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Abstract Results Results Results

Objective: Transcranial magnetic stimulation has been shown to be effective in the acute treatment of Subject Characteristics . ] . ] Table 2. Overview of TMS Reintroduction — First Cycle Data
major depression. Limited information exists regarding approaches to maintaining this acute Figure 4. Acute Effects in Study 101 are Sustained During Taper
response, or what the longer-term expectations may be for persistence of benefit from treatment Three hundred one patients comprised the evaluable study population at entry to the clinical to Pharmacotherapy Treatment Group
with TMS. We present evidence from recently completed studies of the use of TMS in the acute development program in Study 101. (Data not shown) o Study 101 | Study 101
treatment of major depression. The inclusion of a transitional phase at the conclusion of acute TMS Monotherapy ~ TMS + Open-label AD Medication (Taper Phase) Ac(t;‘lV:‘lz;V's Sh(il':;;;"s
treatment, and enrollment in a separate, 24-week continuation treatment study permitted Sixty-seven patients completed Study 101 in its entirety through both the Acute and Taper Phases and ‘@ 30 - 277 B - Active TMS . . .
.. . : . . . . : =) - = First TMS Reintroduction Cycle N(%) 16 (36.4) 11 (47.8)
characterization of the overall persistence of the acute benefit from TMS. were subsequently enrolled in Study 103. Patients were not unblinded to their previously < 23.9 B - Sham TMS
Methods: The study program consisted of 3 separate clinical protocols (N=301 patients), a 6-week randomized treatment assignment at the conclusion of Study 101. Table 1 summarizes major s » —>nem = Number of sessions (median) 14.0 14.0
randomized controlled trial of active TMS with the Neuronetics Model 2100 System v sham TMS, a clinical features of these two patient groups entering Study 103 based on their prior randomized ;@ 20 18.1 * Time to reintroduction in weeks (median) 11.0 10.0
6-week open-label extension study for non-responders in the first trial, and a 24-week continuation treatment assignment in Study 101. > = Population continuing past cycle (N) 1 5
pharmacotherapy maintenance of effect study for responders in either the controlled or the open- c _ i _ at " T 15 13.7
label f’tUdy' The I_agerTstu?[Iy alsto permlttted remtrodugthn %f.TMi.aS dan adq-on tr?atmglnt;or omparison of these patient popuiations Shows: nq:’ Figure 7. Kaplan-Meier Survival Advantage at 6 Months: Previous active
symptom worsening. Treatment parameters were optimized in a fixed, maximum feasible dose . . . Q@ 10 - TMS exposure compared with previous sham TMS exposure
design. Persistence of benefit was examined in two study periods: 1) response rate during the 3- In genedral, falt'ints enro:le.(ill 'Q the N(?[uroStar TMS ThteLapy ?Ilnlcal Sevelé)pmfr;t frogram \INere stant t S g g P P
week period of transition form TMS to maintenance pharmacotherapy, and 2) Kaplan-Meier mg eratfady © severf:ty ! t y sy{np om measgrsst?] :s&:ne, an nr;qr er? ey toHs.e;/erer reS'SA?SF © % 5 - a 100
estimated relapse rate during the 24-week maintenance of effect continuation study. Outcomes prior antidepressant treatment as measured by the Antidepressant Treatment History Form ( ). &3 3 00 B Active TMS - 6 weeks (Study 101)
were assessed with the MADRS, HAMD24, and HAMD17 rating scales. . . . . . . 0 - . D @ Sham TMS (Study 101)
Results: Response was successfully maintained during transition to continuation therapy. For active Upor? Zn roIIIlmﬁ tr;t Into ?tudy 1031[ patle?ts \{\./hotwer.izhprewously rfndomlze? JIEIO active LMS " Sttudy 101 Week 4 Week 6 Week 9 = _5 80
TMS patients continuing into the maintenance of effect study, Kaplan-Meier relapse rates at 24 nac da S1e fy grea ir dpercc?nt agg © dpa ents wi d?[ I’eCL;!’ re? cohurse Ot INEss ar|1 ° g(;ea of dt 91.9% of Acute Phase Responders Persist Through End of Taper Phase -% S
week follow up ranged from 5.6% to 22.2% depending upon the relapse definition used. |nhC| eg(li/?so gorr][or ! tar)x[[e }ét |30r18;compare O patients who were previously randomized to Analvses reported as LOCE for evaluable study boulation o3 70
Conclusions: Acute response to TMS shows a persistence of benefit in both short-term transition to sham priorto entry into >tudy ' ’ P Yo X £ 60
continuation therapy, and after longer-term follow up. © E 50
O
. - - TN
) Table 1. Subject Characteristics: Study 103 E= 40
I ntrod uctlon Enrolled Population (N=67) Durability of the Acute Response to TMS is Demonstrated During 24 Weeks of Open-Label E '; 30
Follow Up -
o .=
Major depression is a common, recurrent, and frequently chronic disorder that is a leading contributor o _ Study 101 Study 101 © 2 20
to functional impairment and disability. Treatment is often challenging, as an estimated 20% to Clinical Variables Actl'\\l/f4T4MS Sh?\,TZT:,,MS After 24 weeks, for patients treated with active TMS prior to entry to Study 103, the all-cause Eé g 10
40% of patients do not benefit sufficiently from, or are intolerant to, existing antidepressant =) N2 discontinuation rate (31.8%) was lower than observed in patients treated with sham TMS o
interventions, including trials of medication and psychotherapy. Indeed, a substantial proportion of Demographic Variables prior to study entry (47.8%) [Figure 5]. c;é' 0
patients manifest a chronic, treatment -resistant course of iliness. The need for a new and more « N (%) Female 24 (54.5) 11 (47.8) Week 24
diverse array of treatment options is clear. * Ageinyears (SD) 49.2 (9.7) 48.6 (10.2) After 24 weeks, for patients treated with active TMS prior to entry to Study 103, the Kaplan- Study 101 Active TMS: 37.4%
Transcranial magnetic stimulation (TMS) is a method of using powerful, briefly pulsed magnetic fields * N (%) Caucasian 39 (88.6) 19 (82.6) Meier survival estimate of the protocol-defined relapse rate (7.8%) was lower than Study 101 Sham TMS: 60.8%
to induce electrical currents in a focused manner in a conducting substance. Applied to the brain lliness History observed in patients treated with sham TMS prior to study entry (15.0%) [Figure 6].
as a target electrical conductor, TMS is unlike other methods of electrical stimulation because the * N(%)Recurrentlliness 42 (95.5) 20 (87.0)
effects can be directed in a more localized manner than with electroconvulsive therapy. TMS can be *  Mean duration of current episode in mos (SD) 12.4 (8.8) 15.1(9.4) Observation of longitudinal symptom change, as measured by both continuous and
dministered as sing| itive pul i ferred ‘trains’, of short (i | r N {Zeywith duration = 24 mos 37 (8a.) 19 (82.9) categorical outcomes demonstrated sustained evidence of clinical benefit for patients ReSUIts- safe
administere as smgg or repetitive pu ses, sometimes referred to as_tralns , of s ort (|e_, severa - N (%) w/comorbid anxiety disorder 18 (40.9) 3 (13.0) & _ _ P
seconds) duration. It is now well-established that TMS can affect brain function in the direct area of Troatment Histo who completed the 24-week period of observation [Data not shown]. _ o _
the induced electric currents. Furthermore, these local effects may produce broader, indirect Avg #ofAdrgquate Antidepressant Trials in Current 16 17 e No seizures, suicides or deaths occurred in Study 103
functional effects in brain areas distant from the site of direct stimulation. Episode (ATHF -validated) - Six serious adverse events were reported, none were assessed by
We have recently reported the results of a large, multisite randomized controlled trial of TMS Symptom Severity the study investigator as device-related
sompared o 2 sham TMS ntorvention in pationts with pharmacoresistant unipolar major . HAmD3 ol oo (50 2066 | 99(66) * Nonvserious adverse events were consistent with those
pare P P P . ) o = previously observed in the acute efficacy results in Study
depression. HAMD17 Total Score (SD) 6.5 (4.8) 7.5 (5.0)
. . . . . CGI-Severity Total Score (SD) 1.9 (1.2) 2.3 (1.0) : . : : : 101 [Table 3]
In this report, we separately examine the persistence of the acute response to TMS during follow up . IDS-SR Total Score (SD) 14.4(98) 13.4.(9.4) Figure 5. Study 103: All-Cause Discontinuation Rates Across 24 _
after successful treatment in the randomized controlled study. There are two questions of interest — — Weeks of Follow Up - The most commonly observed device-related adverse events were
with regard to persistence of effect of TMS: application site pain, muscle twitching, and headache
60 T active THS -6 weeks Study 107) * Active TMS was safely reintroduced as an add-on rescue
1) Does the clinical benefit of TMS dissipate immediately upon discontinuation of active Acute Efficacy of TMS Demonstrated in Study 101 o Sham TMS (Study 101) treatment with concurrently administered antidepressant
treatment or during taper? (Short-term persistence) 50 pharmacotherapy

e Active TMS showed a significant benefit over sham TMS on continuous outcome measures at 4
and 6 week time points (MADRS total score: P = 0.057 and 0.058, HAMD24 total score: P=0.012
and 0.015). (Figures 2a, 2b)

2) Does the acute benefit of TMS persist over a clinically meaningful duration of follow-up,
(eg, 24 weeks after resolution of acute symptoms)? (Long-term benefit)

Persistence of benefit was assessed by evaluation of: The clinical significance of these group differences are supported by significant outcomes for the

% of Patient Group
Discontinuing for Any Cause

- Medications used in this study included SSRIs (citalopram,
40 escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline), SNRIs
(venlafaxine, duloxetine), and others (bupropion, mirtazapine, and

30 trazodone)
20 Table 3

Study 101 Study 101
10 Body System Active TMS Sham TMS

(-) Preferred Term (N=44) (N=23)
I

contrasts between active and sham TMS that were observed on categorical responder rates at 4
T and 6 weeks and on categorical remission rates for the MADRS and HAMD?24 at 6 weeks.
Longitudinal symptom change (short-term and long-term outcomes) :
(Figures 3a, 3b).
Time to first rescue treatment with TMS (long-term outcome), e Analysis of HAMD Factor Scores confirmed a strong clinical effect of active TMS on core
. . o . depression and anxiety symptom scores. (Data not shown). Gastrointestinal disorders
Relapse of illness despite medication maintenance and TMS rescue (long-term outcome). P y symp ( ) Week 4 Week 24 - Constipation 0 0
- Dry Mouth 0 0
. . o o General disorders and site
Study 101 Active TMS: 2.3 o/o 31.8 0/o administration conditions
M ethods Figure 2a. MADRS Total Score Change from Figure 2b. HAMD24 Total Score Change from Study 101 Sham TMS:  4.3% 47.8% - Application site pain 3(6.8) 6(26.1)
Baseline During Acute Treatment Phase Baseline During Acute Treatment Phase 0":'_“5‘::'05"9'9‘3' and connective tissue
isoraers
Assessment of Short—Term PerS|stencg <_)f Effect | | 0 ' ' | 8- Active TMS 0 K ' ' ' & Active TMS - Arthralgia 1(2.3) 0
A three-week period of treatment transition, or Taper Phase, was included at the conclusion of the acute phase of p Week2 Week4 Week6 | o o tms e Week2 _ Week4 _ Week6 | , o omTMs - Muscle twitching 2 (4.5) 3 (13.0)
TMS could be maintained without abyupt loss of ffect for a sufficient interval to llow for clincally appropriate. 5\ i \u Figure 6. Study 103: Kaplan-Meier Survival Estimate of Protocol- oo disorders 3 62 267
~ ~ . - Headacne . .
transition to maintenance treatment on a known active antidepressant medication. Choice of medication in this % 3 \\ ! % 3 \ Defined Relapse Rates Across 24 Weeks of Follow Up Psychiatric disorders
phase was restricted to antidepressant monotherapy only. 5 4 \ 5 4 \ 20 - Insomnia 0 0
§ § -5 Q .
Assessment of Long-Term Persistence of Effect = 5 *\ z 6 h\ * * 3 M Active TMS - 6 weeks (Study 101) Incidence of adver - ring at an overall rate of 5% or areater in
All patients were followed in Study 103, an open-label, continuation of effect study (Study 103), for 24 weeks. Active - & - 7 -. !. (3 g 18 @ Sham TMS (Study 101) t(; etceto a ;/e se eve ds oceurl dgba ,31 gve at' ate ot 970 Ob gblea erl
open-label TMS was permitted in this study as a rescue add-on treatment for symptom breakthrough. The criterion | | 8 = 'q:J 16 g' f_e_rt rlea Tind%mfhp’ atn dazseg,se y the Investigator as probably or
for symptom breakthrough sufficient to require TMS rescue treatment was defined by deterioration in CGl-Severity 7 o= clinitely refated to the study device
score of at least 1 point, obser\{ed overa 2 weelf mtgrval of time. If this criterion was established, TMS was initiated ANGOVA, (p=0.057 for week 4 contrast, p=0.058 for week 6 contras ) AES g\-/c:\f: (620,012 for weok 4 contrast, p-0.015 or woek & contrast) nc_U O 14
as an add-on to the current antidepressant medication regimen. Relapse was defined as recurrence of the full c g .
syndrome of major depression per DSM-IV criteria observed over at least 2 weeks at any time. Patients were SN % 12 co n cl u s I o ns
discontinued from study if they met criteria for relapse, or if they received complete, 6 week reintroduction course of Figure 3a. MADRS Categorical Outcome Figure 3b. HAMD24 Categorical Outcome o
TMS rescue with symptom improvement, and referred for appropriate clinical management. Assessments Assessments L 10 _ _ _ . _ i
o o 29 e Active TMS is an effective acute treatment in patients with
Efficacy Outcomes MADRS Response Rates MADRS Remission Rates HAMD24 Response Rates HAMD24 Remission Rates = 8 8 . . . .
. . . , (50% Improvement from Baseline) (MADRS Total Score < 10) (50% Improvement from Baseline) (HAMD24 Total Score < 11) n = ma_lor depreSS|On WhO have nOt rece|Ved adeq Uate beneﬂt
Depression symptoms were assessed using the Montgomery-Asberg Depression Rating Scale (MADRS) and the 24- w O 6 .
item and 17-item Hamilton Depression Rating Scales (HAMD24 and HAMD17). Data are summarized by continuous o 010 * *ok Pro10  P2010 {L\ o o0 * * P20l P01 (i\ o o from prior treatment
outcome defined as the change from baseline in mean score, and by categorical outcomes with response defined an - ’_‘ — o - [ 8’ 4 ° - : : -
as a >50% reduction from baseline score, and remission defined as total score <10 for MADRS and <11 for e T i B4 6B 04 M6 2o 181 - 52 27 90 B2 174 82 == Durlpg continuation _fO”OW_Up for up to 24 weeks, pa_tlents
HAMD24. g s g : S2 27 previously treated with active TMS show greater clinical
Relapse during long-term treatment was determined as described above. %15_ 15 %15 1 % 0 - | benefit compa red with patients treated only with sham TMS
Safety Outcomes . 5i-:k : 1: 1:. < Week 4 Week 24 prior to follow up
Adverse events were assessed at each treatment visit. Verbatim terms were coded by body system and preferred o o o o . ) ° ' : '
term using the MedDRA coding thesaurus, Study 101 Active TMS:  2.3% 7.8% Remtr.od uction of active TMS can be used safgly and
T = SO W s T . B - Acive TS Study 101 Sham TMS:  4.4% 15.0% effectively as an add-on rescue treatment during a
<. VS sham, <. VS sham = Sham TMS P < .05 vs sham . = Sham S . . . . .
_ — e continuation course of antidepressant medications
Figure 1. NeuroStar TMS Therapy Clinical Development Program:
Study 103 (Evaluation of 24 Week Maintenance of Effect) | o | |
For patients trea_ted with active TMS prior to entry_lnto Study 103 an_d who completed 24 The TMS Thera py Stu dy G rou p
Active TMS . i ] weeks of maintenance follow-up, 36.4% experienced symptomatic worsening and were
Acute Efficacy & Maintenance ﬁaronson, S_(She_ppard Prqt_’r Health System, Baltimore, MD)
o _ _ . _ _ * Avery, D (University of Washington, Seattle, WA)
Safety Study Improved of Effect Study The clinical effect of TMS was sustained as observed during the 3-week transition to medication Over 2/3rds of these patients benefited from TMS reintroduction and continued in the , Santerbury, X Eg':‘;f’::\éﬂgg%;‘fn e Y onfo, Cana da)
“ ” “ ” : : : : ; FAG ; ; * is, r r icti , Tor ,
101 103 monotr_\erapy during the_Taper Phase, with continued improvement in clinical benefit observed in study +* Demifrack, MA (Neuronetics, Inc.. Malvern, PA)
N= (325) N= (136) the active TMS group. (Figure 4). * Fitzgerald, P (The Alfred Hospital, Melbourne, Australia)
_ o _ _ For patients treated only with sham TMS prior to entry into Study 103 and who completed 24 :gﬂ?;:e \;V kNﬁ:;?gjrs;emcUn:/:vrzv g:)lcago, IL)
(N=23) P The sustained nature of this clinical effect is demonstrated by the observation that over 90% of weeks of maintenance follow-up, 47.8% experienced symptomatic worsening and were * Husain, M (UT Southwestern, Dallas, TX)
Not patients treated with active TMS who met response criteria at the end of the Acute Phase still met provided with active TMS reintroduction [Table 2]. :IJsen_be:(g.PK I(2W<:'|1srl\'in_gfon_ Ungﬁrsify. Sf-ILLouis, MO)
Improved response criteria at the end of the Taper Phase of Study 101. x K?g;? A(éul,’(‘; Un'?\',‘:;?f':,’f’ou,;,?rﬁ?,’qcl,
Less than half of these patients benefited from TMS reintroduction and continued in the ** George, M (Medical University of South Carolina, Charieston, SC)
* Lisanby, S (Columbia University, New York, NY)
> stu dY- * Loo, C (The Black Dog Institute, Sydney, Australia)
\/ * Maixner, D (University of Michigan, Ann Arbor, Ml)
Open Label Improved The Kaplan-Meier survival estimate of the percentage of patients experiencing symptomatic  porangell bvt':gx:g:fﬁr'"sgfﬁfyf "A"ﬁ:r'\f;"eé;';’”sm“' ™)
Crossover Study deterioration and requiring active TMS reintroduction was 37.4% in patients previously * Nahas, Z (Medical University of South Carolina, Charieston, SC)
—_— treated with active TMS and 60.8% in patients previously treated with sham TMS * O'Reardon, JP (University of Pennsylvania, Philadelphia, PA)
] * Richelson, E (Mayo Clinic, Jacksonville, FL)
[FigureT7]. * Rosenquist, P (Wake Forest University, Winston-Salem, NC)
Improved = >25% decrease in HAMD17 ** gackeim, H (Columbia University, New York, NY)
Total Score compared with baseline * Sampson, S (Mayo Clinic, Rochester, MN)
** Schatzberg, AF (Stanford University, Palo Alto, CA)
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