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Patients
Patients were eligible if they had an established diagnosis of probable mild-to-moderate Alzheimer’s disease (AD) according to National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association criteria; aged >50 ≤ 85 years; had  a Clinical Dementia Rating Scale Sum of Boxes (CDR-SB) (1) score of 0.5-1 and Mini Mental State Examination (MMSE) (2) score of 18-26 at screening, indicating mild to moderate AD; had one caregiver; had been treated with acetylcholinesterase inhibitor for at least 6 months; had performed lumbar puncture for cerebrospinal fluid biomarkers analysis or amyloid PET for diagnostic purposes (3). The levels of CSF Aβ42 and Aβ40, t-tau, and p-tau phosphorylated at Thr181 (p-tau181) were determined using a sandwich enzyme-linked immunosorbent assay (EUROIMMUN ELISA©). The cut-off values for CSF Aβ42, CSF p-tau, and CSF t-tau were determined following EUROIMMUN guidelines: CSF Aβ42 > 600 pg/ml, CSF amyR > 0.06, CSF p-tau < 65 pg/ml, CSF t-tau < 400 pg/ml. PET amyloid were performed outside our hospital with different scans. Patients underwent medical and neurological evaluations, including magnetic resonance imaging or computed tomography. Patients were excluded if had extrapyramidal signs, history of stroke, other neurodegenerative disorder, psychotic disorders and if they had been treated six months before enrollment with antipsychotics, antiparkinsonian, anticholinergics and antiepileptic drugs. The trial was approved by the review board and ethics committee at the Santa Lucia Foundation and was conducted in accordance with the principles of the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice guidelines. All patients or their parents or legal representatives provided written informed consent. Patients could withdraw at any point without prejudice. This report followed the CONSORT reporting guideline for randomized studies.

Trial design 
The study was a monocentric, randomized, sham-controlled, double-blind trial of rTMS over the PC in mild-to-moderate AD patients. Stimulation was given as an add-on to standard treatment with acetylcholinesterase inhibitors. The trial comprised a 52-week treatment period with a 2-week intensive course in which real rTMS of the PC (PC-rTMS) or sham-rTMS was applied daily 5 times per week, Monday to Friday, followed by a maintenance phase in which the same stimulation was applied weekly for 50 weeks. After recruitment and baseline assessments, patients were randomly assigned in a 1:1 ratio with an adaptive randomization design to receive PC-rTMS or sham-rTMS in addition to their stable drug regimen with acetylcholinesterase inhibitors therapy. All treatments were administered for 52 weeks with no interruptions. Each rTMS session consisted of forty trains of 2 seconds delivered at 20 Hz spaced-out by 28 seconds of no stimulation (total number of stimuli: 1600), lasting approximately 20 minutes. During the entire period of 52 weeks a total of 96.000 were delivered for each patient. The clinical assessments were rated at baseline (W0) for enrolled patients and caregivers and repeated at week 12 (W12); 24 (W24); 36 (W36) and 52 (W52) by raters who were blinded in respect to the assignment group.
Investigators, patients, and their caregivers were also blinded. At each clinical visit (or upon early termination), adverse events (AEs) were recorded, vital signs measured and physical and neurological examination performed. An independent Data Monitoring Committee monitored the patients' safety according to the Data Monitoring Committee Charter.

Intervention – rTMS
[bookmark: _Hlk87888931][bookmark: _Hlk170478031][bookmark: _Hlk87889010][bookmark: _Hlk87889249]TMS was carried out using a Magstim Rapid2 magnetic biphasic stimulator connected with a figure-of-eight coil with a 70-mm diameter (Magstim Company, Whitland, UK) that generates 2.2 T as maximum output. To select the intensity for rTMS treatment we used the following procedure. We first computed the resting motor threshold (RMT), defined as the lowest intensity producing MEPs of >50 μV in at least five out of 10 trials in the relaxed first dorsal intereosseous (FDI) muscle of the right hand (4). RMT was assessed over the optimal stimulus site to elicit MEPs in the right FDI, termed “motor hotspot”, identified by positioning the coil approximately over the central sulcus and moving it on the scalp by 0.5 cm steps on left M1. Since the coil-to-cortex distance directly influences the magnitude of magnetic stimulation, for each patient we subsequently calculated a distance-adjusted RMT (AdjRMT). AdjRMT = RMT + m × (DsiteX− DM1) where AdjRMT is the adjusted MT in % of stimulator output, MT is the unadjusted MT in % of stimulator output, DM1 is the distance between the scalp and M1 hotspot, DSiteX is the distance between the scalp and a second cortical region (SiteX), and m is the distance-effect gradient. This procedure provides a more accurate index of cortical excitability and improves the efficacy of MT-calibrated TMS. Afterwards, each patient received 50 TMS single pulses at an initial intensity of 100% of adjMT, during a 64-channel EEG recording, over different scalp positions corresponding to the PC region, identified based on previous fMRI works (5). Optimization of stimulation intensity was achieved by visualizing TMS-evoked potentials (TEPs) directly after each TMS delivery. Importantly, the choice of 50 single-pulse TEP was justified by previous studies showing a high correlational concordance coefficient (0.8) between a TEP evoked with 40 TMS single pulses and one evoked with 150 TMS single pulses (6). Intensity of TMS was eventually increased in steps of 2% of the maximal stimulator output (MSO) basing on the visualization of a first TEP peak of at least 6 µV. Target location optimization was further achieved by identifying the scalp location generating the highest response to TMS for each patient via a grid search over a 3x3 cm area centered around the original fMRI-defined stimulation target (supplementary Figure 1).
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[bookmark: _Hlk170478088]Legend to Supplementary Figure 1
Representation of the 3x3 grid used to determine the scalp location generating the highest EEG response to TMS pulses.

Coil orientation was parallel to the midline with the handle pointing downward, thus inducing the current in a posterior-anterior direction (7). The TMS coil position was constantly monitored using a neuronavigation system coupled with an infrared camera. 
For sham treatment, stimulation was applied using the same parameters via a sham coil positioned in correspondence to the target area, in order to preserve the same auditory and somatosensory sensations. For each patient, source estimation on pre-processed TMS-EEG data was run at the beginning of each treatment session to confirm the correct anatomical targeting for rTMS. The induced E-field over the TMS target was computed via SimNIBS v3.2, an open-source simulation package that integrates segmentation of MRI scans, mesh generation, and FEM E-field computations (8). The software provides a realistic volume conductor head model, generated using the T1-and T2-weighted images and segmentation from the SimNIBS validation data set and based on anisotropic conductivity values for each tissue class, in S/m: gray matter, 0.276, cerebrospinal fluid, 1.790, bone, 0.010, scalp, 0.250 (8,9). The final mesh, comprehensive of gray and white matter, scalp, bone, and cerebrospinal fluid, comprises approximately 200,000 nodes and 3.6 million tetrahedral elements (9). E-field distribution was computed for a Magstim 70 mm figure-of-8 coil (P/N 9925-00, Magstim Co., Spring Gardens, Whitland, Carmarthenshire, UK) (10), both for a coil-to-scalp distance of 2 mm and a coil current measured in dI/dT corresponding to 67x10e6 A/s. The center of the coil was positioned with MNI coordinates: x=0, y=-65, z=55, based on a target selection approach accounting for functional MRI changes typical of AD patients and involving the default mode network (DMN)  (7). The resulting norm E-field distribution is shown in Gmsh v4.7.1 (11) with an output range from 0 to 70 V/m (see Figure S1). 

TMS-EEG evaluation
TMS was carried out using a Magstim Rapid2 magnetic biphasic stimulator connected with a figure-of-eight coil with a 70-mm diameter (Magstim Company, Whitland, UK) that generates 2.2 T as maximum output. Each session consisted of 80 TMS single-pulses applied at a random ISI of 2-4 s over the PC, targeted using a neuronavigation system. During TMS-EEG recordings, each participant wore in-ear plugs which continuously played a white noise that reproduced the specific time-varying frequencies of the TMS click  (12,13). TMS parameters, in terms of intensity and coil positioning, were the same as the one used for the rTMS protocol. TMS-evoked EEG activity was recorded from the scalp with a TMS-compatible DC amplifier (BrainAmp, BrainProducts GmbH, Munich, Germany). The EEG was continuously recorded from 61 scalp sites positioned according to the 10-20 International System, using TMS-compatible Ag/AgCl pellet electrodes mounted on an elastic cap. EEG signals were digitized at a sampling rate of 5 kHz. Skin/electrode impedance was maintained below 5 kΩ. Horizontal and vertical eye movements were detected by recording the electrooculogram (EOG) to off-line reject the trials with ocular artifacts. TMS-EEG data were pre-processed offline with Brain Vision Analyzer (Brain Products GmbH, Munich, Germany). Physiological and TMS-related artefactual components were detected using INFOMAX-ICA and removed basing on their scalp distribution, frequency, timing and amplitude (14).
Effects of rTMS were evaluated over cortical excitability, by means of TMS-evoked potentials (TEPs) from the site of stimulation, i.e. PC; and over DMN connectivity, by means of source analysis conducted over fronto-medial areas. TEPs were computed considering a time window from -100 to 300 ms after TMS, with a baseline correction of -100 to 0. TEP amplitude was computed peak-to-peak for each component. To estimate the spatial source of cortical activity, we fitted a distributed source model consisting of 15000 elementary current dipoles. These dipole sources were distributed at each vertex of a tessellated cortical mesh template surface derived from a standard 1 mm resolution brain (Colin27) in the MNI space, as provided by Brainstorm toolbox. First, the head model for source imaging was implemented according to the OpenMEEG boundary element method. Based on this head model, the inverse problem was solved using current density maps. Noise covariance for source reconstruction was obtained separately for each subject from a baseline window ranging from -850 to -350 ms in respect to TMS. The estimated source distribution was averaged across all the participants and two regions of interest (ROIs), one centered over the PC and on centered over fronto-medial area. Then, we assessed the signal propagation from the PC-ROI to the frontal-ROI by averaging the source activity signal from 10 to 250 ms after the TMS pulse. This time window was based on the well-known TMS-evoked perturbation in source space (15,16).

EEG evaluation
Resting EEG was recorded with the same EEG equipment, before each TMS-EEG session for 3 minutes with open eyes. During all the EEG recordings, participants sat on a comfortable armchair in a soundproof room in front of a computer screen. They were instructed to fixate on a white cross (6 × 6 cm) in the middle of the screen and to keep their arms rested in a relaxed position. As a first step, data were downsampled to 1000 Hz and band-pass filtered between 1 and 80 Hz (Butterworth zero phase filters). A 50 Hz notch filter was also applied to reduce noise from electrical sources. Identification and removal of artifacts (muscle activity, eye movements and blink-related activity) was made with independent component analysis (INFOMAX-ICA). Then, signal was segmented in 2-sec epochs. Power density was estimated by means of the Fast Fourier Transform (10% Hanning-window) from 4 to 45 Hz, with a frequency resolution of 0.5 Hz. For each participant, frequency bands were a priori established as follows: theta (4-7 Hz); alpha (7-13 Hz); beta (13-30 Hz) and gamma (30-80 Hz). The mean band power was then obtained by averaging the power values of all the single-trial epochs for each participant. 

Statistical analysis
Statistical analysis were run with R version 3.6.1. Normal distribution of end-point variables was assessed by means of Shapiro-Wilks' test. The level of statistical significance was set at α=0.05. Homogeneity between the means in the baseline characteristics between the two groups were assessed with independent t-test, Mann-Whitney test or χ2 depending on the type of variable (categorical or continuous) and its distribution. The longitudinal assessment of the end points across groups was performed through generalized linear mixed models (GLMM), depending on data distribution, for repeated measures, with a random intercept varying for each patient to account for individual differences at baseline and for changes at follow-up points. The dependent variables for the models were: CDR-SOB; ADAS-COG11, MMSE, ADCS-ADL, NPI and FAB. The independent fixed factors were “rTMS” (real vs. sham), “time” (W0; W12; W24; W36; W52) and their interaction. To test for possible effects of age and education we inserted these variables as covariates in all the models. Thus, we conducted a total of six GLMM, separately for each clinical test, with general equation:
Eq.1:    Clinical test∼1+rTMS+time+age+education+rTMS:time+(1|patient)
Significant effects of GLMM analyses were further evaluated with simple contrasts and a simple effect moderator analysis. Simple contrast analysis compared the dependent variable values at the baseline level (W0) with all the subsequent follow-ups; this analysis was conducted to observe if rTMS treatments produced significant changes in variables across the full-time course. Simple effect moderator analysis was conducted to investigate the presence of a time effect, i.e. a significant change in the clinical score among the follow-ups, moderate by the group, i.e. real-rTMS or sham-rTMS.
Analysis of TMS-EEG and EEG activity was performed with the same GLMM approach, using the following dependent variables: TEP peak-to-peak amplitude and source activity propagation for TMS-EEG data; theta (4-7 Hz), alpha (7-13 Hz), beta (13-30 Hz) and gamma (30-50 Hz) spectral power for EEG data. The independent fixed factors were “rTMS” (real vs. sham), “time” (W0; W52) and their interaction. Finally, to evaluate the linear relations between the primary clinical outcome change, i.e. CDR-SOB (W52 W0), and the TMS-evoked EEG source propagation at W0 and W52 for the two groups (PC- and sham-rTMS) we computed bivariate linear correlations.
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