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Abstract

Background: Symptoms of major depressive disorder (MDD) are reported to change
early in treatment with repetitive transcranial magnetic stimulation (FfTMS). We evaluated
early changes in sleep, anxiety, and mood as predictors of nonresponse to rTMS treatment.
Methods: Three hundred twenty-nine subjects with nonpsychotic MDD completed a
6-week course of rTMS treatment. Subjects were stratified by the severity of their
baseline depression, and had their overall depressive symptoms recorded every
week of treatment. We evaluated lack of improvement in sleep, anxiety, and mood
symptoms after 1 and 2 weeks as potential predictors of eventual nonresponse,
defined as <50% improvement in compositive depressive symptoms after 6 weeks.
This was measured as negative predictive value (NPV; the likelihood that lack of
early symptom improvement accurately predicted eventual treatment nonresponse).
Results: Subjects with severe or very severe baseline depression achieving <20%
improvement in mood at 1 week were correctly predicted as nonresponders with
NPVs largely >90%. At 2 weeks, subjects with very severe baseline depression who
failed to demonstrate any improvement in mood were all nonresponders. Lack of
improvement in sleep at 2 weeks was also a significant predictor.

Conclusions: Identifying a lack of early mood improvement is a practical and robust
method to predict rTMS nonresponse. This suggests a treatment protocol change
may be indicated in patients with more severe baseline depression showing minimal

early mood improvement.
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1 | INTRODUCTION

Repetitive transcranial magnetic stimulation (rTMS) is increasingly
used for patients suffering from treatment-resistant major depressive
disorder (MDD). Research has demonstrated its safety, efficacy, and
tolerability (Gaynes et al., 2014; George et al., 2010; O'Reardon
et al., 2007; Perera et al., 2016). Therapeutic response, defined as a
greater than 50% improvement from baseline depression, varies be-
tween 30% and 60% (Blumberger et al., 2018; Brakemeier
et al., 2008; George et al., 2010).

Insurers typically approve 36 sessions for patients with MDD
(Voigt et al., 2019). While this number may induce a therapeutic
response in some, it may be insufficient for others (Yip et al., 2017). It
is imperative to maximize benefit from the finite number of treat-
ments which most patients can access (Demitrack, 2010). Early, ac-
curate prediction of nonresponse could allow clinicians to change
treatment approach, with potentially better outcomes. We recently
reported that changing treatment parameters was associated with
greater response in patients who did not achieve 20% improvement
after 10 sessions (Lee et al., 2020).

The absence of improvement in composite scores of depression
rating scales predicts nonresponse to several treatments (Bares
et al, 2017; Lin et al., 2016). For SSRIs, <20% improvement after
2 weeks is strongly correlated with nonresponse, with negative
predictive values (NPVs) >80% (Kudlow et al., 2014). A similar pattern
exists for ECT (Lin et al., 2016). This “<20% by two weeks” is also a
practical predictor of rTMS outcome. Patients who achieve <20%
improvement in overall depressive symptoms by 2 weeks of rTMS
were accurately predicted to be nonresponders with an NPV of
89.5% (Feffer et al., 2018).

Depressive symptoms are heterogeneous and may resolve at
different times during treatment. Wardenaar and colleagues
(Wardenaar et al., 2010) conducted a confirmatory factor analysis of
the Inventory of Depressive Symptomatology Self Report (IDS-SR)
(Rush et al., 1996) and identified three meaningfully discrete symp-
tom subscales: sleep, anxiety/arousal, and mood/cognition. Few prior
studies have examined early resolution of specific symptom clusters
during rTMS or whether specific symptoms could predict outcome
sooner than two weeks.

The current study was designed to expand our understanding of
the predictive utility of early clinical response to rTMS. First, we
examined clinical improvement at one week in addition to two weeks
to determine if this might provide an earlier decision-point to modify
treatment. Second, we examined not only baseline composite de-
pression severity as measured by the IDS-SR, but also narrower
subscales specifically measuring changes in sleep, anxiety/arousal, and
mood/cognition. We aimed to determine whether this more granular
approach to symptom assessment might identify specific symptom
clusters relevant to predicting nonresponse. Third, we examined the
clinically relevant measures of both NPV (the likelihood that a ne-
gative result correctly predicts nonresponse) and positive predictive
value (PPV, the likelihood that a positive result correctly predicts

response).

2 | METHODS
2.1 | Overview and patient population

This retrospective study included 329 patients treated with a full
6 weeks of rTMS in the UCLA TMS Clinical and Research Program
between August 2015 and March 2020 for an episode of non-
psychotic MDD. All subjects had failed to benefit adequately from at
least three antidepressant trials with ATHF score of 3 or greater and
the great majority had also failed to benefit from two augmentation
medication trials (Sackeim et al., 2019). Subjects underwent pre- and
posttreatment depressive symptom assessments. All subjects had a
primary diagnosis of MDD confirmed on the MINI International Di-
agnostic Interview (MINI) (Sheehan et al., 1998). Subjects continued
to receive previously prescribed psychotropic medications during
rTMS. All subjects provided written consent to participate in this
UCLA IRB-approved study and were treated in accordance with the
2013 Declaration of Helsinki.

2.2 | Clinical assessments

Symptoms were assessed at pretreatment baseline, after approxi-
mately every five treatment sessions, and at the end of treatment
using the 30-item IDS-SR and Patient Health Questionnaire (PHQ-9)
(Kroenke et al., 2001; Rush et al., 1986, 1996), self-rated instruments
widely used in clinical settings (Rush et al., 2006). Total IDS-SR
scores, ranging from O to 84, were used to measure depression se-
verity with the primary outcome measure being percent improve-
ment in IDS-SR score from baseline at the final treatment. Response
was defined as a decline in pre- to posttreatment IDS-SR of 250%.
In addition to the overall IDS-SR, this study examined three validated
symptom subscales: sleep, mood/cognition, and anxiety/arousal
(Wardenaar et al., 2010). The sleep subscale includes questions 1-4; the
mood)/cognition subscale includes questions 5, 8, 10-12, 15-18, 20, 22,
and 29; and the anxiety/arousal subscale includes questions 6, 23-28, and
30 of the IDS-SR. The sum of individual scores was calculated as the sum
of their component questions and percent improvement in each subscale
from baseline was calculated after five and ten treatments and evaluated
as potential predictors of the final total IDS-SR score. Subjects with
baseline sleep scores of O (n =9, 2.1%) were excluded from the sleep sub-
analysis, as they could not demonstrate any improvement on the sleep

subscale. No subjects had baseline mood scores of O.

2.3 | rTMS procedures

All rTMS treatments were delivered with either a MagPro X100 (Mag-
venture), Magstim Horizon (Magstim), Magstim Super Rapid2 (Magstim),
or Neurostar (Neuronetics) device. Resting motor threshold (RMT) de-
fined as the minimum stimulus intensity necessary to elicit an overt motor
response in the right abductor pollicis brevis (APB) muscles for >50% of
applied stimuli was determined for each participant before the first
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TABLE 1 Demographic characteristics of subjects receiving rTMS to the left DLPFC®

Characteristic
N

Female

Male

Transgender

(F-to-M)
Age
Pretreatment IDS-SR Score
Pretreatment PHQ-9 Score

Pretreatment Sleep Score

Pretreatment Anxiety Score

Pretreatment Mood Score

% Improv in IDS-SR
% Improv in PHQ-9
% Improv in Sleep

% Improv in Anxiety

% Improv in Mood

Total
423

223 (52.7%)
199 (47.0%)
1 (0.2%)

46.0 + 16.5
432 +111
173 +£53
55+24
(0-12)

10.1 £ 4.5
(0-24)
20.0£5.0
(3-32)

33.7 £ 30.7%
34.5 £ 36.7%
21.6 £ 50.3%
38.4 £ 35.4%
32.0 £45.7%

125
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# of Psychotropic 26+18

Medications

Nonresponders Responders Test statistic p
235 94
127 (54.0%) 54 (57.4%) X’ =2.94 .23
108 (46.0%) 39 (41.5%)

0 (0.0%) 1(1.1%)
451 + 16.0 46.2 £ 16.5 t=0.55 .58
44.1 + 10.8 410+ 11.2 t=2.36 .02
17.6 + 5.0 162 + 54 t=2.17 .03
55+24 52+25 t=0.90 .37
(0-12) (0-12)
104 £ 4.6 92 +42 t=203 .04
(0-24) (1-19)
204 + 4.8 19.1£5.0 t=221 .03
(3-31) (3-30)
19.7 £ 23.7% 68.6 + 13.4% t=18.82 <.001*
21.1 £ 33.2% 70.2 + 19.0% t=12.70 <.001*
10.3 + 50.5% 51.0 + 35.8% t=6.95 <.001*
25.6 + 31.8% 70.2 + 20.4% t=12.60 <.001*
16.4 + 44.2% 71.1 £ 17.1% t=11.66 <.001*
26 +18 25+19 t=0.62 .62

?Data are presented as mean + standard deviation unless otherwise specified. The statistical significance of differences between responders and
nonresponders was calculated using the x? test for categorical gender and two-tailed t tests for continuous data. Given the number of comparisons, we
used *p <.0038 based on Bonferroni correction to avoid a Type | error. Medication data were missing for four subjects who completed treatment in full.

treatment. There was no difference in treatment outcome among the
devices used (data not presented).

Subjects received 30 rTMS treatment sessions beginning with high
frequency left (HFL) rTMS, consisting of 10 Hz stimulation (4-s trains,
26-s intertrain intervals, 75 trains, and 3000 pulses total) lasting 37.5 min
daily to the left dorsolateral prefrontal cortex (L.-DLPFC) using the Beam
F3 localization method (Beam et al., 2009). We increased intensity to
120% RMT as tolerated over the first five treatments. Parameters could
be adjusted anytime thereafter to optimize tolerability. Subjects com-
pleted IDS-SR ratings weekly. Those unable to tolerate 10 Hz stimulation
after 10 treatments due to anxiety, agitation, pain, or worsening de-
pressive symptoms could be transitioned to sequential bilateral treatment
(Fitzgerald et al., 2006) or intermittent theta-burst stimulation priming
(Lee et al., 2020).

2.4 | Data analysis

Data analyses were performed using SPSS, version 26. First, multi-
variate linear regression analyses were performed using percent

improvement in sleep, anxiety, and mood subscales at 1 and 2 weeks
(in separate analyses) as independent variables, baseline IDS-SR score
as a covariate, and overall percent improvement in IDS-SR score as
the dependent variable. Only the subscales significantly associated
with the dependent variable were included in further analyses. Re-
gression analyses were repeated using PHQ-9 percent improvement
as the dependent variable to verify findings with an independent
scale (Kroenke et al., 2001).

Second, we calculated the NPV of changes in mood and sleep sub-
scales across different cut-off values ranging from 0% to 50% improve-
ment at one and two weeks of treatment. To enhance the immediate
clinical relevance of our predictive model and allow clinicians to make
informed decisions based on baseline depression severity, we generated
separate curves for subjects with moderate (26-38), severe (39-48), and
very severe MDD (49-84) as measured by the IDS-SR (Rush et al., 1986).
We did not generate curves representing subjects with mild depression
severity (14-25) given the small number of subjects in this category. For
the higher severity groups, the likelihood of nonresponse to treatment
was examined across the range of percent improvement in each subscale

after one and two weeks.
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Lastly, we generated receiver operator characteristic (ROC)
curves to assess how well early percent improvements in sleep, mood,
and overall IDS-SR scores predicted the likelihood of response to
rTMS. We assessed mood, sleep, and total IDS-SR scores in-
dependently at one and two weeks and calculated the area under the
curve (AUC) for each model.

3 | RESULTS
3.1 | Demographics and baseline measurements

Four hundred twenty-three subjects (52.7% female, mean age
46.0 £ 16.5) were included in the study, 329 (78%) of whom com-
pleted their treatment course in full. Of these 329 subjects, 94
(28.6%) were responders. Nonresponders demonstrated significantly
less improvement in sleep, mood, anxiety, and overall IDS-SR scores.
There were no group differences between responders and non-
responders in gender, age, baseline depression severity on the IDS-
SR, baseline subscale scores (sleep, mood, and anxiety), or number of

concurrent psychotropic medications (Table 1).

3.2 | Linear regressions

Linear regression analyses revealed that after 1 week, baseline IDS-
SR score and percent improvement in the mood subscale were the
only significant predictors of percent IDS-SR total improvement at
endpoint; percent improvement in sleep had a trend level for sig-
nificance (Table 2). The overall regression model at week one sig-
nificantly predicted outcome (Fi4 269) = 17.24, p <.001, R? = .20). After
2 weeks, percent improvement in both sleep and mood predicted
percent IDS-SR improvement, while baseline IDS-SR score was no
longer significant. The overall regression model at the two-week
mark was significantly associated with percent IDS-SR improvement

(Fia.308) = 28.13, p < .001, R? = 268). We excluded the anxiety/arousal
subscale from further analysis as it was unassociated with outcome in
either regression analysis. We examined the variance inflation factor
(VIF) for each variable examined in these models for evidence of
multi-collinearity. VIFs greater than 2.5 are generally considered
evidence of significant multi-collinearity (Johnston et al., 2018). All
variables had VIFs less than 1.6 (data not shown).

We conducted additional linear regression analysis using the IDS-
SR total score excluding mood and sleep subscale items to assess the
predictive power of early changes in IDS-SR score independent of
these factors. Early changes in this composite IDS-SR score excluding
mood and sleep items were still predictive of outcome at both 1 week
(Fi1279) = 87.57, p<.001, R?=.239) and 2 weeks (F319) = 75.11,
p <.001, R?=.191). This finding suggests the total of the remaining
items on the IDS-SR are independently predictive of response.

Lastly, we conducted linear regression analysis utilizing baseline IDS-
SR and percent improvement in sleep, mood, and anxiety to predict per-
cent improvement in PHQ-9 scores (Table 2). Percent change in the mood
subscale at one and two weeks predicted percent PHQ-9 improvement

at endpoint but early change in sleep was not predictive.

3.3 | Negative predictive value analysis—sleep
subscale

Subjects with severe or very severe baseline IDS-SR scores (NPVs >
75%) were more likely not to respond at endpoint than subjects with
moderate baseline IDS-SR scores (NPVs < 70%) regardless of im-
provements in sleep quality (Figure 1). After 1 week, those with se-
vere or very severe baseline IDS-SR scores whose sleep improved by
<30% were predicted with 83%-88% certainty to be nonresponders;
the NPV declined sharply beyond this 30% threshold (Figure 1a).
Analyses of sleep changes at Week 2 yielded similar results
(Figure 1b). Subjects with severe or very severe baseline IDS-SR had
a notably higher NPV (NPVs >75%) than subjects with moderate

After 2 weeks TABLE 2 Results of linear regression

Dependent After 1 week
Predictor variable Coefficient p
Sleep % Improv IDS-SR .06 .06
PHQ-9 .02 .70
Mood/Cognition % IDS-SR 43 <.001*
fise PHQ-9 45 <001*
Anxiety/Arousal % IDS-SR .06 .23
Improv PHQ-9 05 44
Pretreatment Total IDS-SR -.31 .03*
IDS-SR Score PHQ-9 26 20

2Baseline IDS-SR score is included as a covariate.
*p < .05.

analysis examining subscale percent

Coefficient p ¢
improvement after 1 and 2 weeks of

09 001" treatment as predictors of percent
04 32 improvement in IDS-SR and PHQ-9 score
after completing treatment®
41 <.001*
48 <.001*
.05 .24
-.01 91
-.18 .16
-.18 .35
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FIGURE 1 Plot illustrating the relationship between NPV and percent improvement in sleep, stratified by baseline IDS-SR severity, after 1

(a) or 2 weeks (b) of treatment

baseline IDS-SR (NPVs < 70%), regardless of percent improvement in
their sleep subscale. Subjects with severe or very severe baseline IDS-
SR whose sleep improved by <20% after 2 weeks could be cate-

gorized as nonresponders with 85%-90% certainty.

3.4 | Negative predictive value analysis—mood
subscale

After 1 week, subjects with severe or very severe baseline IDS-SR
scores (NPVs > 78%) more likely not to respond than subjects with
moderate baseline IDS-SR scores (NPVs < 77%), regardless of im-
provements in mood subscale scores (Figure 2a). After 1 week, those
with severe or very severe baseline IDS-SR scores whose mood im-
proved by <20% could be predicted to be nonresponders to treat-
ment with 90% certainty.

After 2 weeks, subjects with very severe baseline IDS-SR scores
whose mood improved by <20% could be predicted to be non-
responders to treatment with an NPV > 92%, giving them the highest
NPV of any subgroup (Figure 2b). Additionally, those with very severe
baseline IDS-SR scores who failed to show any mood improvement by
two weeks were all nonresponders (n =19, 5.8%).

Similar results were seen for prediction of nonresponse as measured
by the PHQ-9. The NPVs were lower than for IDS-SR outcomes but
displayed a similar stepwise pattern of decreasing NPV with higher mood
cutoff values (Figure 3). Subjects with severe or moderately severe
baseline depression who experienced <20% improvement in mood by
1 week could be predicted to be nonresponders on the PHQ-92 with an
NPV > 81%; a less than 20% improvement in mood in these groups by
two weeks yielded NPVs >89%.

3.5 | ROC curve analysis

ROC curves for changes in sleep, mood, and total IDS-SR scores after
1 and 2 weeks are shown in Figure 4. After 1 week, the resulting
AUCs were 63.1% for the sleep subscale, 70.5% for the mood sub-
scale, and 71.6% for the IDS-SR total score. After 2 weeks, AUCs
increased to 66.2%, 78.2%, and 78.4% for sleep, mood, and total IDS-
SR, respectively.

3.6 | Prediction table for nonresponse

We generated a lookup table based on NPV graphs in Figures 1 and 2
(Table 3) to summarize clinically relevant information. The table
provides the NPV based on percent improvement in mood, ranging
from 0% to 50% improvement after one and two weeks, stratified by
baseline IDS-SR severity. For example, a subject with a very severe
baseline IDS-SR score that improved by 10% after 1 week would be
predicted to be a nonresponder with 92.7% certainty.

4 | DISCUSSION

We evaluated the predictive power of early improvement in sleep,
anxiety, and mood subscales of the IDS-SR during 6 weeks of rTMS.
Subjects with severe or very severe baseline IDS-SR scores whose
mood subscale score improved <20% by Week 1 were highly likely to
be nonresponders at 6 weeks. Change in mood subscale was superior
to change in sleep as a response predictor. Early change in anxiety was
not predictive. Predictions based on mood closely approximated
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FIGURE 2 Plot illustrating the relationship between NPV and percent improvement in mood, stratified by baseline mood severity, after

1 week (a) or 2 weeks (b) of treatment
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FIGURE 3 Plot illustrating the relationship between NPV based on PHQ-9 scores and percent improvement in mood, stratified by baseline

PHQ-9 severity, after 1 week (a) or 2 weeks (b) of treatment

those based on total IDS-SR score, suggesting that simple mood items
could be an easier and more rapidly assessed predictor of response.

Our study extends prior research that has examined early clinical
changes in two ways. First, we considered the NPV of specific
symptom clusters—sleep, anxiety, and mood—and stratified subjects
by severity of baseline depression. Second, we examined the pre-
dictive power of symptom changes at one week instead of two, as in

previous studies (Beck et al., 2020; Feffer et al., 2018). This delimited
approach permitted accurate response prediction as early as one
week into treatment.

To our knowledge, few studies have specifically explored
early sleep changes on the IDS-SR as a predictor of rTMS non-
response. Brakemeier et al. (2007) found that changes in sleep on
the HAMD-24 predicted response but did not replicate this
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FIGURE 4 ROC curves of response to treatment using percent improvement in sleep, mood, and overall IDS-SR score after (a) 1 week and

(b) 2 weeks of treatment as independent variables

TABLE 3 Lookup table for estimating

Likelihood of nonresponse to treatment

the likelihood of rTMS nonresponse

Week 1 Week 2
o :

YSOtA |mtptr)over;1ent) after at‘ full course o: Mood Subscale % Baseline IDS-SR severity Baseline IDS-SR severity

.rea me;n baseI on perce]:c: |mprove;nen Ty Vo T

n mlfo fS: sia € si:orte i'f'erdotl;]e ;’r VIYO (1 or 2 weeks) Moderate Severe severe Moderate Severe severe

weeks of treatment, stratified by baseline

IDS-SR severity 0% 76.5% 90.0% 88.9% 84.0% 93.8% 100.0%
5% 71.0% 89.7% 90.0% 82.1% 90.0% 95.3%
10% 70.3% 92.7% 92.7% 79.4% 89.2% 92.5%
15% 69.6% 91.1% 91.8% 79.5% 89.6% 93.2%
20% 68.6% 88.9% 84.5% 77.1% 89.3% 92.2%
25% 69.0% 83.3% 84.1% 76.5% 91.2% 89.3%
30% 68.9% 81.6% 84.5% 77.8% 91.7% 85.5%
35% 68.7% 80.0% 82.9% 77.4% 85.2% 83.0%
40% 67.1% 78.6% 82.1% 71.8% 82.0% 81.7%
45% 67.1% 78.4% 81.5% 69.3% 80.2% 81.9%
50% 68.0% 78.4% 81.5% 69.1% 78.8% 81.1%

finding in subsequent analysis (Brakemeier et al., 2008). Our
study demonstrates that simultaneously considering baseline
IDS-SR score and improvement in sleep after 2 weeks can provide
a nuanced understanding of each subject's likelihood of non-
response. Subjects with severe or very severe baseline IDS-SR
scores and minimal early sleep improvement were most likely to
be nonresponders (NPVs between 85% and 90%). However, it
should be noted that given the small number of questions com-
prising the sleep score, its dynamic range (and thus utility as a
predictor) is limited.

Our findings confirm results of prior research showing that
early mood changes may predict outcome (Grunhaus et al., 2002).
Our findings indicate that mood subscale items are a more clini-
cally useful predictor than sleep. First, mood subscale changes
were predictive of nonresponse by 1 week, a week earlier than
sleep and prior analyses at 2 weeks using composite depression
scores (Feffer et al., 2018). Additionally, as in our ROC curve
analysis, mood closely approximates the overall IDS-SR score as a
nonresponse predictor. This finding suggests that mood symp-
toms are a practical and efficient substitute for total IDS-SR,
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although AUCs for both models were modest, particularly after
the first week. Lastly, NPVs associated with early mood changes
exceeded those associated with sleep, especially in subjects with
severe or very severe baseline depression and minimal mood
improvement. Perhaps the most clinically informative finding in
our study is that <20% mood improvement by 1 week yields NPVs
greater than 90% in those with severe baseline depression.
Though this “<20% improvement rule” has traditionally been
applied after two weeks of treatment, it appears valid after
1 week of treatment for changes in the mood subscale (Feffer
et al.,, 2018; Kudlow et al., 2014).

The predictors in this study were derived from the IDS-SR, a
well-validated, widely used self-rated depression scale (Rush
etal., 1986, 1996; Wardenaar et al., 2010). One potential issue of
this study is the use of subscales (i.e., mood and sleep) as pre-
dictors of the composite variable from which they are derived
(i.e., percentage improvement on the final total IDS-SR). To ad-
dress this concern, we conducted three additional analyses: (1)
evaluating for multicollinearity using a VIF analysis; (2) assessing
the predictive power of these clinical measures on the IDS-SR
scale with the subscale questions removed; and (3) evaluating
subscales as predictors of a different composite outcome mea-
sure (i.e., the PHQ-9). There was no evidence of multicollinearity
as all VIFs were lower than a commonly held threshold (i.e.,
VIFs > 2.5) denoting significant multicollinearity. Moreover, the
total IDS-SR remained a significant predictor of treatment re-
sponse even when the mood and sleep items were excluded from
the total score. Finally, mood improvement predicted outcomes
on the PHQ-9 score. These analyses provide substantial evidence
that the symptom measures examined here are robust, distinct
predictors of clinical outcome, irrespective of outcome measure.

Predicting outcome with an early response is well-
documented in the literature for antidepressant medication,
psychotherapy, ECT, and rTMS (Lin et al.,, 2016; Schlagert &
Hiller, 2017; Szegedi et al., 2009; van Calker et al., 2009). No-
tably, early improvements are associated with consistently higher
NPVs than PPVs when predicting outcomes from medication or
rTMS (Feffer et al.,, 2018; Hicks et al., 2019); that is, it is con-
siderably easier to predict nonresponse than response. High
NPVs could help clinicians identify patients who are unlikely to
respond and might benefit from a change in rTMS treatment
protocol. Though a high PPV is also useful, those values are
consistently below the clinically relevant threshold of 75%
(Krepel et al., 2019; Li et al., 2012). Thus, PPV is not discussed at
length in this study. Our supplementary lookup table can be used
by providers to estimate the likelihood of nonresponse based on
early mood changes and baseline depression severity (Table 3).

Whether baseline depression severity predicts rTMS out-
comes remains unresolved in the literature (Brakemeier
et al.,, 2007, 2008; Fitzgerald et al., 2016; Trevizol et al., 2020).
While baseline depression severity as measured on the IDS-SR
was not significantly different between responders and non-

responders (Table 1), it was a significant factor contributing to the

prediction of outcome when included in the same model as Week
1 but not Week 2 clinical scores (Table 2). Baseline anxiety, sleep,
and mood severity alone were not independent predictors of
outcome (data not presented). Mood and sleep findings presented
here are both treatment-emergent measures—that is, their pre-
dictive significance was only demonstrated after initiating rTMS.
These findings indicate that while overall baseline depression
severity could be relevant to treatment outcome, treatment-
emergent changes in specific symptom clusters provide an addi-
tional dimension to predictive power.

The results of this study should be interpreted in the context
of several limitations. First, rTMS treatment parameters in the
current study were adjusted based upon the measurement of
depression symptoms and subject tolerability. It is unknown how
these changes impacted our results. Second, we examined like-
lihood of response only after 30 treatments, which is the most
commonly used length of treatment in the United States. We did
not account for possible “late responders” who might show sig-
nificant improvement after a greater number of treatments that
might yield higher response rates (May & Pridmore, 2019;
Silverstein et al., 2015). Future studies should examine subjects
receiving >30 treatments to explore this possibility. Third, in our
predictions of nonresponse to treatment, we did not take into
consideration different response trajectories (Kaster et al., 2019),
but instead used the complementary approach of assessing the
likelihood of nonresponse as a function of severity. Future stu-
dies should consider the rate and timing of response. Fourth, it
should be noted that the response rate in this study is lower than
that reported in some other clinical study populations (Sackeim
et al., 2020). There are several factors that might account for this
difference. As discussed above, our population of patients was
highly treatment resistant, and our subjects reported severe
baseline depressive symptoms (mean baseline IDS-SR score of
43.2). The average subject was in the “severe” category (Rush
et al., 1986) with 67% of our subjects having baseline depression
severities of “severe” or “very severe.” Studies have shown that
subjects that start with higher severity illness do not improve to
the same level as less severe subjects (Blumberger et al., 2018).
Additionally, these subjects were treated in the setting of an
academic medical center with the majority of subjects reporting
pain or other medical comorbidities that have been shown to
increase treatment resistance (Corlier et al,, 2021; Leuchter
et al., 2010). Academic medical center populations that might be
more treatment refractory have largely been excluded from some
large registry studies (Sackeim et al., 2020). While the present
report therefore may not be entirely representative of community
samples, it does focus on a sample of subjects who are in the
greatest need of rTMS or other advanced treatments for MDD.
Lastly, several different TMS devices were used to deliver treat-
ment (i.e., Magventure, Magstim, and Neurostar). The impact of
device type on clinical effectiveness remains unclear, though, our
available data did not reveal significant differences in outcome

based on device used.
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In conclusion, tracking mood items on the IDS-SR is a practical
and robust method to predict rTMS nonresponse as early as
1 week into the standard 6-week course of treatment typically
approved by insurers. Our prior work suggests that in subjects
showing limited improvement after 2 weeks of treatment, chan-
ging rTMS approach improved outcomes (Lee et al., 2020). To-
gether, these studies provide a rationale for TMS clinicians to
consider changing rTMS approach in people with severe baseline
depression showing no mood improvements after 1 week. This
approach could lessen the burden of futile treatment and opti-
mize efficacy in those severely depressed individuals who have
most to gain from rTMS.
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