; Joyce et al., 1993, 1998a; Ryoo et al., 209 

1994). These dopamine D2/D3 receptors may play an important role in the reciprocal activity of 210 

large groups of neurons in the high-order association cortical regions, and may promote the 211 

cognitive and behavioural impairments observed in Alzheimer’s disease (Joyce et al., 1998b). D2 212 

receptor binding was significantly reduced in the striatum of Alzheimer’s disease patients, even in 213 

the absence of overt extra-pyramidal symptoms (Pizzolato et al., 1996). Kemppainen and colleagues 214 

(2003) reported that D2 receptor binding potentials are reduced in the hippocampus by 30% in 215 
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Alzheimer’s disease patients as compared to controls. This reduction was found to be associated 216 

with both cognitive (Kemppainen et al., 2003) and behavioral abnormalities in Alzheimer’s disease 217 

patients (Tanaka et al., 2003). Localization studies of dopamine receptors in Alzheimer’s disease 218 

brains have shown a preferential reduction of D2-like receptors in the hippocampus and prefrontal 219 

cortex (Kemppainen et al., 2003; Kumar and Patel, 2007). Prolonged exposure to Aβ would 220 

progressively impair the physiological release of glutamate and of GABA reducing the possibility 221 

of DA release in prefrontal cortex and hippocampus, contributing to the impairment of attention, 222 

memory, and executive functions. Our group performed a series of neurophysiological studies using 223 

transcranial magnetic stimulation (TMS) in order to investigate possible modulatory effects of DA 224 

on cortical synaptic transmission and plasticity in AD. We first demonstrated that cholinergic 225 

transmission, as measured by short-latency afferent inhibition (SLAI) TMS protocol (Di Lazzaro et 226 

al., 2002), can be transiently restored by the acute administration of a single dose of l-dopa 227 

(Martorana et al., 2009). Similar findings can be obtained by applying transdermal patches of 228 

rotigotine, which is a DA D2/D3-agonist (Martorana et al., 2013). Moreover, we discovered that 229 

that treatment with dopamine agonist rotigotine restored the altered mechanism of LTP-like cortical 230 

plasticity in Alzheimer’s disease patients (Koch et al., 2012; Koch et al., 2014). Crucially, this study 231 

revealed that DA agonists seem to have some positive effects on general cognitive functions (as 232 

shown by an increase of the MMSE) and more specifically on frontal executive functions (as 233 

revealed by increased scores in the FAB), paving the way to clinical trial based on dopaminergic 234 

therapy. This hypothesis finds support on recent experimental studies showing that in animal 235 

models AD dopamine agonists may improve memory and even reduce intraneuronal amyloid 236 

deposition (Guzmán-Ramos et al., 2012; Himeno et al., 2011). The current project has the ambition 237 

to provide first time evidence that dopaminergic stimulation may have a clinical impact in patients 238 

with mild AD. Neurophysiological investigations will allow us to identify quantifiable biomarkers 239 

underlying the effects induced by dopamine agonist on the neurodegenerative brain. The application 240 

of recent neurophysiological tools, such as the combined use of transcranial magnetic stimulation 241 
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(TMS) during electroencephalography (EEG) will allow us to understand how dopamine agonists 242 

are able to modulate the cortical activity of the prefrontal cortex in AD patients (Kähkönen et al., 243 

2005; Julkunen et al., 2008), likely trough DA terminals originating from the ventral tegmental 244 

nucleus, defining the neurophysiological biomarkers of clinical improvement.  245 

 246 

SECTION 5: OBJECTIVES 247 

The study is designed to evaluate the efficacy, safety, and tolerability of transdermal patch of 248 

Rotigotine (RTG) 4mg versus placebo (PLC) as add-on therapy with AChEI in patients with mild 249 

AD according to the consensus diagnostic criteria and MMSE score of ≥18 and ≤26 at screening. 250 

Additionally, the study aimed to test if RTG induced change in brain physiology. To this aim, we 251 

used a multimodal neurophysiological tool, such as transcranial magnetic stimulation combined 252 

with electroencephalography (TMS/EEG), to measure changes in cortical activity in the prefrontal 253 

cortex. We expected that Rotigotine could represent a valid treatment for cognitive dysfunction in 254 

AD patients, slowing the cognitive and functional decline and increasing cortical activity of the 255 

prefrontal cortex.  256 

5.1. Primary Objective 257 

The primary objective of this study is to test the hypothesis that therapy with Rotigotine could have 258 

a relevant clinical impact on cognitive impairment in Alzheimer’s disease patients as compared 259 

with placebo. The primary objective will be evaluated using a study endpoint at 24 weeks after 260 

initiation of treatment. The primary objective will be assessed using a Generalized Linear Mixed 261 

Model (GLMM) for repeated measures on the primary outcome: Alzheimer’s Disease Assessment 262 

Scale-Cognitive (ADAS-Cog), in which the specific hypothesis is that the cognitive decline at the 263 

end of the treatment phase for RTG will be significantly less than that for placebo. 264 

5.2. Secondary Objective  265 

The secondary objectives of this study are as follows: 266 
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 To test the hypothesis that RTG will slow the rate of decline associated with AD in the 267 

activities of daily living, as assessed with the Alzheimer's disease Cooperative Study - 268 

Activities of Daily Living (ADCS-ADL), using a GLMM for repeated measures.  269 

 To assess benefit of treatment with RTG on frontal cognitive functions, as demonstrated 270 

through the Frontal assessment battery (FAB), using a GLMM for repeated measures.  271 

 To evaluate efficacy of treatment with RTG on behavior, as demonstrated through the 272 

Neuropsychiatric Inventory (NPI), using a GLMM for repeated measures.   273 

 To provide evidence that RTG modulates the frontal cortical activity, as evaluated in terms 274 

of cortical excitability and oscillatory activity evoked by single-pulse TMS during EEG, 275 

using a repeated-measures ANOVA. These biomarkers will be collected only in subsets of 276 

patients.  277 

 278 

SECTION 6: INVESTIGATIONAL PLAN 279 

6.1. Summary of Study Design 280 

This is a 24-week, randomized, double-blind, placebo-controlled, Phase 2 study, comparing 281 

Rotigotine (Neupro, UCB pharma) with placebo for 24 weeks in approximately 100 patients with 282 

mild AD, defined as having a Visit 1 MMSE score of 18 to 26. Patients will be adaptively 283 

randomized (Lin et al. 2016) in a 1:1 ratio stratified by sex, age, APOE genotype, education and 284 

screening severity (MMSE) to one of the following treatment groups: Placebo group; RTG 4mg 285 

group. All patients started the treatment with a package containing 7 patches of RTG 2mg/placebo, 286 

and continued treatment with 6 packages, each one containing 30 patches of RTG 4mg/placebo 287 

depending on the arm of randomization. The primary hypothesis being tested is that Rotigotine will 288 

slow the cognitive and functional decline of AD as compared with placebo in patients with mild 289 

AD. 290 

6.2. Timing of outcomes assessment 291 
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Preliminary screening 292 

• Review of inclusion and exclusion criteria 293 

• Informed consent obtained 294 

• Demography 295 

• Family and medical history 296 

• Prior and concomitant medications 297 

• Randomization and group assignment 298 

Baseline evaluation (Day 1) 299 

• Clinical assessment 300 

• Neurophysiological assessment 301 

Post-treatment evaluation (Day 168-week 24) 302 

• Clinical assessment 303 

• Neurophysiological assessment 304 

6.3. Screening Phase 305 

At or before Visit 1, the study will be explained to the patient and caregiver. In the screening phase, 306 

all patients will undergo an extensive clinical investigation, including interviews on their medical 307 

history, a full neurological examination, the MMSE, a complete blood screening, 308 

neuropsychological assessment, neuropsychiatric evaluation, and magnetic resonance imaging. In 309 

the 30 days before entering the study, subjects will have to be clear of treatment with any drug 310 

inducing modulatory effects on the cerebral cortex excitability, such as antidepressants, 311 

benzodiazepines, anti-epileptic drugs, or neuroleptics. All AD patients will have to show a moderate 312 

level of dementia, as assessed by a neuropsychological evaluation including the MMSE (ranging 313 

from 18 to 26) and a standardized neuropsychological battery (Carlesimo et al,1996). All the 314 

patients will perform lumbar puncture for CSF biomarkers analysis for diagnostic purposes (Dubois 315 

et al., 2014). CSF t-tau and p-tau phosphorylated at Thr181 concentrations will be determined using 316 

a sandwich ELISA (InnotesthTAU-Ag, Innogenetics, Gent, Belgium) (Brem et al., 2013). Aβ1-42 317 
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levels will be determined using a sandwich ELISA (Innotest® ß- amyloid (1–42), Innogenetics, 318 

Gent, Belgium), specifically constructed to measure Aβ containing both the first and 42nd amino 319 

acid, as previously described (Martorana et al., 2012). Patients will be excluded if they have either 320 

two or more hyperintense lesions with a diameter ≥ 10mm or more than eight hyperintense lesions 321 

with a diameter between 5 and 9 mm on dual-echo MR images (Bozzali et al, 2011). Additionally, 322 

patients with TMS-related exclusion criteria will be not included in the study: presence of 323 

pacemakers, aneurysm clips, artificial heart valves, ear implants, or foreign metal objects in the 324 

eyes, skin or body, history of seizures (Rossi et al., 2009). All participants will sign a written 325 

informed consent after receiving an extensive disclosure of the experimental details. 326 

6.4. Evaluation Phase 327 

During the week before starting RTG/PLC administration, and during the week at the end of 24-week 328 

treatment, AD patients will undergo clinical assessment and neurophysiological assessment in two different 329 

days.  330 

1) Clinical Assessment: before and after the 24 weeks of treatment the ADAS-Cog, ADCS-ADL, 331 

FAB and NPI will be administered.  332 

2) Neurophysiological assessment: for EEG-TMS recordings, a TMS-compatible EEG equipment 333 

will be used for recording EEG activity from the scalp (BrainAmp 32MRplus, BrainProducts). The 334 

EEG will be continuously acquired from 32 scalp sites positioned according to the 10-20 335 

International System. TMS-EEG recordings will be performed over the left prefrontal cortex (PFC) 336 

and left parietal cortex (l-PPC). To precisely position the coil over the cortical sites across different 337 

sessions, a neuronavigation system (Softaxic, E.M.S.) will be used. During the TMS-EEG session, 338 

each cortical site will be stimulated with 80 single TMS pulses (ISI: 0.3 Hz) (Koch et al., 2018).  339 

6.5. Treatment Phase 340 

After recruitment and baseline assessments, AD patients will be assigned to RTG or PLC as add on 341 

to current AChEI therapy (donepezil or rivastigmine). We will use the Neupro® (Rotigotine 342 

Transdermal System), a transdermal delivery system that provides rotigotine, a non-ergolinic DA 343 
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agonist, currently used for treatment of Parkinson’s disease. When applied to intact skin, Neupro is 344 

designed to continuously deliver rotigotine over a 24-hour period. The precise mechanism of action 345 

of rotigotine, as a treatment for Parkinson’s disease, is unknown although it is suggested to be 346 

related to its ability to stimulate D2 receptors within the brain. All of the non-ergoline agonists 347 

currently in clinical use are able to bind and activate the D2-like family of dopamine receptors, 348 

although they differ in their relative efficacy at these receptors. In preclinical studies, rotigotine has 349 

been already shown to act as a strong dopamine D2 receptor agonist (Van der Weide et al., 1987; 350 

Tan, 2003). Moreover, in radioligand binding studies (Scheller et al., 2009), rotigotine exhibited 351 

high affinity for the dopamine D3 receptor (Ki 0.71 nM), D2, D5 and D4 receptors (Ki 4–15 nM) 352 

and low affinity for the dopamine D1 receptor (Ki 83 nM). Furthermore, the continuous and 353 

uniform release of rotigotine from the transdermal delivery system has been demonstrated to give 354 

stable plasma drug levels over 24 h, providing a relatively continuous, more physiological, 355 

stimulation of dopamine receptors, with potential greater benefits on disease symptoms. 356 

All treatments will be administered for 24 weeks with no interruptions. All treatments will be 357 

administered for 24 weeks with no interruptions. Rotigotine will be administered through a 4 mg 358 

transdermal patch (Neupro, UCB pharma), after having started with a 2 mg patch for 1 week. 359 

Transdermal patches of rotigotine have a release surface area of 10 or 20 cm
2
 and contain 4.5 or 9 360 

mg of rotigotine to release respectively 2 or 4 mg during a 24-hour period when applied to intact 361 

skin. The placebo transdermal patch contained in cardboard packaging will be identical to the 362 

rotigotine except for the absence of rotigotine. 363 

 364 

 365 

  366 
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SECTION 7: STUDY POPULATION 367 

Eligible patients will be males and females with mild to moderate AD, as specified in the entry 368 

criteria that follow. Entered patients who meet all of the inclusion criteria and are not excluded by 369 

any of the exclusion criteria will be randomized and proceed to Evaluation Phase.  370 

7.1. Inclusion Criteria 371 

Patients are eligible to be included in the study only if they meet all of the following criteria: 372 

1. The patient (or if applicable the legally acceptable representative if different from the 373 

responsible caregiver) and the responsible caregiver have signed the Informed Consent Form. 374 

2. The patient has probable AD, diagnosed according to National Institute of Neurological and 375 

Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders 376 

Association (NINCDS-ADRDA) criteria. 377 

3. The patient is a man or woman, aged >50 ≤ 85 years. 378 

4. The patient has a Clinical Dementia Rating (CDR) total score of 0.5 or 1 (mild) and MMSE 379 

score of 18-26 (inclusive) at Screening. 380 

5. Has at least one identified adult caregiver who is able to provide meaningful assessment of 381 

changes in subject behavior and function over time and provide information on safety and 382 

tolerability, and is able to verify daily compliance with study drug 383 

6. The patient has been treated with acetylcholinesterase inhibitor (AChEI), i.e., donepezil, 384 

galantamine, or rivastigmine, at the time of screening: 385 

 for at least 6 months, 386 

 the current dosage regimen and must have remained stable for ≥ 8 weeks, 387 

 dosage regimen must have remained stable throughout participation in the study. 388 

7.      The patients have performed lumbar puncture for CSF biomarkers analysis for diagnostic 389 

purposes.   390 

7.2. Exclusion Criteria 391 

Patients will be excluded from study enrollment if they meet any of the following criteria: 392 
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1. Significant neurodegenerative disorder of the central nervous system other than Alzheimer's 393 

disease, e.g., Lewy body dementia, Parkinson's disease, multiple sclerosis, progressive supranuclear 394 

palsy, hydrocephalus, Huntington's disease, any condition directly or indirectly caused by 395 

Transmissible Spongiform Encephalopathy (TSE), Creutzfeldt-Jakob Disease (CJD), variant 396 

Creutzfeldt-Jakob Disease (vCJD), or new variant Creutzfeldt-Jakob Disease (nvCJD) 397 

2. The patient has history of seizure (with the exception of febrile seizures in childhood) 398 

3. Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition - Text Revision 399 

(DSM IV-TR) criteria met for any of the following within specified period: 400 

 Major depressive disorder (current) 401 

 Schizophrenia (lifetime) 402 

 Other psychotic disorders, bipolar disorder, or substance (including alcohol) related 403 

disorders (within the past 5 years) 404 

4. Metal implants in the head (except dental), pacemaker, cochlear implants, or any other non-405 

removable items that are contraindications to MR imaging. 406 

5. Evidence of clinically significant disease including but not limited to pulmonary, 407 

gastrointestinal, renal, hepatic, endocrine, cardiovascular or metabolic disorder (Patients with 408 

controlled diabetes, or hypertension, or complete/partial right bundle branch block may be included 409 

in the study). 410 

6. Treatment currently or within 6 months before baseline with any of the following 411 

medications: 412 

 Typical and atypical antipsychotics (i.e. Clozapine, Olanzapine) 413 

  monoamine oxidase B inhibitors, anticholinergics etc) 414 

 Carbamazepine, Primidone, Pregabalin, Gabapentin 415 

 Memantine 416 

 417 

 418 
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 419 

7.3. Screening Procedures 420 

Eligibility of participants in the study will be based on the results of sequential screening 421 

procedures including medical history, physical examination, and neurological evaluation including 422 

MRI or PET. The screening period allows patients adequate time to decide whether they wish to 423 

participate in the study. 424 

 425 

SECTION 8: TREATMENT 426 

8.1. Treatments administrated 427 

This study involves a comparison of Rotigotine treatment administered as transdermal patch for 24 428 

weeks compared with placebo. All patients started the treatment with a package containing 7 429 

patches of RTG 2mg/placebo, and continued treatment with 6 packages, each one containing 30 430 

patches of RTG 4mg/placebo depending on the arm of randomization. 431 

• Subjects will be adaptively  randomized (Lin et al. 2016) in a 1:1 ratio stratified by sex, age, 432 

APOE genotype, education and screening severity (MMSE) to one of the following treatment 433 

groups: Placebo group; RTG 4mg group.  434 

• The investigational treatment packaging has a 1-part label. A unique randomization number 435 

is printed on each label. Investigator staff identifies the investigational treatment package(s) to 436 

dispense to the patient. Labels include the following information: the name and address of the 437 

Sponsor, the study code, a unique identifier, appropriate contact information, and expiry date. 438 

• Treatment is given to all patients for 24 weeks with no interruption. 439 

• The investigational drug Neupro (rotigotine) is provided as transdermal patch contained in 440 

cardboard packaging. Placebo patches is identical in appearance and will be contained in identical 441 

packages. 442 

• At each post-Baseline visit during the treatment period, the number of patches dispensed to 443 

the patient/caregiver is recorded. Patient compliance with prescribed study drug is also assessed at 444 
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each visit by questioning the patient and caregiver. Compliance data, including dates of any dose 445 

deviations and/or interruptions, and any other pertinent information are recorded in the source 446 

documentation. 447 

• Use of the following treatments are not allowed in combination with study treatment, due to 448 

confounding of efficacy and/or potential interaction with study treatment: 449 

- Any investigational drug: disallowed <60gg from screening 450 

- General anesthetics are disallowed during the study except in case of emergency 451 

procedures requiring anesthesia. Episodic use of local anesthetics is allowed. 452 

- Antidepressant: stable treatment with no modification of dose with selective 453 

serotonin reuptake inhibitors (SSRIs), venlafaxine, moclobemide and mirtazapine for 454 

at least 6 months prior to the Screening Visit acceptable. Paroxetine and duloxetine 455 

should be used with caution. Dose modifications and initiation of treatment not 456 

allowed during the study.  457 

- Antiparkinsonian agents (e.g., levodopa, dopamine agonists, COMT inhibitors, 458 

amantadine, monoamine oxidase B inhibitors, anticholinergics etc.): disallowed for 6 459 

months prior to screening and during the study. 460 

- Antipsychotics typical and atypical: disallowed for 3 months prior to screening and 461 

during the study. 462 

- Sedative/hypnotics: disallowed for 3 months prior to screening and during the study. 463 

Melatonin will be allowed anytime.  464 

• The investigators or designees keep a record of all study drug received, and of all study drug 465 

dispensed to and returned by patients/caregivers. 466 

8.2. Rationale for Selection of Doses  467 

Neupro (Rotigotine Transdermal System) is indicated for the treatment of the signs and symptoms 468 

of idiopathic Parkinson's disease. The effectiveness of Neupro was demonstrated in randomized, 469 

controlled trials in patients with early-stage Parkinson’s disease who were not receiving 470 
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concomitant levodopa therapy as well as in patients with advanced-stage Parkinson’s disease on 471 

concomitant levodopa. We chose a low 4 mg dosage because such a drug has been previously found 472 

to be effective in modulating cholinergic activity and cortical plasticity in AD patients with no 473 

relevant side effects (Martorana et al, 2013; Koch et al., 2014). We chose to test the effects of RTG, 474 

which has an impact only on a subset of dopamine receptors, and not those of levo-dopa, which has 475 

a more global DA activation, because RTG can be administered with transdermal patches and it is 476 

well tolerated in AD patients (Martorana et al, 2013; Koch et al., 2014). PLC will be administered 477 

using a transdermal patch similar to those medicated. In all cases, each daily patch will be 478 

maintained for 24 h.  479 

 480 

SECTION 9: EFFICACY AND SAFETY EVALUATIONS: OUTCOME 481 

MEASURES 482 

9.1. Primary Efficacy Measure 483 

1) Global cognition [Time Frame: change from baseline to Week 24]: Alzheimer's Disease 484 

Assessment Scale - Cognitive Subscale (ADAS-Cog). The ADAS-Cog is the cognitive subscale of 485 

the ADAS (Rosen et al., 1984; Fioravanti et al., 1994) which consists of 11 tasks that measure 486 

memory, orientation, language, and praxis. The total score range is 0-70, with higher scores 487 

indicating greater impairment. ADAS-Cog scores have been shown to deteriorate by approximately 488 

8-9 points per annum in patients with AD (Stern et al., 1994). The ADAS-Cog has a good inter-rater 489 

reliability and has been used widely as primary measure of cognitive change in contemporary 490 

studies of AD. 491 

9.2. Secondary Efficacy Measures 492 

1) Frontal cognitive functions [Time Frame: change from baseline to Week 24]: Frontal 493 

assessment battery (FAB). The Frontal Assessment Battery is a brief screening tool for the 494 

assessment of frontal lobe function (Appollonio et al., 2005). It is used to measure abstraction, 495 
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fluency, impulsivity and primitive reflexes in patients who have a suspected frontal lobe deficit. A 496 

higher score indicates better performance. The FAB has been used to assess the effects of 497 

rivastigmine on frontal functions in AD patients (Park et al., 2017) 498 

2) Activities of daily living [Time Frame: change from baseline to Week 24]: Alzheimer's 499 

disease Cooperative Study - Activities of Daily Living (ADCS-ADL). The ADCS-ADL includes 23 500 

items that were derived from a larger set of items describing performance of activities of daily 501 

living (ADL) by Alzheimer's disease patients (Galasko et al., 1997). The ADCS contained 23 items 502 

covering physical and mental functioning and independence in self-care.  For each basic ADL 503 

(eating, walking, toileting, bathing, grooming, selecting, clothes), there is a forced choice of best 504 

response. All other ADL consist of a main question followed by subquestions (descriptors). The 505 

scores range from 0 to 78, with lower values indicating greater disability. 506 

3) Neuropsychiatric evaluation [Time Frame: change from baseline to Week 24]: 507 

Neuropsychiatric Inventory (NPI). The NPI assesses behavioral disturbances in dementia. The NPI 508 

is reliable and valid (Cummings, 1994) and has been reported to be sensitive to the effects of tacrine 509 

(Kaufer et al., 1996). The NPI measures the following behavioral areas: delusions, hallucinations, 510 

agitation, depression, anxiety, euphoria, apathy, disinhibition, irritability, aberrant motor behavior, 511 

night time behaviors, and eating disorders. Symptoms are rated in terms of frequency (0-4) and 512 

severity (0-3). Total score range is 0-144, where higher scores indicate higher behavioral 513 

psychopathology. 514 

4) Neurophysiological markers of frontal lobe cortical activity [Time Frame: change from 515 

baseline to Week 24]: TMS-evoked cortical potentials assessed over the prefrontal cortex (PFC). 516 

The combined use of transcranial magnetic stimulation (TMS) during electroencephalography 517 

(EEG) allows to measure the cortical activity of the prefrontal cortex in AD patients (Kähkönen et 518 

al., 2005; Julkunen et al., 2008). We employ TMS-evoked cortical responses (i.e., TEPs) as a novel 519 

probe of dopamine-agonist induced cortical excitability changes. As biomarkers we will measure 520 

neurophysiological changes induced by dopamine-agonist over the left dorsolateral prefrontal 521 
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cortex (PFC), and over the left posterior parietal cortex (l-PPC), by evaluating the cortical 522 

excitability and oscillatory activity evoked by single-pulse TMS during EEG recordings. We chose 523 

to stimulate the left DLPFC since we want to assess the spatial specificity of our treatment, whereas 524 

the left PPC is chosen as a control site. Two sets of outcome measures will be obtained assessing 525 

cortical excitability (global mean field power-GMFP) and cortical oscillatory activity.  526 

9.3. Safety Evaluations 527 

Investigators are responsible for monitoring the safety of patients who have entered this study. The 528 

investigator is responsible for the appropriate medical care of patients during the study. The 529 

investigator remains responsible for following, through an appropriate health care option, AEs that 530 

are serious or that caused the patient to discontinue before completing the study. The patient should 531 

be followed until the event is resolved or explained. Frequency of follow-up evaluation is left to the 532 

discretion of the investigator. 533 

9.4. Adverse Events and Other Safety Measures 534 

A clinical study AE is any untoward medical event associated with the use of a drug or drug 535 

delivery system in humans. AE collection begins after the patient has signed informed consent and 536 

has received study drug. If a patient experiences a AE after signing informed consent, but before 537 

receiving study drug, the event will not be collected unless the investigator feels the event may have 538 

been caused by a protocol procedure. 539 

At each clinic visit, AEs will be recorded, vital signs will be measured and physical and 540 

neurological examination will be performed. An independent Data Monitoring Committee will 541 

monitor the patients' safety according to the Data Monitoring Committee Charter.  542 

 543 

SECTION 10. INFORMED CONSENT, ETHICAL REVIEW AND 544 

REGULATORY CONSIDERATIONS 545 

11.1. Informed Consent 546 
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The principal investigator is responsible for ensuring that the patient understands the potential risks 547 

and benefits of participating in the study, including answering any questions the patient may have 548 

throughout the study and sharing in a timely manner any new information that may be relevant to 549 

the patient’s willingness to continue his or her participation in the trial. 550 

The Informed Consent Form (ICF) will be used to explain the potential risks and benefits of study 551 

participation to the patient/caregivers in simple terms before the patient is entered into the study, 552 

and 553 

to document that the patient is satisfied with his or her understanding of the risks and benefits of 554 

participating in the study and desires to participate in the study. The investigator is responsible for 555 

ensuring that informed consent is given by each patient or legal representative. This includes 556 

obtaining the appropriate signatures and dates on the ICF prior to the performance of any protocol 557 

procedures and prior to the administration of investigational product. 558 

11.2. Ethical Review and Regulatory Considerations 559 

This study will be conducted in accordance with: 560 

1) consensus ethics principles derived from international ethics guidelines, including the 561 

Declaration of Helsinki and Council for International Organizations of Medical Sciences (CIOMS) 562 

International Ethical Guidelines 563 

2) Institutional Review Board (IRB) Guidelines  564 

3) Applicable laws and regulations. 565 

The investigator or designee will promptly submit the protocol to applicable ERB. An identification 566 

code assigned by the investigator to each patient will be used in lieu of the patient’s name to protect 567 

the patient’s identity when reporting AEs and/or other trial-related data. 568 

11.3. Investigator Information 569 

Physicians with expertise in neurology or geriatrics who have clearly documented extensive 570 

experience in AD trials will participate as investigators in this clinical study. In addition, licensed 571 

clinicians (neuropsychologists) who have clearly documented extensive experience in AD trials 572 
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may participate as investigators in this clinical study. Cognitive assessments must be administered 573 

by an individual trained in the use of these instruments. Neurophysiological recordings and analysis 574 

must be performed by experts in this field. All lumbar punctures must be performed by an 575 

appropriately trained individual. 576 

  577 
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 578 

2. STATISTICAL ANALYSIS PLAN 579 

2.1. Determination of Sample Size 580 

A total of 94 randomly assigned patients (47 per group) were planned on the basis of our previous study in 581 

which we assessed the effects of rotigotine on cortical plasticity and cognitive functions in a small sample of 582 

Alzheimer’s disease patients (Koch et al., 2014). In that pilot study, a significant (although unpowered) 583 

difference was observed in pre-post (12 weeks) treatment with rotigotine in n=7 patients in both the 584 

cognitive measures MMSE (mean pre=21.73, SD=4.14; mean post=23.23, SD=3.93) and in FAB (mean 585 

pre=10.85, SD=4.43; mean post=12.32, SD=4.48). Treatment duration of the present study is twice larger 586 

than the one of the pilot study thus a larger effect size is expected. However, for precautionary reasons, we 587 

consider the same effect sizes found in the previous work (equal to 0.48 for MMSE and equal to 0.42 for 588 

FAB computed as post-pre means over standard deviation of differnce post-pre), for the sample size 589 

calculation of the present study. In detail, adopting a two-tailed paired t-test, with type I error alpha=0.05 and 590 

a plausible correlation between pre-post measured variables of 0.7, the FAB effect size equal to 0.42 requires 591 

a minimum sample of n=46 for reaching a power of 0.8. For MMSE, this sample size allows to reach a 592 

power of 0.9. The minimum total sample size was then augmented up to N=92 considering the matched 593 

placebo group.  594 

2.2. Method of Assignment to Treatment 595 

Subjects who meet all criteria for enrollment will be randomized to double-blind treatment. 596 

Randomization will be performed and assigned independently by a statistician working in an 597 

independent institution, held centrally, and not divulged to any other person involved in the trial 598 

until after database lock. In order to obtain homogeneous and balance study groups in terms of age, 599 

sex and APOE carriers, an adaptive randomization will be adopted; more specifically, a covariate-600 

adaptive randomization will be performed, i.e.  a randomization procedure that uses past group 601 

assignments and subject covariate values to select the probability of future group assignments, with the 602 

objective to balance group assignments within covariate profiles (Lin et al. 2016). The simple 603 
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randomization procedure could lead to unbalanced groups (with respect to specific key patients 604 

features) when the sample size is relatively small: the adaptive procedure allowed to overcome this 605 

drawback through a pseudo-random assignment that took into account the key features  (age [55-70 606 

vs >70], sex [male vs female]  and APOE [carriers vs non-carriers]) of the subjects previously 607 

assigned into the study groups.  608 

2.3 Statistical and Analytical Plans 609 

2.3.1. General Considerations 610 

Unless otherwise noted, all tests of treatment effects will be conducted at a 2-sided alpha level of 611 

0.05; 2-sided confidence intervals will be displayed with a 95% confidence level. All tests of 612 

interactions between treatment and other factors will be conducted at an alpha level of 0.05. All 613 

analyses will follow the intent-to-treat (ITT) principle unless otherwise specified. An ITT analysis 614 

is an analysis of data by the groups to which subjects are assigned by random allocation, even if the 615 

subject does not take the assigned treatment, does not receive the correct treatment, or otherwise 616 

does not follow the protocol. 617 

2.3.2. Analysis Populations 618 

Baseline characteristics as well as the co-primary and secondary efficacy measures will be 619 

summarized for the ITT and per-protocol populations by treatment group and overall. Tabulations 620 

of the number and percentage of subjects included in each analysis set, by treatment group and 621 

overall, will be provided. Reasons for exclusion from analysis datasets will also be provided. 622 

2.3.3. Patient Characteristics 623 

The patient’s age, gender, height, body weight, tobacco use, alcohol use, caffeine use, years of 624 

education, work status, time since onset of first AD symptoms, time since diagnosis, MMSE at Visit 625 

1, APOE4 carrier status (carrier [ε2/ε4, ε3/ε4, ε4/ε4], noncarrier [ε3/ε3, ε2/ε2]), APOE4 genotype 626 

(ε2/ε4, ε3/ε4, ε4/ε4, no ε4) and AChEI use at baseline will be recorded. Baseline characteristics will 627 
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be summarized for the ITT and per-protocol populations by treatment group and overall. Summaries 628 

will include descriptive statistics for continuous and categorical measures. Pearson’s chi-square test 629 

will be used for treatment group comparisons of categorical data. For continuous data, t-test or 630 

corresponding non-parametric test (Mann-Whithney) will be used for the group comparing.  631 

2.3.4. Analysis of Efficacy Outcomes 632 

Normality assumption of end-points variables will be assessed by inspection of the distribution 633 

plots and by Kolmogorov-Smirnov and Shapiro-Wilk tests. Preliminary descriptive analyses will be 634 

performed by means, frequencies, standard deviations (SD) and percentages. Comparison of socio-635 

demographic and clinical features between the study groups at baseline will be performed through t-636 

test or Mann-Whitney tests.  637 

The longitudinal assessment of the end-points across groups will be performed through Generalized 638 

Linear Mixed Model (GLMM) for repeated measures with random intercept and random slope to 639 

account for individual differences at baseline as well as for individual change after the treatment. 640 

GLMMs will be applied to ADAS-Cog and the other efficacy outcome measures, ADCS-ADL, 641 

FAB and NPI, as dependent variables and group, time and group x time interaction as independent 642 

factors. In detail, GLMMs for Gaussian data with identity link function will be applied for ADAS-643 

Cog, ADCS-ADL and FAB, whereas GLMM for Poisson data, with log-link function, will be used 644 

for NPI. The GLMMs on MMSE, ADAS-Cog and FAB will be adjusted for age and education. To 645 

evaluate the treatment effects on TMS/EEG data, we will use repeated-measures ANOVAs with 646 

between-subjects factor group and within-subject factors time.    647 

To evaluate the treatment effects on cortical activity, a repeated-measures ANOVA with between-648 

subjects factor “group” and within-subject factors “time” will be planned.  Repeated-measures 649 

mixed ANOVA with between-subjects factor “group” and within-subject factors “time” will be 650 

planned to evaluate the treatment effects on oscillatory activity.  Prior to undergoing ANOVA 651 

procedures, normal distribution of clinical, behavioral and neurophysiological data will be assessed 652 
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by means of Shapiro-Wilks' test. The sphericity of the data will be tested with Mauchly's test; when 653 

sphericity is violated (i.e. Mauchly's test < 0.05) the Greenhouse–Geisser correction will be used. 654 

Pairwise comparisons will be corrected by the Bonferroni method. Safety analyses for the treatment 655 

period will include comparisons between rotigotine and placebo groups by 2-sided 0.05 significance 656 

level Chi-square tests. Statistical analyses will be performed with IBM SPSS statistics, version 24.0 657 

and R software; significance alpha level test is set up at 0.05. 658 

2.3.5. Adjustment for covariates 659 

Possible confounders will be chosen based on literature. The evaluation of the effect of such 660 

confounders on primary and secondary outcomes will be carried out through an ad-hoc linear and 661 

generalized linear model and a corresponding correlation analysis of residuals.  662 

 663 
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