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Clinical Significance of Transcranial
Magnetic Stimulation (TMS) in the
Treatment of Pharmacoresistant

Depression: Synthesis of Recent Data
By Mark A. Demitrack, Michael E. Thase

ABSTRACT ~ Transcranial magnetic stimulation (TMS) is a novel treatuient forpatients
with major depressive disorder. Although clearly safer and better tolerated than many
other pharmacotherapeutic options or electroconvulsive therapy, questioms have persisted
about the magnitude of the efficacy of TMS in patients withypharmaggresistant depres-
sion, and the clinical significance of these outcomes. Previousstudies have explored
whether specific patient characteristics are associated with agreateriikelihood of clinical
benefit. In the largest such analysis conductedoydate, the authors confirmed previous
observations that the lower the number of prior failed antidepressant treatments, the bet-
ter the clinical outcome of treatment with LCMSE T hisvelationship between prior treat-
ment resistance and subsequent treatment outeone is consistent with previous evidence
from antidepressant studies. The autfiors examined the clinical significance of the treat-
ment effects seen with TMS in pharnpacoresistant major depression in their recently com-
pleted studies by comparing gheseloutcames with the results reported in several large,
comprehensive published refexence datasets of antidepressant medications studied in both
treatment-responsive and freatmeniéresistant patient populations. The efficacy of TMS
demonstrated in raqdomized controlled trials was comparable to that of pharmaceutical
antidepressants studiedpn similarly designed registration trials and to the adjunctive use
of atypical'antipsychotic medications in controlled trials of antidepressant non-responders.
These data magbe helpful in treatment-planning decisions when using TMS in clinical
practiée. Psyehopharmacology Bulletin. 2009;42(2):5-38.

INTRODUCTION

Majofsdepression is a severe, disabling, and potentially lethal clinical disorder
(Kessler et al., 2003; Murray and Lopez, 1996; American Foundation for Suicide
Prevention, 2009). While there are a wide variety of pharmaceutical agents avail-
able as treatments for major depression, almost all, have been studied in and
approved for use only as initial treatments. Of these agents, only about half of
patients respond to an initial course of antidepressant pharmacotherapy (Sackeim,
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2001; Rush, Thase and Dubé, 2003), and for these patients, current stan-
dard of care involves an empirical series of treatment attempts, typically
using medication switches, antidepressant combinations, or adjunctive
therapy with mood stabilizers, benzodiazepines, atypical antipsychotics,
or other agents (Greden, 2002). The adverse event burden and tole-
rability of some of these more complex interventions is not trivial and is
a major factor that hinders patient adherence to treatment (Papakostas,
2008). Moreover, in the Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) project, the therapeutic potential of severalfof the
more advanced treatment options, including lithium augmentation
(Nierenberg et al., 2006) and switching to some of the alterhate‘antide-
pressants studied (nortriptyline, mirtazapine and tranyleypromine; Fava
et al., 2006; McGrath et al., 2006), was limited by difficulties with
implementing trials of adequate dose and duration, Stmilarly, although
there is increasing evidence that at least some (0f the, atypical antipsy-
chotics are effective as adjuncts to antidepressants, the/potential for later
emerging side effects, including weight gdin and, dyslipidemia, warrants
6 Doth caution and careful clinical mdnagement.

It has been conservatively estimated that at least 15% of all patients
with major depressive disorderfgémain refractory to any treatment
intervention (Greden, 2002; Rush'€gal., 2003). While a complex rela-
tionship exists between disease chronicity and ineffective treatment
(Leon et al., 2003), clinical'evidence argues that the greater the num-
ber of treatment fajlures;jthe less likelihood of a good treatment
response to s@ibsequent interventions (Prudic et al., 1996; Sackeim,
2001). The“gecedtly reported results of the STAR'D study are the
most vivid example of this clinical phenomenon (Trivedi et al., 2006a,
2006bsRaush et alip2006a, 2006b; Fava et al., 2006; Nierenberg et al.,
2006; MeGrath et al., 2006). In that work, there was a progressive
likelthoed of'poorer response with each successive treatment failure.
Foriexample, after the first treatment attempt, about 30% of patients
remitted. By the time that a patient had experienced 3 definitive treat-
ment failures, the likelihood of achieving remission with the fourth
treatment option offered fell below 10%. Good clinical outcomes are
also dependent upon the safety and side effect profile of the medica-
tion and hence the patient’s ability to tolerate the treatment at a suf-
ficient dose for an adequate length of time. When studied with
rigorous assessment tools, reaching this minimum level of treatment
adequacy occurs usually only in about one in four treatment attempts
(Prudic et al. 2004). Taken together, these facts underline the clinical
urgency for physicians to identify and respond to early evidence of
treatment resistance using treatments that have proven efficacy in
these more difficult-to-treat patients.
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Transcranial magnetic stimulation (TMS) is a non-invasive method
used to electrically stimulate superficial cortical neurons, using rapidly
alternating MRI-strength magnetic fields generated by a specially-
designed magnetic coil held in contact with the surface of the head
(Davey and Epstein, 2000). Although a substantial body of work has
established that TMS is safe and effective in the treatment of patients
with major depression, questions have persisted about the relative effi-
cacy of TMS (i.e., as compared to other options used in patients with
difficult-to-treat depression) and whether or not particular subgroups
of patients are more or less likely to benefit from this intervention.

To further refine an understanding of the efficacy profile of TMS{two
separate analyses of large clinical trial datasets were explored in@rdegto
systematically identify potential predictors of antidepressantftreatment
response. In the first analysis, using data from 195 patientstacross six
different clinical trials, Fregni and colleagues (2006) reperted that
younger age and less prior treatment resistance were associated with
better response to TMS. In a separate study, Brakemeier and colleagues
(2007) performed a similar analysis in anopen-labél treatment study of 7

70 patients. Consistent with the result§ of Eregni and colleagues, they
also found that those patients with “theleast treatment resistance
showed the greatest clinical benefit.

The authors have recently reportéd the overall results of the first large,
multisite, double-blind randomized ‘@entrolled trial of TMS in the treat-
ment of pharmacoresistant miajor ‘depression (O’Reardon et al., 2007).
The results from thatgvork demonstrate that TIMS is safe and effective in
patients with unipolagmajor depression. In subjects enrolled, there was a
wide range of magnitude of treatment resistance prior to study entry.
Specifically, in€lusion critetia stipulated that patients had to have failed to
receive benefit from at least one but no more than four previous antide-
pressant trgatments at minimal effective dose and duration in the current
or most reecent gpisode of their illness. We subsequently reported an
analysis of preffeatment predictors of outcome in this large, multisite ran-
demized"eontrolled trial (Lisanby et al. 2008). Consistent with the pre-
dictepanalyses reported in the works of Fregni (2006) and Brakemeier
(2007)"described above, we replicated the observation that the best pre-
dictor of treatment response was the degree of prior treatment resistance.
In particular, treatment benefit with TMS was most striking in those
patients in our randomized controlled trial dataset who were early in the
course of their treatment resistance, namely those who had failed to ben-
efit from one previous treatment at an effective dose and duration in the
current illness episode.

The primary goals of the current review are to provide a complete
summary of the efficacy outcomes observed within the treatment
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cohort of the original randomized controlled trial, and because there are
tfew large randomized controlled trials available of treatment options for
patients who have clearly demonstrated resistance to pharmacotherapy,
to provide a comprehensive comparison of outcomes to those with sim-
ilar clinical endpoints as reported in other reference datasets from the
published literature of antidepressant medications as studied in both
treatment-responsive and pharmacoresistant forms of major depression.

METHODS

Overview of the TMS Clinical Development Program

A double-masked, randomized controlled trial of theyantidepressant
efficacy of TMS in patients with pharmacoresistant ufiipolar depression

was conducted at 23 clinical sites in the United States (N = 20),
Australia (N = 2) and Canada (N = 1). Active entollthent occurred
between January 2004 and August 2005. The“study was designed to
examine the efficacy of the Neuronetiés NeuroStar TMS Therapy

g8  System compared to a sham TV §*teatmgént gondition (O'Reardon et

al., 2007). A second, open-labelftrial (Avery et al., 2008) that followed
the same treatment sequence asytiie randomized controlled trial was
available for all patients who: a) hadiparticipated in the first study for at
least 4 weeks and, b) had giot received significant clinical benefit from
their randomized assignment. The criterion defining failure of clinical
benefit in the randomizedycontrolled trial was applied in a blinded
manner (i.e.,oth investigators and patients were unaware of the eligi-
bility criterion foffenrollment in the extension study). The specific cri-
terion to determine eligibility for entry into the open-label extension
study was failure to achieve at least a 25% improvement in total score
on the 17%item Hamilton Depression Rating Scale (HAM-D17) com-
paréd tolbaseline assessment.

In both the randomized and open-label studies, TMS was adminis-
tered @8 a monotherapy. Treatment parameters included stimulation at
120% of observed motor threshold, applied at a pulse frequency of 10
pulses per second (in repeated 30-second duration cycles of 4 seconds on
and 26 seconds off), for a total of 3000 pulses per session. Treatment
location was targeted to the left dorsolateral prefrontal cortex (DLPFC),
defined as the site 5 cm anterior to the optimal area for stimulating the
contralateral thumb, with the motor threshold location and treatment
location oriented in the same left superior oblique plane. The treatment
location was recorded with a mechanical positioning system to permit
repeatable placement of the magnetic coil at each subsequent treatment
session. All TMS sessions were delivered using the NeuroStar TMS
Therapy System, under an approved investigational device exemption.
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A more detailed discussion of the study design and the efficacy and safe-
ty outcomes of both the randomized controlled trial and the open-label
extension study have been reported elsewhere (O'Reardon et al. 2007;
Janicak et al., 2008; Avery et al., 2008; Demitrack and Lisanby, 2008).

Subject Description and Assessment of Prior Treatment Resistance

Briefly, all patients met Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV) diagnostic criteria for
unipolar, nonpsychotic major depressive disorder, confirmed by the
Structured Clinical Interview for the DSM-IV (Ventura et al,,
1998). A recurrent course of illness was reported in pearly all
patients. In addition, patients were moderately to severely illyby
symptom measures at baseline and moderately to severel§ resistant
to pharmaceutical antidepressant treatment in the current illness
episode. In the current episode alone, at the time of entfy 1nto the
randomized controlled trial, the overall patient pepulation had
received an average of 5.5 antidepressant treatfnents (S, 3.5, range
1 to 23). There was no limit placed on th€faumber of lifetime treat- 9

ment failures. Adequacy of each angideprgssant treatment attempt
was determined with the Antidepressanf Treatment History Form
(ATHF; Sackeim, 2001). The ATHF 1§,a reliable and validated
method of rating the adequacy oflantidepressant treatment trials and
has been shown to have prospectiveyvalidity in predicting future out-
comes based on the numbel of prior'failures of adequate treatment
(Prudic et al. 1996)¢ Use of,the/ ATHF in other studies has also
shown that for cagh ddequate antidepressant treatment trial, a
patient has usually experienced an average of 4 treatment attempts
(Prudic et al.®2004).

Patients who had failed one adequate antidepressant trial in the cur-
rent illnesgfepisede,@s confirmed by the ATHE, comprised the majori-
ty 545% (N = 164 patients) of the overall study population. Among
the remaindef;31.6% (N = 95) were classified as having not respond-
cdyto two adequate treatment trials, with 10.0% (N = 30) and 4.0%
(N"=,12) not responding to three and four treatment trials, respective-
ly. A summary of clinical and demographic characteristics for the sub-
group of patients who had failed one previous antidepressant treatment
in the current episode is shown in Table 1. With the exception of their
level of prior antidepressant treatment resistance, there were no sta-
tistically significant or clinically meaningful differences between char-
acteristics of the ATHF = 1 patient subgroup and those of the
remainder of the study population (Lisanby et al. 2008). A complete
description of the inclusion and exclusion criteria for patient recruit-

ment is described elsewhere (O’Reardon et al. 2007).
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(maBLE1 D

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF THE PATIENT STUDY
PoPULATION WHO FAILED TO RECEIVE BENEFIT FROM ONE PRIOR ADEQUATE
ANTIDEPRESSANT MEDICATION TREATMENT FAILURE IN CURRENT ILLNESS

EPISODE
VARIABLE NAME NEUROSTAR TMS (N = 88) SHAM TMS (N = 76)
Age in Years Mean (SD)! 48.6 (10.8) 51.9 (9.6)
Gender

* Female N (%) 44 (50.0) 424(55.3)
Ethnic Origin N (%)

* Caucasian 81 (92.0) 67 (88:2)

« All Other 7 (8.0) 9 (11.8)
Depression History N (%)

* Single Episode 3 (3.4 2(2.6)

* Recurrent 85 (96.6) 74 (97.4)
Duration of Current Episode

* Length in Months [Mean (SD)] 12.84099) 11.9 (9.1)

10 * =2 Years N (%) 17 (19.3) 10 (13.2)
Demitrack, Thase Secondary Diagnoses N (%)
* None 57 (64.8) 55(72.4)
* Any Anxiety Disorder 31(35.2) 21 (27.6)

Antidepressant Treatment in Glrent
Illness Episode
* Number of Ovgrall Antidepgessant

Treatment Attempts
Meafy (SD) 4.6 (3.0) 4.7 (3.8)
Median@®ange) 4 (1,18) 4(1,23)

* Number Antideépressant Treatments
of Adequate Dose/Duration

Mean (SD) 1.0 (0.0) 1.0 (0.0)
Mediafpr (Range) 1(1,1) 1(1,1)
Employment Status N (%)
* Uneniployed Due to
Current Illness 39 (44.3) 41 (53.9)
Baseline Symptom Severity [Mean (SD)]
« MADRS Total Score 32.1(5.8) 32.9 (6.0)
* HAM-D24 Total Score 30.0 (5.0) 30.3 (5.0)
* HAM-D17 Total Score 22.3 (3.3) 23.0 (3.8)
* IDS-SR Total Score 41.3 (8.7) 43.0 (10.3)
* CGI Severity Total Score 4.7 (0.6) 4.7 (0.7)

1P = 0.039; all other comparisons not significant (P > 0.05).

Efficacy Outcomes

Symptomatic improvement in both studies was measured by the

Montgomery—Asberg Depression Rating Scale (MADRS) and the
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HAM-D, with both 24-item and 17-item versions reported separately
tor the HAM-D. The primary efficacy outcome in the randomized trial
was the difference between response and remission to active and sham
TMS using the last available total score on the MADRS through week
4 of the acute treatment phase. Secondary outcome measures included
the MADRS total score at 6 weeks, total scores on the HAM-D17 and
HAM-D24 at 4 and 6 weeks, and categorical endpoints for response
and remission using the MADRS, HAM-D17, and HAM-D24 at 4
and 6 weeks. Response was defined as at least 50% reduction from bases
line score. Remission was defined by a total score at endpoint_of

MADRS < 10, HAM-D24 < 10, AND HAM-D17 < 7.

Statistical Methods

Efficacy analyses in the original randomized controlled trialwere per-
formed on the modified intent-to-treat sample of all evaluable patients,
defined in the protocol as those with a baseline assessment and at least
one postbaseline observation available for analysisfAllanalyses were con-
ducted in a last observation carried forwarddBOCE)'maganer. A complete 4 4

description of the prespecified statistig@l analysis methods used in the
original randomized controlled trial arejdiscussed in detail elsewhere
(O'Reardon et al.,, 2007). In the prespecified analysis of covariance
(ANCOVA) model used for the gverall study population, a treatment
(active vs sham TMS) by ATHE subgroup (ATHF = 1 vs ATHF = 2-4)
interaction was observedy(P =£0.028), therefore a follow up analysis of the
relationship between grior treatment resistance and clinical outcome was
performed. This analysisfdemonstrated that the ATHFE = 1 subgroup
showed a strong, statistigally significant, superior benefit for active TMS
compared to sham treatment, whereas the remainder of the patients did
not. A complete description of this prespecified analysis plan has been
described afid ptesented elsewhere (O’Reardon et al. 2007; Lisanby et al.,
2008):

Since ‘the opén-label study group was not representative of the ran-
demized'study population, results for this study were reported as descrip-
tive ‘Qutcomes (i.e., no a priori hypothesis was tested). There were two
potential routes of entry into the open-label study; failure to benefit from
either previous active TMS treatment, or previous sham TMS treatment.
In the data discussed here, we focus on the results observed in the latter
group of patients that transitioned from sham treatment to open-label
TMS, since this patient group represents the open-label analog to the 6
week acute treatment endpoint observed in the randomized controlled
trial. A complete discussion of the methods of analysis for the open-label
extension study and the outcomes in the entire study population are dis-
cussed in more detail elsewhere (Avery et al. 2008).
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Methods for Comparison of NeuroStar Outcomes to Other Antidepressants

In order to appraise the clinical significance of the outcomes observed
in both the randomized controlled trial and the open-label study
employing the NeuroStar TMS system, results were compared with the
findings reported in several large, peer-reviewed published reference
datasets of antidepressant outcomes of pharmaceutical interventions for
major depression (Table 2). These data included several large sum-
maries of FDA registration submission databases obtained by those
authors under the Freedom of Information Act (Khan et al., 200092001
and 2007; Turner et al., 2008). These datasets provided a comprehen-
sive overview of continuous outcome measures, i.e., mean,¢hange from
baseline in total depression symptom scores, which are reutingly used as
the primary outcome measures in regulatory evaluatidns ofjpew antide-
pressants. The recent large and comprehensive dataset utilized in the
report by Turner and colleagues (2008) also summatized standardized
effect sizes for these outcomes, which enablesta reasonable statistical
comparison of treatment effects across various' studies. These publica-

12  tions are authoritative because thefificlude’the most exhaustive review

of antidepressant clinical trial d@ta available, they contain both positive
and negative studies, and includegesults of all otherwise unpublished
studies conducted by the relevantypharmaceutical companies. Also,
these summaries are contemporary to the TIMS results reported here
and therefore similar study design approaches and identical depression
rating scale outgome§ weréyused. These data sources typically do not
contain information o categorical clinical outcomes (e.g., response or
remission rates), since these are traditionally used as secondary outcome
measures in regulatory review of new antidepressants. Therefore, in
order togaccomplish a comparison of categorical outcomes, we used
another puablished, large reference dataset of a comprehensive series of
studies ‘of bupropion where such categorical outcomes were described
(Thase et al. 2005). Similar to the publications noted above for contin-
uous olitcomes, this latter report is informative since the author had full
aecess to the entire registration dossier for this pharmaceutical agent
and so was able to summarize information on both positive and nega-
tive clinical trial results. For two of the more recently approved antide-
pressants, duloxetine and selegiline (transdermal patch), the sponsors’
peer-reviewed primary data publications were utilized as these appeared
to represent nearly exhaustive summaries of their respective develop-
ment programs (Detke, 2002a, 2002b; Goldstein, 2002, 2004; Perahia,
2006; Feiger, 2006; Bodkin, 2002).

The majority of the reference comparison datasets that we have
used consist of studies performed in patients preferentially recruited
based on the prior likelihood of response to treatment, i.e., patients
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with historical evidence of resistance to antidepressant treatment were
typically excluded from such studies. There are, unfortunately, fewer
comparative datasets of large, multisite clinical trials conducted in
patient populations where the inclusion criteria specifically and prefer-
entially selected subjects based on demonstrated evidence of their fail-
ure to benefit from prior treatment, as was done for the NeuroStar
TMS study results reported here. The two largest reference sources of
such studies in treatment-resistant patient populations are the recently
completed reports for the development of the combination of olanzap<
ine and fluoxetine (Shelton et al. 2005; Corya et al. 2006; Thase et al.
2007) and studies of the recently FDA-approved adjunctive treatment
with aripiprazole (Berman, 2007; Marcus, 2007).

In a similar manner, in order to assess the clinical significdnce ‘of the
open-label study results, we compared those outcomes to_thelesults of
the recently reported, large multisite STAR*D study (Iriged® et al.
2006a, 2006b; Rush et al. 2006a, 2006b; Fava et al. 2006; Nierenberg
et al. 2006; McGrath et al. 2006). STAR*Dfsequentially exposed

patients to progressively more complex ph@ffnacotherapy regimens fol- 9

lowing repeated failures to benefit frofn the preceding antidepressant
treatment assignment. While there are ‘differences’in the design of the
STAR*D and the NeuroStar TMS clinical'§tudies, we believe the com-
parison is reasonable for several redsons. In the STAR™D study, patients
entering at Level 1 could not have previously been treated with any of
the agents used in the first tfo treatment levels of STAR*D; therefore,
these patients represefited a telatively treatment-naive patient popula-
tion at study entry. Patiedts were subsequently permitted to enter Level
2 in the STARD studwyif they had failed to achieve remission after 12
to 14 weeks ofigzeatment i Level 1. In other words, at entry to Level 2
they had shown ¢lear evidence of failure to benefit from one prior treat-
ment at anfetfective’dose and duration in their current illness episode.
Therefore;the outcomes in the NeuroStar TMS ATHEF = 1 population
were compared only with those of the STAR*D study Level 2, since
these twéiditterent groups provide the closest possible parallel for prior
treatinent history across the two studies.

Results from the NeuroStar TMS Therapy clinical trials were com-
pared with those of antidepressant medication trials (both random-
ized controlled and open label studies) that variably employed several
different clinical outcomes and statistical measures. For the random-
ized controlled trials, the primary outcome measure in virtually all the
antidepressant medication registration studies reported was the dif-
ference in the mean change score from baseline for the 17-item
HAM-D, compared between the two treatment groups at study end-
point. Interestingly, for all of the randomized controlled trials of
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antidepressant medications that enrolled treatment-resistant patients,
the MADRS was used as the primary outcome measure. Since the
NeuroStar studies obtained both measures, we report the results for the
relevant rating scale to provide the most accurate comparison across
studies. A commonly used secondary outcome measure in most studies
is the categorical outcome measure of response rate, again compared
between the two treatment groups at study endpoint. Calculation of
effect size offers a more general statistical method of comparing results
across different studies (Kraemer and Kupfer, 2005). Two comfnonly
used methods to calculate effect size are the standardized eftectysize
(e.g., Hedge’s g, which compensates for bias in circumstanges of
unequal sample sizes) for continuous outcome measures@ndithe success
rate difference (SRD) and the number needed td tréat (NNT, or
1/SRD) for categorical outcomes. To compute valuesdor Hedge’s g we
followed the method previously described by Jurnefjand colleagues in
their recent report (Turner et al. 2008).
Because the STAR'™D trials used regissioh, (as, measured by the
16 HAM-D) at study endpoint, this si€asurcialonelis used to compare out-

comes between STAR*D Level 2 and Neurostar TMS therapy trial

Demitrack, Thase :
during open-label treatment.

RESULTS

Efficacy Outcomes
TMS Therapy Randomizéd Controlled Study

In patients who had failed to benefit from one prior antidepressant
treatment at minifal effective dose and duration in their current illness
episode; there was a statistically significantly superior outcome on the
prim@fpoutedme measure, MADRS total score change from baseline
after 4 weeks of treatment with NeuroStar TMS (Active TMS LS
meann="—7.1 points vs Sham TMS LS mean = —2.1 points, P =
0:0006) (Fig. 1a). A similar pattern of efficacy for active TMS compared
to sham TIMS was also observed on the secondary outcome measures for
both the HAM-D24 (P = 0.0006) and HAM-D17 (P = 0.0011)
(Fig. 1b, Fig. 1c). As is shown in the Figures, statistical significance per-
sisted on all 3 continuous outcome measures through the secondary time
point of week 6.

Pre-specified secondary outcomes also included several factor scores
tor the HAM-D, including the Core Depression (Sum of HAM-D
Items 1,2,3,7,8), Maier (Sum of HAM-D Items 1,2,7,8,9,10), Gibbons
(Sum of HAM-D Items 1,2,3,7,9,10,11,14), Anxiety/Somatization
(Sum of HAM-D Items 10,11,12,13,15,17), Psychomotor Retardation

PsycHopHARMACOLOGY BuLLETIN: Vol. 42 - No. 2

o



DEMITRACK_MWM_050409.0Q0XpP 7/14/09 1:46 PM Page%@

CLINICAL SIGNIFICANCE OF TRANSCRANIAL MAGNETIC STIMULATION

( FIGURE 1A )

RANDOMIZED CONTROLLED TRIAL: BASELINE TO ENDPOINT CHANGE IN
MADRS TOTAL SCORE

Baseline Week 2 Week 4 Week 6

**

-6 kK i

7 P =0.0018

8 P = 0.0006 N T9063

NeuroStar TMS (N = 88) Sham TMSy(N'SHZ6)

Baseline to Endpoint Change

Note: P-value represents the change from baseline contrast between treatmént group comparison using
ANCOVA model, change from baseline = baseline MADRS scorg,\ centenandfreatment. 17

* =P <0.05* =P <0.01," =P <0.001. Demitrack, Thase

All computations performed on modified intent-to-treat, evalliable population in last-observation-carried
forward (LOCF) manner.

(FiGuRE 18 ),

RANDOMIZED CONTROLEKED TRIAL: BASELINE TO ENDPOINT CHANGE IN
HAM-D24 TOTAL SCORE

Baseline Week 2 Week 4 Week 6

L o

6 *%

Kok *k

Baseline ta'Endpoint Change

8 P =0.0066
- P =0.0006 P =0.0041

NeuroStar TMS (N = 88) Sham TMS (N = 76)

Note: P-value represents the change from baseline contrast between treatment group comparison using
ANCOVA model, change from baseline = baseline HAM-D24 score, center and treatment
*=P<0.05*=P<0.01," =P <0.001.

All computations performed on modified intent-to-treat, evaluable population in last-observation-carried
forward (LOCF) manner.
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(_mGURE 1C )

RANDOMIZED CONTROLLED TRIAL: BASELINE TO ENDPOINT CHANGE IN
HAM-D17 TOTAL SCORE

Baseline Week 2 Week 4 Week 6
0
)
2
T -1
<
O
€ -2
o
S
2.3
L
L
o -4
£ *
‘;w; -5 *% *%
5 P =0.0157 - ®
) P =0.0011 P =0.0034
=e=- NeuroStar TMS (N = 88) Sham TMS (N = 76)
18 Note: P-value represents the change from baselingdontrast between treatment group comparison using

ANCOVA model, change from baseline = baseline HAM-D17 seore, center and treatment.
*= P <0.05% =P <001, =P < 0.001,

Demitrack, Thase

All computations performed on modified intent-to-treat, evaluable population in last-observation-carried
forward (LOCF) manner.

(Sum of HAM_-D Itéms 137,8714), and Sleep (Sum of HAM-D Items
4,5,6) subscaléfactorsyAs shown in Table 3, there was statistically sig-
nificant supegiorify of active TMS on all subscale outcomes with the
exception of theSleep factor score.

Categorical outeomes showed statistically significant superiority of
active TMIS compared to sham for all 3 depression rating scales for
responseyrate after 4 weeks of acute treatment, with persistence and
growth in this rate through week 6 (Figs. 2a, 2b, 2¢). The more strin-
gent odtcome of remission showed statistically significant superiority
foractive TMS compared to sham at 6 weeks for 2 of the 3 depression
symptom scales (Figs. 3a, 3b, 3¢).

TMS Therapy Open-Label Extension Study

The primary effectiveness outcome was the change from baseline
(obtained as the last observed value at exit from the randomized study)
in MADRS total score. These data are summarized in Figure 4a, which
displays the mean change from baseline for the Sham to TMS treat-
ment group through the end of the acute treatment phase (week 6).

Protocol-specified secondary efficacy outcomes included change from

baseline on the HAM-D24 and HAM-D17 total scores and showed
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( FIGURE 2A

RaNDOMIZED CONTROLLED TRIAL: MADRS RESPONSE RATES

Week 2 Week 4 Week 6
30 *k
P =0.0026

~ 25 **
< P=0.0083
]
< 20
x
@ 15 *
o
5 P =0.0471
2 10
0]
x

5

4.0
0
m NeuroStar TMS (N = 88)
Note: Responder defined as =50% reduction in total score co P-value calculated using

20 a logistic regression model: Responder = Center,

Demitrack, Thase

All computations performed on modified intent at, evaluable population in last-observation-carried
forward (LOCF) manner.

(_FIGURE 28

RANDOMIZED TROLLE AL: HAM-D24 RESPONSE RATES

2 Week 4 Week 6
30 *
P =0.0139

— 25 i
X P =0.0047
[0]
©

1

P =0.0670

8 10
[0]
5
0 5.3 9.2 13.2
)

® NeuroStar TMS (N = 88) m Sham TMS (N =76

Note: Responder defined as =50% reduction in total score compared to baseline P-value calculated using
a logistic regression model: Responder = Center, Treatment Group.

* =P <0.05* =P <0.01," =P <0.001.

All computations performed on modified intent-to-treat, evaluable population in last-observation-carried
forward (LOCF) manner.
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(_mGURE 2¢ D

RANDOMIZED CONTROLLED TRIAL: HAM-D17 RESPONSE RATES

Week 2 Week 4 Week 6
*%
30 . P = 0.0025
P =0.0042
25

N
o

P =0.0819

0

m NeuroStar TMS (N = 88) m Sham TMS (

-
o

Responder Rate (%)
o

a

Note: Responder defined as =50% reduction in total score compared to
a logistic regression model: Responder = Center, Treatment

=P <0.05," =P <0.01, = P <0.001. 21

. . . R . . Demitrack, Thase
All computations performed on modified intent-to-treat, po n in last-observation-carried

forward (LOCF) manner.

( FIGURE 3A ))

RANDOMIZED CONTROLEED TRI : MADRS REMISSION RATES

Week 4 Week 6
18 P :) 0120
16 -
: O
P =0.2649

o ! 1.3 5.3 5.3

m NeuroStar TMS (N = 88) = Sham TMS (N = 76)

Note: Remission defined as MADRS total score <10 at time point of observation. P-value calculated
using a logistic regression model: Remission = Center, Treatment Group.

=P <0.05,™ =P <0.01, " = P <0.001.

All computations performed on modified intent-to-treat, evaluable population in last-observation-carried
forward (LOCF) manner.
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(_miGURE 38 )

RaNDOMIZED CONTROLLED TRIAL: HAM-D24 REMISSION RATES

Week 2 Week 4 A/Veek 6
18 P =0.0112
16
~ 14
X
s 12 .
T 10
@ P = 0.0480
o 8
€ 6
(0]
X 4
2
2.6
0

22

* =P <0.05*=P<0.01,** =P <0.00

Demitrack, Thase

All computations performed on modified inten e population in last-observation-carried

forward (LOCF) manner.

(_mGURE 3¢ D
RANDOMIZED TR LW\L: HAM-D17 REMISSION RATES
ek 2 Week 4 Week 6
16 P =0.0656

e (%)

emit

14
P =0.1167
P =0.1926
2.6 5.3 7.9

®m NeuroStar TMS (N = 88) = Sham TMS (N = 76)

SO N B O O

Note: Remission defined as HAM-D17 total score <8 at time point of observation. P-value calculated
using a logistic regression model: Remission = Center, Treatment Group.

* =P <0.05* =P <0.01," =P <0.001.

All computations performed on modified intent-to-treat, evaluable population in last-observation-carried

forward (LOCF) manner.
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results consistent with those observed for the primary outcome on the
MADRS (Fig. 4b, Fig. 4c¢).

Clinical improvement was also evident on the categorical outcome
measure of response (Figs. 5a, 5b, 5¢), for the MADRS, HAM-D24
and HAM-D17, respectively. Finally, clinical improvement was evident
on the measure of remission, as defined by a MADRS total score of
<10, HAM-D24 total score of <10, or HAM-D17 total score of <7 at
endpoint, respectively (Figs. 6a, 6b, 6¢).

Summary of Treatment Effects and Effect Sizes

Randomized Controlled Studies

A summary of the mean change score from baseline on thie FRAM;
D17 is shown in Figure 7 for both randomized controlled studies con-
ducted for eleven currently marketed pharmaceuticalgantideptessants
and for the NeuroStar TMS study results. In this summary, the HAM-
D17 is used since that scale is the most ubiquigdusiprimi@ry outcome
measure in the cited pharmaceutical referemee studies.

23

In a recent comprehensive meta-analysis, Turner and‘colleagues calcu-
lated the standardized eftect size for trials,of 12 marketed antidepressant
agents (12,564 subjects) registered in theRt' DA clinical trial databse.

Demitrack, Thase

{ FIGURE 4A )

OPEN-LABEL TRIAL: BASELINE TOENDPOINT CHANGE IN MADRS TOTAL SCORE

Baseline Week 2 Week 4 Week 6

P <0.0001

*kkk

Baseline tog&ndpoint Change

-18
P <0.0001

*kkk

=0= NeuroStar Open-Label TMS (N = 43)

Note: P-value represents the change from baseline contrast within treatment group comparison using
ANCOVA model, change from baseline = baseline MADRS score and treatment.

*=P <0.05*="P<0.01,* =P <0.001, ** = P < 0.0001.

All computations performed on modified intent-to-treat, evaluable population in last-observation-carried
forward (LOCF) manner.
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(_miGURE 48 )

OPEN-LABEL TRIAL: BASELINE TO ENDPOINT CHANGE IN HAM-D24 TOTAL SCORE

Baseline Week 2 Week 4 Week 6
0
[0]
g 2
ey
o 4
€
S -6
o
2 3
LLi
L 10
(0]
% -12
) P <0.0001
g -14 *kkk
-16 P <0.0001

«o= NeuroStar Open-Label TMS (N'= 43)  ****

Note: P-value represents the change from baseline contrast within treatment group comparison using
ANCOVA model, change from baseline = baseline JAIM-1D24 store and treatment.

* = P < 0.05,* = P < 0.01,* = P < 0.0014%* = PJ< 0.0001"

All computations performed on modified intent<to-tfeat, evaluable population in last-observation-carried
forward (LOCF) manner.

(_mGURE ac )

OPEN-LABEL TRIAL: BASERINE TO ENDPOINT CHANGE IN HAM-D17 TOTAL SCORE

Baséline Week 2 Week 4 Week 6

0
(0]
2
& -2
O
04
(o)
o
20, -6
LLi
o 8 P <0.0001
o -
E *kkk
§ -10 P < 0.0001
m *kkk

-12 P <0.0001

*khkk

=0= NeuroStar Open-Label TMS (N = 43)

Note: P-value represents the change from baseline contrast within treatment group comparison using
ANCOVA model, change from baseline = baseline HAM-D17 score and treatment.

*= P < 0.05,* = P < 0.01,* = P < 0.001, ** = P < 0.0001.

All computations performed on modified intent-to-treat, evaluable population in last-observation-carried
forward (LOCF) manner.
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(_ FIGURE 5A D

OPEN-LABEL TRIAL: MADRS RESPONSE RATES

Week 2 Week 4 Week 6

60
(95%Cl: 37.7 — 68.8)

50

40
(95%Cl: 19.1 — 48.5)
30

20 (95%Cl: 6.8 — 30.7)

Responder Rate (%)

10

m NeuroStar Open-Label TMS (N =

Note: Responder defined as =50% reduction in total score compared to |
lated as the ratio of the actual number of responders at the speci

e rate is calcu-
e total num-

25

2+ O

{_ FIGURE 58 )
OPEN-LABEL TRIAL: 24 RESPONSE RATES
ek 2 Week 4 Week 6
60

(95%Cl: 37.7 — 68.8)

(95%Cl: 23.0 — 53.3)

(95%Cl: 11.8 — 38.6)
20

Responder

10

m NeuroStar Open-Label TMS (N = 43)

Note: Responder defined as =50% reduction in total score compared to baseline. Response rate is calcu-
lated as the ratio of the actual number of responders at the specified time point divided by the total num-
ber of subjects (N = 43). 95% confidence intervals are shown in parentheses above each bar.
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(_mIGURE 5¢ )

OPEN-LABEL TRIAL: HAM-D17 RESPONSE RATES
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( FIGURE 6A )
OPEN-LABEL T : MISSION RATES
Week 4 Week 6
25 (95%Cl: 11.8 — 38.6)
— 20
X
Q

(95%Cl: 2.6 — 22.1)
(95%Cl: 1.5 — 19.1)

Re

m NeuroStar Open-Label TMS (N = 43)

Note: Remission defined as MADRS total score <10 at time point of observation. Remission rate is
calculated as the ratio of the actual number of remitters at the specified time point divided by the total
number of subjects (N = 43). 95% confidence intervals are shown in parentheses above each bar.

PsycHopHARMACOLOGY BuLLETIN: Vol. 42 - No. 2

o



DEMITRACK_MWM_050409.0Q0XpP 7/14/09 1:46 PM Page$

CLINICAL SIGNIFICANCE OF TRANSCRANIAL MAGNETIC STIMULATION

(_mGURE 68

OPEN-LABEL TRIAL: HAM-D24 REMISSION RATES

35
30
25
20
15
10

Remitter Rate (%)

Note: Remission defined as HAM-D24 total score <11 at time point offo
calculated as the ratio of the actual number of remitters at the i

Week 2 Week 4 Week 6
(95%CI: 19.1 — 48.5)

(95%Cl: 8.4 — 33.4)

(95%Cl: 1.5 — 19.1)

number of subjects (N = 43). 95% confidence intervals are enthese 27
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(_FIGURE 6C D
OPEN-LABEL TRIAL: -D1 N RATES
We Week 4 Week 6
30

(95%Cl: 13.5 - 41.2)

(95%Cl: 5.3 — 27.9)

(95%ClI: 1.5 — 19.1)

m NeuroStar Open-Label TMS (N = 43)

Note: Remission defined as HAM-D17 total score <8 at time point of observation. Remission rate is
calculated as the ratio of the actual number of remitters at the specified time point divided by the total
number of subjects (N = 43). 95% confidence intervals are shown in parentheses above each bar.
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Using Hedge’s g, they reported that the overall mean weighted effect size
across all antidepressants was 0.31 for the HAM-D17. In the random-
ized controlled trial for the NeuroStar TMS system, the value of Hedge’s
g for the HAM-D17 is 0.52. These data are shown in Figure 8a.

There have been two pharmaceutical antidepressant treatments (i.e.,
olanzapine/fluoxetine combination and aripiprazole augmentation) that
have been studied in randomized controlled studies in patient popula-
tions which, like the NeuroStar TMS study, were specifically selected
for their resistance to prior antidepressant treatment. Figure 7b@hows
the summary of mean change scores from baseline for these treatments.
In this instance, the data are presented for the MADRS, sine that scale
was used as the primary outcome measure in both greatments and
results for the HAM-D were not reported in those studies:

Using the same statistical method as reported_above, for antidepres-
sants studied in non-treatment-resistant patierts, the mean effect size
by Hedge’s g for the olanzapine/fluoxetine combination is 0.20 and

28  ( FGURE7A )

Demitrack, Thase
TREATMENT EFFECTS IN RANDOMIZED,CGONTROLLED TRIALS: CHANGE FROM

BASELINE IN HAM-D17 TOTAL SCORE (MEAN DIFFERENCE ACTIVE VS PLACEBO)

-3.92 Paroxetine
-3.57 Venlafaxine
-2.92 Fluoxetine
-2.36 Sertraline
-2.00 Mirtazapine
-1.95 Citalopram
-1.83 Nefazodone
-1.63 Bupropion
-2.84 Escitalopram
-2.73 Duloxetine
-1.61 Selegiline
-2.90 I————.  NeuroStar TMS

4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
Change from Baseline in HAM-D17 Total Score Difference Active vs Placebo

Note: Please refer to text for details. Data in figure from the following sources: Khan et al. (2000, 2001
and 2007); Detke et al. (2002a, 2002b); Goldstein et al. (2002, 2004); Perahia et al. (2006); Feiger et al.
(2006); Bodkin et al. (2002). Each antidepressant medication shown represents the average of all available
registration studies; please see Table 2 for literature source summary.
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(_mGuRE 7B D

TREATMENT EFFECTS IN RANDOMIZED CONTROLLED TRIALS: CHANGE FROM
BASELINE IN MADRS TOTAL SCORE [MEAN DIFFERENCE ACTIVE VS PLACEBO
(TREATMENT-RESISTANT STUDY POPULATION)]

-2.80 Aripiprazole (Marcus, 2008)

-3.00 Aripiprazole (Berman, 200%)
-5.60 Olanz/Fluox (Thase, 2007)
-1.40 Olanz/Fluox (Fhase, 2007)
-2.36 Olanz/Eluox (Corya, 2006)

-0:20 Olanz/Fluox (Shelton, 2005)

Demitrack, Thase

-6 -5 -4 -3 2 -1 0
Change from Baseline in MADRS Total'Score Difference Active vs Placebo

Note: Please refer to text for detail$p Data/in figure'from the following sources: Shelton et al. (2005);
Corya et al. (2006); Thase et ald(2007); Berman et al (2007); Marcus et al. (2008). Each antidepressant

shown represents a single study results

mean effect size for the“aripiprazole augmentation studies is 0.35 in
these treatmerit-fesistant patient populations. These data are shown in
Figure 8b,

THey categorical outcome of response rate is shown in Figure 9,
studied “for ‘Both treatment-responsive and treatment-resistant patient
populatienshusing the data from Thase and colleagues (2005) and also
fromythe two published aripiprazole augmentation studies (Berman et al.
2007; Marcus et al. 2008). Data from Thase et al. 2005 are shown on the
left side of this figure, summarizing the response outcomes for a large
meta-analysis of randomized controlled studies from a pharmaceutical
database for the antidepressant bupropion. These studies were conducted
in patient populations preferentially selected for their responsiveness to
prior antidepressant treatment. In the center of this figure the response
outcomes for the two aripiprazole augmentation studies are shown, which
are, as noted above, results from randomized controlled trials in treatment-
resistant patients. For completeness of display, categorical response
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( FIGURE 8A D

SUMMARY OF EFFECT S1ZES (HEDGE’S G) IN RANDOMIZED CONTROLLED TRIALS
OF ANTIDEPRESSANT MEDICATIONS AND FOR NEUROSTAR TMS THERAPY

Pooled Effect Size for
Antidepressant 0.31 (95%CI: 0.26 — 0.36)

Medication RCTs

Effect Size for NeuroStar
TMS Randomized
Controlled Trial

L 2
0.52 %21 ~0.83)

30 0 0. 6

rence source from Turner et al. (2008).

Demitrack, Thase Note: Please refer to text for details. Antidepre
dge’s g) as reported in Turner et al. (2008).

Method for standardized effect size computation

<

(_FIGURE 88 )
SUMMARY OF ECT SI GE’s G) IN RANDOMIZED CONTROLLED TRIALS
OF ANTIDEPR EDICATIONS AND FOR NEUROSTAR TMS THERAPY
(TREATMENT- ANT STUDY POPULATIONS)

ol (Thase, 2007) 0.33 (95% CI: 0.13 — 0.52)
ol Corya, 2006) 0.27 (95% Cl: — 0.01 — 0.55)

luox (Shelton, 2005) | 0 (95% Cl: —0.21 — 0.25)

Aripiprazole (Marcus, 2008) 0.34 (95% CI: 0.14 — 0.54)

Aripiprazole (Berman, 2007) 0.35 (95% CI: 0.14 — 0.56)

NeuroStar TMS Therapy — 0.52 (95% CI: 0.21 - 0.83)

0 01 02 03 04 05 06 07 08

Note: Please refer to text for details. Antidepressant medication reference sources from Shelton et al. (2005);
Corya et al. (2006); Thase et al. (2007); Berman et al. (2007); Marcus et al. (2008). Method for standard-
ized effect size computation (Hedge’s g) as reported in Turner et al. (2008).
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(_FIGURE 9 )

TREATMENT EFFECTS IN RANDOMIZED CONTROLLED TRIALS ACROSS A RANGE OF
TREATMENT RESISTANCE: CATEGORICAL RESPONSE RATE OUTCOMES

S 07 608 [ = Active Medication
2 60 - - = NeuroStarTMS
% 50 - 508 [] = Placebo/Sham Control
o 40
g 33.7 32.4
S 30 4 23.8
Q 20 - 17.4
4
o 10 -
0 -
Pooled Aripiprazole Aripiprazole
Antidepressant ~ (Berman, 2007)  (Marcus, 2008) Therapy (HA!
Medication
[Bupropion] (Thase,
2005)

rom Thase et al. (2005); 31

Note: Please refer to text for details. Antidepressant medica

Berman et al. (2007); Marcus et al. (2008). Demitrack, Thase

outcomes for NeuroStar TMS are,$hown for both the HAM-D17 out-
come and for the MADRS ou

As noted above, number ne tréat, or NN'T, is a clinically mean-
ingful representatio the size for categorical outcome meas-
ures. The treatmentieffeets reported in Figure 9 and summarized above

can be reported as N as shown in Table 4 for the cited studies.

Open-Label Studies

0 ¢ 6-week open-label study for the NeuroStar TMS

% an open-label confirmation of the treatment results
i active TMS group in the 6-week randomized controlled
e the open-label group, by protocol definition, had failed
ive benefit from one adequate antidepressant treatment (verified
by the'ATHF) in the current episode at the time of entry into the ran-
domized controlled trial, outcomes in these patients correspond most
closely to those seen in the patients treated with a monotherapy anti-
depressant medication at Level 2 of the STAR*D trial. The HAM-D17
remission rate, defined using an endpoint total score of <8, was 26% in
the NeuroStar TMS Therapy group, which contrasts with a mean
remission rate of 21.2% reported among the Level 2 antidepressant
medication monotherapy options offered in the STAR*D study (Rush
et al. 2006a).
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DISCUSSION

There are few evidence-based treatment options that have been
specifically studied in patients with major depression who have been
rigorously demonstrated to have failed to benefit from prior antidepres-
sant treatment. For a majority of patients, when the initial treatment
option fails, the next steps are largely guided by the treating clinician’s
anecdotal experience with prior treatments in other patients. Increasing
the number of treatment options available that are based on random-
ized controlled trial evidence of clinical benefit is critical for establishz
ing a more informed treatment algorithm for difficult-to-treat
depression.

In a patient population carefully characterized by their failurefto ben-
efit from prior antidepressant medication treatment, we have shewn
that NeuroStar TMS Therapy provides statistically significang,clinical
improvement in the symptoms of depression. We have also specifically
established that this clinical improvement dependsgupon the patient’s
prior antidepressant treatment history, with the greatesgbenefit evident
in patients who, in the current illness episédeghaveé failed to receive sat- 33

isfactory improvement from one antidépressantmedication given at an  Demitrack, Thase
effective dose for adequate duration. Thegeé observations are consistent

with previous literature that confirms an 1nyerse relationship between

prior treatment failure and futureqtteatment response.

Any new treatment must begeonsidered both in terms of the adequa-
cy of the evidence thatghe null hypothesis of no effect is rejected with
a sufficient level of sfatistical'@enfidence and also in terms of the clini-
cal significance of theyobserved effect. In a recent review, Kraemer and
Kupfer (2005) highlighted the importance of this concept and have
argued that an‘efamination of the size of treatment effects, through the
use of mathemati€ally appropriate measures of effect size, is critical to
an underst@nding of the clinical significance or medical consequence of
any statistically yalid observation in a randomized controlled trial.

Quyer the past few decades, the development of new antidepressants
often lacked sufficient prior evidence to establish the minimum crite-
rion‘standard to decide whether the threshold of a clinically signifi-
cant treatment effect had been reached. However, there is now a large,
well-established literature of randomized controlled clinical trials of
contemporary antidepressants that can be used to retrospectively
address this question. The clinical effects of contemporary antide-
pressants, all of which are now in routine clinical use, are accepted by
the clinical community at large as having substantial and clinically
meaningful utility in the real world. Therefore we can have increased
confidence that the effect sizes observed in the earlier randomized
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clinical trial literature identify a minimum mathematical threshold for
determining the clinically interesting significance of any new antide-
pressant treatment.

It should be cautioned, though, that the clinical development literature
for antidepressant medications is still composed largely of outcomes
determined in patient populations specifically selected for their likelihood
of response to treatment. They were not selected because of their past his-
tory of demonstrated failure to benefit from prior treatment, as was done
tor the NeuroStar TMS studies. In this report, we present the cufrently
available evidence from a from a database of clinical trials of treatment-
resistant depression. These studies still comprise, however, aiminerity of
the published randomized clinical trial literature for antidepressant med-
ications. Nevertheless, we believe meaningful interprefations, can still be
drawn from the method of comparison that is presented here, because of
the presence of within-study control conditions that allew'® calculation of
effect sizes. In the data we have presented here, NeuroStar TMS Therapy
shows a treatment effect that meets or fexceeds ehinically meaningful

34  thresholds of effect size when considéted relativeto evidence from stud-

ies of pharmaceutical antidepress@nts in either more treatment-responsive
patient populations or more treatmefit-resistant patient samples.

The data presented in this report €learly establish a role for NeuroStar
TMS Therapy as a treatmént option for use in patients with demon-
strated resistance to initial antidepressant treatment. What constitutes
sufficient prior antidepressant’treatment? In the randomized clinical
trial, a majoriy of patientswithin the “one adequate treatment failure”
population had experienced at least one prior episode of depression.
Within the current episode of illness alone, a majority of these patients
had alse experienced multiple treatment attempts, but only one of these
attempts ‘had reached an effective dose and duration of exposure as
detérmied By the ATHF. The median number of treatment attempts
in this episode was four and the range extended from one to as many as
twenty#three treatment attempts. This type of complexity in treatment
History is consistent with the scientific literature and with clinical expe-
rience in patients who fail to benefit from initial treatment. Studies
using the ATHF have previously shown that the majority of treatment
attempts fall short of their idealized dose and duration goal, usually
because of clinical issues with tolerability or adverse events. In general,
patients experience 3 to 5 treatment attempts for every one that reach-
es an appropriate level of treatment adequacy (Sackeim, 2001; Prudic
et al. 2004).

This complex interaction between treatment resistance and treatment
intolerance takes on additional relevance in treatment planning given the
fact that clinical studies support the view that adherence to treatments
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declines substantially as treatment resistance increases (Papakostas,
2008; Fava et al., 2006; McGrath et al., 2006; Nierenberg et al., 2006;
Rush et al., 2006b; Trivedi et al., 2006a). In the STAR*D study, which
represents the largest reference dataset available that speaks to this issue,
discontinuation rates due to treatment intolerance or adverse events rose
steadily across the sequenced Levels [i.e., 8.6% at Level 1, 23.1% (range:
21.0% to 27.2%) at Level 2, 35.2% (range: 34.2% to 36.2%) at Level 3
and 32.1% (range: 21.6% to 41.4%) at Level 4]. From this perspective,
TMS represents a clinically meaningful difference for patients who fail
to benefit from initial pharmacotherapy, due to the absence of systemic
adverse events during treatment with TIMS and the low rate of dis€on-
tinuation due to adverse events (less than 5% during acute treatment)
(O’Reardon et al. 2007; Janicak et al. 2008).

There are limitations to the analyses performed here. While,we have
made an effort to organize the available clinical studie§ by ‘the Tevel of
prior treatment resistance of the study populations, it 1§,clear that dif-
terent methodologies have been used to charactérize treatment resist-
ance across the various studies. Whether thiese, differences in assessment g

had an impact on the assessment of glinical/outcome is not clear. We
believe, however, that the impact of any Vagiation 1n assessment method
is mitigated by the large sample sizes of thejgeference data sets and also
by the consistency of the general,6bservation in the clinical literature
which supports the view that increasing gradations of treatment resist-
ance predict increasingly reduced‘edds of responding to a subsequent
treatment attempt.

The safety and efficaggof NeuroStar TMS Therapy as a treatment
option for patients with pharmacoresistant depression is well-estab-
lished by the studies reviewed here. These data are important since they
represent a cleaty prospectively-assembled, evidence-based data set
describinggtatistically and clinically significant efficacy in a population
of patientswith @ defined level of treatment resistance. This informa-
tion willibe Helpful for treatment-planning decisions in patients who
haye failédito receive satisfactory benefit from initial antidepressant
treatment. s

Demitrack, Thase

ACKNOWLEDGEMENTS

Clinical trial posted on www.clinicaltrials.gov. Listing No. NCT
00104611. Supported by a grant from Neuronetics Inc.

DISCLOSURES

Dr. Demitrack is an employee of and owns stock options in
Neuronetics, Inc and reports stock ownership in Eli Lilly and Company
and Wyeth Pharmaceuticals, Inc.

PsycHopPHARMACOLOGY BuLLETIN: Vol. 42 - No. 2

o



DEMITRACK_MWM_050409.0Q0XpP 7/14/09 1:46 PM Pageﬁ\?

CLINICAL SIGNIFICANCE OF TRANSCRANIAL MAGNETIC STIMULATION

Dr. Thase has served as an advisor to AstraZeneca, Bristol-Myers
Squibb Company, Cephalon, Inc., Cyberonics, Inc., Eli Lilly & Co.,
Forest Laboratories, GlaxoSmithKline, Janssen Pharmaceutica,
MedAvante, Inc., Neuronetics, Inc., Novartis, Organon International,
Sepracor, Inc., Shire US Inc., Supernus Pharmaceuticals and Wyeth
Pharmaceuticals. He has received research grant support from Eli Lilly
and Company and Sepracor, Inc. He has served on the Speaker’s Bureaus
for AstraZeneca, Bristol-Myers Squibb Company, Cyberonics, Inc., Eli
Lilly & Co., GlaxoSmithKline, Sanofi Aventis, Schering Plough(f¢rmer-
ly Organon, Inc.) and Wyeth Pharmaceuticals. He reports haying equity
holdings in MedAvante, Inc. and receives royalties for work he“ereated
and was published by American Psychiatric Publishingg, Ine, Guilford
Publications, Herald House and W.W. Norton & ComfipanyIne:

CONTRIBUTORS

Drs. Demitrack and Thase have both contributed to the composition
and editing of this manuscript. Both auth®rs lhad aceess to the data and
3@  statistical analyses presented in ghi§ymanfiscript. Both authors have

Demisrack, Thase approved the final version of th€ manuscript.

REFERENCES

American Foundation for Suicide Prevéntion. Available at: http://www.afsp.org/index.cfm?fuseaction=
home.viewpage and page_id = 05S0FEA9F-B064-4092-B1135C3A70DE1FDA, 2009.

American Psychiatric Press. Diagnostie.and Statistical Manual of Mental Disorders, Fourth Edition. 1995.

Avery DH, Isenberg KE, Samipson SM} Janicak PG, Lisanby SH, Maixner DF, Loo C, Thase ME,
Demitrack MA,George MS, Trans¢ranial Magnetic Stimulation (TMS) in the Acute Treatment of
Major Depression: Clinical Response in an Open-Label Extension Trial. Journal of Clinical Psychiatry.
2008;69(3):441%45 1

Berman RM, Marcus RN, Swanink R, McQuade RD, Carson WH, Corey-Lisle PK, Khan A. The Efficacy
and Safety of Aripiptazole as Adjunctive Therapy in Major Depressive Disorder: A Multicenter,
Randomized, Double*Blind, Placebo-Controlled Study. Journal of Clinical Psychiatry.
2007,68:843-853.

BodkingJAy, Amsterdam JD, Transdermal Selegiline in Major Depression: A Double-Blind, Placebo-
Controlled, Parallel-Group Study in Outpatients. American Journal of Psychiatry. 2006;159:1869-1875.

Brakemeier EL, Luborzewski A, Danker-Hopfe H, Kathmann N, Bajbouj M, Positive predictors for anti-
depiessive response to prefrontal repetitive transcranial magnetic stimulation (‘TMS). Journal of
Psychiatric Research. 2007;41:395-403.

Corya SA, Williamson D, Sanger TM, Briggs SD, Case M, Tollefson GD. A Randomized, Double-Blind
Comparison of Olanzapine/Fluoxetine Combination, Olanzapine, Fluoxetine and Venlafaxine in
Treatment-Resistant Depression. Depression and Anxiety. 2006;23:364-372.

Davey K and Epstein CM. Magnetic Stimulation Coil and Circuit Design. IEEE Transactions on Biomedical
Engineering. 2000;47(11):1493-1499.

Demitrack MA, Lisanby SH. In: Wassermann E, Epstein CM, Ziemann U. (eds). Methodological Issues
in Clinical Trial Design for TMS: Clinical and Research Implications of This New Therapeutic
Platform. In: Oxford Handbook of Transcranial Stimulation. 2008:621-631.

Detke MJ, Lu Y, Goldstein DJ, Hayes JR, Demitrack MA. Duloxetine, 60 mg Once Daily, for Major
Depressive Disorder: A Randomized Double-Blind Placebo-Controlled Trial. Journal of Clinical
Psychiatry. 2002a;63(4):308-315.

Detke MJ, Lu Y, Goldstein DJ, McNamara RK, Demitrack MA. Duloxetine 60 mg Once Daily Dosing
Versus Placebo in the Acute Treatment of Major Depression. Journal of Psychiatric Research.
2002b;36:383-390.

PsycHopHARMACOLOGY BuLLETIN: Vol. 42 - No. 2

o



DEMITRACK_MWM_050409.0Q0XpP 7/14/09 1:46 PM Page%‘@

CLINICAL SIGNIFICANCE OF TRANSCRANIAL MAGNETIC STIMULATION

Fava M, Rush AJ, Wisniewski SR, Nierenberg AA, Alpert JE, McGrath PJ, Thase ME, Warden D,
Biggs M, Luther JE, Niederehe G, Ritz L, Trivedi MH. A Comparison of Mirtazapine and
Nortriptyline Follwing Two Consecutive Failed Medication Treatments for Depressed Outpatients: A
STAR*D Report. Am J Psychiatry. 2006;163:1161-1172.

Feiger AD, Rickels K, Rynn M, Zimbroff DL, Robinson DS. Selegiline Transdermal System for the
Treatment of Major Depressive Disorder: An 8-Week, Double-Blind, Placebo-Controlled, Flexible-
Dose Titration Trial. Journal of Clinical Psychiatry. 2006;67:1354-1361.

Fregni F, Marcolin MA, Myczkowski M, Amiaz R, Hasey G, Rumi DO, Rosa M, Rigonatti SP,
Camprodon J, Walpoth M, Heaslip J, Grunhaus L, Hausmann A, Pascual-Leone A. Predictors of anti-
depressant response in clinical trials of transcranial magnetic stimulation. International Journal of
Neuropsychopharmacology. 2006;9:641-654.

Goldstein DJ, Mallinckrodt C, Lu Y, Demitrack MA. Duloxetine in the Treatment of Major Depressige
Disorder: A Double-Blind Clinical Trial. Journal of Clinical Psychiatry. 2002;63(3):225-231.

Goldstein DJ, Lu Y, Detke M], Wiltse C, Mallinckrodt C, Demitrack MA. Duloxetine in the Treatment
of Depression: A Double-Blind Placebo-Controlled Comparison with Paroxetine. Journal of Glinical
Psychopharmacology. 2004;24:1-11.

Greden JF. Unmet Need: What Justifies the Search for a New Antidepressant? Journal of ClinicabPsychiatry.
2002;63(Suppl 2):3-7.

Janicak PG, O’Reardon JP, Sampson SM, Husain MM, Lisanby SH, Rado JT, ‘DemitrackiMA.
Transcranial Magnetic Stimulation (TMS) in the Treatment of Major Depression:,A Comprehensive
Summary of Safety Experience from Acute and Extended Exposure and MDuringhReintroduction
Treatment. Journal of Clinical Psychiatry, 2008;69(2):222-232.

Kessler RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas KR, Rush AfsWalters EE;Wang PS. The
epidemiology of major depressive disorder: results from the NationallComerbiditySurvey Replication
(NCS-R). JAMA. 2003;289:3095-3105.

Khan A, Warner HA, Brown WA. Symptom Reduction andgSuicide Risk iniPRatients Treated with Placebo 37

in Antidepressant Clinical Trials. Archives of Generaldsychiatryt2000;57:311-317.

Khan A, Khan SR, Leventhal RM, Brown WA. Symptom ‘Reduétion and'Sticide Risk in Patients Treated
with Placebo in Antidepressant Clinical Trials: A Replication Analysis of the Food and Drug
Administration Database. International Journal of Neuropsychgpharmacology. 2001;4:113-118.

Khan A, Shwarz K. Suicide Risk and Symptom Reduction in Patients Assigned to Placebo in Duloxetine
and Escitalopram Clinical Trials: Analysis of thel'DA Summary Basis of Approval Reports. Annals of
Clinical Psychiatry. 2007;19(1):31-36.

Kraemer HC, Kupfer DJ. Size ofgTreatrient Effeets and Their Importance to Clinical Research and
Practice. Biological Psychiatrgh2005;5%990-996!

Leon AC, Solomon DA, Muéller T1, £ndicotggfyfRice JP, Maser JD, Coryell W, Keller MB. A 20-Year
Longitudinal Observational Stlidy of Somatic Antidepressant Treatment Effectiveness. American
Journal of Psychiatry. 2003;160:727-733.

Lisanby SH, Husain MM, RosenquistyPB, Maixner D, Gutierrez R, Krystal A, Gilmer W, Marangell LB,
Aaronson S, Daskalakis Z], Canterbury R, Richelson E, Sackeim HA, George MS. Daily Left
Prefrontal Repetitive Branscranial Magnetic Stimulation in the Acute Treatment of Major Depression:
Clinical PrediGtors ofy, @Qutcome in a Multisite, Randomized Controlled Clinical Trial.
Neuropsychopharmarelogy. 2009;34:522-534.

Marcus ‘RN, MeQuade RD, Carson WH, Hennicken D, Fava M, Simon JS, Trivedi MH, Thase ME,
Berman)RM:ThefEfficacy and Safety of Aripiprazole as Adjunctive Therapy in Major Depressive
BDisorderA, Second Multicenter, Randomized, Double-Blind, Placebo-Controlled Study. Journal of
Chinical Psyehopharmacology. 2008;28:156-165.

Masand, P. Tolerability and Adherence Issues in Antidepressant Therapy. Clinical Therapeutics.
2008325(8):2289-2304.

McGrath PJ, Stewart JW, Fava M, Trivedi MH, Wisniewski SR, Nierenberg AA, Thase ME, Davis L,
Biggs MM, Shores-Wilson K, Luther JF, Niederehe G, Warden D, Rush AJ. Tranylcypromine Versus
Venlafaxine Plus Mirtazapine Following Three Failed Antidepressant Medication Trials for
Depression: A STAR*D Report. American Journal of Psychiatry. 2006;163:1531-1541.

Murray CJ and Lopez AD. The Global Burden of Disease: A Comprehensive Assessment of Mortality and
Disability from Diseases, Injuries and Risk factors in 1990 and Projected to 2020;1996, Cambridge,
MA: Harvard University Press.

Nierenberg AA, Fava M, Trivedi MH, Wisniewski SR, Thase ME, McGrath PJ, Alpert JE, Warden D,
Luther JF, Niederehe G, Lebowitz B, Shores-Wilson K, Rush AJ. A Comparison of Lithium and T3
Augmentation Following Two Failed Medication Treatments for Depression: A STAR*D Report. Am
J Psychiatry. 2006;163:1519-1530.

Demitrack, Thase

PsycHopPHARMACOLOGY BuLLETIN: Vol. 42 - No. 2

o



DEMITRACK_MWM_050409.0Q0XpP 7/14/09 1:46 PM Page$

CLINICAL SIGNIFICANCE OF TRANSCRANIAL MAGNETIC STIMULATION

O’Reardon JP, Solvason HB, Janicak PG, Sampson S, Isenberg KE, Nahas Z, McDonald WM, Avery D,
Fitzgerald PB, Loo C, Demitrack MA, George MS, Sackeim HA. Efficacy and Safety of Transcranial
Magnetic Stimulation in the Acute Treatment of Major Depression: A Multi-Site Randomized
Controlled Trial. Biological Psychiatry. 2007;62:1208-1216.

Papakostas GI. Tolerability of Modern Antidepressants. Journal of Clinical Psychiatry. 2008;69(suppl
E1):8-13.

Perahia DGS, Wang F, Mallinckrodt CH, Walker DJ, Detke MJ. Duloxetine in the Treatment of Major
Depressive Disorder: A Paroxetine- and Placebo-Controlled Trial. European Psychiatry.
2006;21:367-378.

Prudic ], Haskett RF, Mulsant B, Malone KM, Pettinati HM, Stephens S, Greenberg R, Rifas SL, Sackeim HA.
Resistance to antidepressant medications and short-term clinical response to ECT. American Journal of
Psychiatry. 1996;153:985-992.

Prudic J, Olfson M, Marcus SC, Fuller RB, Sackeim HA. Effectiveness of Electroconvulsive/Therapy in
Community Settings. Biological Psychiatry. 2004;55:301-312.

Rush AJ, Thase ME, Dubé S. Research issues in the study of difficult-to-treat depfessiond, Biological
Psychiatry. 2003;53:743-753.

Rush AJ, Trivedi MH, Wisniewski SR, Stewart JW, Nierenberg AA, Thase MEy Ritz L, Biggs MM,
Warden D, Luther JE, Shores-Wilson K, Niederehe G, Fava M. Bufropion-SR“Sertraline or
Venlafaxine-XR after Failure of SSRIs for Depression. New Evgland Jouraal of Medicine.
20062;354(12):1231-1242.

Rush AJ, Trivedi MH, Wisniewski SR, Nierenberg AA, Stewart JW, Warden D Niederche G, Thase ME,
Lavori PW, Lebowitz BD, McGrath PJ, Rosenbaum JF, Sackeim HA, Kupfer DJ, Luther ], Fava M.
Acute and Longer-Term Outcomes in Depressed Outpatients, Requiring{One or Several Treatment
Steps: A STAR*D Report. American Journal of Psychiatryf20060;163:1905-1917.

Sackeim HA. The definition and meaning of treatment,resistane/depression. Jowrnal of Clinical Psychiatry.

38 2001;62(suppl 16):10-17.

Shelton RC, Williamson DJ, Corya SA, Sangef TM, Vaft Campen LE, Case M, Briggs SD, Tollefson GD.
Olanzapine/Fluoxetine Combination for Tteatsient-Resistdnt Depression: A Controlled Study of
SSRI and Nortriptyline Resistance. Journal of Chinical Psychiatry. 2005;66:1289-1297.

Thase ME, Haight BR, Richard N, Rockett CB, MittomiM, Modell JG, VanMeter S, Harriett AE, Wang Y.
Remission Rates Following Antidepressant Therapy with Bupropion or Selective Serotonin Reuptake
Inhibitors: A Meta-Analysis of Original Data from 7 Randomized Controlled Trials. Journal of Clinical
Psychiatry. 2005;66:974-98 1.

Thase ME, Carya SA; Osuntokun ©) Case M, Henley DB, Sanger TM, Watson SB, Dube S.
A Randomized, Double-Blind Comparison of Olanzapine/Fluoxetine Combination, Olanzapine and
Fluoxetine infTreatment-Resistant Major Depressive Disorder. Journal of Clinical Psychiatry.
2007;68(2):224>236.

Trivedi MH, Rush AJ, Wisniewski SR, Nierenberg AA, Warden D, Ritz L, Norquist G, Howland RH,
Lebowitz B, McGrathyP], Shores-Wilson K, Biggs MM, Balasubramani GK, Fava M. Evaluation of
Outcomés with Citalopram for Depression Using Measurement-Based Care in STAR*D: Implications
for Clinical Practice. Am J Psychiatry. 2006a;163:28—40.

TrivedigVIH, FavalMgWisniewski SR, Thase ME, Quitkin F, Warden D, Ritz L, Nierenberg AA, Lebowitz
BD, Biggs MM, Luther JE, Shores-Wilson K, Rush AJ. Medication Augmentation after the Failure of
SSRIs for Depression. New England Journal of Medicine. 2006b;354(12):1243-1252.

Turner EHgMatthews AM, Linardatos E, Tell RA, Rosenthal R. Selective Publication of Antidepressant
Irials and Its Influence on Apparent Efficacy. New England Journal of Medicine. 2008;358:252-260.

Ventura ], Liberman RP, Green MF, Shaner A, Mintz J. Training and Quality Assurance with the
Structured Clinical Interview for DSM-1V (SCID-I/P). Psychiatry Research. 1998;79(2):163-173.

Demitrack, Thase

PsycHopHARMACOLOGY BuLLETIN: Vol. 42 - No. 2

o


https://www.researchgate.net/publication/26692296


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




