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A B S T R A C T   

Background: The Beam F3 and 5.5 cm methods are the two most common targeting strategies for localizing the 
left dorsolateral prefrontal cortex (DLPFC) treatment site in repetitive transcranial magnetic stimulation (rTMS) 
protocols. This prospective, randomized, double-blind comparative effectiveness trial assesses the clinical out-
comes for these two methods in a naturalistic sample of patients with major depressive disorder (MDD) un-
dergoing clinical rTMS treatment. 
Methods: 105 adult patients with MDD (mean age = 43.2; range = 18–73; 66% female) were randomized to 
receive rTMS to the Beam F3 (n = 58) or 5.5 cm (n = 47) target. Between group differences from pre-to post- 
treatment were evaluated with the Patient Health Questionnaire-9 (PHQ-9) [primary outcome measure], 
Generalized Anxiety Disorder-7 (GAD-7), and clinician-administered Montgomery-Åsberg Depression Scale 
(MADRS). Primary treatment endpoint was completion of daily treatment series. 
Results: Per-protocol analyses showed no statistically significant differences on any measure between the 5.5 cm 
and F3 groups (all p ≥ 0.50), including percent improvement (PHQ-9: 39% vs. 39%; GAD-7: 34% vs. 27%; 
MADRS: 40% vs. 38%), response rate (PHQ-9: 37% vs. 43%; GAD-7: 27% vs. 30%; MADRS: 43% vs. 43%), and 
remission rate (PHQ-9: 22% vs. 21%; MADRS: 20% vs. 19%). Post hoc analysis of anxiety symptom change while 
controlling for depression severity suggested more favorable anxiolytic effects with 5.5 cm targeting (p = 0.03). 
Conclusions: Similar antidepressant effects were observed with DLFPC rTMS using either the Beam F3 or 5.5 cm 
targeting method, supporting clinical equipoise in MDD patients with head circumference ≤ 60 cm. Comparison 
to MRI-based targeting and differential effects on anxiety symptoms require further investigation. 
Trial registration: ClinicalTrials.gov identifier: NCT03378570.   

1. Introduction 

Repetitive transcranial magnetic stimulation (rTMS) applied to the 
left dorsolateral prefrontal cortex (left DLPFC) is an FDA-cleared treat-
ment for major depressive disorder (MDD), with numerous randomized 
controlled trials and meta-analyses supporting its efficacy [1–3]. How-
ever, the cortical surface area defined as the left DLPFC is large (10–20 
cm2 or more depending on how it is defined [4]) and the optimal target 
site within the left DLPFC has been an active and evolving area of 

investigation for many years. The initial pivotal trials of rTMS for MDD 
utilized a scalp-based targeting method, here termed the “5 cm” method, 
whereupon the left DLPFC site was chosen as the site 5 cm anterior to the 
motor hand knob of the primary motor cortex [3]. Later studies sug-
gested that this target resulted in premotor cortex stimulation in 9% of 
cases [5], which was a less efficacious target. More recent studies have 
suggested use of a “5.5 cm” or “6 cm” method to more reliably target the 
left DLPFC [6]. Other methods of targeting have since been introduced, 
which are not anchored with reference to the primary motor cortex. 
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These include scalp-based measurements that account for head 
circumference and size, such as the Beam F3 approach [7], as well as 
structural and functional neuronavigation targets. Evidence has sug-
gested that these targets, which are often further anterior and lateral 
compared to the average 5 or 5.5 cm rule targets, may improve outcomes 
[8–12], although this has yet to be prospectively and convincingly 
demonstrated in a head-to-head trial. Although studies of functional 
connectivity-based targeting are revealing exciting early results 
[13–16], the current standard of practice as outlined in consensus rec-
ommendations documents on rTMS for MDD highlight the use of either 
the 5.5 cm rule method or the Beam F3 targeting method [6,17]. Each 
has unique advantages and disadvantages, and to date the two methods 
have not been compared head-to-head. For example, the 5.5 cm method 
has the distinction of being a variation of the targeting method most 
frequently studied in large clinical trials [2,3,18], yet the Beam F3 
method is considered more reliable for identifying the same target site 
with repeated measurements, and also provides a closer approximation 
to the group average functional connectivity targets with promising 
early findings [8,19]. Finally, some studies suggest that both targeting 
methods may be effective, but for different symptom profiles within 
MDD [20]. 

In this double-blind (participant and rater-blinded), randomized 
comparative effectiveness trial, participants with MDD were random-
ized to receive either 5.5 cm targeting or Beam F3 targeting as part of 
their standard clinical rTMS course. We investigated whether these two 
targeting methods demonstrate similar treatment effectiveness. The 
alternative hypothesis was that Beam F3 targeting would be more 
effective than the 5.5 cm targeting method and lead to greater 
improvement in depression symptoms. 

2. Methods 

2.1. Participants 

All participants were recruited from the University of Iowa Hospitals 
and Clinics (UIHC) Interventional Psychiatry Service between May 2018 
and May 2022. One hundred twenty-three individuals provided written, 
informed consent to participate in this trial as approved by the Institu-
tional Review Board at the University of Iowa and pre-registered on 

ClinicalTrials.gov (NCT03378570). Eligibility for inclusion required a 
primary psychiatric diagnosis of MDD and age 18 years–90 years. 
Diagnosis was made using DSM-5 criteria by clinical interview with a 
board-certified psychiatrist with additional clinical training in admin-
istration of rTMS therapy. Exclusion criteria included ferromagnetic 
implants in the head or neck; diagnosis of seizure disorder or epilepsy; 
age <18 or >90; head circumference >60 cm; or a primary psychiatric 
diagnosis other than MDD. Patients remained on prescribed medica-
tions, and adjustments were made as clinically indicated throughout the 
treatment course. 

2.2. Randomization and blinding 

After enrollment by a member of the research team and prior to any 
treatment or study-related activities, each participant was randomized 
in a 1:1 allocation ratio to either the 5.5 cm rule (adapted from the 5 cm 
rule described in Ref. [2]) or the Beam F3 [7] target (see Fig. 1 for visual 
workflow of trial, created with Biorender.com) using a random number 
generator (randomizer.org). Primary research staff, participants, and 
clinical assessors remained blinded to the randomization scheme for the 
duration of each participant’s treatment course. The randomization 
schedule was generated and kept by the unblinded TMS technician in a 
locked cabinet inaccessible to members of the research team or clinical 
assessors. Research team members and clinical assessors were not pre-
sent during treatments and were instructed not to ask participants de-
tails about their treatment targeting during evaluations. TMS 
technicians were instructed to provide no details of the targeting or 
randomization to the participants during the trial. The description of 
targeting methods during the consent process was intentionally vague 
and lacked the details necessary for participants to distinguish between 
the methods being applied. If desired, participants were unblinded to the 
targeting group assignment at the completion of the treatment course. 

2.3. rTMS protocol 

Subjects received either 10 Hz rTMS or intermittent theta burst 
stimulation (iTBS) treatment protocols. The treatment protocol (10 Hz 
versus iTBS) was selected independent of the participant’s involvement 
in this study and depended on factors such as time of enrollment (six 

Fig. 1. Overview of study procedures.  
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subjects enrolled prior to FDA clearance of iTBS) and insurance policies. 
Trained clinical staff determined a resting motor threshold by visual 
observation of movement in participants’ right abductor pollicis brevis 
from single pulses of TMS to the left motor cortex. The lowest intensity 
of TMS machine output that elicited three out of five responses deter-
mined the motor threshold. Weekly motor threshold testing was per-
formed throughout the course of treatment, or more frequently if 
clinically indicated (e.g., medication changes). Patients receiving 10 Hz 
stimulation received 3000 pulses at stimulus intensity of 120% of motor 
threshold, 4-s pulse trains, with either an 11-s or 26-s intertrain interval. 
Patients receiving iTBS received 600 pulses at stimulus intensity of 
120% of motor threshold, 50 Hz triplet bursts in a 5 Hz carrier fre-
quency, 2-s pulse trains with 8-s intertrain intervals. Treatment was 
delivered with the MagVenture MagPro X100 using a Cool-B65 Figure 8 
Butterfly Coil with Active Cooling (Magventure, Alpharetta, GA). Sub-
jects typically received treatment 5 days a week for 4–6 weeks, occa-
sionally followed by a taper period of 1–3 weeks. 

2.4. Clinical assessments 

Three well-validated scales were used to assess symptoms longitu-
dinally over the course of treatment. This included two self-report scales, 
the Patient Health Questionnaire-9 (PHQ-9) [21] and General Anxiety 
Disorder-7 (GAD-7) [22], along with the 10-item clinician-administered 
Montgomery-Åsberg Depression Rating Scale (MADRS) [23]. Baseline 
scores for the PHQ-9 and GAD-7 were collected at the first treatment 
visit, and staff psychiatrists administered the baseline MADRS during 
the initial outpatient TMS consultation visit. While self-report assess-
ments occurred on a weekly basis, the MADRS was administered 
approximately every ten treatments, or biweekly. All psychiatrists were 
trained in the administration of the scale, and when possible, the same 
physician administered the MADRS throughout an individual treatment 
course. The same team of physicians performed assessments for both 

treatment arms while remaining blinded. If an outcome assessment was 
not performed immediately after the final treatment in the acute series, 
analysis was performed with the outcome measure on the visit closest to 
the end of the acute treatment series (prior to taper period). PHQ-9, 
GAD-7, and MADRS scores were used to measure change in depression 
symptoms in the 5.5 cm rule and Beam F3 target groups. The primary 
outcome of interest was the percent change in scores on the PHQ-9 from 
baseline to end of acute treatment series. Secondary outcomes of interest 
included percent change on the GAD-7 and MADRS from baseline to end 
of treatment course, as well as response and remission rates for each 
outcome measure. GAD-7 and MADRS data collection were emphasized 
as secondary outcomes later in the recruitment phase based on new data 
suggesting that different prefrontal TMS targets may differentially affect 
anxiety symptoms [20] and to promote data quality and validity with 
partially redundant measures. Response for the PHQ-9, GAD-7, and 
MADRS was defined as >50% reduction in scale score relative to base-
line [24–26], and remission for the PHQ-9 was defined as a score <5 and 
for the MADRS a score <10 [27,28]. Additional pre-specified outcome 
metrics including functional and structural MRI changes, NIH Toolbox 
Emotion Battery scores, and Montreal Cognitive Assessment scores will 
be analyzed, reported, and published separately. 

2.5. Data analysis 

A power analysis was performed prior to data collection using an 
effect size of 0.6 from a clinical trial that used similar self-report and 
clinician-administered outcome scales to compare scalp targeting to 
neuronavigation targeting [11]. A total sample size of 144 would have 
80% power when testing for differences between target groups at alpha 
= 0.05. Accounting for potential attrition, the study conservatively 
planned to enroll 200 participants, with a planned interim analysis after 
100 participants were randomized. Stopping guidelines at the interim 
analysis included terminating the trial if updated power calculations 

Fig. 2. CONSORT diagram.  
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revealed a revised sample size that would render further enrollment and 
trial completion impractical. 

Two-tailed, independent sample t tests were employed to compare 
differences between groups in percent change across the PHQ-9 (pri-
mary outcome), GAD-7, and MADRS. Likewise, two-tailed χ2 tests of 
independence were used to compare differences between groups in 
response rates as determined by the PHQ-9, GAD-7, and MADRS and 
remission rates as determined by the PHQ-9 and MADRS. The null hy-
pothesis of this study was that there would be no differences between 
targets across all measures. These analyses were conducted with SPSS 
(Version 28.2) and R Studio (Version 2021.09.0, Build 351) [29]. The 
primary analysis was a per-protocol analysis focused on participants 
who received at least 20 treatments in their acute treatment series, with 
the primary endpoint at the completion of the acute treatment series, 
prior to taper. Secondary analyses included a modified intent-to-treat 
analysis of group by timepoint interactions for each rating scale using 
linear mixed effect models with fixed effect predictors including cate-
gorical or continuous timepoint measurement, subject treatment group, 
and the interaction between the two measures; unique study ID was 
specified as a random effect for all models to account for repeated 
measures on study subjects. Modified intent-to-treat analyses were 
conducted on the sample of all randomized subjects having received at 
least one TMS treatment and having a baseline rating scale score. Post 
hoc analysis was performed investigating group by time interactions for 
GAD-7 anxiety change while controlling for depression symptom 
severity with PHQ-9 measures, and vice versa (assessing PHQ-9 
depression symptoms while controlling for anxiety symptoms with 
GAD-7). There was no correction for multiple comparisons on the sec-
ondary analyses due to their exploratory nature. All tests used a p-value 
of <0.05 to determine statistical significance. 

3. Results 

3.1. Participant demographics 

One hundred five participants were randomized (mean age = 43.2; 
range = 18–73; 66% female; n = 58 for Beam F3 target, n = 47 for 5.5 
cm rule target) and 94 had data for the primary analysis (n = 52 for 
Beam F3 target, n = 42 for 5.5 cm target; CONSORT diagram shown in 
Fig. 2). Baseline demographics are shown in Table 1. The groups were 
similar with relation to age, gender, and most demographic factors. 
Secondary outcome assessments with GAD-7 and MADRS were added on 
at a later stage of data collection and thus have smaller samples avail-
able for analysis (n = 76 and 67, respectively). The average number of 
treatments delivered was 32.7 ± 7.8. All participants in the study were 
TMS-naïve and maintained the same total number of daily stimuli (e.g., 
3000 pulses for 10 Hz, 600 pulses for iTBS) throughout the trial. 

3.2. Tolerability & retention 

As demonstrated in the CONSORT diagram, nine participants drop-
ped out of the study (8.6%, Fig. 2). The drop-out rate was similar for 

Table 1 
Subject demographics. Demographics for the two groups after randomization.   

5.5 (n = 47) F3 (n = 58) 

Age; mean (SD) 41.3 (15.8) 44.7 (15.1) 
Sex 

Female 30 (63.8%) 39 (67.2%) 
Male 16 (34.0%) 19 (32.8%) 
Female to Male 1 (2.1%) 0 (0%) 

Race 
White 45 (95.7%) 56 (96.6%) 
American Indian/Alaska Native 0 (0%) 1 (1.7%) 
Multi-racial 2 (4.3%) 1 (1.7%) 

Ethnicity 
Hispanic 0 (0%) 1 (1.7%) 
Non-Hispanic 47 (100%) 57 (98.3%) 

Comorbidities 
Anxiety disorders 26 (55.3%) 24 (41.4%) 
OCD 2 (4.3%) 4 (6.9%) 
PSTD 8 (17.0%) 7 (12.1%) 
ADHD 3 (6.4%) 12 (20.7%) 
Borderline Personality Disorder 7 (14.9%) 5 (8.6%) 

Psychiatric Medications 
Antidepressants 43 (91.5%) 55 (94.8%) 
Antipsychotics 18 (38.3%) 16 (27.6%) 
Benzodiazepines 17 (36.2%) 33 (56.9%) 
Stimulants 9 (19.1%) 16 (27.6%) 
Mood Stabilizers 8 (17.0%) 12 (20.7%) 
Anxiolytics/Hypnotics 21 (44.7%) 19 (32.8%) 

Number of Medication Trials (SD) 10.0 (5.4) 9.8 (4.9) 
TMS Treatment Protocol 

10 Hz 10 (21.3%) 20 (34.5%) 
iTBS 37 (78.7%) 38 (65.5%) 

Number of TMS Treatments (SD) 31.7 (8.7) 33.6 (7.7) 
Baseline PHQ-9 Score (SD) 18.8 (4.3) 17.8 (4.9) 
Baseline GAD-7 Score (SD) 14.3 (4.7) 13.5 (5.2) 
Baseline MADRS Score (SD) 29.1 (6.9) 29.8 (5.9)  

Table 2 
Outcomes data. This table summarizes the outcomes data for the cohort of 
subjects who was randomized to one of the two intervention arms.  

Measure & 
Timepoint 

Total Randomized (# 5.5 
cm/# Beam F3) 

5.5 cm 
Rule 

Beam 
F3 

p- 
value 

PHQ-9 
First Visit 104 (46/58) 18.8 

(4.3) 
17.8 
(4.9) 

0.875 

Week 1 101 (44/57) 15.7 
(6.2) 

16.2 
(5.9) 

0.084 

Week 2 99 (44/55) 14.6 
(6.3) 

14.4 
(6.3) 

0.277 

Week 3 97 (43/54) 14.2 
(6.7) 

12.6 
(6.4) 

0.686 

Week 4 94 (41/53) 13.2 
(6.3) 

13.0 
(6.5) 

0.369 

Week 5 93 (42/51) 12.5 
(6.3) 

11.8 
(7.1) 

0.806 

Week 6 88 (37/51) 10.7 
(6.7) 

11.2 
(7.5) 

0.231 

GAD-7 
First Visit 85 (37/48) 14.3 

(4.7) 
13.5 
(5.2) 

0.772 

Week 1 82 (36/46) 12.3 
(5.1) 

12.6 
(5.2) 

0.194 

Week 2 80 (36/44) 10.9 
(5.4) 

11.3 
(5.7) 

0.127 

Week 3 78 (34/44) 10.7 
(5.7) 

10.8 
(5.6) 

0.196 

Week 4 76 (33/43) 9.7 (4.9) 10.6 
(6.4) 

0.079 

Week 5 75 (33/42) 9.6 (5.5) 10.0 
(6.5) 

0.187 

Week 6 72 (30/42) 9.0 (5.6) 10.0 
(6.6) 

0.051 

MADRS 
Evaluation 99 (42/57) 29.1 

(6.9) 
29.8 
(5.9) 

0.570 

Week 2-3 
Follow-up 

85 (40/45) 24.2 
(8.1) 

22.0 
(7.2) 

0.063 

Week 4–5 
Follow-up 

79 (37/42) 18.4 
(9.3) 

19.6 
(8.7) 

0.792 

Week 6–7 
Follow-up 

81 (35/46) 15.3 
(8.8) 

16.4 
(9.7) 

0.963 

Table #2. Weekly Outcomes Data. The second column shows the total number 
of participants contributing data at each timepoint, including the number in 
each group. The third and fourth columns list the mean score and standard 
deviation for each group at each timepoint. The final column lists the p-value of 
the group by time interaction for each timepoint using a linear mixed effects 
model as described in the Methods section. Italicized rows indicate p < 0.10. 
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both the Beam F3 and 5.5 cm method (10.6% and 6.9%, respectively, p 
= 0.496), suggesting similar tolerability between targeting methods. No 
seizures occurred in either treatment group. 

3.3. Depression outcomes 

The depression and anxiety outcome data are summarized in Table 2. 
The primary outcome measure was the percent change in PHQ-9, with 
secondary outcomes measured with MADRS. For both the PHQ-9 and 
MADRS, there were no statistically significant differences between the 
5.5 cm rule and Beam F3 groups in terms of percent change from 
baseline (Fig. 3A,D). For the PHQ-9, rates of improvement were 38.7% 
for the 5.5 cm group and 39.1% for the Beam F3 group (p = 0.945). 
Likewise, the clinician administered MADRS had similar rates of 
improvement for the 5.5 cm (39.5%) and the Beam F3 group (37.8%) (p 
= 0.828). Analysis of the modified intent-to-treat sample revealed 
similar outcomes (5.5 cm rule and Beam F3% change on PHQ-9 were 
36.8% and 36.6%, respectively [n = 101, p = 0.968]; on MADRS were 
36.6% and 37.3%, respectively [n = 91, p = 0.914]). 

Similarly, this study found no significant differences between groups 
for PHQ-9 or MADRS-defined response and remission rates (Fig. 3B,C,E, 
F). The response rates on the PHQ-9 in the 5.5 cm rule group were 36.6% 
compared to 43.4% for the Beam F3 group (p = 0.505). Remission rates 
in the 5.5 cm rule group and Beam F3 group were 22% and 20.8%, 
respectively (p = 0.888). Meanwhile, the MADRS response rates were 
43.3% for the 5.5 cm rule group and 43.2% for the Beam F3 group (p =
0.994) with remission rates for the 5.5 cm rule group and Beam F3 group 
of 20% and 18.9%, respectively (p = 0.911). 

Linear mixed effect models did not detect any group by time inter-
action for the PHQ-9 (p = 0.993, Fig. 4) or MADRS (p = 0.617, Fig. 5). As 
part of an exploratory analysis to investigate for between-group 

Fig. 3. Depression outcomes compared between groups. This includes comparison of the primary outcome, the Patient Health Questionnaire-9 (PHQ-9 – A,B,C) 
and a secondary outcome scale, the Montgomery Åsberg Depression Rating Scale (MADRS – D,E,F). There were no statistically significant differences in outcomes 
between the two groups on either depression outcome measure. 

Fig. 4. PHQ-9 mean scores at each timepoint for the 5.5 cm and Beam F3 
groups. This includes the data collected for all randomized subjects during the 
acute treatment period, with the sample size denoted along the x-axis for each 
group. There were no significant group by time interactions. Standard error of 
the mean is denoted by error bars for each score. 
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differences in the trajectory of improvement, linear mixed effects models 
were run on the full dataset and estimates of group differences from 
baseline to intermediate timepoints were analyzed for group by time 
interactions. This revealed a marginally significant group by time 
interaction on the MADRS at the week 2–3 follow-up timepoint (MADRS 
obtained between treatment 6 and treatment 15), favoring greater early 
improvement in the Beam F3 group (p = 0.062). No other timepoints 
showed significance. 

3.4. Anxiety outcomes 

Anxiety was primarily measured with the GAD-7 self-report measure. 
Between the Beam F3 and 5.5 cm method groups, there was no signifi-
cant difference in percent change from baseline to completion of treat-
ment in the per protocol sample (Fig. 6A). The GAD-7% change from 
baseline was 33.6% for the 5.5 cm group and 27.5% for the Beam F3 
group (p = 0.503). Analysis of the modified intent-to-treat sample 
revealed similar findings (33.2% vs. 25.8% improvement in 5.5 cm 
group vs. Beam F3 group, respectively [n = 82, p = 0.390]). Similarly, 
this study found no significant differences between groups for GAD-7 
response defined by >50% improvement from baseline (Fig. 6B). 
Response rates were 27.3% for the 5.5 cm rule group and 30.2% for the 
Beam F3 group (p = 0.778). Remission rates were not calculated for the 
GAD-7 as there is no standard for this in the literature and anxiety dis-
order was not the primary diagnosis being treated. Interestingly, the 5.5 
cm rule group had lower GAD-7 scores at every timepoint after the 
baseline visit (Fig. 6C). Linear mixed modeling analysis showed no 
significant group by time interaction (p = 0.123); however, an explor-
atory, post hoc secondary analysis controlling for depression symptom 
severity as measured by PHQ-9 showed a significant group by time 
interaction favoring anxiety reduction in the 5.5 cm rule group 
compared to the Beam F3 group (p = 0.030). A similar and opposite 

association was seen in an exploratory, post hoc analysis of the PHQ-9 
depression improvement when controlling for anxiety severity using 
the GAD-7, with marginally greater improvement in depressive symp-
toms with the Beam F3 targeting method (p = 0.090). 

3.5. Futility analysis 

A planned futility analysis was conducted using interim results to 
provide revised power calculations for testing study hypotheses. This 
included calculating the projected power at the final recruitment goal of 
n = 200, if the study were continued to completion, for each of the 
primary outcome measures, and also recalculating the estimated sample 
size needed to achieve 80% power using the interim findings. These 
calculations indicated the study would be underpowered when testing 
for differences between the two targeting strategies at the planned 
enrollment of n = 200 (Supplemental Table S1), and reaching revised 
enrollment goals to achieve adequate power was unfeasible in a 
reasonable time period. Thus, the study was terminated following the 
interim futility analysis. 

For the purposes of promoting further investigation into the non- 
inferiority or equivalence of Beam F3 to 5.5 cm targeting, we present 
in Supplemental Table S2 mean differences and confidence intervals for 
the modified intent-to-treat and per-protocol samples. 

4. Discussion 

The current consensus standard for rTMS targeting of the left DLPFC 
includes either the Beam F3 or 5.5 cm targeting method, which are two 
of the most common methods employed in the United States. This study 
is the first to compare these two approaches head-to-head in a ran-
domized clinical trial. In doing so, our results support clinical equipoise 
between these targeting strategies. Any detectable difference in clinical 
effectiveness between the Beam F3 targeting approach and the 5.5 cm 
targeting approach in the treatment of major depressive disorder with 
standard daily treatment protocols is minor, and unlikely to be clinically 
meaningful. Indeed, the mean absolute difference between the Beam F3 
and 5.5 cm groups on the PHQ-9 total score was 0.48 points with a 95% 
confidence interval from − 1.87 to 2.83 (see again Supplemental Table 
S2); this is within commonly accepted standards for equivalence on this 
scale [26]. The mean absolute difference was similarly small for the 
MADRS (mean difference 0.22, 95% confidence interval − 3.48 to 3.04). 
The differences in the GAD-7 outcomes were greater, suggesting further 
investigation would be beneficial and likely require a large, multisite 
investigation with a larger sample size. Our planned interim futility 
analysis suggested that the study would be significantly underpowered 
(1-β = 0.05 to 0.37 depending on outcome) if carried out to enrollment 
target of n = 200 participants and was thus terminated early due to 
futility. Furthermore, based on these preliminary results, the number of 
participants needed to achieve 80% power was determined to be 1624 
for the primary outcome of percent change in PHQ-9. Secondary out-
comes were projected to require recruiting between 500 to over 9 
million participants, depending on the measure (see again Supplemental 
Table S1). Although it is possible that a difference could be detected 
between groups with an exceptionally large sample size, this would be 
unlikely to translate into a clinically meaningful difference between 
targeting strategies. 

It is interesting to interpret these results in the context of emerging 
neuroimaging-based targeting approaches being developed [13–15,30]. 
Some studies have suggested that the Beam F3 targeting approach may 
approximate group average MRI-guided targets within 1.36 cm in 95% 
of subjects [19], which is within the 2–5 cm2 area of activation sug-
gested by some electrical field modeling of standard Figure of 8 TMS 
coils [31–33]. If Beam F3 is assumed to be a closer approximation of 
MRI-guided targeting than the 5.5 cm rule, our results do not show this 
as positively impacting treatment efficacy. However, there may be other 
advantages to a navigated strategy not considered here, such as greater 

Fig. 5. MADRS mean scores at each timepoint for the 5.5 cm and Beam F3 
groups. This includes the data collected for all randomized subjects during the 
acute treatment period, with the sample size denoted along the x-axis for each 
group. Due to less frequent administration of the MADRS compared to the PHQ- 
9 and GAD-7, the follow-up timepoints were binned based on treatment num-
ber. Week 2–3 timepoints included all MADRS scores obtained between treat-
ment 6–15; week 4–5 timepoints included all MADRS scores obtained between 
treatment 16–25; and week 6–7 timepoints included all MADRS scores obtained 
between treatment 26–36. If two MADRS values were obtained in the same 
treatment window, which only occurred for the week 6–7 timepoint, the score 
obtained during the acute treatment series was included, and any timepoints 
during the taper phase of the treatment were excluded. There were no signifi-
cant group by time interactions, although Beam F3 improvement at Week 2–3 
was marginally significant (p = 0.062). Standard error of the mean is denoted 
by error bars for each score. 
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consistency of reaching the same target with each treatment session. 
Caution is also warranted, as the spatial specificity of TMS remains 
unclear, and this limits our ability to infer whether being within 1.36 cm 
of a treatment target is close enough. Studies in non-human primates 
and pre-surgical TMS cortical mapping suggesting a much smaller re-
gion of activation (~2–5 mm2), as validated by single unit recordings or 
direct cortical stimulation [33–35]. Additionally, the Beam F3 target 
may be further away from individualized functional connectivity-based 
DLPFC targets proposed in other recent trials [13]. 

An intriguing area for future research should include further inves-
tigation of differential effects of DLPFC targeting on anxiety symptoms. 
This study lends insight into the utility of targeting methods for different 
brain circuits that may be associated with specific symptom clusters of 
depression. In general, the 5.5 cm targeting approach appears to identify 
a target near a network node associated with preferential improvement 
in anxious and somatic symptoms, whereas the Beam F3 targeting 
approach approximates a target more associated with cognitive and 
dysphoric symptoms of depression [8,20]. When controlling for 
depressive symptom burden, our analysis showed a significant group by 
time interaction favoring the 5.5 cm target for improvement in anxiety 
symptoms, as would be expected based on the work by Siddiqi and 
colleagues referenced above [20]. This difference was small, the analysis 
was exploratory and not corrected for multiple comparisons, and the 
study here was not powered to look at this specific question. 

Nonetheless, the results are worthy of follow-up study, especially in light 
of the fact that individualized targeting was not utilized, and the 5.5 cm 
method may not be the best strategy for approximating the “anx-
iosomatic” circuit of interest. Further studies on rTMS targeting of 
symptom-specific depression networks are underway (e.g., 
NCT04604210). 

This study had several limitations. As this was designed to focus on 
comparative clinical effectiveness in a real-world sample, the study 
included many people with significant psychiatric comorbidities and did 
not standardize or control medication changes during the trial. Although 
in general our clinical team tends to minimize medication changes 
during an rTMS treatment course, this variable may have limited the 
study’s ability to detect rTMS-specific differences in outcomes between 
groups. The study sample was also predominantly white and non- 
Hispanic, and thus it is unclear if these results would generalize to 
other demographic populations. 

Similarly, subjects were not randomized into iTBS or 10 Hz, and 
assignment to iTBS or 10 Hz stimulation was determined often by var-
iables beyond the control of the clinical or research team, such as in-
surance policies limited to the 10 Hz protocol for some patients. 
Although this introduced another uncontrolled variable, prior large- 
scale studies have suggested that iTBS is non-inferior to 10 Hz [36], 
and prior published analysis of our own data has also suggested no 
difference in outcomes between the two treatment approaches [37]. 

Fig. 6. Anxiety outcomes compared between 
groups. This includes comparison of percent change 
(A) and response rate (B) on the Generalized Anxiety 
Disorder Screener-7 (GAD-7), as well as a comparison 
of GAD-7 mean scores at baseline and each follow-up 
timepoint during the acute treatment series (C). There 
were no statistically significant differences in 
outcome between the two groups on any of the pri-
mary anxiety outcome measures (p = 0.123); when 
controlling for depression severity, anxiety improve-
ment favors the 5.5 cm target (p = 0.030). In (C), the 
sample size is shown along the x-axis for each group, 
and standard error of the mean is denoted by error 
bars for each score.   
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Another limitation was lack of assessment of blinding. Participants were 
not told their randomization arm, but it is possible that some partici-
pants could have independently read up on the differences between 
targeting methods and thus compromised the blind. Although not sys-
tematically assessed, the authors have no knowledge of this occurring, 
and participants were educated about the lack of known superiority 
between targeting methods during the consent process, which may have 
reduced bias towards a particular method. 

Additionally, our study excluded participants with a head circum-
ference >60 cm. This was due to the research and clinical team’s 
concern that patients with larger head circumferences were at greater 
risk for receiving premotor cortex treatment with the 5.5 cm approach 
[5]. This excluded a small sample of subjects (n = 12), most who went on 
to receive Beam F3 targeting as clinically indicated. However, this 
exclusion could have biased the primary study outcome toward the null 
hypothesis by excluding subjects who potentially stood most to benefit 
from Beam F3 targeting as opposed to 5.5 cm targeting. Thus, our 
conclusions cannot be applied to patients with head circumference >60 
cm. To further evaluate this, a post hoc analysis of the PHQ-9, MADRS, 
and GAD-7 outcomes for the subjects who were excluded from the 
randomization due to head size demonstrated similar findings to the 
randomized groups (34.1%, 37.9%, and 22.8% improvement in PHQ-9, 
MADRS, and GAD-7, respectively). Indeed, these changes on average are 
similar to but lower than the improvements noted in either randomized 
group, despite this sample being given Beam F3 targeting to account for 
head size. Adjusting DLPFC targeting to account for head size, at least in 
this small subset of patients with larger head circumferences, therefore 
did not seem to have a large impact on outcomes. 

Finally, due to the naturalistic sample of interest, a cut-off of having 
received at least 20 treatments was used for inclusion in the primary 
analysis. This number was chosen to try to maximize the included 
sample while excluding patients who were likely “underdosed” by 
dropping out of the study early. Nonetheless, evidence suggests there 
may be a dose-response relationship for rTMS in depression, and 
therefore inclusion of participants receiving 20 treatments may repre-
sent “underdosing” by current standards. This likely explains the 
somewhat lower response and remission rates relative to other studies 
reported from our group when a later timepoint was used for the final 
outcome measure [37] and others reported in the literature [18,36]. 
This may have biased our primary results towards a null hypothesis. 
However, secondary analysis of the sub-set of patients who received 30 
sessions or more still did not demonstrate a statistically significant dif-
ference between groups, and analyses conducted on the intent-to-treat 
sample with all randomized subjects also showed non-significant find-
ings (p = 0.390–0.968). 

In conclusion, this study presents the results of a randomized, 
double-blind trial comparing rTMS outcomes in MDD for Beam F3 and 
5.5 cm rule targeting of the left DLPFC. The study demonstrates that 
Beam F3 and 5.5 cm rule targets each achieve remarkably similar an-
tidepressant effects as measured with both self-report and clinician- 
administered outcome measures. Additional research should focus on 
comparing these targeting methods to individualized functional 
connectivity-based targeting of the left DLPFC, and also on whether 
there are symptom specific changes unique to different targeting 
methods or subregions of stimulation, as may be suggested by the dif-
ferential changes in anxiety scores here. 
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